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Enveloped viruses as experimental tools to study membrane
biogenesis and traffic in the animal cell

Members: K. Simons, K. Matlin

Fellows: D. Bainton*, J. Balcarova, C.-H. von Bonsdorff*,
S. FUller, G. van Meer, M. Pesonen

Technical assistants: D. Hlibsch*, C. Morris, A. Ohlsen, H.
Virta

In an attempt to map the membrane traffic routes to and
from the cell surface in epithelial cells we are using the
Madin-Darby Canine kidney (MDCK) cell line as our
experimental system. These cells display both structural
and functional polarity when grown in culture. The
microvillar apical domain is freely accessible to the
medium. The basolateral membrane attaches the cell to the
culture dish and mediates contact with the neighbouring
cells. Each surface domain possesses a characteristic set
of proteins. Aminopeptidase, example, is found in the
apical membrane, while the Na+K ATPase has a basolateral
location. The two surface domains are separated from one
another by tight junctions encircling the apex of the cell.
E. Rodriguez-Boulan and M. Pendergast have shown that in
MDCK cells infected with enveloped viruses the newly
synthesized viral membrane glycoproteins are inserted into
one or the other surface domain. The influenza virus
glycoproteins are distributed mainly to the apical domain
while the vesicular stomatitis virus (VSV) G protein is
inserted primarily in the basolateral domain. Because the
viral glycoproteins are processed by cellular enzymes and
transported through the cell to the plasma membrane via
intracellular organelles, it seems likely that the
processes leading to their polar distribution will provide
clues to the sorting mechanisms and recycling pathways for
normal plasma membrane constituents.

The first approach we are taking is to follow the
intracellular transport routes the viral glycoproteins
traverse from their site of synthesis in the endoplasmic
reticulum to their apical or basolateral destinations. A
trypsin assay measuring the surface appearance of the
influenza virus haemagglutinin (HA) has been developed.
with this assay it has been shown that the first HA reaches
the apical cell surface about 30 min after synthesis. When
the temperature is lowered to 20 0 C the transport of the HA
to the surface is reversibly blocked, but terminal
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glycosylation still takes place. Thus at 20 0C the HA
accumulates inside the cell. Immunoelectron microscopy has
demonstrated that at least some of the HA is still within
cisternae of the Golgi complex. The transport of the VSV G
protein is also blocked at 20oC. When MOCK cells are
doubly infected with both influenza virus and VSV, the
sialic acid, normally present as a terminal sugar on the G
protein, is removed by the influenza virus neuraminidase
(also an apical membrane glycoprotein)." This result
indicates that the influenza virus membrane glycoproteins
and the vsv G protein are closely associated' dur ing
intracellular transport until at least the distal Golgi
complex. Further studies are under way to pinpoint where
the apical and the basolateral proteins are sorted from
each other.

Another approach to study membrane traffic is to introduce
the viral membrane glycoproteins into the plasma membrane
by low pH dependent fusion in the absence of infection and
then study the fate of the implanted proteins. In initial
studies, the VSV G protein was implanted into the apical
membrane. It was then shown by both immunocytochemical and
radioimmunological methods that the implanted G protein was
rapidly endocytosed and a major fraction redistributed to
the basolateral plasma membrane. Thus, a membrane protein
artificially introduced in the "wrong" plasma membrane
domain can find its correct location. These results also
demonstrate that the two surface domains are connected by a
transepithelial endocytic route, along which sorting of
basolateral from apical proteins is most likely taking
place. One interesting question presently being pursued is
whether the de novo synthesized plasma membrane proteins
and proteins recycled from the cell surface are sorted at a
common site.

A third approach is concerned with the traffic of lipids at
the cell surface. We have shown that the phospholipid
composition of the apical and the basolateral membranes in
MOCK cells are significantly different. How these
differences are maintained during membrane recycling is not
known. To investigate this a method has been developed to
fuse lipid vesicles with the apical membrane of MOCK cells.
The cells are first infected by ,influenza virus, and then
lipid vesicles containing gangliosides are bound to the HA
in the apical membrane, and fused by brief incubation at
low pH. This is the first time it has been possible to
introduce defined lipid molecules efficiently into the
plasma membrane of living cells. Further studies are under
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way to study the redistribution of these lipids between the
two plasma membrane domains.

Publications during the year

Griffiths, G., Simons, K., Warren, G. & Tokuyasu, K.T.
(1983). Immuno-electron microscopy using thin, frozen
sections: application to studies of the intracellular
transport of Semliki Forest virus spike glycoproteins.
Methods in Enzymol., (in press).

Helenius, A., Marsch, M. & White, J. (1982). Inhibition of
Semliki Forest virus penetration by lysosomotropic weak
bases. J. Gen. Virol., 58, 47-61.

Marsh, M., Matlin, K., Simons, K., Reggio, H., White, J.,
Kartenbeck, J. & Helenius, A. (1982). Are lysosomes a site
of enveloped virus penetration? Cold Spring Harbor Symp.
Quant. BioI., 46, "Organization of the Cytopla,sm", pt. 2,
835-843.

Matlin" K., Reggio, H., Helenius, A. & Simons, K. (1982) .
The entry of enveloped viruses into an epithelial cell
line. In Membranes in Growth and Development: ed.
Giebisch, G.; Alan Liss, New York, p.599-611.

Matlin, K., Reggio, H., Helenius, A. & Simons, K. (1982) .
The pathway of vesicular stomatitis virus entry leading to
infection. J. Mol. BioI., 156, 609-631.

Morein, B., Sharp, M. & Simons, K. (1983). Protein subunit
vaccines of parainfluenza type 3 virus. Immunogenic effect
on lambs and mice. J. Gen. Virol., (in press).

Morein, B., Sundquist, S" Hoeglund, S., Helenius, A. &
Simons, K. (1982). Preparation of protein micelles and
virosomes from parainfluenza III virus. Protides of
Biological Fluids, 29, 101-104.

Simons, K. & Warren, G. (1983). Semliki Forest virus: a
probe for membrane traffic in the animal cell. Advances in
Protein Chemistry, (in press) •

White, J., Kartenbeck, J. & Helenius, A. (1982). Membrane
fusion activity of influenza virus. EMBO J., l, 217-222.

Other reference

Rodriquez-Boulan, E. & Pendergast, M. (1980).
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distribution of viral envelope proteins in the plasma
membrane of infected epithelial cells. Cell, 20, 45-54.
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Membrane biogenesis in eukaryotic cells: Expression of
membrane proteins from cloned cDNA molecules

Member: H. Garoff

Fellows: D. Cutler*, C. Kondor-Koch

Student: H. Riedel

Technical assistant: B. Timm

We are interested in the assembly of membrane proteins in
the endoplasmic reticulum and the sorting and transport
events that are necessary to express the various proteins
in their proper environment in the cell. We are studying

characterized viral membrane glycoproteins in both
fibroblasts and polarized epithelial cells. The proteins
and their mutant forms are expressed from ,cloned cDNA
molecules which have been engineered in vitro and then
introduced into cell nuclei.

cDNA probes

At present we are using the following three cDNA molecules
in our experiments: 1) a cDNA encoding all the structural
proteins of SFV, 2) a vesicular stomatitis virus
glycoprotein (VSV-G) and 3) an influenza .virus
haemagglutinin (HA) cDNA. The SFV cDNA molecule has been
cloned and characterized by ourselves, whereas the VSV-G
clone was obtained from J. Rose (Salk Institute) and the
haemagglutinin cDNA from A.G. Porter (Searle Research
Laboratories).

Expression systems

The cDNA molecules are engineered into an expression vector
(pSV2) originally obtained from P. Berg (Stanford
University) • In this vector, transcription of the cDNA is
programmed by the Simian virus (SV)40 early promoter. The
DNA is introduced into the cell nuclei either directly by
using microneedle injection or indirectly using co-
precipitation with calcium phosphate. The injection
procedure, in combination with indirect immunofluorescence
analysis of the expressed product, offers an excellent fast
screening procedure for our DNA constructions. From the
pattern of fluorescence, it is possible to conclude whether
the protein is localized in the cell cytoplasm, or in
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cellular membranes, that is the nuclear envelope,
endoplasmic reticulum, Golgi complex and the plasma
membrane. Using the co-precipitation method enough cells
can be transiently transformed to allow immunoblotting from
a SDS polyacrylamide gel and in this way answer questions
about correct size, glycosylation and processing of the
expressed proteins. For more extensive biochemical
analysis, we are using cells which have been stably
transformed.

We have obtained a high level of expression of both the SFV
and the VSV-G proteins on the cell surface. Both proteins
display the fusogenic activity characteristic of these
enveloped viruses, thus demonstrating that these expressed
glycoproteins are functionally intact. Moreover, using the
dominant phosphotransferase selection procedure in medium
containing the aminoglycoside antibiotic G418, we have
obtained mouse 3T3 cells stably transformed with one of our
SFV protein mutants.

Signals for sorting and transport of membrane proteins

The viral glycoproteins that we are studying are all made
on membrane-bound polysomes and cotranslationally inserted
into the RER. They are then transported, in a transmembrane
configuration, to the plasma membrane of the cell via the
Golgi complex. During this intracellular transport, they
become sorted out from all those other segregated proteins
which are destined for parts of the cell other than its
surface. To understand the specific incorporation of the
viral glycoproteins into the plasma membrane, one can
envisage that they have some structural features, either
specific or more general, that act as transport signals. As
a way to map and characterize these putative signals on the
viral membrane proteins, we are introducing mutations
through genetic manipulations in regions of the
polypeptides which we believe may be involved in this
signalling. We have first turned our attention to the
cytoplasmic domain of the viral membrane proteins. Several
different deletions of the cytoplasmic domain of a SFV
membrane protein have already been produced. The mutant
proteins are all transported to the cell surface in baby
hamster kidney (BHK) cells suggesting that this domain of
the protein does not contain information essential for cell
surface transport.
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(1982). Structure
Current topics in

A major interest of ours is to understand the polarized
insertion of different viral glycoproteins into either the
basolateral or the apical. PM of MDCK cells. In order to
study the possible involvement of the cytoplasmic protein
domain in this segregation we are constructing hybrid cDNA
molecules which encode viral membrane proteins with
switched cytoplasmic domains. If the VSV-G molecule, which
is normally expressed on the basolateral surface, changes
into an apical protein, when-equipped with the- cytoplasmic
domain of the HA molecule (an apical protein), this would
unequivocally show that this domain carries the signal for
apical insertion.

Publications during the year

Garoff, H., Kondor-Koch, C., Pettersson, R. & Burke, B.
(1983). A membrane glycoprotein of Semliki Forest virus is
transported to the cell surface without its normal
cytoplasmic domain. J. Cell BioI., (in press).

Garoff, H., Kondor-Koch, C. & Riedel, H.
and assembly of alpha viruses: a review.
microbiology and immunology, 99, 1-50.

Garoff, H., Riedel, H. & Lehrach, H. (1982). A procedure
to verify an amino-acid sequence which has been derived
from a nucleotide sequence: application to the 26S RNA of
Semliki Forest virus. Nucl. Acid Res., 10, 675-687.

Kondor-Koch, C., Burke, B. & Garoff, H. (1983). The fusion
activity of the Semliki Forest virus spike glycoprotein
Expression from cDNA. J. Cell BioI., (in press).

Kondor-Koch, C. & Garoff, H. (1982). Construction of a
hybrid plasmid molecule containing the total coding region
of Semliki Forest virus 26S mRNA. J. Gen. Virol., 58, 443-
448.

Kondor-Koch, C., Riedel, H., Soderberg, K. & Garoff, H.
(1982). Expression of the structural proteins of Semliki
Forest virus from cloned cDNA microinjected into the
nucleus of baby hamster kidney cells. Proc. Nat. Acad.
Sci., USA, 79, 4525-4529.

Riedel, H., Lehrach, H. & Garoff, H. (1982). The
nucleotide sequence at the junction between the
nonstructural and the structural genes of the Semliki
Forest Virtls genome. J. Virol., 42, 725-729.
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Timm, B., Kondor-Koch, C., Lehrach, H., Riedel, H.,
Edstroem, J.-E. & Garoff, H. (1983). Expression of viral
membrane proteins from cloned cDNA by microinjection into
eukaryotic cell nuclei. Methods in Enzymol., (in press).
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Transport and sorting of membrane proteins between endo-
plasmic reticulum and the cell surface

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

Fellows: J. Armstrong, B. Burke

Student: S. Queally*

Visiting workers: Y. Argon*, B. Boschek*, D. Brown*, o.
Burrone*, A. Coleman*, G. Hiller*, A. Marxer*, P. Rottier*,
S. Srneekens*, W. Spaan*

Technical assistants: A. Cockcroft*, R. Giovannelli

A central problem in membrane biology is the elucidation of
the mechanisms whereby different membrane proteins are
sorted and transported to their appropriate sites in the
eukaryotic cell. Plasma membrane proteins are assembled in
the rough endoplasmic reticulum (ER) and move to the cell
surface via the Golgi complex. En route they must be
separated not only from other proteins assembled in the ER
and destined for different cellular locations, but also
from the endogenous membrane components of the compartments
through which they pass. We are using the glycoproteins of
enveloped animal virus to determine which part&. of a
protein determine its final location as well as the
magnitude of some of the sorting steps. We have also
continued our dissection of the Golgi complex and isolation
of its subcompartments.

Coronavirus glycoprotein E1: a model transmembrane protein
of the endoplasmic reticulum

Implicit in the pathway from the ER to the cell surface is
a major sorting problem: how are the constitutive proteins
of the ER and Golgi complex restricted to their appropriate
membranes, instead of migrating onwards through the
transport pathway?

As a model for this sorting process, we are investigating
the glycoprotein E1 of mouse coronavirus MHV-A59. The
coronaviruses are a class of enveloped, positive-stranded
RNA viruses which have the unusual property of budding
inside the infected cell, apparently into the lumen of the
ER (Ter Meulen et al., 1981). This budding site is probably
determined by one of the two viral glycoproteins, E1,
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which, after its synthesis, appears to be restricted to the
ER. In collaboration with the laboratory of B. van der
Zeijst, Utrecht University, the Netherlands, we have begun
a project with· the ultimate aim of defining, by recombinant
DNA methods, those features of the El glycoprotein which
determine its intracellular location.

The first stage will be to determine the primary structure
of the protein, most conveniently done via the
corresponding RNA. The coronavirus messenger RNA's-Iorm a
highly unusual nested set, extending to different lengths
from the 3' end of the genome. The El gene is the second
from the 3' end (Rottier et al., 1981) • Copy DNA was
prepared from mRNA of virally infected cells, cloned
randomly into a phage vector and sequenced; the sequences
of overlapping clones yielded the complete primary
structure of the 3'-terminal gene, which encodes the viral
nucleocapsid protein (Armstrong et al., 1983). These
clones can be used to prepare specific primers for
synthesis of copy DNA of the El gene, for direct sequence
determination and for cloning. Thus far, this has yielded a
short region of C-terminal sequence from the El gene, as
well as confirming earlier proposals (Spaan et al., 1982)
concerning the structure of the coronavirus mRNA's.

itself has also been investigated by in vitro
of its mRNA in the presence of microsomal
It appears to adopt a highly unusual

in the bilayer, only very short regions at
of the molecule are exposed to proteolytic
and most of the polypeptide chain is within the

Work is now in progress to complete the sequence
determination of El, and obtain a full-size cDNA copy of
the gene. This will be introduced into tissue-culture
cells, and the intracellular location of the expressed
protein monitored by indirect immunofluorescence. The gene
will then be altered by site-directed point mutagenesis, by
deletion of specific portions, or by fusion to parts of the
other genes coding for membrane proteins. The
intracellular location of the expressed protein will then
be determinated.

Recombinant DNA is a new area of interest for the group. In
the process of establishing some of the techniques
involved, the gene for phage T4 DNA ligase, provided by N.
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Murray, has been sequenced; this sequence should be of use
if the efforts of F. Wink+er's group to crystallise the
enzyme are successful.

Density of newly-synthesized plasma membrane proteins in
intracellular membranes

Using Semliki Forest virus (SFV) as a model system we have
previously shown (Green et al., 1981) that plasma membrane
proteins, assembled in the rough ER, pass in sequence
through the cisternae in the Golgi stack (Griffiths et al.,
1982, 1983; Quinn et al., 1983) en route to the plasma
membrane. Transport between these membrane-bound
compartments is probably mediated by vesicles (Palade,
1975) which must somehow select those proteins to be
transported leaving all endogenous proteins behind. This
appears to be a formidable problem since calculations
(Rothman, 1981) have suggested that the proteins destined
for onward transport consti tute too small a fra,ction of the
total membrane proteins of these intracellular compartments
to be selected efficiently in a single step. On this
assumption, a model for the functioning of the Golgi stack
has been proposed (Rothman, 1981) • Since these
calculations involved many assumptions, we decided to
measure directly the concentrations of SFV spike proteins
in the ER and Golgi membranes of Baby Hamster Kidney (BHK)
cells.

In collaboration with Dr. H. Hoppelar (University of Bern,
we the surface area of ER

), Golgi (=2200 ) and plasma membrane (=3400 in
an "average" BHK cell infected with SFV. The rate of viral
membrane protein was estimated both by pUlse
labelling using S methionine or cysteine of known
specific radioactivity and by quantitative immunoblotting;
4-6 hours after infection, approximately 110,000 spike
proteins are synthesized/minute/cell. These proteins spend
approximately 15 min in transit through the Golgi 6and ER
(Green et al., 1981), so there should be 1.7xl0 spike
proteins in these intracellular membranes in each infected
cell. Dividing these values by 2he surface areas gives an
average of 85 of ER membrane and 750
spike of Golgi membrane. Since the
concentration of endogenous membrane proteins in Na2C03washed (Howell & Palade, 1982) ER and Golgi membranes is
about of membrane, the spike proteins constitute
1 in 500 of the ER proteins and 1 in 50 of the Golgi
proteins. These values are at least one order of magnitude
higher than those predicted previously (Rothman, 1981) and
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suggest that the required degree of purification needed is
equivalent to that which can be achieved by coated pits in
a single step (Bretscher et al., 1980).

Sub-fractionation of the stacks of Golgi cisternae

We previously reported that SFV-infected BHK-cells, treated
with monensin, accumulate" spike proteins iri Golgi cisternae
from the middle of the stack which we term medial cisternae
(Griffiths et al., 1983) • In consequence they bind
nucleocapsids and can be distinguished both morphologically
and biochemically from other cisternae in the stack, making
it possible to separate physically two of the Golgi
functions, galactosyl transferase and fatty acylation.
Further studies have now shown that the trimming enzyme
al-2 mannosidase co-sediments with galactosyl transferase,
suggesting a trans location for both of these Golgi
functions (Quinn et al., 1983; cf. Roth & Berger, 1982).

These trans Golgi cisternae assume a striking new
morphology in SFV-infected cells treated with monensin and
preliminary experiments suggest that functions associated
with this structure can be separated from other Golgi
membranes using free-flow electrophoresis. This
possibility of purifying a sub-compartment of the Golgi
complex is a focus of current work.

Monoclonal and polyclonal antibodies to Golgi membranes

Continuing work initiated in collaboration with D. Louvard
(Institut Pasteur) we have been ralslng monoclonal
antibodies against Golgi-specific membrane proteins. We
have obtained one monoclonal IgG (53FC3) direcfed against a
Golgi membrane protein of 135,000 daltons (Burke et al.,
1982) • The same protein was previously identified using a
polyclonal antiserum raised against purified rat liver
Golgi membranes (Louvard et al., 1982).

Using 53FC3 for immunoelectron microscopy we have shown
that the 135k antigen is found in at most two of the four
to six flattened cisternae found in each Golgi stack in
normal rat kidney (NRK) cells. In order to define the
topology of this 135k protein across the membrane, intact
isolated rat liver Golgi membranes were digested with
trypsin (Fleischer, 1981). The 135k protein, as detected by
immunoblotting, showed a drop in molecular weight of
5-10,000 daltons while galactosyl transferase activity was
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unaffected. However, when the Golgi vesicles were disrupted
with Triton X-I00, the 135k protein was completely degraded
by protease, and at the same time galactosyl transferase
activity was lost. Since galactosyl transferase is located
on the non cytoplasmic side of Golgi membranes (Fleischer,
1981) most of the 135k protein must be on this side, with
only a small cytoplasmic domain.

More recently, we have identified immunologically a second
Golgi associated protein using a polyclonal antiserum. We
have shown that this protein, with a molecular weight of
55,000, resides on the non cytoplasmic side of isolated
Golgi membranes. The protein is tightly associated with the
membrane and is only released by detergent, suggesting that
it possesses a hydrophobic membrane anchoring domain. It is
found in large amounts in the Golgi region; detectable
quantities are also found in a lysosomal compartment though
the significance of this latter observation is not yet
clear. During the forthcoming year we intend to continue
the characterization of these and other antibodies using
them to dissect further the functions and morphology of the
Golgi complex.

In addition to 53FC3 we fortuitously obtained several other
monoclonal antibodies recognIzIng intracellular
compartments. One of these (41CC4) was found to be directed
against the three nuclear lamin polypeptides in mammalian
cells. Using this antibody we have shown that the three
lamin polypeptides are structurally related (Burke et al.,
1983).

Publications during the year

Armstrong, J., Smeekens, S. & Rottier, P. (1983). Sequence
of the nucleocapsid gene from murine coronavirus MHV-A59.
Nucl. Acids Res., 11, (in press).

Burke, B., Griffiths, G., Reggio, H., Louvard, D. & Warren,
G. (1982). A monoclonal antibody against a 135k Golgi
membrane protein. EMBO J., 1, 1621-1628.

Burke, B., Tooze, J. & Warren, G. (1983). A monoclonal
antibody which recognizes each of the nuclear lamin
polypeptides in mammalian cells. EMBO J., (in press).
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Garoff, H., Kondor-Koch, e., Pettersson, R. & Burke, B.
(1983). A membrane glycoprotein of Semliki Forest virus is
transported to the cell surface without its normal
cytoplasmic domain. J. Cell BioI., (in press).

Griffiths, G., Brand, R., Burke, B., Louvard, D. & Warren,
D. (1982). Viral membrane proteins acquire galactose in
trans Golgi cisternae during intracellular transport. J.
Cell BioI., 95, 781-792. .

Griffiths, G., Quinn, P. & Warren, G. (1983). Dissection
of the Golgi complex. I. Monensin inhibits the transport of
viral membrane proteins from medial to trans Golgi
cisternae in baby hamster kidney cells infected with
Semliki Forest virus. J. Cell BioI., (in press).

Griffiths, G., Simons, K., Warren, G. & Tokuyasu, K.T.
(1983). Immuno-electron microscopy using thin, frozen
sections: application to studies of the intracellular
transport of Semliki Forest virus spike glycoproteins.
Methods in Enzymol., (in press).

Kondor-Kqch, C., Burke, B. & Garoff, H. (1983). The fusion
activity of the Semliki Forest virus spike glycoprotein
Expression from cDNA. J. Cell BioI., (in press).

Louvard, D., Reggio, H. & Warren, G. (1982). Antibodies to
the Golgi complex and the rough endoplasmic reticulum. J.
Cell BioI., 92, 92-107.

Quinn, P., Griffiths, G. & Warren, G. (1983). Dissection of
the Golgi complex. II. Density separation of specific
Golgi functions in virally-infected cells treated with
monensin. J. Cell BioI., (in press).

Simons, K. & Warren, G. (1983). Semliki Forest virus: a
probe for membrane traffic in the animal cell. Advances in
Protein Chemistry, (in press).

Stanley, K., Burke, B., Pitt, T., Siddle, K. & Luzio, J.P.
(1983) Localization of 5' nucleotidase in a rat liver cell
line using a monoclonal antibody and indirect
immunofluorescence labelling. Exp. Cell Res., (in press).

Other references

Bretscher, M.S., Thomson, J.N. & Pearse, B.M.F. (1980).
Proc. Natl. Acad. Sci. USA, 77, 4156-4159.
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Fleischer, B. (1981). J. Cell BioI., 89, 246-255.

Green, J., Griffiths, G., Louvard, D., Quinn, P. & Warren,
G. (1981). J. Mol. BioI., 152,663-698.

Howell, K.E. & Palade, G.E. (1982). J. Cell BioI., 92,'822-
832.

Palade, G.E. (1975). Science; 189, 347 .... 358.

Roth, J. Berger, E.G. (1982). J. Cell BioI., 92,223-229.

Rothman, J. (1981). Science, 213, 1212-1219.

Rottier, P.J.M., Spaan, W.J.M., Horzinck, M. & Van der
Zeijst, B.A.M. (1981). J. Virol., 38, 20-26.

Spaan, W.J.M., Rottier, P.J.M., Horzinek, M.C. & Van der
Zeijst, B.A.M. (1982). J. Virol., 42, 432-439.

Ter Meulen, V., Siddell, S. & Wege, H. (eds.) (1981). Adv.
Exp. Med. BioI., 142, Plenum Press, New York.
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Biogenesis of cell
epithelial cells

surface domains as displayed by

Members: D. Louvard*, H. Reggio

Fellow: K. Soderberg*

Student: E. Coudrier*

Visiting workers: J. Gabrion*, B. Imhof*, C. Tougard*

Technical assistants: B. d'Arcy*, J. Siegler*, P. Webster*

Our group is interested in the biogenesis of cell surface
specializations in cultured epithelial cells and in
tissues. During the last four years a polarized cell line
(MOCK) that forms a monolayer in vitro has been studied
(see Annual Reports 1978-1981). Our approach combined
biochemical and morphological techniques, "and in particular
the use of immunochemical and immunocytochemical methods.

Preparation and characterization of antibodies specific for
the intracellular compartments involved in protein
transport

A detailed description of membrane traffic in cultured
cells required the use of molecular probes such as
antibodies which will enable us to perform experiments
using biochemical and morphological techniques. Specific
antibodies to plasma membrane proteins and to proteins
associated with intracellular membranes have been prepared
and characterized.

These antibodies display the following

a. They are specific of a single antigen expressed in
various cell types.

b. Each particular antigen is usually concentrated in one
cell compartment (RER, Golgi complex, lysosomes).
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Polyclonal antibodies to a membrane protein (M: 135Kd)
associated with the Golgi complex (Louvard et ar., 1982)
have been prepared. A monoclonal antibody to this 135Kd
protein has also been prepared in collaboration with Dr.
Warren's group (see his report, p. 15). Its function is
presently unknown.

Antibodies to a protein found in the lysosomal membranes
(M: 100Kd) cross-reacted with purified H -stimulated
ATPase from stomach mucosa (gift of Dr. Bonting, University
of Nijmegen, the Netherlands) • This enzyme is responsible
for HCl secretion in the stomach. It is likely, though
this has not yet shown directly, that this antibody
recognizes an H -ATPase associated with lysosomal
membranes. It has been suggested for several years that
such an enzyme was responsible for the acidification of the
prelysosomal and lysosomal structures.

Coated vesicles are thought to play an important role in
receptor-mediated endocytosis. They may also be involved in
vesicular traffic between the intracellular compartments
(for example: RER to Golgi, Golgi to cell surface and Golgi
to lysosomes). Clathrin which comprises both heavy
180Kd) and light chains (M : 30-55 Kd) (depending on tne
tissues and species) is major component of the coat.
The heavy chain is highly conserved within species and is a
rather poor Once conjugated to a powerful
immunogen such as haemocyanin (KLH) , rabbits or mice
hyper immunized with the KHL-clathrin conjugate produce low
titer serum to clathrin molecules. Such polyclonal
antibodies react with clathrin heavy and light chains
(shown, using the Western blotting technique). Sensitive
radioimmunoassay, immunofluorescence and immunoperoxidase
studies were carried out at the ultrastructural level using
this reagent.

A monoclonal antibody has been obtained in collaboration
with G. Warren's and F. Winkler's group. This antibody has
distinct properties compared to the polyclonal antibodies.
1. It binds only to the heavy chain of clathrin;
2. Observations made using immunocytochemical techniques

indicate a uniform distribution throughout the cell
cytoplasm. In particular, it does not bind in situ to
clathrin found in coated vesicles or coated pits.
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We have proposed that this antibody recognizes an epitope
exposed only on free triskelions. Therefore, such a reagent
would recognize preferentially disassembled clathrin found
in the cytoplasm and on its way to build a coated pit at
the cell surface or on' intracellular membranes.

Structure and organization of intestinal microvilli

The brush border of intestinal cells is of great interest
since' it is an organelle assembled de novo dur ing the
terminal differentiation of intestinal cells (enterocytes).
The brush border of each enterocyte is composed of
thousands of microvilli. Each microvillus is stable and
highly organized, in contrast to those occurring in other
cell types. This structure provides a unique example of
membrane-microfilament interactions in nucleated animal
cells (see Annual Report 1979-1980).

During the year significant progress has been made towards
purifying and charaqterizing an amphipathic glycoprotein
composed of 140Kd-200Kd polypeptides which is an integral
membrane protein probably involved in the association of
the microfilaments with the microvillar membrane. This
molecule comprises at least two domains: The largest domain
is exposed at the cell surface and can be released by
papain, and then displays hydrophilic properties. A small
hydrophobic domain, which has not yet been isolated, is
probably responsible for the amphipathic character of the
intact molecules and its anchoring to the cell membrane.

We have also shown, in preliminary experiments, that the
intact molecule is able to bind in to a 110Kd
polypeptide found in the microvillar cytoskeleton. Since
the 110Kd protein is one of the major components of the
cross bridges connecting the actin bundles sideways to the
microvillar membrane, this integral membrane protein may
provide a binding site for the lateral attachment of actin
microfilaments to the microvillar membrane.

We have already reported the presence in striated muscle of
antigens cross-reacting with the 110Kd and 140Kd of
,intestinal microv·illi. Dur ing the year, the antigen cross-
reacting with the membrane protein has been
identified as the Ca ATPase of the sarcoplasmic
reticulum. A specific peptide (A2, 24Kd) by a
limited proteolysis of the purified Ca ATPase is
responsible for the cross-reaction observed.
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The 140Kd is a surface glycoprotein expressed in epithelial
cells. No activity has been found so far for this
protein. The Ca + ATPase. is a non-glycosylated molecule
found in large amount in the sarcoplasmic reticulum of
differentiated muscle cells. Despite these considerable
differences, they are both found in membranes where
membrane;microfilament associations are considerably
developed. In both cases, specific protein-protein
interactions are required in order to activate "the building
up of these integrated organelles. " We suggest that the
immunological homology between these two membrane molecules
indicate that they share a common structural domain and
that this domain is responsible for a common function.
According to this hypothesis, the 140Kd protein of
intestine and the Ca++ ATPase of striated muscle would have
a common domain responsible for the association of actin
microfilaments with the cellular membranes.
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Early events in protein secretion and membrane biogenesis

Members: B. Dobberstein, S. Kvist, D. Meyer*

Fellow: J.H. Xin*

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

Visiting worker: D. Perrin*

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

Components involved in translocation of proteins across the
membrane of the endoplasmic reticulum

Secretory proteins are first synthesized with an NH2-terminal extension, the signal sequence, which is necessary
for membrane translocation to occur. When this sequence
emerges from the ribosome it is recognized bi the signal
recognition particle (SRP) (Walter & Blobel, 1982) which
stops further translation. Only after contact is made with
the membrane of the endoplasmic reticulum, is translation
continued again and translocation occurs. A 72K dalton
membrane protein, the docking protein,> has been identified
as the contact site on the membrane, (Meyer et al., 1982a;
and see p. 32). This protein eliminates the translation
block exerted by SRP, allows translation to resume and
ensures that translocation occurs. As secretory proteins
can only be translocated cotranslationally across the
membrane, SRP and docking protein ensure that no protein
destined for export accumulates in the cytoplasm.
Antibodies have been raised against the cytoplasmic domain
(60K dalton) of the docking protein (Meyer et al., 1982c).
In a cell free system they block translocation of secretory
proteins.

The complexity of SRP 'functions - interaction with the
nascent polypeptide chain, the block of translation, the
interaction with docking protein - is matched by the
structural complexity of SRP. It consists of at least 6
polypeptide chains and a 7S RNA. Work is in progress in
collaboration with L. Melli (see p. 65) to structurally and
functionally disassemble and reconstitute SRP.

Functional implications of oligomeric assembly of membrane
proteins
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After insertion into the membrane of the endoplasmic
reticulum, plasma membrane proteins are transported to the
cell surface. The determinants governing this process are
unknown.

Histocompatibility antigens (H-2 and Ia antigens) are
oligomeric plasma membrane proteins. They appear only on
the cell surface when oligomeric assembly has occurred,
namely assembly of H-2 heavy chains with B-microglobulin
and assembly of the a and B and the invariant chain (Ii) of
the Ia antigens. ·It thus appears that oligomeric assembly
confers determinants onto these proteins which are required
.for intracellular transport. Monomeric human Ii chains, for
instance, remain in the endoplasmic reticulum. They
undergo, however, intracellular transport when assembled
with a and B chains (Kvist et al., 1982). What is the role
of oligomeric assembly in the surface expression of
histocompatibility antigens?

We have focused in particular on the Ii chains and their
role in intracellular transport of Ia antigens. Ii chains
are synthesized in excess over a and B chains and assemble
with the latter already in the ER. Before a and B chains
reach the cell surface Ii chains dissociate from the
oligomeric complex. In a mouse cell free system Ii is
synthesized as a nonglycosylated precursor of 25K dalton.
When inserted into the membrane of the endoplasmic
reticulum it acquires two carbohydrate side chains linked
to asparagine and its MW increases to 31K. The carbohydrate
side chains do not become modified to a more complex form
as is usually the case for plasma membrane proteins.
Moreover, no signal sequence is removed after insertion of
Ii into the ER membrane and Ii cannot be detected on the
cell surface. All these observations are consistent with
our suggestion that Ii antigens are "carrier proteins" in
intracellular transport. To test further this hypothesis,
we selected and characterized cDNA clones coding for mouse
Ii antigens (in collaboration with P. Singer, MPI
Tlibingen) • This cDNA allowed us to select the Ii gene(s)
and will enable us to express it in an appropriate host
cell (L-cell). Genes coding for the a and B chains are also
available to us. This system should enable us to elucidate
the role of oligomeric assembly in intracellular transport
of histocompatibility

Functional and structural of a mouse
histocompatibility gene (H-2K )
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The H-2K, D and L antigens are cell surface proteins which
are important in the T cell specific killing of virus
infected cells. To understand this process at the
molecular level it is necessary to characterize the H-2
antigens and their genes. It should then be possible to
test their function after expression of genetically
engineered genes in a foreign host cell.

As there are about 50 H-2 or H-2-like genes in the mouse
genome it was necessary to search for a probe specific for
a subset of genes. Such a probe was indeed found in the 3'
noncoding region of one of the H-2 cDNAs and this was
mapped to the Kdregion (Xin et al., 1982). It allowed us to
select a H-2K gene from a genomic A phage library
constructed from DBA-2 mouse DNA. After transfer Anto Tk- L
cells this gene was expressed and functional H-2K antigens
on the cell surface were detected. This was by (1)
immunopreaipitation with monoclonal anti H-2Kd antibodies,
(2) H-2K specific cytotoxicity and (3) H-2K ,specific T-
cell killing (collaboration with G. Hammerling, DKFZ,
Heidelberg) •

The H-2Kd gene was further characterized by sequence
analysis (Kvist et a1., 1983). The H-2Kd antigen is
encoded by 8 exons. Exon 1 codes for the signal sequence,
exons 2,3,4 code for the 3 external domains, exon 5 codes
for the membrane spanning segment and some adjacent amino-
acids and exons 6,7,8 code for the cytoplasmic segment. A
good correlation of exons 1-5 with functionally or
structurally distinct segments is observed. Surprisingly
the cytoplasmic segment is encoded in 3 separate exons. No
distinct functional regions have yet been aharacterized for
this segment. A comparison of the H-2K sequence with
those of other known H-2 antigens or genes revealed that
gene conversion (exchange of a small segment of DNA between
closely related genes) is one of the mechanisms by which
polymorphism has been created in H-2 genes.
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Function and biogenesis of the rough endoplasmic reticulum

Member: o. Meyer*

Visiting workers: R. Zimmermann*, Y.-O. Iwashita*

Technical assistants: S. Stampfli, M. Lipfert* (part-time)

In eukaryotic systems the majority of membrane' and all
secretory proteins are cotranslationally discharged into
the lumen of the rough endoplasmic reticulum (ER). In this
way, those proteins which become inserted into membranes as
well as those which will be secreted can be segregated from
proteins destined to remain in the cytoplasm. Such a
discrimination is mediated by a recognition signal on the
N-terminus of the protein to be transferred. This signal is
represented by an extension of 15-30 amino-acids which is
subsequently removed during or after the transfer of the
protein across the ER membrane (Blobel ,'Sabatini, 1971).

The recognition of signal-bearing proteins is carried out
by two cellular components. One is a cytoplasmic receptor
for the signal sequence called "signal recognition
particle" (SRP). SRP acts at the level of the translation
complex (Walter' Blobel, 1981), while the second receptor,
the "docking" protein (OP), is an ER-specific membrane
protein (Meyer et al., 1982c) (Plate 1). The SRP functions
by interrupting the translation of signal-containing
proteins, while the OP acts as a membrane receptor for the
blocked complex. The OP also functions by removing the
translation block and allowing transfer across the membrane
to commence (Meyer et al., 1982a). The advantages of such
a two-step signal interpretation system are great in terms
of cellular economy. The cessation of nascent chain
synthesis, until contact is made with the correct membrane,
means that proteins which have to be translocated will not
be released into the cytoplasm.

We have continued to search for other ER-specific
components which participate in the translocation process.
Two approaches have been taken. The first set of
experiments involved reconstitution of the already
characterized components into a lipid vesicle. In this way
one should be able to ascertain whether the SRP, the OP,
the signal peptidase and a lipid bilayer are sufficient to
obtain translocation and processing ofa nascent secretory
protein.
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PLATE 1

Two receptors are responsible for bringing nascent
secretory proteins to the membrane. Panel a: signal
recognition protein (SRP) binds to ribosomes synthesizing
secretory proteins and stops further translation. Panel b:
the translational complex, blocked by SRP, contacts the
proper membrane, the endoplasmic reticulum (ER). This is
mediated by the docking protein (DP). The docking protein
is also responsible for removing the SRP-induced
translation block.
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Together with Y. Iwashita and R. Zimmermann, we constructed
large unilamellar lipid vesicles which contain the
bacterial leader peptidase (shown to be capable of
processing eukaryotic preproteins) and docking protein.
Moreover, the translocation assays were conducted in
reticulocyte lysate, which we have shown previously
contains sufficient SRP (Meyer et al., 1982a).

The following experimental observations
concerning these vesicles (liposomes):

were made

1. They were capable of processing M-13 phage procoat,
indicating a functional and properly-located leader
peptidase. Such processing has been shown to be docking
protein-independent.

2. No docking protein-dependent secretory proteins were
processed. Control experiments later indicated that the
docking protein becomes inactivated by the use of
octylglucoside in the solubilization medium. This
unexpected result appears to suggest the presence of a
necessary membrane-bound component whose relationship to
the docking protein is disturbed by this, and not by
other (e.g. Trition X-IOO), detergents. This exciting
possibility is currently under investigation.

The second approach involved the Triton X-IOO
solubilization of rough microsomes and the insertion of all
membrane components into lipid vesicles. By gradually
reducing the number and type of ER components integrated
into liposomes, it is hoped that eventually all of the
molecules involved in translocation can be identified. The
results of such studies have been as follows:

1. Such liposomes were capable of processing and protecting
docking protein-independent proteins. This indicates
that the endogenous (pancreatic) signal peptidase was
still functional and correctly located.

2. It was also clear that these liposomes contained docking
protein in the proper conformation as they were capable
of releasing the SRP-induced block of translation. Only
in the case of one docking protein-dependent secretory
protein was processing observed, and then only
minimally. The activity of docking protein was mildly
affected by the lipid composition of the liposomes.
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3. Proteins whose translation was resumed in the presence
of docking protein were not protected from proteolytic
attack, and hence were not translocated across the
vesicle membrane.

From these results several conclusions can be drawn. (1)
SRP, docking protein, signal peptidase and a lipid bilayer
are not alone sufficient to obtain translocation and
processing of nascent secretory proteins. (2) Docking
protein is probably associated with at least one other
component in an octyl glucoside-sensitive manner. (3) A
specific arrangement of all membrane-bound components
appears to be crucial for reconstitution, as the functional
integrity of each testable component is not sUfficient.

Future goals

As our group has only recently corne into existence (October
1982), it is worthwhile to mention specific aims which will
be pursued in the future.

Continued biochemical dissection of the secretory and

membrane protein translocation apparatus of the rough ER

The question still remains unanswered as to how nascent
peptides actually traverse the lipid bilayer of the ER. Are
other proteins involved? We will be initiating studies
using chemical crosslinkers in an attempt to "fish out" the
nearest neighbours of the "docking protein". This
experiment is feasible thanks to antibodies raised against
the docking protein in collaboration with D. Louvard
(Pasteur Institute) (Meyer et al., 1982c). Efforts are
continuing using less harsh techniques to dissociate
docking protein-containing complexes from rough microsomes
with the hope of characterizing yet other translocation-
relevant molecules (see above).

Characterization of de novo biogenesis of the rough ER

When B lymphocytes are stimulated by antigens or mitogens,
they undergo a process of terminal differentiation or
maturation to become secretion-competent plasma cells.
During the time course of this maturation, the membranous
organelles mediating the secretion of immunoglobulins arise
de novo in these cells. It is the long-range goal of this
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group to characterize, at the molecular level, the
biogenesis of endoplasmic reticulum which accompanies this
differentiation. 'We will make use of our existing
antibodies (against SRP and docking protein), as well as
develop new ones (against signal peptidase and the putative
ribosome-binding proteins, the ribophorins) to examine ER

immunocytochemically at the ElM level as well
as biochemically. Ultimately we will characterize these
events using nucleic acid· probes of ER-specific, secretion-
relevant proteins.

Progress has already been made in this direction. As
stated, polyclonal antibodies against docking protein ana
SRP have been produced. We have also obtained antisera· in
mice ag'ainst SRP, and hybr idomas have been prepared. f.or
monoclonal antibody production.

An important finding is that considerable
conservation appears to exist between prokaryotic and
eukaryotic signal peptidases. Using an antibody against
the bacterial peptidase, we have identified antigenically-
related proteins in yeast and in higher eukaryotes. This
homology seems to extend to the nucleic acid level, as C.
Baldari and G. Cesareni have observed hybridization between
yeast genomic DNA and a cloned of the bacterial
peptidase gene (Date & Wickner, 1981). We are currently
making use of the bacterial gene to pick out its homologue
in higher organisms. Success in this endeavour will be of
considerable advantage in the preparation of the nucleic
acid probes involved in this project.
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(a) Structure of the cro-lacZ expression vectors.

(b) Immune detection of renatured hybrid proteins.
cro-lacZ-El recombinants were picked onto individual
squares of a nitrocellulose filter and grown overnight
at 300C. Hybrid protein synthesis was induced at 420C
for 90 min. Colonies were then lysed on the filter
using 5% SDS for l5min at 1000C, and then renatured by
electroelution of the SOS. Hybrid protein reacting
with anti- (El) antiserum was visualised using HRP-
labelled goat anti-(rabbit IgG) and diaminobenzidine.
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The clathrin project

Member: K.K. Stanley*

Technical assistant: J. Dickson*

During the year the potential uses of hybrid proteins
expressed in bacteria have been investigated. This
report summarises some of the properties of the hybrid
proteins studied, their use in cloning rare mRNA
species, and their use in the production of antibodies
of predetermined specificity.

Expression of hybrid a-galactosidase proteins in E.coli

Hybrid a-galactosidase proteins have been expressed
under the control of the PR promotor from bacteriophage
A using the expression vector shown in Plate 2a. This
vector provides all the signals for efficient
transcription and translation in E.coli and contains a
unique restriction enzyme site at each end of the
molecule which is suitable for the insertion of foreign
DNA. In addition, expression may be controlled by
choosing bacterial strains harbouring a gene for the
temperature sensitive cI857 repressor. Under
permissive conditions the- host vector directs the
expression of a cro-a-galactosidase hybrid protein
which can amount to about 30% of the total SDS
extractable protein. The amount of cro-a-galactosidase
hybrid synthesized depends on the length of the cro
segment and is correlated with the free energy of
formation of a suitable secondary structure of the
initiator region of the mRNA. When about 40 bases of
the cro mRNA are present, however, the secondary
structure remains the same and approximately equal
levels of protein are synthesised. Inserting DNA
fragments with 300-600 base pairs in the 5' end of the
vector gave rise to unstable hybrid proteins that were
rapidly degraded. Inserting the same fragments at the
3' end, however, caused hybrid proteins to be
synthesised at 50% to 70% of the level of the original
cro-a-galactosidase protein. Establishing a large
domain of normally folded protein before synthesis of
the foreign polypeptide might therefore be an important
criterion for stable hybrid formation. The hybrid
proteins are precipitated in restricted areas within
the bacteria and are sometimes seen as crystalline
arrays in thin sections of the cells. This
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precipitated protein has no a-galactosidase enzyme
activity and is only efficiently solubilized in SDS.
Insolubility is not only a function of the amount of
protein synthesised but. is also related to its
structure since DNA inserts can decrease both the total
amount of hybrid synthesised and also its solubility.
Levels of expression can only therefore be adequately
measured by estimating the amounts of protein in SDS
extracts of cells. For this reason method was
developed during the year for quantifying protein bands
from photographic negatives of polyacrylamide gels
using digital image processing.

Cloning of the El gene of SFV

DNA fragments from the El gene of SFV (provided by
H.Garoff) were used as a test system for cloning DNA by
immunological detection of expressed hybrid fragments.
Three fragments (300-600bp) were inserted by
homopolymer tailing into the EcoRI at the 3'end of
the expression vector and hybrid proteins containing
domains reacting with anti-CEll antisera were detected
by SDS solubilisation and renaturation of the colonies
followed by in situ labelling with rabbit anti-CEll and
HRP-coupled goat anti-(rabbit IgG). Plate 2b shows the
result of screening 100 randomly picked recombinants.
All of. the positive clones had identifyable El gene
fragments in the plasmid vector. The frequency of
positives was higher than predicted from random
coincidence of translational reading frames between the
lacZ and EI DNA. Of the clones containing identifyable

fragments approximately half were positive
suggesting that any fragment in the correct orientation
gives rise to expressed El antigenic determinants
irrespective of the reading frame of fusion. About one
third of the positive colonies gave a single hybrid
protein band on polyacrylamide gels with a molecular
weight equal to that predicted from the DNA structure,
and intense spots in the immune-labelled colonies
(Plate 2b). These were interpreted as fusions with the
translational reading frames in phase. The remainder
showed two bands on polyacrylamide gels with molecular
weights corresponding to the hybrid protein and the
original a-galactosidase.

Since foreign DNA may therefore be directly screened by
reaction of expressed proteins in colonies with
antisera, the basis of an expression-cloning system is
established which circumvents the need for in vitro
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translation and immune precipitation. This method is
at present being exploited to clone clathrin and other
rare mRNA's of interest.

Antibodies of predetermined specificity

Of the B-galactosidase-El hybrid proteins described
above, over 95% is not solubilised when the E.coli is
lysed using lysozyme and Triton X-I00. The SDS extract
of the cell debris is however enriched in hybrid
protein. By injecting these hybrid proteins which
contain a foreign polypeptide covalently linked to B-
galactosidase, it should be possible to raise
antibodies to domains of a protein which are not
normally immunogenic. Thus antibodies of predetermined
specificity should be made which may be used to map DNA
sequence to protein structure and function. At present
this possibility "is being tested by expressing a
fragment of the SFV E2 gene which codes for the
cytoplasmic tail of this transmembrane protein. The
successful production of antisera to a hybrid B-
galactosidase-E2 protein which cross react with this
domain can be tested by immune fluorescence labelling of
SFV infected cells in the presence and absence of
detergent. In addition antisera to this domain would
be of value in the investigation of the role of this
domain in membrane protein sorting (see Report by H.
Garoff, p. 11.

Publications during the year
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Isolation of organelles with antibodies

Member: K. Howell

Student: E. Sztul*

Visiting worker: N. Borgese*

Technical assistants: S. Massardo*, U. Reuter-Carlson, A.
Scharm

A major aim of the group is to develop efficient cell
fractionation techniques using antibodies. This would
ideally allow isolation from a cellular homogenate of all
the membranes or vesicles which contain a specific antigen.
Our work has proceded in two directions: use of a model
system to optimize the selection technique and development
of antibodies specifically for use in cell 'fractionation.

The model antigen/antibody system was selected because all
the required reagents are available in reasonable amounts,
and therefore, it will be possible to carefully evaluate
each step of the procedure: the composition of the immuno-
absorbent, the coupling procedures of antibodies, and the
processing. The model system uses viruses, vesicular
stomatitis virus (VSV) and influenza virus. (FPV)i and
antibodies against the viral surface proteins. The reagents
have been isolated, raised and characterized by K. Simons'
group.

The test system we are using consists of diameter
acrylamide beads with a linker antibody, rabbit-anti-mouse
or goat-anti-rabbit, covalently coupled to the bead. The
anti-viral surface protein antibody is then immuno-bound to
saturate the binding sites of the linker antibody. The
efficiency of the system is tested with a constant amount
of immuno-absorbent and increasing amount of viral protein.
We evaluate the amount of virus isolated, defined as "pick-
up", the occupancy of the bead surface, and the non-
specific binding. Occupancy is determined by morphology.
Plate 3 is an example. It is an electron micrograph showing
a field of beads at 100% occupancy with VSV. Plate 4
presents a single bead at a higher magnification showing
that the VSV binds as a single layer. The control, or non-
specific binding, in this experiment is less than 2%. This
appears quite satisfactorYi however, the efficiency is
poor. A lOX excess of virus in the input fraction is
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PLATE 3

Electron micrograph of a sectioned pellet of immuno-beads
with bound VSV. 400 g of immunobeads with bound monoclonal
anti VSV-G protein (clone Nr. 17.2.21.4) was incubated with
500 g VSV protein. 50 g or 10% of the VSV protein bound
resulting in 100% occupancy of the bead surface.
Magnification X 25.500.
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PLATE 4

Same preparation as Plate 3. One bead is shown at
Magnification X 79.800. A uniform monolayer of VSV is bound
to the surface of the bead.
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required to achieve 100% occupancy. Efficiency of the
"pick-up" falls to less than 50% after 10% of the bead
surface is occupied. Working at low occupancy is a
disadvantage, because the non-specific binding increases
linearly with the amount of immuno-absorbent used.

We have tested both polyclonal (rabbit) and monoclonal
(mouse) antibodies to determine which would be more
efficient. Polyclonals were only slightly more efficient
than the best monoclonals. In surveying a large series of
monoclonals IgG's, raised by C. Morris, only 8% were
efficient in "pick-up". Mixtures of inefficient monoclonals
did not result in increased "pick-up".

Our goals are both to produce a more efficient bead system
and to develop a magnetic system. W. Ansorge and J.
Defesche are casting beads of different compositions:
latex, dextrans, polyacrolein, etc. both non-magnetic and
magnetic. These are being tested and compared with the
present acrylamide beads using the anti-viral surface
protein model system. The advantage of a magnetic system
is that the entire isolation would be carried out in a free
flow state. This would yield more gentle conditions and
therefore less damage to the organelles as well as a

in the non-specific binding.

We have continued our efforts to raise antibodies
specifically for cell fractionation purposes. For this
project we have raised antibodies in rabbits against a
purified Golgi membrane fraction isolated from rat liver
(Howell & Palade, 1982). A complex mixture of antibodies
was produced and characterized by immunofluorescence on rat
liver frozen sections and by immunoblotting. We identified
and isolated one of these antibodies, the anti-secretory
component (SC) • SC is a plasma membrane receptor for
dimeric IgA, which directs both the uptake and
transcellular transport of dimeric IgA. In the liver, a
polarized epithelial cell, this transport is from blood
"(basolateral domain) to bile (apical domain).

The anti-SC antibody was purified from the complex mixture
of the anti-Golgi membrane antibody on a bile affinity
column. This affinity purified anti-SC is a good reagent
for the immuno-isolation of sinusoidal PM. Other affinity
techniques are being applied to purify the total anti-GM
serum and identify antibodies useful in the isolation of
other subcellular components.
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Experiments done by E. Sztul and N. Borgese combined
classical cell fractionation with immuno-affinity
techniques, to answer specific questions. E. Sztul has been
studying the kinetics and intracellular transport of SC in
rat liver. The protein can be pulse-labelled and followed
by immunoprecipitation from isolated subcellular fractions.
It is in a membrane associated form from its synthesis in
the rough endoplasmic reticulum, through its transport
across the Golgi complex, to its appearance at the
sinusoidal plasma membrane, and also after endocytosis from
the sinusoidal plasma membrane, transcellular' transport,
and finally is in a soluble form in bile. The results show
that the kinetics of transport of SC, a membrane protein,
is slower than that of albumin, the major secretory protein
of the hepatocyte transversing the same subcellular
compartments.

In collaboration with N. Borgese, we have questioned a
parallel distribution of two proteins, NADPH cytochrome P-
450 reductase (Ito & Palade, 1978) and NADH cytochrome bSreductase (Borgese & Meldolesi, 1980) in an isolated GOIgl
fraction. Both enzymes are minor components of Golgi
fractions representing less than 0.1% of the total membrane
protein.
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Balbiani ring genes in Chironomus

Members: J.-E. Edstrom, H. Jackle*, M. Renz*

Fellows: J.C. de Almeida*, D. Rohme

Students: Ricardo Galler*, M. Heck*, D. Tautz*

Visiting workers: W. Hennig*, M. Izquierdo*, M. Jose
Carmona*, H. van der Putten*

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

Balbiani ring genes

Two-winged insects have giant, banded (polytene)
chromosomes, particularly suitable for gene expression
studies, because genetic units can be localized to defined
regions of the chromosomes and because active regions form
local decondensations of the chromosomes, called pUffs,
accessible to microchemical analysis. Balbiani rings (BR)
are pUffs of extraordinary size and activity in RNA
synthesis. They code for giant transcription and
translation products, the latter being the main component
of a silk-like secretion used for a protective tube. There
are only a few BR in the genome and they are, with one
exception, similar in properties.

An interesting feature is the coordinate pattern of control
shown by the BR. BR2, normally dominant, can be induced to
regress to inactivity. Simultaneously BR6, normally
inactive becomes the most active BR in the cell. What is
the physiological significance of this switch and what is
the molecular basis for the control mechanism?

In order to answer the first of these questions the group
investigates metabolic changes occurring during induction
(Edstrom et al., 1982) and makes structure comparisons
between BR2 and BR6. Gene fragments were cloned from BR2
representing a tandemly arranged basic repeat present about
70 times per gene (JackIe et al., 1982 and unpublished) •
Each basic repeat consists of two parts which are similar
in size. One part is unique, the subrepeated. Basic
repeats of similar size and arrangement have been found
also in the other large BR, namely BR1 and BR6. The unique
parts of the basic repeats from different BR are largely
homologous whereas the subrepeated parts have deviated
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considerably in composition. The general arrangement of
sequences in the BR and the coded amino-acid contents
recall those of several other structural proteins, but BR2
(like BRl) is remarkable in its high content of codons for
basic amino-acids. Preliminary data indicate that BR2 and
BRG differ considerably in this respect. For more accurate
mapping of the cloned repeats on the mRNA ElM hybridization
experiments have been initiated (in collaboration with H.
Delius) The arrangement ·of sequences belonging to
different parts of BR genes is also studied in situ, during
pUff formation, with sensitive immunofluorescence
techniques.

In order to approach possible control mechanisms in the
coordinate response, the group is extending the studies to
the 5' and 3' flanking regions of in the first hand BR2 and
BRG by selecting suitable gene fragments from a lambda
library. The 5' flanking regions will also be of interest
for planned microinjection studies (Timm et alo, 1983) in
Chironomus salivary gland cells. Also the 3' ends of the BR
genes have a special interest. Earlier electron microscopic
studies of spread polysomes permitted the demonstration of
a gradient of nascent chains for the giant secretory
protein followed by a group of ribosomes without visible
nascent chains (Francke et al., 1982). The ribosomes in
this group are arrested by cycloheximide and thus probably
normally active in translation. The translation
termination region of the BR2 gene has been sequenced and
future work will establish whether the C-terminus of the
BR2 giant secretory protein corresponds to the end of the
translation unit or to an upstream site. The latter
alternative would provide an explanation for the 3' group
of ribosomes and justify a search for a regulatory
polypeptide. The possibility that a control signal might
emanate from the translation of the BR mRNA is also raised
by recent observations on the effect of cycloheximide at
very low concentrations. This treatment inhibits
differentially the translation of BR mRNA (Thyberg et al.,
1982) • It also leads to a differentially inhibited
transcription in the BR.

Techniques

There is an increasing need for sensitive and simple
hybridization techniques both for blot hybridization and
for in situ localization. In the latter case immunological
detection of biotinylated probes represents important
progress both with regard to resolution and sensitivity. It
would, nevertheless, be desirable to use a hybridization
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system in which different immunological markers can be
introduced and which has greater sensitivity. A technique
has been devised in which basic proteins are crosslinked to
hybridizing single-stranded DNA probes and used, after
modification, as immunological targets. As demonstrated on
Southern blots the technique is simple, sensitive and
specific. The elaboration of the procedure for in situ
localization to chromosome squashes is planned. In the
context of e.g. puff induction and regression in the BR
system, the use of different primary immunological targets
and different fluorescent markers obviously holds .promise
of more detailed information on the process of pUff
induction and regression. such an approach should also be
importaQt in the more general context of gene mapping in
mitotic and polytene chromosomes. A method for recovery of
DNA from agarose gels has also been worked out (Tautz &
Renz, 1983).

Molecular analysis of the Y chromosome

The Y-chromosomal DNA occupies a unique position in being
present in a haploid chromosome, which makes the conditions
for its evolution fundamentally different from those of
other chromosomal DNA. Clones of DNA originating from the Y
chromosomes of different species have been obtained by
microcloning. This permits the study of the evolution of
Y-chromosomal DNA. Among several clones obtained so far
none has been found to contain DNA specific for the Y. Some
clones contain DNA which is highly conserved between
different species. In these and other cases, interestingly,
the insert which has been cloned from the Y is also present
in female DNA. Microcloned Drosophila Y-chromosomal DNA
hybridizes back to the loop site from which the DNA was
microdissected (Hennig et al., in preparation).

Other work

Clones have been produced from microdissected chromosome 17
of the mouse. They comprise the H2-T complex region, and
are being used in a chromosome mapping project in the
Lehrach-Frischauf laboratory (see p. 61). Analyses with
mutant DNA have shown in several instances the origin of
the clones in the dissected region. Clones from
microdissected chromosomes have been supplied to a number
of groups outside of EMBL.
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In vitro genetics of purified genes

Members: R. Cortese, G. Ciliberto*

Fellows: G. Bensi*, G. Ciliberto*, V. Colantuoni*, T.
Pietropaolo, G. Raugei*

Students: L. Castagnoli, "F. Costanzo, L. Dente

Visiting workers: o. Fasano*, A. Parmeggiani*, c.
E. Sbisa*, C.

Technical assistants: V. Romano*, P. Stevenson*

The group has pursued several projects with the long-term
aim to merge them into a unified program to identify and
characterize the properties of DNA sequences involved in
the regulation of eukaryotic gene expression. The simplest
system studied, is the family of genes transcribed by RNA
polymerase III, which includes tRNA's and 5'S RNA. Extensive
site-directed mutagenesis and gene fusion experiments have
provided detailed information on the structure of the
promoters of these genes and led to the discovery that all
pol III transcriptional units are constructed according to
a similar design, with common and interchangeable
transcriptional signals joined to gene specific sequences.
More recently we have extended our interest to pol II
transcriptional units: we decided, also in this case to
work simultaneously on a collection of different genes
sharing common properties. To this end we have cloned
several cDNA segments coding for which are
exclusively or selectively synthesized in the human
hepatocyte. The long-term project is to extend to this pol
II gene family the detailed in vitro genetics studies
performed on the pol III gene family.

During the course of our study we have also developed a
number of efficient procedures to construct mutants
in vitro, and also designed new cloning vectors which are
best suited for our purposes.

Expression of pol III transcriptional units

In the last few years the structure and transcription of
pol III genes have been the object of many investigations
which have revealed the existence of several common
features but also of specific differences. Pol III genes

-52-



tDNA Box A and B
consensus sequence

VAl DNA

VAll DNA

Hamster Alu-type
Human Alu-family
consensus sequence

PLATE 5

-11/-18 Box A

A
-14/-17
__4__ GT CT GGT

-14
--,j.""'_A GCCGGAG

-12

-6

,j. GGCGTGGm

Box B
GG GPCRAN NC TTTTN33-43

GG N35 GTTCGAAAC TTTT

GG GTTCGAG TC TTTTN33

GG GTTCAATTC TTTTN34

GG GTTCAAGACN61 TTTT

Generalized sequence of Box A and Box B present in several
RNA polymerase III transcriptional units.
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TABLE 1

51 52 53 54 55 56 '57 58 59 60 61 62 63
CONSENSUS
SEQUENCE

TDNAPRO

SEQUENCE

ALLOWED

THEORY

FORBIDDEN

MUTANTS
OBTAINED

EXPRESSED
TRANSCRIPTIONAL
ANALYSIS

NOT EXPRESSED

N N G T T C R A N N C N N

G G G T T C A A T C C C C

A,G, A,G, G T T C A/G A A,G, A,G, C A,G, A,G,
C,T C,T C,T C,T C,T C,T

- - A/C, A,G, A,G, A,G, C,T G/C, - - A,G, - -T C C T T T

T - T G/A, A/C T,A G;C, G/T - T - - TT

T - - (G/A) - - G,"C I - - T - - -
30% T

- - T - A/c T/A - - G/T - - - T



can be divided into two classes: class I includes tRNA
genes, VA I and VA II genes, EBER I and EBER II and the Alu
family of interdispersed repetitive <sequences. This class
is characterized by an internal split promoter consisting
of at least two components (Box A and Box B) separated by
30 to 60 nucleotides. Box A and Box B like sequences are
found in all members of this class, with only limited
variations from the tRNA consensus sequence (Plate
5). Initiation of transcription occurs "at a short
distance (between 10 and 20 nucleotides) from the Box A.
Class 2 includes so far only 58 genes which also have an
internal promoter, but initiation occurs 50 bases upstream
from the 5' boundary of the internal promoter. Last year
we clarified the structural relationship between these two
classes of genes. We have constructed a series of mutants
in the Box A and Box B sequences of a tRNApro gene and have
experimentally determined the consensus sequence necessary
for transcription. A summary of the results for Box B is
shown in Table 1. Taken together with those already
published (Traboni et al., 1982), these data complete and
confirm the hypothesis of a generalized promoter sequence
which we have earlier proposed on the basis of sequence
homologies between various tRNA genes. We have also shown
that the internal promoter of the 58 RNA gene is composed
of two separable regions: the first is structurally and
functionally identical to the Box A of tRNA genes whereas
the second is 58 specific (we call it Box C). 58 and tRNA
Box A's can be exchanged without loss of function. One of
the most interesting properties of these genes is the
influence that the particular composition of the internal
promoter components exerts on the choice of the precise
nucleotide where transcription starts: we are actively
working in this area.

Methods for site directed mutagenesis and new cloning
vectors

Most of the work of technological development has been done
in collaboration with G. Cesareni. In vitro genetics
relies on the possibility to generate deletions, insertions
and base pair substitutions in any segment of DNA, at any
preselected site. We have developed new methods, all
providing for a selection of the mutants generated
in vitro, even when the mutation per se does not have any
phenotype in E. coli. A general protocol to' introduce base
pair substitution in any DNA segment and to recognize the
mutant phenotype is the following: (1) the wild-type
segment of DNA to be mutagenized is cloned in a single
stranded M13 vector, within the coding sequence of the B-
galactosidase peptide, so as to shift the frame and give
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white plaquesj (2) the wild-type single-stranded DNA is
annealed with a short DNA segment carrying insertions or
deletions (outside the insert, in the vector sequences) of
one or two bases so as to restore the a-galactosidase frame
and ending at its 3'OH in the proximity of the region where
base pair substitutions are to be introducedj (3) the
primer is elongated in the presence of reverse
transcriptase and a subset of triphosphates
to force the incorporation of a mispairing nucleotide at
the desired position. A full complement of deoxynucleoside
triphosphates is then added to continue elongation. The
annealed complex is then introduced in E. coli by
transformation: the progeny of the template strand and the
primed strand will yield white and blue plaques
respectively. Blue plaques should contain the desired
mutation. In practice the efficiency of these various
reactions is very high: about 90% of the blue plaques, when
analyzed by DNA sequencing, contain the desired base pair
substitution.

Since most of our methods make use of single-stranded DNA
we have constructed a series of plasmids, the pEMBL family,
characterized by the presence of (1) the bla gene as
selectable marker, (2) a short segment coding for the
peptide of the a-galactosidase and containing a mUltiple
cloning site polylinker, (3) the intragenic region of phage
Fl. pEMBL plasmids have t.he property of being encapsidated
as single-stranded DNA upon superinfection with phage Fl.
These vectors have been used successfully for DNA
sequencing and site-directed mutagenesis and can, in
principle, be used' for any other purpose for which M13
derivatives are used. However, -the pEMBL plasmids have the
advantage of being smaller than M13 vectors, and the
purification of the DNA is simpler. In addition, and most
importantly, long inserts have a higher stability in pEMBL
plasmids than other M13 vectors (Plate 6).

Cloning of cDNA for liver proteins

Comparative studies on the structure and the pattern of
expression of liver specific genes should provide useful
information towards the understanding of the molecular
basis of the cell specific regulation of their expression.
For this program human liver is particularly suited because
the biochemistry of several liver specific gene products is
well characterizedj for many plasma proteins an enormous
amount of genetic information has been accumulated, largely
due to medical interest. For several of the liver specific
proteins the amino-acid sequence is known. The speed and
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PLATE 6

Structure of pEMBL8: single and double restriction sites
are indicated with large or small letters respectively.
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Table 2

SEQUENCES SCREENED

IDENTIFIED

No. of clones corresponding to:

236

109

34

3

3

1

4

1

1

26

23

1

1

1

1

1

1

4

1

1

1

Alu repeated sequences

Mixed Alu

Mitochondrial cyt. oxide I

Mit. 16S RNA

Mit. URF 4

Mit. URF 2

Mit. Cyt. B

Serum Albumin

gamma globin

alpha globin

Prothrombin

retinol binding protein

alpha-I-antitrypsin

aldolase B

metallothionein

Haptoglobin beta chain

alpha-I-microglobulin

apoferritin

Glyceraldehyde-3-P-dehydrogenase
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accuracy of the dideoxy DNA sequencing method is sufficient
to set up a strategy for the identification of the clones
of a human liver cDNA library, simply based on DNA
sequencing and DNA-protein sequence comparison. We have
sequenced 236 cDNA clones and identified 136 of them as
shown in Table 2. Several of these cDNA clones are now
being used as probes to monitor various aspects of gene
expression in cultured hepatocyte. Work is also in
progress to isolate the corresponding genomic clones.
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Cloning and sequence analysis in eukaryotic molecular
biology

Members: H. Lehrach, A. Frischauf
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Students: E. Ehrich*, G. Zehetner*

Trainee: B. Hermann*

Visiting workers: D. Leader*, F. Pohl*

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

During the last year, the main interest of our group has
shifted to the analysis of a very interesting gene region
of the mouse, the tiT complex. Genes from this complex have
been implicated in a large number of unusual genetic
phenomena. The most interesting feature is the involvement
of a fairly large number of probably similar genes from
this region at different points during mouse development
(Bennet, 1975; Silver, 1981). Different lethal t-
haplotypes can be placed genetically in different
complementation groups, with the genes in these groups
acting at different times during mouse development (morula
stage in t12 up to birth). To be able to apply cloning
techniques to identify these gene products, we have
collaborated with J -E. Edstroem and D. Roehme to clone DNA
from chromosome fragments, containing the t-complex,
microdissected out of the metaphase chromosomes of
embryonal fibroblast lines derived from a mouse strain
carrying the Robertsonian fusion chromosome (8.17) 6Sic.
Clones with inserts not hybridizing to middle or highly
repetitive sequences in the mouse genome were subcloned
into plasmid vectors. In collaboration with L. Silver
(Cold Spring Harbor Laboratories) these clones were tested
for t-specific polymorphisms by Southern blot
hybridizations to DNA from congenic mouse strains carrying
wild type or mutant t haplotype regions on a 129/Sv
background. Using different enzymes, approximately one
third of the clones show t-specific hybridization patterns,
genetically locating the corresponding fragments to the t-
complex. Further mapping against partial t-haplotypes has
been used to localise additional fragments to t-complex
subregions. Experiments to use these probes to isolate
larger lambda or cosmid clones with overlapping sequences
are in progress. By a combination of fine structure
recombinational mapping with the analysis of transcripts
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and potential open reading frames, we hope to be able to
identify potential coding regions responsible for some of
the diverse effects on embryonic development, sperm
formation and maturation associated with genes from this
region.

Our effort on the structure and function of
histocompatibility antigen genes in mouse, started as
collaboration with S. Kvist and B. Dobberstein, has been
carried further, using overexpression of class I antigens
under the control of the SV40 early promoter as tool in
trying to understand the cellular localisation and function
of the class I antigen genes, mapping to the Qa2-3 region.
Using a xenogenic class I antibody for detection, we were
able to demonstrate that the overexpressed antigen is
secreted into the medium. This is probably caused by a
charged amino acid in the transmembrane region, since
overexpression of a hybrid gene combining a Qa 5' half with
a Kd 3' half molecule does not give rise to such a secreted
protein product.

In addition, work has proceeded on vector development,
cloning and selection strategies. The lambda replacement
vectors EMBL3 and EMBL4 (Plate 7), constructed in
collaboration with N. Murray, offer advantages over other
lambda vectors in use. Derived from lambda 1059 (Karn
et al., 1980), they combine large capacity, ease of library
construction and clone characterization provided by
polylinker cloning sites, with the possibility to use
biochemical and genetic selection techniques for chimaeric
phages. These vectors, shortly described in last years
annual report, have been further modified by the
introduction of amber mutations, (AamBam, Sam, AamSam,
BamSam), allowing their use in genetic selection of
specific library clones by homologous recombination to supF
carrying probe plasmids (B. $eed, in press). Their use has
been demonstrated by the selection of class I antigen genes
by genetic techniques (A.-M. Frischauf, H.Lehrach, A.-
M.Poustka & N.Murray, in preparation).

An analogous genetic selection procedure applicable to
cosmid libraries has been tested with promising results.

Our interest in the regUlation of expression of muscle
specific genes has been mainly carried further in
collaboration with D. Leader, who was here on a visit this
summer. Both genomic and cDNA clones corresponding to
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different tissue-type actins have been isolated and are
being analysed.

Publications during the year

Crouse, G., Frischauf, A.-M. & Lehrach, H. (1983). An
integrated and simplified. approach to cloning into plasmids
and single-stranded phage vectors. Meth. in Enzym., (in
press) •

Garoff, H., Riedel, H., Lehrach, H. (1982). A procedure to
verify an amino-acid sequence which has been derived from a
nucleotide sequence: Application to the 26S RNA of Semliki
Forest virus. Nucl. Acids .Res., 10, 675-687.

JackIe, H., Almeida, J., Galler, R., Kluding, H •. , Lehrach,
H. & Edstroem, J.-E. (1982). Constant and variable parts
in the Balbiani ring 2 repeat unit and the translation
termination region. EMBO J., 1, 883-888.

Koehler, G., Potash, M.J., Lehrach, H. & Shulman, M.J.
(1982). Deletions in immunoglobulin mu chains. EMBO J.,
1, 555-563.

Lehrach, H., Rohme, D., Frischauf, A., JackIe, H. &.
Edstrom, J.-E. (1983). Cloning of DNA fragments of the t
region of chromosome 17 of the mouse. Hereditas, (in
press).

Riedel, H., Lehrach, H. & Garoff, H. (1982). The
nucleotide sequence at the junction between the
nonstructural and the structural genes of the Semliki
Forest virus genome. J. Virol., 42, 725-729.

Rosenberg, U.B., Kunz, G., Frischauf, A.-M., Lehrach, H.,
Mahr, R., Eppenberger, H.M. & Perriard, J.C. (1982).
Molecular cloning and expression during myogenesis of
sequences coding for M-creatine kinase. Froc. Natl. Acad.
Sci. USA, 79, 6589-6592.

Timm, B., Kondor-Koch, C., Lehrach, Riedel,
Edstroem, J.-E. & Garoff, H. (1983). Expression of
membrane proteins from cloned cDNA by microinjection
eukaryotic cell nuclei. Meth. in Enzym., (in press).

-64-

H. ,
viral
into



Small cytoplasmic RNAs: structure and function
(in collaboration with B. Dobberstein and E. Krause)

Member: M. Melli

Fellows: F. Altruda*, E. Gundelfinger*, M. Tripodi*, E.
Ullu*

Student: V. Esposito*

Visiting workers: E. Ginelli*, C. Grimaudo*, R. Rappuoli*,
V. Romano*, L. Silengo*

Technical assistant: S. Murphy

We have characterized two small cytoplasmic RNAs: the 7SL
and K RNAs of HeLa cells (Ullu & Melli, 1982; Ullu et al.,
1982b) • The cloning and sequencing of cDNA copIes of the
two RNA species have revealed some interesting structural
features (Ullu et al., 1982b). After cell lysis, both RNAs
are found in ribonucleoproteins but not free in the
cytoplasm. We are now analyzing the structure and function
of these particles.

Walter & Blobel (1982) have shown that the 7SL RNA is an
essential component of the lIS signal recognition complex
(SRC), which is involved in the translocation of secretory
proteins across the membranes of the endoplasmic reticulum.
In vitro at least two activities can be distinguished: in
the absence of microsomes the SRC blocks the elongation of
proteins as soon as the signal peptide has emerged from the
ribosomes: after addition of microsomal membranes, a
docking protein releases the block and allows translocation
of the protein across the membranes. The SRC complex
consists of six distinct protein subunits and nothing is
known about the interaction between the polypeptides and
the RNA or the functional relationship between any of the
SRC components and the process of translocation. All
components might act in concert at each step of the process
or, more likely, different subfunctions may be attributed
to different components of the system.

We are analysing the nature and site of protein-RNA binding
on the native and UV crosslinked particle. By partial
dissociation of the RNA-protein complex we are also
studying the role of the RNA and of the protein subunits in
the process of translocation.
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Digestion of the native lIS particle from dog pancreas with
micrococcal nuclease shows that most of.the RNA molecule
seems to be bound to proteins and only a few discrete sites
are exposed to the nuclease. This is true within a wide
range of enzyme concentrations and under conditions which
hydrolyze pure 7SL RNA.

The isolation of the SRC complex from HeLa cells has shown
that approximately 30% of it is membrane bound, while the
remainder is found in the postpolysomal supernatant. In a
sucrose density gradient this particle sediments at
approximately 30-40 S, but treatment with high salt (> 500
roM K Acetate) allows the r·elease of the complex. It Is not
clear whether this large RNP is a functional unit active in
translocation in vivo or if it fulfils a different
function. The characterization of this RNP is in process.

Evolution of 7SL RNA

The essential role of the lIS SRC complex within the cell
might explain the evolutionary conservation of the central
fragment of the 7SL RNA molecule (Ullu et al., 1982a, b) •
The structural studies should tell us whether the conserved
portion is more specifically bound to proteins than the
flanking sequences, or if a relationship exists between the
central part of the molecule and other molecular structures
involved in the translocation process, as for example
ribosomal RNA or proteins. The structure of the 7SL RNA of
species distantly related to mammals are also being
determined. We wish to determine the sequence of the
flanking elements and the boundaries of the conserved
region.

7SK RNP of HeLa cells

This ribonucleoprotein is found almost exclusively in the
post-polysomal supernatant, sedimenting in a sucrose
density gradient at approximately 30S. We are now purifying
bulk amounts of the RNP in order to characterize the
proteins bound to the RNA and study its function. The
approach is similar to that described for the lIS complex.

Studies on 7SK RNA

The availability of a cloned cDNA copy of 7SK
allowed the study of the genomic organization
related DNA sequences. The RNA is homologous to a
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of middle repetitive interspersed DNA which we have called
the K family. Subcloning of the 3',5' ends and the central
fragment of the 7SK recombinant, followed by hybridization
to a Southern transfer of human DNA shows that the common
denominator of these sequences is the central portion of
the 7SK molecule which is present in all the homologous
sequences while the 3' and 5'0 ends of the RNA is absent
from most of the homologous sequences. In.a Southern
transfer of human DNA digested with EcoRI we find only one
band capable of hybridizing with segments of the
7SK cDNA and this represents presumably the gene(s).

The isolation of approximately 50 clones of genomic
fragments with homology to 7SK cDNA confirms these
observations. All recombinants hybridize to the central
fragment of the cDNA, but only a few hybridize either to
the 3' or 5' end of the molecule. None of the clones so far
obtained contains the entire molecule. Sequencing of five
of the genomic clones shows that the sequence of the DNA
flanking the K sequences is completely different in all
cases. The K sequence is highly conserved and the
amputation of 5' or 3' end region is abrupt and sometimes
underlined by the presence of direct repeats at the end of
the region of homology with the cDNA.

The picture which is emerging suggests that the K family
consists of highly mobile, totally interspersed sequences.
The mechanism of amplification and interspersion seems to
favour the amputation of both ends of the 7SK gene.

It is possible that the K family consists only of the
central fragment of the cDNA, a highly mobile sequence,
which may have predated the appearance of the 7SK gene.
Only the few clones containing 5' or 3' ends could be
derived from amplification of the 7SK gene.

Publications during the year

Ullu, E.
sequences.

(1982) • The human Alu family
TIBS, 1, 216-218.

of repeated DNA

Ullu, E. & Melli, M. (1982). Cloning and characterization
of cDNA copies of the 7S RNAs of HeLa cells. Nucl. Acids
Res., 10, 2209-2223.
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Ullu, E., Esposito, V. & Melli, M. (1982a) • Evolutionary
conservation of the human 75 RNA sequences. J. Mol. BioI.,
161, 195-201.

Ullu, E., Murphy, 5. & Melli, M. (1982b). Human
consists of a 140 nucleotide middle-repetitive
inserted in an Alu sequence. Cell, 29, 195-202.

Other reference

75L RNA
sequence

Walter, P. & Blobel, G. (1982). Nature, 299, 691-698.
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Organization and expression of the Drosophila genome

Members: V. Pirrotta, J. Burckhardt

Fellows: C. Hadfield, G.H.J. Pretorius, A. Spena, C.
Tschudi*

Students: C. Mariani, H. Steller

Visiting workers: B. Butler*, E. Mohier*, J. Perera*

Technical assistants: C. Brockl, H. Cambier*, J. Telford

The main interest of this group is in the organisation and
expression of Drosophila genes during development. To gain
access to genetic loci of interest, we developed the
microcloning technique together wi th J.E. Edstrom.' This
technique enables us to microdissect polytene' chromosome
fragments containing one to several hundred kilobases of
genomic DNA and to obtain from them enough molecular clones
to saturate the region. We have applied this technique to
several chromosome regions and the resulting clones have
been utilised for extensive chromosomal walks in this
laboratory as well as in others (for example, the
Antennapedia locus in the laboratory of W. Gehring, Basel
and of T. Kaufman, Bloomington; the tra-2 locus in
collaboration with B. Butler and R. Nothiger, ZUrich).

The zeste-white region

This region of the Drosophila genome is one of the most
intensively studied by genetic analysis and contains a
number of genes essential for development. It also
contains the white locus and the zeste locus which
regulates white and affects the transfection behaviour of"
other complex loci such as bithorax and decapentaplegic. We
have microdissected the region around the white locus and
with the resulting clones we have walked over a continuous
region of 200 kb from the 3C3 band to the 3Bl band. Within
this region, we have identified the white gene and
localised a number of the loci detected genetically by
Judd, Shen & Kaufman (1972). This region contains also a
number of repetitive and repetitious sequences which create
polymorphi.sms. in a fly population.
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We have begun to analyse the expression and regulation of
the white locus. Its RNA, detected in Northern blots is
about 2.4 kb long and contains within its sequence the
insertion site of the copia element present in wa , a
mutation which decreases but does not abolish expression of
the gene. We are now studying the effect of various white
mutations and of the interaction with the zeste gene on the
white mRNA.

The zeste gene itself is some 200 kb more distal than the
region we have covered so far. To reach it we have
microdissected the 3A3,4 region and used the resulting
clones to isolate a number of cosmid clones covering the
region. An independent approach to identify and isolate the
zeste locus was to induce z mutations by the P-M hybrid
dysgenesis method. We have isolated dysgenically induced z
mutants from which we can now microdissect the z region
and, using the P element DNA, identify the- clones
corresponding to the site of insertion of the P element in
the gene.

Microinjection

We have developed methods to inject cytoplasm, RNA, cloned
DNA or radioactive label into preblastoderm stage
Drosophila embryos and to detect products of gene
expression by a variety of methods including northern
blots, immunofluorescence and thin sections of 1 or
less. These techniques have proved to be very useful to
study the expression of cloned genes and their effect on
development. The system expresses a variety of genes
including some mammalian genes and some such as the
gene which are not normally expressed in embryos. However,
other genes, such as lcp-I, are not expressed. We have
constructed vectors which allow us to put genes under the
control of the copia promoter or the SV40 early promoter to
stimulate expression in the embryo and detect effects on
development.

Extrachromosomal circular DNA

The frequent occurrence of insertion and excision of
transposable sequences from the genomic sites under study
has led us to look at the extrachromosomal circular DNA
which has been reported to exist in all eukaryotes. We have
purified and cloned DNA from supercoiled circular molecules
and examined the resulting library of clones for the
presence of different kinds of chromosomal sequences. All
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the clones tested so far contain repetitive DNA.
Transposable elements such as copia, B104, gypsy·, 412 and
histone are represented in the minicircle population.
Ribosomal RNA and histone sequences are also represented,
lending weight to the models which invoke extrachromosomal
intermediates for the amplification of these genes. Not all
genomic sequences are represented. Probes for a large
family of genes homologous to the vertebrate myc oncogene
(see below) did not give signals with the minicircle
library. Analysis of some of the cloned copia minicircle
sequences indicates that in the embryo, the population of
circles undergoes extensive molecular rearrangements which
scramble the sequence, alter its length and recombine it
with other types of sequences.

Drosophila homologues of vertebrate oncogenes

We have screened Drosophila clone libraries for the
presence of sequences homologous to several oncbgenes. The
Drosophila genome contains 4-5 sequences which hybridise
strongly to avian src and some 25-50 sequences with various
degrees of homology to mouse myc. No retroviral sequences
were found. We have analysed in detail some of the src and
myc clones which show the highest degree of homology to the
coding region of the corresponding oncogene. The myc
clones represent an abundant and disperse family of
which are transcribed to give a complex pattern of poly A
RNA species with a wide range of MW. The transcription of
the myc sequence varies widely during development: some
species are highly stage specific while others are present
in nearly all stages. The src sequences, though few in
number are also dispersed--rn the genome. They are
homologous to a 340 bp region of the avian src which
contains the site of phosphorylation and which is highly
conserved among vertebrate src genes. The 9rosophila src
sequences are also transcribed into poly A RNA species
which are developmentally regulated.

The zein genes of maize

In a separate project, undertaken in collaboration with A.
Viotti of the Istituto Biosintesi Vegetali, Milano, we have
studied the zein genes of maize. We have isolated cDNA
clones and used them to characterize the variety of zein
genes and to isolate genomic clones corresponding to heavy
and light chain zein genes. The results confirmed the
existence of several families of zein genes located in a
few distinct genomic loci and comprising more than 100
sequences. Both heavy and light chain zein genes, though
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(1982)
Drosophila
of a B104

diverging in sequence show a homologous structure made of
repetitive blocks of about 20 amino acid residues each. At
least in some cases, two zein genes of the same class are
found on the same restriction fragment, suggesting
clustering. The sequence conservation of coding and
flanking sequences between different classes of genes
suggests models for the mechanism which produced the zein
gene family. As expected due to the lack of selection
pressure in a gene family many zein genes are defective,
containing terminator mutations within the coding region.

Publications during the year

Pirrotta, V., JackIe, H. & Edstrom, J.-E. (1983)
Microcloning of microdissected chromosome fragments. In
Genetic Engineering, Principles and Methods. eds. Setlow,
J.K. & Hollaender, A., 2, Plenum, New York, (in press).

Scherer, G., Tschudi, C., Perera, J., Delius, H. &
Pirrotta, V. (1982). BI04, a new dispersed gene family in
Drosophila melanogaster and its analogies with retrovirus.
J. Mol. BioI., 157, 435-451.

Spena, A., Viotti, A. & Pirrotta, V. (1982). A homologous,
repetitive block structure underlies the heterogeneity of
heavy and light chain zein genes. EMBO J., 1, 1589-1594.

Tschudi, C. & Pirrotta, V. (1982). The 5S RNA genes of
Drosophila melanogaster. In The Cell Nucleus. Eds. Busch,
H. & Rothblum, L., Academic Press, New York, Vol. XI, Part
B, p. 29-44.

Tschudi, C., Pirrotta, V. & Junakovic, N.
Rearrangements of the 5S RNA gene cluster of
rnelanogaster associated with the insertion
element. EMBO J., 1, 977-985.

Viotti, A., Abildsten, D., Pogna, N., Sala, E. & Pirrotta,
V. (1982). Multiplicity and diversity of cloned zein cDNA
sequences and their chromosomal localization. EMBO J., 1,
53-58.
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Dosage compensation in Drosophila melanogaster. Hybrids
between different species of Drosophila. Effects of
engrailed in the genital disc of Drosophila melanogaster

Member: L. Sanchez

Visiting worker: F. Epper*

Technical
Hilscher

assistants: B. Claude*, H. Bettinger*, w.

Dosage compensation in Drosophila melanogaster

Mutagenesis is being used to isolate sex-specific lethal
mutants as possible candidates that alter the dosage
compensation process, or the X:A ratio, as a genetic signal
that triggers dosage compensation and sex determination. We
have mutagenized the three major chromosomes: the X, the
second and the third chromosomes. We have screened for two
types of mutations: zygotic mutations (recessives and
dominants) and mutations showing maternal effect
(recessives and dominants). The results are summarized
below:

X chromosome: We have analysed around 1000 chromosomes but
did not find any sex-specific lethal mutant. We have
isolated from a wild type stock an X-chromosome that
specifically kills female flies. That lethal phenotype is
recessive and its penetrance is incomplete
(females/males = 0.4). Furthermore, the homozygous females
that survive show another phenotype: the abdominal tergites
are quite depleted of bristles and they are less pigmented
than wild type female flies, this phenotype is also
specific for female flies homozygous for that X chromosome;
and they are sterile. Genetic crosses are being done to
check whether the lethal and tergite phenotypes are due to
a mutation in the bobbed locus.

second chromosome: We have analysed around 3000 chromosomes
and found 5 zygotic mutants, being all of them female
specific lethals. Four of the mutations are dominant and
the fifth is recessive. The recessive mutation does not
have a complete penetrance: the ratio of females to males
homozygous for the mutant chromosome is 0.05; this ratio is
the same when the flies are reared at 2SoC or 29 0 C. Females
and males homozygous for that recessive mutation are
fertile. In a preliminary analysis, two of the dominant
female specific behave as translocations between
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the Y and the second chromosomes. We are in the process of
characterizing the other mutation.

third chromosome: We have analysed around 3000 chromosomes
and did not find any sex-specific lethal mutant.

Hybrids between different" species of Drosophila

(a) Hybrid lethality: The cross between D.melanogaster
females and D. simulans males produces only hybrid
females while the reciprocal cross produces ,hybrid
males. Due to the sterility of the hybrid flies, it is
not possible to study recombinant hybrids that carry in
homozygosis a certain fraction of the genome of one
species, in combination with the genome of the other
species, or the hybrid genome of both species. We have
analysed such recombinant genomes at the cellular
level, by means of the clonal analysis. We have
analysed the frequency and size of clones for cuticular

in hybrid females melanogaster-simulans
yf a/+; mwh/+. The clones have been induced by x-ray
irradiation. Those clones carry in homozygosis a
certain fraction of the genome of melanogaster in a
background of hybrid genome melanogaster-simulans36 As
a control we have used females yf a/+;
mwh/+. The frequency of the clones in the hybrids was
below the frequency found in the control flies, and the
size of the clones was smaller. Clones in the hybrid
females that carry in homozygosis a bigger fraction of
the melanogaster genome are less viable than clones
with homozygosity for a less fraction of the
melanogaster genome. The frequency of the clones within
the hybrid females depends on the region of the fly
where they were induced.

(b) sterility: These experiments have been carried
out ln collaboration with H. Schmid who is in the
laboratory of Prof. R. Nothiger, University of ZUrich.

1. The cross between D. simulans females and
D. mauritiana males yields fertile females and
sterile males. We have analysed the origin of the
male hybrid sterility. The hybrid males
simulans mauritiana contain elongated non-motile
sperm that does not reach the vas deferens. By
means of the pole cell transplantation technique, we
have found that the sterility of the male hybrids is
due to the germ line, and not to the somatic

-74-



component of the testis, or to a failure in
metabolism of the body influencing spermatogenesis.

2. By means of the poie cell transplantation technique
we have transplanted pole cells between
D. mauritiana and D. melanogaster (both directions)
and between D. ananassae and D. melanogaster (both
directions). The question in mind whether the
soma of one species can support normal development
of the germ cells of another species. We have chosen
D. mauritiana and D. ananassae to test against
D. melanogaster, because one species (D. mauritiana)
can interbreed with melanogaster but not the other
(D. ananassae) • The soma of melanogaster is capable
of supporting normal development of the mauritiana
germ cells, and vice versa. However, ananassae germ
cells are not able to develop in a melanogaster
soma. The transplantation of melanogaster pole cells
into ananassae embryos was rather unsuccessful due
to the very high mortality of the injected ananassae
embryos. This analysis should be extended to other
species. Furthermore, transplantation of pole cells
between different species may constitute a way of
producing hybrids between species that do not
interbreed.

Effects of engrailed in the genital disc of Drosophila
melanogaster

This has been done in collaboration with
Developmental Biology Center, University
Irvine.

Dr. F. Epper,
of California,

The effects of the following genotypes have been analysed:

en1;en1 , en1;Df(en)A, en1;en2 , en1;en3 , en2;en3 , en3;en7 ,

en3;en4 , en3;en9 , en1;T(2;3)ES, en1;Df(en)28, en1;Df(en)30,

Df(en)28;Df(en)30, xx;en2;en3;discD;+, xx;en1;en2;dsx;dsx.

The most important observations are:

1. The different
expressivity.

genotypes
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2. The derivatives of all three terminal primordia (female
genitalia, male genitalia, analia) are affected.

3. Thr f 2male genitalia is affected most strongly by
en Len whereas in the male the analia the
heaviest effect is caused by en len. This region-
specific effect has also been observed in the terminalia
of intersexual flies, where the three primordia are
developing.

en mutants cause deletions in the genitalia and no
elements appear duplicated (as e.g. "anterior" wing
margin in the posterior en-wing) • The 1del2tion is
maximal in the two genotypes (en len in the
female genitalia and en len in the male genitalia), and
the inventory of structures is more complete in weaker
genotypes.

5. As a rule, those genotypes that show low expressivity in
the wing and leg, show high expressivity' in the genital
disc and vice versa.

Publications during the year

Sanchez, L. & Schmid, H. (1983). Analysis of the sterility
of male hybrids between Drosophila simulans and Drosophila
mauritiana. Evolution, (in press).
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Structure and function of the insect nervous system

Members: N.J. Strausfeld, H. Anderson*, U.K. Bassemir, G.
Geiger*, J. Milde

Fellows: J.P. Bacon*, D. Byers*, H. Duve*, V. French*, D.
Nassel*, R.N. Singh*, A. Thorpe*

Trainee: S. Gustaffson*

Visiting workers: C. Elliot*, M. Gaide*, H. Hertel*, E.
Horn*, W. Kaiser*, P. Mobbs*

Technical assistants: R. Burt*, H. Seyan, R. Weisskirchen
(part-time)

Introduction

The structure, function and significance of neuronal
networks controlling behaviour can be studied in a variety
of ways: by electrophysiology and intracellular dye-
iontophoresis; electron-dense cell
immunohistochemistry. We are using all these methods.
Identified functional pathways are being examined from the
point of view of cell synaptology and modulation by higher
centers.

Our efforts are now focussed on multisensory convergence
and control of identified neurons leading from the brain to
motorneuron networks that supply leg and flight motor
systems. Many of these "descending neurons" arise early in
development and a number of structural mutants affecting
them are known in Drosophila.

Neurons controlling jumping and flying

Two systems have been identified and isolated. One is a
mUltisensory pathway controlling the fixed action pattern
of the jump reflex via the "giant descending neuron" (GDN).
The other is a visual control pathway consisting of the
assembly of six descending neurons of the vertical motion
sensitive system (DNVS) which presumably modulate the
variable action pattern of visually guided flight that· is
constantly corrected by visual feed-back from the compound
eyes. We are trying to answer the following questions: How
are the two systems controlled in the brain at the· cellular
(synaptic and transmitter) level? And, what is the
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significance of precisely mapped sensory inputs onto
descending neuron dendrites? Do the two model systems
share basic structural similarities and are they
representative of central relay neurons in general?

Input-output relationships of neurons

Lucifer yellow or cobalt ions pass from GDN and DNVS into
certain of" their inputs. This phenomenon is called dye- or
cobalt-coupling and has been described in previous reports.
Using a highly sensitive electron microscopical technique
we can resolve cobalt deposits of less than 20 R
delineating areas of close apposition between coupled
cells. Conventional electron microscopy reveals these to be
gap-junctions. Cobalt-coupled pathways from the GDN to
motorneurons supplying the jump muscle (TTM neurons)
resolve the entire behavioural pathway and are electrically
coupled in Drosophila (Tanouye & Wyman, 1980). In Musca
delay times between the GDN and the muscle spike are so
short that the TTM and GDN must also be electrotonically
coupled.

In general, cobalt coupling is associated with membrane
specializations (gap-junctions) which are part of a mixed
synapse. The GDN and DNVS are large relay cells of two
reduced latency systems that exclude a chemical synaptic
delay between input and output neurons. Although, we are
not yet in a position to explain the presence of an
accompanying synapse we speculate that it serves
to control membrane potentials in the follower neuron
making it either more, or less, susceptible to excitation
by electrotonic transmission. The GDN is also coupled to
its contralateral twin in the thorax. Electrical coupling
can be synchronized between left and right pathways for
maximising thrust.

Organization of multimodal convergence

The GDN dendrites are complex structures that interact with
many sensory inputs. These are resolved by double marking
with other intracellular markers (silver chromate,
cytochrome C, degeneration stains) first by light
microscopy and then by electron microscopy. We have
identified at least nine inputs precisely mapped onto the
GDN dendritic tree. These include 3 populations of small
field visual neurons, 2 types of mechanosensory endings, 1
olfactory relay cell, efferents from thoracic ascending
neurons and,2 further inputs of unknown origin but which

-78-,



may be peptidergic. Recordings from the GDN (with J.P.
Bacon, SUNY Albany, N.Y.) corroborate its mUltisensory
input. The cell is obviously under complex sensory control
and is itself a sophisticated integrator of sensory data.
Other central neurons, such as the Mauthner cell and
hippocampal pyramidal cells in vertebrates, have highly
segregated inputs. However, the GDN provides us with a
modal system. It can be routinely examined after
electrophysiological recording. It is easily recognizable
in the electron microscope and its synaptic membranes can
be categorized with respect to its inputs. The cell is
visible early in development as are its known outputs in
the thoracic ganglia. It is the largest neuron in the brain
and could be isolated by microdissection in order to study
its pharmacological and biochemical relationships.

Organization of visual interneurons

The jump response is often followed by the initiation of
flight. Both are mediated by the GDN to TTM and PSI
pathway. The control of sustained flight, however, is by a
number of sensory modalities, including acceleration
detectors of the antennae and visual interneurons of the
eyes. We have identified the small field input onto
vertical cells of the lobula and show that terminals from
pairs of small field cells are serially presynaptic before
they terminate onto the vertical motion sensitive neurons
(VS) in the lobula plate. A second type of convergence is
by other small retinotopic neurons which synapse at the
same part of the postsynaptic VS membrane. The two input
patterns correspond to structures predicted by the Barlow-
Levick and Poggio-Torre models of motion perception.

VS cells end on their own "private" cluster of descending
neurons (DNVS) that terminate in thoracic neuropil
containing direct flight motor neurons. The DNVS cells also
have inputs from the ocelli. Together, DNVS are designed to
relay data about visual flow fields relating to pitch, yaw
and roll. On the other hand the horizontal motion sensitive
neurons (HS) converge with mechanosensory neurons to the
multimodal DNHS system. Vertical and horizontal systems are
not merely orthogonally arranged motion detectors, but
comprise two separate sensory channels from the eyes to
divergent targets in the brain and thoracic ganglia.

The chemical identity of nerve cells

The activity and morphology of a nerve cell can be. uniquely

-79-



identified but its chemical nature, with respect to
transmitters, remains obscure. On the other hand, immuno-
and histochemical techniques do not succeed in resolving
entire neurons. In conjunction with A. Thorpe and H. Duve
(Queen Mary College, London) we have solved this problem.

Neurons in the blowfly are immunoreactive to several
vertebrate-type peptides". Using antibodieS raised against
gastrin/CCK (anti-gastrin/CKK antiserum, Ll12, from Prof.
G. Dockray) we can reveal antigenic sites in cell-bodies
and parts of cell axons and processes. However much of the
cell escapes detection either because antigen is absent in
some areas or exists in such low concentrations as to be
invisible. We have used a method which combines whole
neuron identification with Cobalt silver intensification
and antibody staining. This superimposes rhodamine
conjugated secondary antibody, coupled to primary anti-
gastrin/CCK, onto the filled cell. The filling technique
does not mark antigenic sites so that by combining direct
illumination with fluorescence epiillumination we can map
peptide distribution throughout a nerve cell. An entirely
new system of peptidergic pathways has been discovered also
using whole-tissue immunostaining. Certain cells
restricted to the brain invade higher centers whose outputs
synapse onto descending neurons of the type described
above. We hope to combine the technique with intracellular
marking and electron microscopy of cells whose physiology
is known.

Publications during the year

Anderson, H. (1982a). The development of sensory pathways
in the pupal wing of Drosophila: a light and electron
microscope" study. Soc. Neurosci., 15.

Anderson, H. (1982b). Do stepping stones guide axon growth?
Nature (London, 297, 455-456.

Anderson, H. (1982c). Early responses to neuronal
In Repair and Regeneration of the Nervous System.
Konferenzen: ed. Nicholls, J.G.; Springer, Berlin,
333.

injury.
Dahlem
p.315-

Bassemir, U., Miltenburger, H.G. & David, P. (1983).
Morphogenesis of nuclear polyhedrosis virus from Autographa
californica in a cell line from mamestra brassicae (cabbage
moth): further espects on baculovirus assembly. Cell Tissue
Res.i 228, 587-595.
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Duve, H., Strausfeld, N.J. & Thorpe, A. (1983). The
identification of peptidergic neurons in the blowfly
Calliphora erythrocephala by combined antibody and cobalt
labelling. In Functional Neuroanatomy: ed. Strausfeld,
N.J. i Spr inger, Ber lin, (in press) •

Geiger, G. & Nassel, D.R. (1982). Visual processing of
moving single objects and wide-field patterns in flies:
behavioural analysis after· laser-surgical removal of
interneurons. BioI. Cybern., 44, 141-149.

Nassel, D.R. (1982). Transneuronal uptake of horseradish
peroxidase in the central nervous system of dipterous
insects. Cell Tissue Res., 225, 639-662.

Nassel, D.R. & Strausfeld, N.J. (1982). A pair of
descending neurons with dendrites in the optic lobes
projecting directly to thoracic ganglia of dipterous
insects. Cell Tissue Res., 226, 355-362.

Seyan, H.S., Bassemir, U. & Strausfeld, N.J. (1983).
Double marking for light and electron microscopy. In
Functional Neuroanatomy: ed. Strausfeld, N.J.; Springer,
Berlin, (in press) •

Speck, P.T. & Strausfeld, N.J. (1983). Portraying the
third dimension in neuroanatomy. In
Functional Neuroanatomy: ed. Strausfeld, N.J.; Springer,
Be:r;lin, (in press).

Strausfeld, N.J. (1983). Functional neuroanatomy of the
fly's visual system. In Photoreception and Vision in
Invertebrates: ed. Ali, M.A.; Plenum, New York, (in
press) •

Strausfeld, N.J. & Bacon, J.P. (1983). Multimodal
convergence in the central nervous system of dipterous
insects. In Multimodel Convergence in Sensory Systems:
ed. Horn, E.i Gustav Fischer Verlag, Stuttgart, (in press).

Strausfeld, N.J., Bassemir, U., Singh, R.N. & Bacon, J.P.
(1983). Organizational principles of outputs from diptera
brains. J. Insect Physiol., (in press).

Strausfeld, N.J., Seyan, H.S., Wohlers, D.W. & Bacon, J.P.
(1983) Lucifer yellow histology. In Functional
Neuroanatomy: ed. Strausfeld, N.J.; Springer, Berlin, (in
press).
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During animal
proliferation
cell types,
arranged into
tissues and
understanding
underlying the

Cellular interactions and pattern formation/during animal
development

Member: H. Anderson*

Visiting worker: V. French*

Technical assistant: R. Burt*

development there is not only extensive
of cells which differentiate into "diverse
but also these different cell types become
characteristic spatial patterns which make up
organs. Our research is concerned with
the nature of the cellular interactions
generation of such spatial patterns.

Extracellular matrix and mechanisms of directed axon growth

The nervous system exhibits very complex spatial patterns
in the form of synaptic networks between neurons. The
navigation of growing axons through the nervous system to
appropriate target regions for synapse formation is an
essential step in the generation of such networks. Our
earlier work has shown that this involves the active
selection of particular pathways within the developing
nervous system. How are these pathways established? The
growth cones of the very first axons in the insect embryo
progress over a basal lamina overlying the developing
nervous system. They do so in particular patterns
characteristic for each axon, to produce a simple
arrangement of nerves providing the pathways for later
developing neurons. The basal lamina thus acts as a
generally preferred substrate and components of this
extracellular matrix are likely candidates for specifically
directing the outgrowth of the individual axons.

We have been applying immunocytochemical methods to the
study of axon outgrowth in the embryo. An antibody to
horseradish peroxidase conveniently binds to newly
developing neurons and we have now satisfactorily used this
antibody in wholemount preparations of embryos in order to
identify and study the first axons. Our next aim is to
look for components of the basal lamina which may be
involved in directing the outgrowth of these axons, by
looking at the labelling patterns obtained after treating
embryos at appropriate developmental stages with antibodies
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to known basal lamina components or with fluorescently
labelled plant lectins.

Coordination of tissue growth and cell determination by
interactions within sheets of cells

In many experimental systems it has been shown that
interactions between neighbouring cells within a tissue are
fundamental both in determining the fate of individual
cells and. also in regulating the overall growth and pattern
of the tissue. Furthermore, the specific outcome of these
interactions depends upon the positions of origin of the
interacting cells.

In collaboration with Dr. V. French (Edinburgh University)
we have been investigating further such positional
properties of cells, the nature of cellular interaction and
the way in which it influences mitosis and cell
differentiation. We have been using the epidermis of the
insect leg as a convenient experimental system; following
removal or rearrangment of epidermal cells, regeneration
occurs with accompanying growth of tissue (i.e cell
division), and determination of new cell fates readily
detected by the secretion of new cuticular structures (i.e.
pattern formation). Previous work with this system has led
to the formulation of the "Polar Coordinate" model of
pattern formation (French, Bryant & Bryant, 1976; Bryant,
French, & Bryant, 1981). This model was derived entirely
from observation of the final cuticular structures formed
after various experimental parturbations. We have been
observing cell behaviour during the process of regeneration
following a variety of grafting operations in order to
clarify the roles of cell contact and cell division in the
generation of new tissue and the relationship beween
regenerative cell divisions and those which produce normal
growth. We are now extending this investigation by
performing operations after experimental alteration of the
normal growth cycle.

Publications during the year

Anderson, H. (1982a). Early responses to neural injury. In
Repair and Regeneration of the Nervous System, Dahlem
Konferenzen: Nicholls, J.G.; .Springer, Berlin, New York,
p. 315-333.
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Anderson, H. (1982b). Do stepping stones guide axon growth?
Nature, 297, 455-456.

Anderson, H. (1982c). The development of sensory pathways
in the pupal wing of Drosophila: a light- and electron
microscope study. Soc. Neurosci, 15.

Other references

Bryant, S.V., French, v. & Bryant, P.J. (1981).
212, 993-1002.

French, V., Bryant, P.J. & Bryant, S.V. (1976).
193, 969-981.
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Membrane protein structure

Member: J.P. Rosenbusch*

Technical assistant: W. Hilscher*

This group started its activities at EMBL in September
1982. The first transmembrane protein, chosen for
structural analysis to high resolution, is the receptor of
bacteriophage from E.coli. This protein forms outer
membrane pores similar to the unspecific channels of porin.
The latter, which has been characterized in detail
previously, has molecular sieving characteristics, while
the phage receptor appears to admit maltodextrins of
molecular weight above the exclusion size. This protein,
called maltoporin for these reasons, has been solubilized,
purified to homogeneity, and characterized (Neuhaus, 1982).
It also has been crystallized to microcrystals (Garavito
et al., 1982). For single crystal x-ray analysis, attempts
to obtain large crystals, as they were observed with porin
(Garavito et al., 1983), are in progress in collaboration
with the group of D. Tsernoglou.

Functional studies of maltoporin have concentrated on its
interactions with the periplasmic binding protein. This is
the receptor which delivers maltose and maltodextrin to the
plasmamembrane transport system. In planar lipid bilayer
studies (Neuhaus et al., 1983), the general
characteristics, and the effect of maltose binding
proteins, have been investigated. Functional
characterization of mutant proteins in this system will be
continued. Further investigations will focus on protein-
protein interactions within the plane of the membrane, and
between cells (as model systems for cell-cell
interactions). Studies of two-dimensional crystalline
sheets (Dorset et al., 1983) of the membrane proteins under
study are being done in collaboration with J. Dubochet, K.
Leonard and J. Lepault.

Publications during the year

Garavito, R.M., Jenkins, J.A., Jansonius, J.N., Karlsson,
R., Rosenbusch, J.P. & Bartunik, H.D. (1982)
Crystallization and preliminary crystallographic studies of
porin, an integral membrane protein from Escherichia coli.
Experientia, 38, 740.

-86-



Other references

Dorset, D.L., Engel. A., Haner, M., Massalski, A. &
Rosenbusch, J.P. (1983). J. Mol. BioI., 165, (in press).

Garavito, R.M., Jenkins, J.A., Jansonius, J.N., Karlsson,
R. & Rosenbusch, J.P. (1983). J. Mol. BioI., 164, 313-327.

Garavito, R.M., Jenkins, J.A., Neuhaus, J.-M. Pugsley, A.P.
& Rosenbusch, J.P. (1982). Ann. Microbiol., 133a, 37-41.

Neuhaus, J.-M. (1982). Ph.D. Thesis University of Basel.

Neuhaus, J.-M., Schindler, H. & Rosenbusch, J.P.
submitted.
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X-ray crystallography of proteins

Members: D. Tsernoglou, D.W. Banner

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

Our group was formed· during 1982. Our aim is to
crystallize and study membrane and DNA-binding proteins.

Repressor of primer

We have, in collaboration with G. Cesareni, purified and
crystallized the rop protein, which is part of the
mechanism of control of replication in ColEl related
plasmids. According to its DNA sequence !2E consists of 63
amino-acids. The protein was isolated from overproducing
bacteria. Crude cell extracts were passed through DEAE-
cellulose columns and !2E was eluted by a salt gradient.

Further purification by gel filtration gives a 90% pure
protein which appears to be dimeric. The final
purification was by crystallization near the isoelectric
point and its identity was confirmed by amino-acid analysis
(Tsugita et al., see also p. 167) Repeated
crystallization gives diffraction quality crystals, the
largest of which are about 1.3 mm x 0.6 mm x 0.3 mm.
Precession indicate that they are monoclinic,
space group C2, wIth a = 57.3 X, = 40.2 R, £ = 27.2 R, B
= 103.0°. On the assumption30f 1 monomer per asymmetric
unit we obtain a V = 2.1 R /dalton (Matthews, 1968) •
Diffraction can be measured to beyond 2 R. We hope to
obtain the three dimensional structure of the protein and
further study its function in collaboration with the group
of G. Cesareni.

Adenovirus DNA-binding protein

We have crystallized this protein from a sample provided by
P.S. van der Vliet (utrecht University) (Plate 8) • The
crystals are orthorhombic, group P212121 , with =
79.1 R, b = 75.7 R, c = 67.4 X. The unit cell dimensions
are inconsistent with-the molecular weight of the starting
material which is 72,000; SDS-PAGE of material obtained
from the indicated that we have crystallized a
fragment whose MW is 39,000. This leads to
an acceptable Vm of 2.6 X /dalton. It is known &
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PLATE 8

Crystals grown in the presence of ammonium sUlphate. The
largest dimension is about 0.2 mm.

-89-



PLATE 9

92Kd--.. --
67Kd ......

45Kd-..

31Kd -.. --

21Kd-.. ..

14Kd -.. --

-

Digestion of DNA-binding protein. The native protein is
shown in the last lane. The first lane contains standards
and lanes 2-7 show the time course of the digestion by
chymotrypsin.

PLATE 10

Precession photograph of the hoI plane of the blue protein
of 3 resolution.
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Philipson, 1980) that the 72 Kd protein will produce a
fragment of 45 Kd which still binds DNA before it is
further degraded to progressively smaller fragments. ,The
fragmentation is achieved by the presence of chymotrypsin
(Plate 9), but it also occurs, albeit more slowly, in
supposedly pure preparations. The crystalline fragment
cross-reacts with antiserum raised against the native
protein. We are currently attempting to purify the
fragment and to obtain larger crystals.

Blue proteins

We are also, in collaboration with Prof. Beppu of the
University of Tokyo, studying two copper containing
proteins of the electron transport system of Alcaligenes
faecalis. The first is nitrite reductase (MW 4 x 30,000)
and the second ("blue protein") is a 12,000 protein which
precedes it in the electron transport chain. According to
recent sequence work by A. Tsugita (see p. 167) the "blue
protein" is homologous to azurin. We have obtained good
crystals of the "blue protein", which diffract to about 2R. Precession photographs (e.g. Plate 10) indicate that
the sEace group is P61 (or P6 S) with = Q = SO.O R, =
99.1 X. We are currently measuring by diffractometry the
intensities of the native and of two potential heavy atom
derivatives. Similar crystals have been obtained by Dr. E.
Adman of the University of Washington.

We have completed the film measurements of insecticyanin
(see last year's Report). These have an R m of about 5%
based on intensities. We are searching heavy atom
derivatives which will be measured at high resolution by
means of synchrotron radiation. The work on the blue
proteins is part of the doctoral thesis of K. Petratos to
be submitted to Wayne State University.

Other proteins

In collaboration with J. Rosenbusch (see p. 86) we are
starting structural studies on membrane proteins. We have
grown small crystals of maltoporin similar to those
obtained in Basel by M. Garavito. We are attempting to
improve the quality of the crystals by varying the
detergent conditions. Crystals of the single-strand DNA-
binding protein of E.coli (Geider & Hoffman-Berling, 1981)
(sample provided by Dr. Geider) have also been obtained
under a variety of conditions. Similar crystals have been
obtained by T. Steitz (private communication).
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Crystallographic studies on deoxyribonuclease I (DNase I)
and the actin:DNase I complex

Member: D. Suck

Fellow: C. Oefner*

Student: H. Lahm

Technical assistant: H. Pfrang (from the
Institut fUr Medizinische Forschung)

Max-Planck-

Three-dimensional structure of DNase I at 2.5 R resolution

Bovine pancreatic DNase I is an endonuclease degrading
double-stranded DNA to yield 5 1 -oligonucleotides. It is a
glycoprotein of MW 31,000 with a carbohydr2$e

to Asn 18. Divalent metal ions (Ca and Mg or
Mn ) are required for enzymatic activity. Although DNase
I is neither base- nor sequence-specific, it does not
cleave DNA randomly and seems to recognize DNA sequences at
least three nucleotides long (Bernardi et al., 1973) •
During the last year we have been able to determine the 3-
dimensional structure of DNase I at 2.5 R resolution.

Structure determination

Monoclinic of space group C2 with cell constants
a=131.6 R, b=54.9 X, c=38.4 R, B=91.4° have been obtained
by precipitation with PEG 6000 (Suck, 1982). The crystals
diffract to at least 1.8 R and show remarkable stability in
the x-ray beam. The structure was determined by the method
of multiple isomorphous replacement using six heavy atom
derivatives. Initially, a difference Patterson map of a
terbium derivative could be interpreted in terms of two
major sites. The heavy atom positions of the other
derivatives were determined by difference Fourier
techniques and subsequently refined by the method of
Dickerson. Complete 2.5 R data sets consisting of about
9,600 unique reflections were collected for the native
crystals and four heavy atom derivatives (Pb, Pt/Pb, Tb/Pb,
Tb/Pt) with a 4-circle diffractometer. Two additional
derivatives (Tb and Pt) were collected to 5 R only. On
average, 90% of the data to 2.5 Rhave intensities greater
than 3 0 (1). The merging R-factors range from 4.1 to 5.7%
in intensities. The overall figure of merit for all 9,556
reflections is 0.68. A 2.5 Relectron density map was
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calculated in sections perpendicular to the b-axis at a
grid interval of 0.8 R using the "best" protein structure
factors weighted by their figure of merits.

Electron density map

The 2.5 R map of DNase I confirms the molecular boundary
established earlier from a 5 R density map. The overall
quality of the map is very good allowing a complete and
unambiguous tracing of the polypeptide chain and
identification of about 80% of the side chains. The
somewhat lower and diffuse density around the 2-fold
rotation axes is attributed to the carbohydrate side chain.
The N-terminus of the enzyme located near the surface of
the molecular could be identified and served as a starting
point for the interpretation. Additional guiding points
were the well-defined side-chain densities of the
tryptophan and phenylalanine residues. There are two loop-
regions where the density is somewhat lower than in the
rest of the molecule showing little or no side-chain
density. One is the region between Asn 240 and Asp 248, the
other is from Asp 96 to Ser 105 including the short
disulfide bridge from Cys 98 to Cys 101. The location of
this S-S bridge is clear, however, since we could label it
with a mercury under reducing conditions in the
presence of Ca • Approximate C-a positions were read
directly from the map (scale 3 mm = 1 R).

Description of the structure

The folding of DNase I is schematically represented in
Plate 11. DNase I is an a,B-protein with two central 6-
stranded B-pleated sheets packed against each other forming
a "sandwich" or "jelly roll"-type structure. These central
B-sheets are flanked by three helices and extensive loop
regions. About 35% of the residues are involved in B-
sheets, about 18% in a-helix. The two B-sheets display the
usual twist and all cross-over connections are right-
handed. Their topology is remarkably similar with a kind of
quasi-2-fold axis relating the individual strands of the
two sheets as indicated in Plate 12. One is tempted to
assume a gene-duplication, but this seems unlikely, since
sheet 1 is formed partly by the N-terminal region (strands
A,C,F,E) and partly by the C-terminus (strands Nand P) •
There is no indication of an internal 2-fold symmetry in
the sequence. Although there are several proteins showing
the "jelly-roll" or "sandwich"-architecture, like e.g.
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PLATE 11

Schematic representation of the 3-dimensional structure of
DNase I. B-strands (marked by capital letters) are
represented by arrows, a-helices are represented by
cylinders. Two 6-stranded B-pleated sheets consisting of
strands E,F,C,A,P,N and strands G,H,J,K,M,L are packed
against each other forming the core of the enzyme.
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PLATE 12

Sheet-topology of DNase I.
Left: viewed perpendicular to the direction of the strands
Right: view along the direction of the B-strands.
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concanavalin A, none of them has the same sheet-topology as
DNase I. No overall structural or topological similarity to
other nucleases, in particular to staphylococcal nuclease
or ribonuclease A, can be detected.

Active centre

From biochemical investigations it is known, that His 131
is essential for the enzymatic activity of DNase I. Two Arg
side-chains are found in the immediate neighbourhood of
this histidine, which could provide binding sites for the
phosphates of a DNA substrate. The carboxylic-acid side-
chains of Asp 39, Asp Glu 75, which are also nearby
and are liganded to a Tb2+-site in the crystal structure,
could be part of the Ca -binding site involved in the
enzymatic reaction. This potential active site of DNase I
has some similarity to the active centre of staphylococcal
nuclease (Cotton et al., 1979). To get a more detailed
picture of the DNase I:DNA interaction, we are trying to
co-crystallize short DNA fragments with DNase I.

X-ray structure analysis of the
complex (in collaboration with
Medizinische Forschung)

muscle actin: DNase I
W. Kabsch, MPI fur

Rabbit skeletal muscle actin in its monomeric G-form and
bovine DNase I form a stable 1:1 complex
(KD=5x10 M). We have recently solved the crystal structure
of the complex at 6 R resolution (Suck et al., 1981). A
major problem with this analysis has been the difficulty to
obtain isomorphous derivatives suitable at high
During the last year we have found conditions for a Pb -
derivative producing significant intensity changes while
the cell constants remain unchanged. At 6 X resolution the
phasing power (fH/E) for this derivative is 2.3 and the
Cullis R-factor (RC) is 38.4%. Inclusion of the lead
derivative into the Dickerson refinement improved the
overall figure of merit from 0.72 to 0.80. High resolution
oscillation data have been collected at the Hamburg
outstation using synchrotron radiation. The x-ray films are
presently being processed.

With the structure of DNase I being solved at high
resolution (see first part of this report) we are now in
the position to exactly define the boundary between actin
and DNase I in the complex. Using the rotation function
and, as an independent check, three lead sites common to
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the complex and the DNase I crystal structures, we could
superimpose the DNase I electron densities in the two
structures. It turned out, that the assignment of the
density to actin and DNase I in the complex was essentially
correct and that only some changes along the contact area
are necessary. The comparison of the electron densities at
6 R resolution revealed, that the structure of the DNase I
molecular is not affected in most regions by complex
formation with actin. Differences are restricted to two
small loop-regions and the carbohydrate side-chain attached
to Asn 18. There seem to be several areas of contact
between actin and DNase I. Besides the carbohydrate chain,
which seems to provide numerous contact points, ·mostly
charged or hydrophilic residues of DNase I seem to be
involved in these contacts.

Combining the phase information of the isomorphous
replacement (mercury and lead derivatives) and from the
DNase I structure, which represents 40% of the complex, we
hope to get an interpretable high resolution map of the
actin:DNase I complex in the near future.

Publications during the year

Suck, D. (1982). Crystallization and preliminary
crystallographic data of bovine pancreatic
deoxyribonuclease I. J. Mol. BioI., 162, 511-513.

Other references

Bernardi, G. et ale (1973). Nature, 246, 36-40.

Suck, D. et ale (1981). Proc. Natl. Acad. Sci. USA, 78,
4319-4323.

Cotton, F.A. et ale (1979). Proc. Natl. Acad. Sci. USA, 76,
2551-2555.
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Structure and assembly of filamentous bacterial viruses

Members: D.A. Marvin*, G.G. Kneale, C. Nave*

Fellow: M. Bansal*, W. Folkhard*

Visiting worker: K. Zimmermann*

Technical assistant: K. Nilsson*

In order to understand how macromolecular assemblies
function in such basic biological phenomena as transport of
molecules across membranes and control of DNA replication
and gene expression, it is important to choose a simple and
well-characterised biological system. The filamentous
bacterial viruses are well-established as useful in
genetics, and they are becoming increasingly valuable in
studying how genetic information is transformed into
molecular machines. Assembly of the virion is a
particularly informative process. An early step in assembly
is the formation of an intracellular nucleoprotein complex
between viral DNA and a viral replication-assembly protein.
In parallel with the formation of the replication-assembly
nucleoprotein complex, a pool of nascent coat protein is
formed in the plasma membrane of the bacterium. Each
a-helical protein subunit spans the membrane, with the N-
terminus outside and the C-terminus inside. Assembly of the
virion then involves displacement of the replication-
assembly protein from the DNA by the coat protein as the
virion is extruded through the membrane. We have continued
our structural studies on the virion and on the
replication-assembly complex of the Pf1 species of
filamentous bacterial viruses.

Structure of the Pfl virion at 4R resolution

The structure of the virion at low resolution was solved
some years ago by consideration of how regions of very
strong intensity on the diffraction pattern define the
distribution of electron density in the structure (Marvin
et al., 1974). This analysis showed that the major coat
protein subunits can be approximated by elongated a-helical
rods whose long axes are tilted slightly with respect to
the axis of the virion so that they form an overlapping
interdigitating helical array. These early studies left an
ambiguity about the symmetry of the virion helix (is it
4.40 units/turn or 5.40 units/turn?) that did not affect
the arguments about the shape or local packing of the
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subunit at low resolution, but needed to be resolved for
the high resolution analysis to proceed.

Three experimental advances aided the analysis of the
structure at high resolution (Nave et al., 1981).
(1) The discovery that fibres of Pf1 prepared at 40C rather

than at room temperature have a slightly different
symmetry (5.46 units/turn rather than 5.40 units/turn).
This means that overlapping Bessel functions on the
room temperature diffraction pattern are resolved at
4oC, and true three-dimensional data are available to
4R resolution in spite of the cylindrical averaging
inherent in fibre patterns.

(2) The development of the technique of preparing highly
oriented fibres in a magnetic field, which greatly
increases the accuracy and resolution of the data.

(3) The preparation of two heavy atom derivatives of the
Pf1 virion, one with mercury attached to the N-terminus
of each subunit via a bifunctional reagent, and one
with iodine attached to Tyr25 in each subunit of the
virion. These derivatives were sufficient to resolve
the question about virion symmetry (it is 5.40
units/turn), but because the two heavy atoms are
fortuitously related by a symmetry operator, they do
not give independent phase information. To calculate an
electron density map from the high resolution data, a
mathematical technique called maximum entropy was
applied to the fibre diffraction data (see Report of
the Data Analysis Group, p. 208).

The maximum entropy method enables incomplete phase
information to be supplemented by information about the
nature of the solution, to give the best map consistent
with all the data. The map shows rods of electron density,
about 70 R long, oriented roughly parallel to the virion
axis, but slewing by about 1/6 turn while running from 28 R
to 13 R radius. Within these rods there is a helical
periodicity with a pitch of 5 R. We interpret these rods
to be the a-helical subunits of the virion. Then the
position of strong diffracted intensity shows that the
basic 5.46 units/turn helix of the virion is right-handed,
and neighbouring nearly parallel a-helices cross one
another in an unusual negative sense.
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Together with these experimental approaches to solving the
structure of Pfl at high resolution, we have developed a
model-building approach that combines interactive computer
graphics (see Research Report of the Computer Group, p.
198) with automatic refinement techniques. The rationale
behind this approach was that the protein subunit is
largely a-helical, and has relatively few degrees of
freedom. The constraint of building stereochemically
feasible models that also predict the diffraction pattern
should then lead to a unique solution. In fact this
approach was more successful than we realized. Because
there is no direct information about the hand of the basic
5.46 units/turn helix, we built both left- and right-handed
models, which lead respectively to positive and negative
crossing angles between neighbouring a-helical subunits.
We found that the calculated diffraction patterns of
right-handed models were consistently better than those of
left-handed models. Since the right-handed models implied
the rarely seen negative crossing angles between a-helices,
however, we did not these models in detail until
the maximum entropy technique confirmed the existence of a
negative crossing angle.

The virion is assembled from membrane-spanning a-helices.
The model-building studies on arrays of a-helices led to a
theory of the dynamic interaction between membrane-spanning
a-helices and the proton gradient across membranes that is
known to drive transport of macromolecules. In this theory,
a mechanism is proposed whereby a proton gradient along a
membrane-spanning a-helix could be coupled to small changes
in the torsional angles around the peptide bond. It is
known that small concerted changes in the torsional angles
are coupled to changes in the unit twist of the a-helix;
changes in the unit twist are coupled to changes in the
crossing angle between neighbouring a-helices; and changes
in the crossing angle are-coupled to changes in size and
shape of assemblies of a-helices. Following this logical
linkage in one direction shows how a proton gradient could
introduce a pumping motion in an assembly of a-helices;
following it in the other direction shows how motion in an
assembly of a-helices could pump protons.

Pfl replication-assembly protein

In order to understand how the replication-assembly protein
binds to DNA and then is released during assembly of the
virion, solution studies on the protein have been
continued. Conditions for release of the protein from the
replication-assembly nucleoprotein complex have been found,
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nucleoprotein
DNA binding

and methods developed for purifying the protein on a large
scale (Kneale, 1983). The protein in solution is a dimer
of Mr =30,800, but forms tetramers in the presence of the
octanucleotide d(GCGTTGCG). The dimer has two binding
sites, each capable of binding four nucleotides. The
interaction of the protein with DNA and oligonucleotides is
being investigated by fluorescence spectroscopy, including
time-resolved techniques (see Research Report of the
Wijnaendts Group, p. 143)". The circular dichroism spectrum
of the protein was analysed in collaboration with the Data
Analysis Group. There is about 65% B-structure, and no
a-helix. Secondary structure predictions suggest that the
N-terminal 2/3 of the molecule has an anti-parallel B-sheet
structure similar to that of the fd replication-assembly
protein, even though there is no sequence homology between
the two proteins. Attempts to grow suitable crystals of the
protein for x-ray crystallography, alone or with
oligonucleotides, have so far been unsuccessful.
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Role of quaternary structures in the allosteric properties
of aspartate transcarbamylase (ATCase) and structure of the
E.coli proteolipid
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Fellow: H. Kihara*

Technical assistants: A.G. Fowler, P.T. Jones

Role of quaternary structures in the allosteric properties
of ATCase

Solution scattering

We are continuing and extending the static x-ray scattering
experiments described in last year's Research Report. In
experiments at LURE in collaboration with G. Herve, P. Tauc
(CNRS, Gif-sur-Yvette), and with P. Vachette (LURE, Orsay),
we obtained new data concerning the change of scattering
pattern when different effectors bind to ATCase. New
titration data (showing the effect of PALA on the R:T
equilibrium) were also obtained, and the effect of ATP and
CTP on the equilibrium was studied. All these data are now
being processed and evaluated.

Kinetics

In order to investigate the mechanism of the allosteric
transition we must study its kinetics. The first question
is the approximate speed of the transition, which relates
to its biological control function and also determines the
techniques that must be used to study it. The data in the
literature (summarised by Hammes & Wu, 1971) had not
decided this point, so we approached it through two series
of experiments.

- Chemical quench experiments. (Preliminary studies were
reported in last year's Research Report.) We measured the
rate at which the binding of substrates increases the
activity of other active sites (homotropic
cooperativity). This means following the initial
formation of product, so we used a chemical quench
device, constructed by T. Barman, CNRS, Montpellier (who
collaborated in the experiments). The rate of synthesis
of carbamyl aspartate from the substrates aspartate and
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Optical absorbance change during the reaction of ATCase
with carbamyl phosphate and aspartate. ATCase (200
inactive sites) was mixed with 2 mM carbamyl phosphate
and 15 mM succinate. The pH of both solutions was 7.0,
and the temperature was 4oC. Bromthymolblue was added to
both solutions to an 0.0. of 1.1 at 617 nm.
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carbamyl phosphate was followed as a function of the time
between mixing the enzyme with substrates and
with trichloracetic acid'. This function, which is linear
at long times, shows a lag for about the first 10 20
msec (4 oC). However, when the catalytic subunit (in
which the enzymatic activity is desensitised) is used
instead of the enzyme, the lag disappears. Therefore the
lag seems to be associated with the control functions of
the enzyme, i.e. to represent the allosteric transition
involved in homotropic cooperativity. The lag showed
little change when the aspartate concentration was
reduced. In terms of the allosteric model of Monod
et ale (1965), this means that the various T-->R
transitions that we observed all involve T states ligated
with substrate.

- Stopped-flow studies (in collaboration with E. Takahashi-
Ushijima, Jichi Medical School, Japan). The reaction
catalysed by ATCase releases protons and can therefore be
monitored optically with pH indicators (Plate 13). The
linear phase of groton release becomes established after
5 - 10 msec at 4 C. The short lag phase is obscured, in
the stopped-flow data, by an uptake of protons. The
relatively slow proton uptake phase therefore appears to
be associated with the allosteric transition. If
succinate (which does not react) is used instead of
aspartate, the proton release phase is of course
abolished, but proton uptake still occurs with about the
same amplitude and· time constant. When the catalytic
subunit is used instead of ATCase to catalyse the
reaction, we find neither the uptake of protons nor the
lag in their release; instead, there may be a smail
burst. Curve-fitting indicates that proton uptake occurs
with about the same rate as the homotropic cooperativity
(measured by the onset of proton release). Allewell
et ale (1979) found that protons are taken up when
carbamyl phosphate and succinate bind an active site,
and it seems that a large fraction of the proton uptake
at pH 7 takes place during the 5 - 10 msec lag.

These two studies give us the following tentative picture
of the allosteric transition mechanism. After binding
substrate at other active sites, some structural alteration
of the enzyme (perhaps associated with the large quaternary
structure change) increases the substrate affinity and
enzyme activity at a given active site. As a result of
these changes, which take something of the order of 10 msec
at 4°C, some ionising groups have their PKa's modified
{perhaps through some closing of the active site cleft:
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Foote et al., 1982), and the delay in this modification
would explain the slow proton uptake phase we observe.

All the probes used to monitor ATCase kinetics hitherto
(proton release or uptake, the local environment of bound
TIF, or the enzymatic activity of the active site) have
been sensitive to local reactions. To estimate the role of
the gross conformational change in the- allosteric
transition, we need a method for monitoring it
specifically. The only method available appears to be x-
ray scattering (Moody et al., 1979), so we have been
constructing apparatus for fast kinetic x-ray scattering
experiments (Moody et al., 1981 and the Research Report for
1980). We are also investigating ways of slowing the
allosteric transition SUfficiently to make kinetic x-ray
experiments feasible. The principal way is to reduce the
temperature, and this might also be of value in revealing
intermediate stages in the reaction. Preliminary
experiments indicate that the allosteric is
substantially slowed in ethylene glycol at -1SoC, so an
apparatus is being constructed (largely at the CNRS,
Montpellier) to follow the x-ray scattering of ATCase under
. these conditions.

Structure of the E.coli proteolipid

The ATP synthases, which use a transmembrane proton
gradient to drive ATP synthesis, have been purified from
several organisms, and have been extensively studied. (The
E.coli enzyme is reviewed by Fillingame (1981». They
consist of a water-soluble complex (F 1 ), and also a
membrane-bound part (Fa) which contains three different
types of subunit. Tne smallest of these (present in
perhaps 6 copies per FO) is the proteolipid, a hydrophobic
protein believed to occupy a transmembrane position and to
constitute at least part of the membrane's proton channel,
which is blocked when DCCD reacts with a specific acidic
residue in the proteolipid.

Proteolipid sequences from about 10 widely different
species are now available (see reviews by Sebald & Hoppe,
1982; Ovchinnikov et al., 1982), and they show a remarkably
precise homology. The sequences have led to the suggestion
(Sebald & Hoppe, 1982; Ovchinnikov et al., 1982) that the
central hydrophilic section forms the bend of a hairpin,
whose arms consist of transmembrane, hydrophobic alpha-
helices. However, there is virtually no real evidence for
this model so far, and various attempts to crystallise the
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proteolipid have been unsuccessful. (No membrane protein
has yet been crystallised from organic solvents.)

We are attempting to determine the structure of the
proteolipid. Although attempts to crystallise it will not
be neglected, this might be a long-term project. However,
its small size and solubility suit it for NMR studies as a
preliminary, or eyen an alternative, to crystallographic
investigations. For the recent development of 2-
dimensional NMR techniques (Nagayama et al., 1981; Wagner &
WUthrich, 1981, 1982; Wider et al., 1982; Arseniev et al.,
1982), has shown that small proteins can be made to yield
NMR data comparable in quantity to those obtainable by x-
ray crystallography; and this has raised the hope that a
detailed molecular structure might be obtained through NMR.
Besides this, NMR could give new information about the
dynamics of a membrane protein in a non-aqueous
environment.

Preliminary results

The proteolipid is prepared from E.coli, by the procedure
of Fillingame (1975,1976), as a solution in chloroform-
methanol (2:1). After obtaining homogeneous protein free
of lipid, precautions have to be used to eliminate
protonated solvent peaks, and techniques are being
developed for this, and for obtaining the concentrated
solutions needed for NMR studies. Because of the lack of
equipment and experience at the EMBL, we are collaborating
with Dr. I.D. Campbell (Biochemistry Department, Oxford
University).

Many resonances are observed in the high resolution lH
spectra of the proteolipid in chloroform-methanol (Plate
14). The linewidth of the resonances suggests that the
molecule is monomeric under the conditions used. It
appears to have a defined structure since there are
different chemical environments for the two tyrosines,
which give rise to different shifts and broadening of the
resonances. The 4 phenylalanines and 8 methionines also
appear to be in unique environments.
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The 500 MHz IH spectrum of the E.coli proteolipid in
chloroform-methanol (obtained by Dr. W.E. Hull at Bruker
Analytische Messtechnik). About 8 mgs protein/ml; 40oC.
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Future plans

The difficult task of assigning resonances to particular
groups on the protein will be carried out mainly by three
methods.

A particularly direct way is to observe the spectral
changes resulting from the mutation of a specific residue.
Mutants have been reported affecting three sites (Hoppe
et al., 1980a; Wachter et al., 1980; Hoppe et al.,
Wachter et al., 1980; Hoppe et al., 1982; Gibson, 1982).

Secondly, the amino-acids give rise to spin systems
can be identified by through-bond spin-spin coupling.
most efficient way to carry out this task is to
correlated 2-dimensional spectra (COSY).

Finally, a procedure har been worked out by Wagner &
WUthrich (1982) to assign H NMR spectra by proceding along
an amino-acid chain in a stepwise manner using nuclear
Overhauser effects to identify neighbouring residues. The
irradiation of the resonance of one proton affects the
resonances of a neighbouring proton, provided it is within
3 R of the first proton. The experiment can also be
carried out using 2-dimensional methods (NOESY).

Application of this technique, after most of the resonances
have been assigned, would give us a large number of
distances between specific identified pairs of protons, and
it is hoped to use these distances to determine the
structure of the molecule (Braun et ale 1981).

Publications during the year

Fowler, A.G., Foote, A.M., Moody, M.F., Vachette, P.,
Provencher, S.W., Gabriel, A., Bordas, J. & Koch, M.H.J.
(1983). Stopped-flow solution scattering using synchrotron
radiation: apparatus, data collection and data analysis.
J. Biochem. Biophys. Methods, (in press).

Moody, M.F. (1982). The zinc-sulphur bonds of aspartate
transcarbamylase studied by x-ray absorption spectroscopy.
Biochemistry, 21, 830-833.

Phillips, J.C., Bordas, J., Foote, A.M., Koch, M.H.J. &
Moody, M.F. (1982). The zinc-sulphur bonds of aspartate
transcarbamylase studied by x-ray absorption spectroscopy.
Biochemistry, 21, 830-833.

-110-



Other references

Allewell, N.M., Hofmann, G.E., Zaug, A. & Lennick, M.
(1979). Biochemistry, 18, 3008-3015.

Arseniev, A.S., Wider, G., Joubert, F.J. & WUthrich, K.
(1982). J. Mol. BioI., 159,323-351.

Braun,
(1981) •

W., C., Brown, L.R., Go, N. & WUthrich,
Biochim. Biophys. 377-396.

K.

J. Mol.

Fillingame, R.H. (1975) • J. Bacter iol. , 124, 870-883.

Fillingame, R.H. (1976) • J. BioI. Chern. , 251, 6630-6637.

Fillingame, R.H. (1981) • Current Topics in Bioenergetics,
11, 35-106.

Foote, A.M., Winkler, F.K. & Moody, M.F. (1981).
BioI., 146, 389-391.

Gibson, F. (1982). Proc. Roy. Soc., Lond., B 215,1-18.

Hammes, G.G. & Wu, C. (1971). Science, 172, 1205-1211.

Hoppe, J ., Schairer, H. U. & Sebald, W. (1980a).
Biochem., 112, 17-24.

Eur. J.

(1980b)

J. Mol.

Hoppe, J., Schairer, H.U. & Sebald, w.
FEBS Lett., 109, 107-111.

Hoppe, J., Schairer, H.U., Friedl, P. & Sebald, W. (1982) •
FEBS !45, 21-23.

Monod, J., Wyman, J. & Changeux, J.-P. (1965).
BioI., 12, 88-118.

Nagayama, K. & WUthrich, K. (1981). Eur. J. Biochem., 114,
365-374.

Ovchinnikov, Y.A., Abdu1aev, N.G. & Modyanov, N.N. (1982) •
Ann. Rev. Biophys. Bioeng., 11, 445-463.

Sebald, w. & Hoppe, J. (1982).
Bioenergetics, 12, 1-64.

Current Topics in

Wachter,
(1980) •

E., Schmid, R., Deckers,
FEBS Lett., 113, 265-270.

-111-

G. & Altendorf, K.



Wagner, G. & WUthrich, K. (1981).
375-384.

Eur. J. Biochem., 114,

Wagner, G. & WUthrich, K. (1982). J. Mol. BioI., 155, 347-
366.

Wider, G., Lee, K.H. & WUthrich, K. (1982). J. Mol. BioI.,
155, 367-388.

-112-



Structural studies on clathrin coats and on proteins inter-
acting with nucleic acids

Members: F.K. Winkler, K. Stanley*

Technical assistants: A. d'Arcy, R. Brown

Clathrin coats

The protein network that surrounds coated vesicles can be
reversibly dissociated into characteristic three legged
structures termed triskelions. They consist of three
clathrin heavy chains (Mr 180,000) each of which is thought
to be associated with one light chain. Two kinds of light
chains of different molecular weight are found in all
tissues and species thus examined; in pig brain, our major
source of clathrin, their molecular weights are 36,000 (La)
and 33,000 (LB) and their molar ratio is about 1:2. In
the previous year we reported that clathrin heavy chains
which had been separated from their light chains in the
presence of chaotropic anions maintained the three legged
structure and reassociated into polygonal cage structures
indistinguishable from those formed by the heavy-chain
light-chain complexes. More detailed studies on the
interactions between heavy and light chains have now been
carried out in order to examine whether the presence of
light chains has a defined effect on cage structure, cage
assembly or disassembly.

Clathrin heavy chains

Like intact triskelions, heavy chain trimers assemble
quantitatively into polygonal cage structures in the pH
range 6.0-6.5 and in the presence of divalent cations.
Upon shifting the pH to 7.5 and chelating the divalent
cations the cages redissociate. Negatively stained
preparations of heavy chain cages reveal the same variety
of sizes and types of cage structures as observed for cages
reassembled from intact triskelions. Preparations of heavy
chain . trimers slowly aggregate and after some time no
longer assemble into cage structures but precipitate when
exposed to reassembly conditions. Intact triskelions can
be kept for much longer periods without showing such a
behaviour. Analysis of the circular dichroism of heavy
chains in the far UV by the method of Provencher & Glockner
(1981) yields estimates of 58±4% a- and 14±4% B-structure
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as compared to 53 and 18% respectively for the heavy chain-
light chain complexes.

Clathrin light chains

The light chains are very sensitive to proteolysis but do
not suffer from exposure -to strongly denaturing conditions
after which they still rebind with high affinity to heavy
chains. Pure light chains can easily be obtained by
briefly boiling clathrin samples which to
precipitation of the heavy chains while the light chains
are recovered in the supernatant after centrifugation.
Preparations of the individual light chains needed for some
of the experiments described below were obtained by
separation on SDS polyacrylamide gels or by chromatography
on DEAE-cellulose under non denaturing conditions. The CD
spectra of La and La prepared by the latter method were
essentially identical and estimates of 34±4% a- and
5±4% a-structure were obtained.

Heavy chain-light chain interactions

Binding studies were carried out with 3H radiolabelled
light chains prepared by reductive methylation of intact
triskelions followed by separation of the light chains. To
measure the amount of free ligand in binding assays after
equilibration, use was made of the large difference in
sedimentation coefficient of free and bound light chains.
Binding to heavy chains was found to be saturable and one
light chain was bound per heavy chain irrespective of
whether La, La or their mixture was used. Competition
experiments with unlabelled light chains confirmed that La
and La share a common binding site on the clathrin heavy
chain. Pig brain light chains were also shown to compete
with rat liver light chains in binding to rat liver heavy
chains. Therefore, despite different molecular weights and
distinct one-dimensional peptide maps (see Research Report
1981), these 'four light chains all possess a very similar
if not identical heavy chain interaction site. The binding
proved to be too strong to be measurable with the available
specific activity of 70 Ci/mS18f light chain protein.
Only an upper limit of about 10 M could be established
for the dissociation constant of an individual binding
site. Binding to a major heavy chain fragment obtained by
tryptic of heavy chain cages appeared somewhat
weaker (Kn<10- M) but was at the limit of a measurable
dissociation constant.
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We conclude from these studies that the two light chains La
and LB, of pig brain clathrin are similar in structure and
share a common heavy chain binding site. It appears likely
that this is true for clathrin light chains from many
different tissues and species. Their binding to heavy
chain rOimers and heavy chain cages is very strong
(K M). The binding site is located on the 110,000

weight fragment that represents the central part
of a heavy chain leg extending to about 25 nm from the
center of a trimer. Light chains stabilize heavy chains
against denaturation and aggregation on prolonged storage
but are not essential for the formation of polygonal cage
structures and their absence does not noticeably influence
the kinetics of in vitro assembly and disassembly of these
structures. Their biological function remains unknown.

Protein nucleic acid interactions

Our major goal is to grow crystals of protein nucleic acid
complexes suitable for high resolution structure
determination by x-ray crystallography. In addition to the
enzymes T4 DNA ligase and EcoRI methylase with which we
have been working for some time, we have started work on
the two enzymes EcoRV methylase and EcoRV endonuclease
which are specific for the hexanucleotide sequence GATATC.
Crystallization attempts with three of these enzymes in the
presence of suitable oligonucleotide substrates are in
progress but have not yet been successful. Some of the
work carried out with these four enzymes that is of general
biochemical interest, is summarised below.

T4 DNA Ligase

We have provided material for the determination of partial
N- and C-terminal amino-acid sequences carried out by the
group of A. Tsugita (see p. 167) This will be useful to
verify a future sequence derived from the DNA sequence of
the cloned gene which is currently being determined by J.
Armstrong (see report G. Warren, p. 15). Analysis of the
CD spectrum by the method of Provencher & Gl6ckner (1981)
gives estimates of 34±3%a- and 35±4% B-structure.
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EcoRI methylase

N-Terminal sequencing by A. Tsugita showed that the enzyme
isolated from an overproducing strain (constructed by M.
Zabeau) has the same N- and C-terminal sequence as the wild
type enzyme. We have also prepared larger amounts of a
tryptic fragment that is no longer active but still binds
strongly to DNA cellulose. It could be shown that cleavage
occurs close to the N-terminus most likely at the Lys-Lys
bond between residues 12 and 13.

EcoRV methylase

This methylase was purified from a genetically engineered
overproducing strain provided by the group of M. Zabeau
(see p. 190). Upon induction whole cell extracts showed a
new prominent band of about 32,000 molecular weight on SDS
gels. It constituted about 5-10% of the soluble cellular
protein and was purified to homogeneity by chromatography
on phosphocellulose and DNA-cellulose. A methylase
activity co-purified throughout the preparation with this
32,000 molecular weight protein. Its sequence specific
methylation activity was proven by showing protection of A-
DNA to subsequent cleavage by the EcoRV endonuclease. A
partial N-terminal sequence was determined by the group of
A. Tsugita.

EcoRV endonuclease

No overproducer of this enzyme is yet available but we have
undertaken a partial purification and characterisation.
After two chromatographic steps SDS gel electrophoresis
showed four major bands that coeluted with the EcoRV
endonuclease activity. Elution of the proteins from these
bands followed by removal of SDS by acetone precipitation
revealed that the EcoRV activity resided in the band
corresponding to a molecular weight of about 29,000. The
enzyme was shown to cleave the self complementary
decanucleotide dCCGATATCGG (kindly provided to us by M.
Gait, MRC Cambridge) but not the octanucleotide dCGAATTCG
that contains the EcoRI recognition sequence. We find that
the oligonucleotide substrate is cleaved in the middle such
that blunt ends are produced. This is at variance with the
originally reported cleavage between T and C in the
recognition sequence (Kholmina et al., 1980).
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ectoenzymes do? TIBS, 1, 145-147.
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Electron microscopy of nucleic acids

Members: H. Delius, B. Koller

Fellows: H.-J. Bohnert*, B. Borkhardt*

Visiting workers: W. Loffelhardt*, P.

Technical assistants:
Michalowski*

J. Clarke, C.-S. Jone*, C.

The analysis of the rRNA genes in chloroplast DNA (cpDNA)
of Euglena gracilis was continued. The strain bacillaris
described' by Helling et ale (1979) contains three complete
rRNA operons. Using cloned fragments of these operons
(obtained from R.B. Helling, Ann Arbor, USA) for electron
microscopic analysis, we found that the bacillaris strain
in addition to the three complete rRNA operons, contains an
extra 168 rRNA gene, an extra partial 238 rRNA gene,
consisting of about 300 bp of the 3'-end of the 235 rRNA
gene and a hairpin of 320 bp which is apparent in single-
stranded self-annealed molecules, due to a duplication and
inversion of part of the leader sequence of the complete
operon. A stern-loop structure called 13, similar but not
identical to the inverted repeat II, which was described
earlier for the Z strain (see Report 1981), is positioned
between the extra 16S rRNA gene and the partial 238 rRNA
sequence. The strain Z-8 contains only one complete operon
(Wurtz & Buetow, 1981). In this case we found that with
respect to the extra 168, the partial 238, and the hairpin,
the cpDNA has the same configuration as in the bacillaris
strain described above. The function and origin of the
inverted repeat structures II (in the Z strain) and I3 (in
the bacillaris strain) are not known. They might be
insertion elements which cause deletions, duplications, and
inversions in the neighbouring sequences.

Euglena cells are a suitable system to study chloroplast
DNA replication, because cell division can be synchronised
by a simple light and dark rhythm, and because they have a
relatively short generation time of 24 hours as compared to
cells of higher plants. We therefore used these cells to
determine the origin of chloroplast DNA replication. DNA
containing replication loops was cut with several
restriction enzymes and the positions of intact loops in
relation to restriction sites were determined. The origin
of replication was localized 6800 bp upstream of the 5 1 -end
of the extra 16S rRNA gene, adjacent to the short inverted
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repeat structure 12, which contains the AT-rich region of
variable size (Plate 15a-e). Replication proceeds for
about 5 kbp in the direction away from the rRNA genes, .and
later the loops grow symmetrically in both directions. No
indication of more than one origin of replication was
found.

So far none of the protein genes which have been identified
in chloroplasts contained any introns, which underlines the
prokaryotic nature of the genome. It was, however, recently
demonstrated by Stiegler et ale (1982) in cross-
hybridization experiments that the LS gene (large subunit
of the ribulose-l,S-bisphospate carboxylase) of Euglena
gracilis strain Z does contain intervening sequences. The
Euglena gene was localized on the EcoRI fragment A. To
visualize the introns and to determine their number, size
and position we prepared heteroduplexes between a cloned
fragment containing the whole LS gene from spinach (from W.
Bottomley, Canberra, Australia) and the EcoRI
fragment A. The heteroduplex structure revealed 6 introns
of varying sizes (Plate lSf). Detailed analysis of the
positions and the lengths of the introns will be continued
in collaboration with R.B. Hallick (Boulder, USA).

A method for the isolation of circular mitochondrial DNA
(mtDNA) from the phycomycete (water fungus) Allomyces
macrogynus has been worked out. The DNA has a size of
S6.1kb. A restriction enzyme map was established by
aligning the partial denaturation patterns of the fragments
on the denaturation pattern of the circular DNA. The
position of the genes for the RNA of the small and large
ribosomal subunits were determined by R-Ioop analysis with
mitochondrial RNA, and by heteroduplex analysis using
plasmid DNA containing the rrnD operon from E.coli. It was
determined that the two genes are coded on the same DNA
strand, separated by 17-18 kb, and that an intervening
sequence of ca. 0.7 kb is present near the 3'-terminus of
the gene for the large rRNA.

In collaboration with K. Murray's group the DNA isolated
from Hepatitis B virus core particles was analysed in the
electron microscope. These particles contain partially
double-stranded circular DNA. The position of the single-
stranded gap was mapped in relation to the EcoRI
restriction site using the mica adsorption technique
(Plates lSg and 15h). The statistical analysis showed that
the extent of the gap is variable but has a preferred
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PLATE 15

(a)-(e) The origin of replication in the chloroplast DNA of
Euglena gracilis. (a) Electron micrograph of a
restriction fragment SaIl B with a small
replication loop near the right end of the
fragment. The sample was prepared by cytochrome
spreading. The . two replication forks are marked
with arrows. (b) Cytochrome spreading of a self-
annealed single strand of restriction fragment SaIl
B showing the inverted repeats II and 12. (c)
Measurements of individual molecules of fragment
PvuII A of Euglena cpDNA containing replication
loops. The black bars represent the replicated
sequences, the thin lines the non-replicated parts
of the fragment. Underneath is a histogram which
was assembled from these molecules and a schematic
drawing indicating the positions for II and 12.
(d) A histogram showing the position of replication
loops in the Euglena cpDNA fragment SaIl B, and
underneath measurements of the position for II and
12 in single-stranded fragments. (e) Schematic
drawing of part of the cpDNA showing the
position of the origin of replication. The long
black bars indicate the complete rRNA operons, the
short one the extra 168 rRNA gene. The Z-region
indicates the position of the region of variable
size.

(f) Electron micrograph of a heteroduplex showing the
LS-gene of Euglena cpDNA with 6 possible intron
loops. Euglena cpDNA fragment EcoRI A was
reannealed with a cloned fragment of the spinach
LS-gene. The shortest single-stranded end is the
end of the Euglena fragment and the other two short
single-stranded ends are vector sequences which are
flanking the spinach fragment.

(g)+(h) Electron micrographs showing DNA isolated from
Hepatitis B virus liver core particles. (g) shows
a circular DNA molecule prepared by the mica
adsorption technique. The single-stranded DNA of
the gap region (arrow) is complexed with t$ gene
32-protein. (h) The same DNA linearized with
restriction endonuclease EcoRI. (The circular
molecule is double-stranded PM2 DNA of a size of 10
kb) •
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minimal size hinting at a possible functional role in the
propagation of the viral genome.

In collaboration with P. Rottier and collaborators
(Utrecht) hybrids were formed between the genomic RNA of
Corona virus and cDNA derived from small luRNA isolated from
infected cells. The looped structures confirmed that a
very short leader sequence from the 5'-erid of the viral
genome is attached to mRNA derived from the 3'-end.

Together with the group of G. Darai (Heidelberg) we have
analysed the genome of fish lymphocystis virus, a virus
causing papilloma-like tumors. The genome consists of
double-stranded DNA. As isolated from the virus particles
it is linear and shows a very heterogeneous size
distribution. The restriction enzyme fragments yield a
molecular weight about 30% smaller than t11e average MW
obtained from length measurements in the electron
microscope. To resolve this discrepancy it was attempted
to correlate the partial denaturation patterns of viral
restriction fragments with the denaturation maps of the
full length DNA with the help of a computer program. Due
to the large size of the DNA and the lack of defined ends
this was not possible. But in denaturation and self-
annealing experiments circular structure6 could be
obtained. The circles have a size of 65xlO daltons in
agreement with the genome size determined by restriction
analysis. These circles have to be interpreted as arising
from extensive terminal redundancies.

Various collaborative projects:

Heteroduplex analysis was performed on recombinant lambda
DNA carrying restriction/modification genes from salmonella
(with the group of N. Murray).

Heteroduplex analysis was used to locate homologies between
different E.coli plasmids carrying the genes for the EcoRI
and the EcoRV restriction systems (with the group o-f--M.
Zabeau) •

Genomic clones and cDNA derived from mRNA of the Zein genes
from Zea were analysed in the electron microscope
together with A. Spena (group of V. Pirrotta). An inverted
repeat structure was detected by the observation that the
single strands of the cDNA probes could be circularized.
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Recombinant lambda DNAs carrying different mouse actin
genes were analysed by heteroduplex analysis in
collaboration with D.P. Leader (Glasgow) (guest in the
group of H. Lehrach). In some of these clones clusters of
inverted repeat structures were observed.

Inverted repeat structures were mapped on the restriction
map of a large plasmid (pHhl) contained in Halobacter
halobium in collaboration with K. Ebert (Laboratory of W.
Gobel, Wlirzburg).

Heteroduplex analysis is being used to obtain information
about the relationship between different sequences and
structural alterations responsible for the expression of
different surface antigens of Neisseria gonorrhoeae (in
collaboration with Th. Meyer, Heidelberg).

Publications during the year

Bohnert, H.J., Crouse, E.J., Pouyet, J., Mucke, H. &
Loffelhardt, w. (1982). The subcellular localization of
DNA components from Cyanophora a flagellate
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381-388 • - .----

Bohnert, H.J., Crouse, E.J. & Schmitt, J.M. (1982).
Organization and expression of plastid genomes. In Nucleic
Acids and Proteins in Plants II: Structure, Biochemistry
and of Nucleic Acids: ed. Parthier, B."---&·
Boulter, D.; Springer Verlag, Berlin, p.475-530.

Bohnert, H.J., Crouse, E.J. & Schmitt, J.M. (1983).
Chloroplast RNA synthesis. In ed.
Ellis, J.R.; Cambridge University Press, Cambridge, (in
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Bohnert, H.J., Loffelhardt, W. (1982). Cyanelle DNA from
Cyanophora paradoxa exists in two forms due to
iontramolecular recombination. FEBS Letters, 150, 403-406.

Bottomley, W. & Bohnert, H.J. (1982). The biosynthesis of
chloroplast proteins. In Nucleic Acids and Proteins in
Plants II: Structure, Biochemistry and Physiology of
Nucleic Acids: ed. Parthier, B. & Boulter, D.; Springer
Verlag, Berlin, p.531-596.
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Barr virus genome with sequence homologies have the same
orientation and involve small tandem repeats. EMBO J., !,
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in chloroplast DNA from Euglena gracilis strain Z. FEBS
Letters, 139, 86-92.
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side of the extra 16S rRNA gene in chloroplast DNA of
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the region containing the LS gene. Europ. J. Biochem.,
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Delius, H. Analysis of a polymorphic region of the Euglena
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press) •

-124-



Schnabel, H., Zillig, W., Pfaeffle, M., Schnabel,' R.,
Michel, H., & Delius, H. (1982). Halobacterium halobium
phage EMBO Journal !, 87-92.

Other references

Helling, R.B., El-Gewely, M.R., Lomax, M.l., Baumgartner,
J.E. , Schwartzbach, S.D. & 8arnett, W.E. (1979). Mol. Gen.
Genet., 174, 1-10.

Stiegler, G.L., Matthews, H.M., Bingham, S.E. & Hallick,
R.B. (1982). Nucl. Acid Res., 10, 3427-3444.

Wurtz, W.A. & Buetow, D.E. (1981). Curr. Genet., 1, 181-
187.

-125-



Electron microscQEY applications group

Members: J. Dubochet, J. Lepault

Fellow: J.-J. Chang*

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

Lickfeld*, R.

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

The cryo-electron microscopy project

After more than 3 years of preparation at EMBL and by
Siemens AG, a superconducting electron microscope was put
into operation at EMBL and the various elements for
preparing and observing frozen hydrated specimens were
completed. In both cases the results have been unexpected.
It was a disappointing surprise with the superconducting
microscope and a pleasant one with the observations of
frozen hydrated specimens (Plate 16a).

The superconducting electron microscope, made from a
modified Zeiss lOA in which a Siemens superconducting
liquid helium objective lens is installed (see ElM
development group), was operational in March 1982. It
immediately became evident that the considerable reduction
of beam damage expected to take place at 4K was not
observed in our microscope. Furthermore, cross control
experiments with the two other 4K microscopes in operation
suggest that the claim that very low temperatures
considerably reduced beam damage is probably exaggerated
(Lepault et al., 1983). An experimental procedure has now
been devised so that all those involved in very low
temperature electron microscopy can obtain a definitive
answer to this question. In the meantime, we have to
reduce our expectations but are not left with nothing: the
4K microscope is a smoothly operating machine with the best
cryo-specimen stage now in operation and in which beam
damage is reduced by a factor 2 to 6 as compared to
specimens irradiated at room temperature. These
capabilities are obviously very valuable and micrographs
have now been taken which are better than those attained in
other microscopes.
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Zhang,
of the
electron

Combining the discoveries made in 1981, that liquid water
can be vitrified and that vitrified biological material can
be cut into ultra-thin sections, led to a complete
methodology for electron microscopy of frozen hydrated
specimens. To our great surprise we found that biological
material could then be observed at a resolution comparable
to the one obtained with conventional preparations but in
the complete absence of the usual artefacts caused by
fixation, dehydration and staining (Plate 16b)·. We are now
using the method to study the structure of bacteria, muscle
and cell nuclei at EMBL and also instructing members of
other laboratories in its use.

the year

Chang, J.-J., Leonard, K.R., Arad, T., Pitt, T.J.,
y.-x. & Zhang, L.-H. (1982). Structural studies
outer envelope of Chlamydia trachomatis by
microscopy. J. Mol. 161,

Chang, J.-J., McDowall, A.W., Lepault, J., Freeman, R.,
Walter, C.A., Dubochet, J. (1983). Freezing, sectioning and
observation artefacts of frozen hydrated sections for
electron microscopy. J. Microscopy, (in press).

Dubochet, J., Chang, J.-J., Freeman, R., Lepault, J. &
McDowall, A.W. (1982). Frozen aqueous suspensions
Ultramicroscopy, 10, 55-62.

Dubochet, J., Groom, M. & Mliller-Neuteboom, S. (1982).
mounting of macromolecules for electron microscopy.
Advances in 0etical and electron microscopy, Vol. 8,
Cosslett, V.E. & Barre, Acad. Press, London, New York,
Francisco, 107-135.
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Dubochet, J., Lepault, J, Freeman ,R., Berrimann, J.A. &
Homo, J.-C. (1982). Electron microscopy of frozen water and
aqueous solutions. J. Microscopy, 128, 219-237.

Ensemann, R.,
scattering in
128, 239-249.

Rose, H. & Dubochet, J. (1982). Electron
ice and organic materials. J. Microscopy,

Franke, C., Edstrom, J.-E., McDowall, A.W. & Miller, O.L.
(1982) • Electron microscopic visualization of a discrete
class of giant translation units in salivary gland cells of
Chironomus Tentans. EMBO J., 1, 59-62.
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PLATE 16

(a) Frozen hydrated section from an untreated rat liver
sample vitrified by the metal mirror freezing method.
Sectioning temperature: 120K. Thickness: 180 nm.
Magnification: 23, OOOx. N: Nucleus; Nu: Nucleolus;
NuE: Nuclear envelope; P: Nuclear pore; JC: Junctional
complex; BC: Bile canaliculus; PM: Plasma membrane;
Ch: Chromatin; M: -Mitochondria; ER: Endoplasmic
reticulum with ribosomes; V: Vacuole with ice in
hexagonal form; I h : Contaminating hexagonal ice
crystals.

(b) Frozen hydrated section of insect flight muscle
Lethocerus Indicus. Pretreatment, glycerinated, washed
and cryoprotected with 20% sucrose. Sectioning
temperature: 110K. Magnification: 42,000x.
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J. Microscopy, 129, 89-102.

J. (1983)
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Zeither, E. (1983). Amendment to: Electron beam damage
to organic specimens at liquid helium temperature.
Mol. BioI., 163, 511.

Lepault, J., Freeman, R. & Dubochet, J. (1982).
Microscopie de haute a basse

In Francaise de Physique 1981:
Editions de Physigue, Paris, p.291-295.

McDowall, A.W., Chang, J.-J., Freeman, R., Lepault, J.,
Walter, C.A. & Dubochet, J. (1983) Electron
microscopy on frozen hydrated sections of vitreous ice
and vitrified biological samples. J. Microsc., (in
press).
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Electron microscopy and computer image analysis

Member: K. Leonard

Fellow: F. Booy*

Visiting workers: S. Hamodrakas*, R.H.
Margaritis*, A. Yonath*

Technical assistants: T. Arad, J. Berriman

Lange*, L.

Work has continued on the electron microscopy and computer
image analysis of several periodic biological structures.

Cytochrome reductase

In collaboration with H. Weiss (University of Dlisseldorf)
we have carried out further work on crystals of the whole
cytochrome reductase complex from Neurospora mitochondria.
We have been attempting to use mUltilayer crystals which
are better ordered than the single layers to obtain higher
resolution information (see Plate 17b,c). In negative
stain, these crystals diffract to about 1.8 nm (compared
with about 2.5 nm for single layers) and progress has also
been made in imaging the crystals in low contrast media.
In order to obtain three-dimensional information from these
crystals it is necessary to evaluate their thickness and to
align sets of tilted images. Preliminary work on this
problem has been carried out with R. Bryan using gold
particles as reference markers (see Plate 17a and report of
the Data Analysis Group, p. 208).

Ribosome crystals

with H.G. Wittman and B. Tesche (Berlin) and A. Yonath
(Rehovot), we have continued image analysis of thin
sections of crystals of 50S subunits of B.Sterothermophilis
and of whole 70S particles from E.coli. These crystals are
at present too small for x-ray crystallography but useful
information on the subunit packing and low-resolution shape
can be obtained from electron microscopy.

Chlamydia cell wall

with J.-J. Chang (now returned to Academia Sinica, Peking)
we have completed a three-dimensional reconstruction of the
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PLATE 17

(a) Negatively stained double layer membrane crystal of
cytochrome reductase. The dark spots are evaporated
gold particles used to determine the crystal thickness
by triangulation of tilted views (with R. Bryan, Data
Analysis Group). Scale bar is 100 nm.

(b) Thin section through a plastic embedded mUltilayer
membrane crystal of cytochrome reductase. Scale bar is
100 nm.

(c) Optical diffraction pattern for a multilayer crystal,
negatively stained with uranyl acetate. Periodic detail
extends to the 9th order in b* (1.8 nm).
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PLATE 18

(a) Computer averaged, symmetrised image of the cell wall
of Chlamydia trachomatis, showing the hexagonal
arrangement of units.

(b) A view in the same direction of a three-dimensional
model reconstructed for one unit cell of the cell wall
lattice.

(c) A side view from outside the model, showing (outlined)
one structural domai"m, cor respond ing in size t<1
;nain 40k dalton subunit which makes up the cell wall.

(d) A side view from "inside" the model.

(e) Annular structures found in the disrupted cell walls,
single particle rotational averages carried out using
the Semper program package (with T.Pitt, Computer
Group).

(f) A contoured density plot for one isolated ring, six-
fold rotationally averaged. This should be compared
with the shaded ring of six structural domains seen in
the same view of the model (Plate 18b).
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periodic cell wall layer of Chlamydia trachomatis. In
addition to using the Fourier method of analysis for the
well-preserved crystalline regions, we also carried out
(with T. Pitt of the Computer Group) a single particle
analysis of isolated ring-like structures seen· in partially
fragmented envelopes. These could be related to the
structure found for whole cell wall (see Plate 18).

Other work

With S. Hamodrakis and L. Margaritis (University of Athens)
we have carried out a preliminary three-dimensional study
of the crystalline chorion layer from Drosophila eggshell.
with R.H. Lange (University of Giessen) work has been

out on negatively stained yolk platelet crystals.

Publications year

Chang, J.-J., Leonard, K., Arad, T., Pitt, T., Zhang, Y.-
X., Zhang, L.-H. (1982). Structural studies of the outer
envelope of Chlamydia by electron microscopy.
J. Mol. BioI., 16!, 579-590.

Clark, M.W., Leonard, K. & Lake, J .A. (1982).
crystalline arrays of E.coli large subunits:
unit cell dimensions. Science, 216, 999-1001.

Ribosomal
symmetry and

Gray, C.W., Kneale, G.G., Leonard, K.R., Siegrist, H. &
Marvin, D.A. (1982). A nucleoprotein complex in bacteria
infected with Pfl filamentous virus: Identification and
electron microscopic analysis. Virology, 116, 40-52.
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cytochrome reductase. I. Improved membrane crystals of the
enzyme complex and crystallisation of a subcomplex. J.
Mol. BioI., (in press).
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Leonard, K. & Weiss, H. (1982). The structure of
mitochondrial ubiquinol: cytochrome c reductase. In
Membranes and Transport, a critical review. Ed. Martonosi,
A.M., Plenum, New York, p.S07-S11.

Leonard, K. & We iss, H. (1.982). Electron microscopy and
computer. image reconstruction of membrane crystals. In
Membranes and transport, a critical review. Ed. Martonosi,
A.M., Plenum, New York, p.10S-108.
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Electron microscopy development group

Members: A.V. Jones, R. Freeman*, B.M. unitt

Visiting worker: J.-C. Homo*

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

As in 1981 the main activity of the electron microscopy
development group was the design and construction of
instrumentation for the cryomicroscopy project.

To recapitulate, based on results obtained by members of
the ElM applications group in collaboration with scientists
at the Siemens Research Laboratories in Munich, which
showed an increase in resistance to radiation-induced
specimen damage at temperatures approaching 4K, the ElM
development group undertook to construct two electron
,nicroscopes, a CTEM (conventional transmission
microscope) and a STEM (scanning transmission electron
microscope) both having superconducting objective lenses in
order to provide a specimen temperature of 4K, combined
with a specimen stage of high mechanical stability, which
would permit the use of long exposure ti!nes at reduced
electron dose rates. The first of these microscopes, the
CryoTEM, was to be based on a heavily modified Zeiss EM 10
A electron microscope, and was to incorporate a cryo-
objective lens constructed, under contract to EMBL, by the
group at the Siemens Research Laboratories, which had been
responsible for the construction of the cryomicroscope on
which the original experiments had been carried out. This
lens was delivered to EMBL in December 1981.

Since most of the necessary modifications to Zeiss EM 10 A
had been carried out in anticipation of the arrival of the
Siemens lens, it was possible to instal the lens without
any further delay. In fact, the first performance tests on
the completed system achieved the design specification of
3.4 R resolution and it was decided to hand the microscope
over to the ElM applications group to continue their
experiments, and to postpone any further instrumental
improvements until a later date.

Unfortunately the experiments carried out with the new
microscope were unable to duplicate the results obtained
with the Siemens instrument. It was found that there was
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indeed an increase in radiation resistance at 4K but that
it was appreciably less than the initial experiments had
indicated. Further experiments using the EMBL CryoTEM and
later using a similar instrument constructed at the Fritz-
Haber-Institute in Berlin led to the conclusion that the
original experiments "in Munich were in error, an error
partly due to instrumental inadequacies in the original
instrument, which were not present in the. EMBL CryoTEM.
However the question as to how these results would affect
the operation of the proposed CryoSTEM remained open,
particularly since the technical aspects of the imaging
process in the two microscopes are completely different.

These new results coincided with setting up of an expert
group to advise on the future of electron microscopy at
EMBL. As a result of these discussions it was decided that
since there were many unanswered questions and since the
CryoSTEM was already at an advanced stage of construction,
it should be completed as quickly as possible and put into
operation. Since the superconducting objective lens
proposed for the CryoSTEM involved a number of technicallly
new concepts in its construction, it was suggested that the
proposed design should be examined by a separate group
having expertise in the technical aspects of electron
microscope construction. This group was to meet in early
1983. It is anticipated that the CryoSTEM should be
operable by the end of 1983. In order to meet this date the
initial testing of the column and control electronics will
be made using a conventional objective lens in parallel
with the construction of the cryolens.

The initial experiments using the CryoTEM indicated that
the low temperature operation also produced improved
diffraction patterns from periodic specimens. The
instrument was, therefore, further modified to permit easy
low dose operation aimed at duplicating and hopefully
extending the results of Unwin & Henderson (1975). Further
experiments by the ElM applications group are now in
progress.

Whereas lin the past the ElM development group had been
responsible only for the instrumental aspects of electron
microscope development, it has now, as a result of the
restructuring of the laboratory, been given responsibility
for the development of methodology and the application to
biological problems of what may be loosely termed "non-
standard" electron microscopy, i.e. microscopy in which new
developments are predominantly technical rather than
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preparative. This means that the E/M development group is
now responsible for the operation of the existing STEM and
eventually of the CryoSTEM and that Dr. R. Freeman, who had
been the STEM operator within the E/M applications group,
transferred to the E/M development group effective October
1982.

The mass measurement techniques developed for the STEM have
been applied to a number of problems in-house and in
collaboration with the MPI flir Medizinische Forschung. It
is hoped that the technique itself can be extended by using
the carbon substrate as a mass standard. Studies are in
progress to resolve apparent anomalies in film density.
The mass thickness of Drosophila egg chorion layer has been
measured to determine the protein packing (with K. Leonard,
EMBL, L. Margaritis, Athens). The technique has also been
applied to molecular weight determination of the protein
component I from Chironomus tentans larvae (with .J.-E.
Edstrom) and to mass/unit length measurement of various
types of muscle filaments - in particular the fast and slow
muscles of lobster. The results indicate respectively 3
and (4 or 5) molecules/145 R repeat instead of the 4 and 6
which had been eKpected (with W. Hoffman, MPI, Heidelberg)
(Freeman et al., 1982).

Preliminary expriments have also been carried out on
specific heavy metal labelling of macromolecules using
complexes containing 3 osmium or 11 gold atoms (with
W. Jahn, MPI, Heidelberg). These studies will be continued
when the new spectrometer is fitted.

Initial studies have also been made of unstained nucleic
acid and nucleic acid/protein complexes to investigate the
usefulness of this method in the structure program (with H.
Delius).

Studies on the low-temperature behaviour of ice (with J.
Lepault) have revealed complex reversible phase transitions
which are both temperature and electron dose dependent. A
better understanding of these phase transitions is
fundamental to the development of the freeze-embedding
preparative techniques.

As a first step in developing a new research program for
the STEM it was decided to implement the Z-contrast
techniques developed by Kellenberger and his group in Basel
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(Carlemalm & Kellenberger, 1982). These techniques are
similar to those developed at EMBL (Jones & Leonard, 1978)
to image unstained specimens but have the added advantage
that the contrast is dependent on atomic number (Z) and
minimise effects due to variations in specimen thickness.
This implementation involved the construction of a new and
more sensitive electron spectrometer for the existing HB5
STEM. To save development time it was agreed that certain
critical components of the spectrometer should be
constructed for us in Basel in return for which EMBL would
construct for Basel a cryo stage similar to that described
in last year's Research Reports. The spectrometer is due
to be completed in March 1983 and the Z-contrast techniques
will initially be applied to frozen embedded specimens
using the cryo stage already mentioned.

Publications during the year

Freeman, R., Hofmann, W. & Berriman, J. (1982). Mass
measurements of lobster muscle thick filaments by scanning
transmission electron microscopy. Proc. EMSA, 120-121.

Jones, A.V. & Unitt, B.M. (1982). An integrdted approach
to scanning microscope data acquisition. J. Microsc., 127,
61-68.

Kneale, G.G., Freeman, R. & Marvin, D.A. (1982). The Pf1
bacteriophage replication-assembly complex: X-ray fibre
diffraction and scanning transmission electron microscopy.
J. Mol. BioI., 156, 279-292.

Lepault, J., Freeman, R. & Oubochet, J. (1982)
Microscopie de haute a basse

In Congres Francaise de Physique 1981:
Editions de Physique, Paris, p.291-295.

Other references

Carlemalm, E. & Kellenberger, E. (1982). EMBO J., !, 63.

Jones, A.V. & Leonard, K.R. (1978). Nature, 271, 659.

Unwin, P.N.T. & Henderson, R. (1975).
425.
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Applications of Lasers

Member: R.W. Wijnaendts van Resandt

Fellow: K.-O. Greulich* (part-time)

Visiting workers: J. Davoust*, J.H. Kan*, S.P. Spragg*

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

Fluorescence depolarisation and lifetime measurements

The instrumental developments are nearly finished and we
now have an instrument capable of measuring the intrinsic
fluorescence lifetimes and rotational correlation times of
protein til solution. The temporal resolution is
better than 150 psec, for fluorescence lifetimes and
approximately 20 psec for fluorescence depolarisation. The
data analysis in terms of a multiexponential decay with the
SPLMOD-program by R.H. Vogel (Data Analysis Group) forms an
integral part of the equipment. The complete system was
tested with the fluorescence of aqueous tryptophan. The
description of the apparatus and the experimental results
have been reported (R.W. Wijnaendts van Resandt, R.H. Vogel
& S.W. Provencher, 1982; R.W. Wijnaendts van Resandt & L.
de Maeyer, 1981).

A number of applications of this instrument have been
started or completed:

a. Fluorescence properties of Pf1,fd-virus and their gene
5-DNA complexes
K.-O. Greulich & G.G. Kneale

Fluorescence spectra and lifetime measurements of the
Pf1 Gene 5 DNA binding proteins have been used to
information on the in vitro reconstitution of the
protein with Pf1-DNA. The results indicate a
cooperative binding. Also the binding of the protein to
octa- and tetra-nucleotides was studied. It was found
that the spectral shift and lifetime reduction upon
binding is the result of protein-protein interaction.
The results have been submitted for publication (K.-O.
Greulich, R.W. Wijnaendts van Resandt & G.G. Kneale,
submitted to Biochemistry). The relatively long
fluorescence lifetime of the gene 5 DNA protein (6.5-8
nsec) makes it a good candidate for dynamic fluorescence
depolarisation experiments and we have started a series
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of depolarisation experiments of the isolated protein
dimer and of the complex. For the dimer we found a
rotational correlation time of 21 nsec while the complex
yields a correlation time of larger than 520 nsec. The
protein bound to an octanucleotide, forming a tetramer,
yields 50.7 nsec correlation time. Further experiments
to use the rotational correlation time as a probe to
quantify the binding of this protein to DNA are in
progress.

The fluorescence lifetime and quenching measurements on
the Pf1 and fd viruses have been completed and the
results are being analysed and summarized (K.-O.
Greulich & Wijnaendts van Resandt, in preparation).

b. Fluorescence quenching
R.W. Wijnaendts van Resandt

The theoretical analysis of fluoresence quenching
reactions of proteins is still rather empirical. For
instance non-linearities in Stern-Volmer plots even
exist when the quenching reaction is studied by means of
fluorescence lifetimes. A number of explanations is
possible in the case of protein fluorescence (multiple
fluorophore per protein, effects of charge,
conformational changes etc.). A usually ignored but
important effect is caused by the time-dependency of
the diffusion controlled quenching reaction. It has been
stated that this term is only important for long
fluorescence lifetimes and high viscosity solvents
(Eftink & Ghiron, 1981). For very short times the
quenching rate "constant" becomes time dependent:

k (t) = 4 DAQ RN' (1 + R/I1T DAQt)

with the help of the data analysis group (S.W.
Provencher & R. Kaplan) this equation was used to do a
least squares fit to our N-acetyl-tryptophan-amide, I-
quenching results and could be used to obtain the
interaction radius, R and the diffusion constant
DAO • N' = avogadro's number x 10-. We found for this
reaction_ R =2 (3.40 ± 0.12) A and DAD = (1.12 ±
0.05).10 5 cm /sec. Further details are reported (R.W.
Wijnaendts van Resandt, 1983).

We intend to apply this analysis to other quenchers (02'
acrylamide) and to single tryptophan proteins in order
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to obtain information on the local diffusion constant of
these quenchers through the protein matrix.

c. Temperature dependence of the fluorescence of LDL (Low
Density Lipoprotein)
S.P. Spragg

The purpose of this work was to ascertain if the
temperature transition, which occurs in the lipid core
of this protein structure (Atkinson et al., 1977) around
30oe, is also reflected by structural changes of the
protein coat. The intrinsic tryptophan fluorescence
should be particularly sensitive to such changes. We
have not found such a transition and concluded that the
protein might stabilize those lipids in close contacts
to the protein.

The fluorescence decay of LDL was studied as a function
of temperature (lO-45 0 C) and as a function of emission
wavelength. The fluorescence emission was very non-
exponential (no less than 3 exponential components were
necessary to obtain a reasonable fit to the data)
although it seemed that most tryptophans (22 per LDL-
molecule) were in a similar non-polar environment.
Therefore the fluorescence data were also analysed in

of a distribution of exponentials with the help of
the data analysis group (S.W. Provencher & R. Kaplan) .
Further details are reported (S.P. Spragg & R.W.
Wijnaendts van Resandt, submitted to BBA).

d. Alfalfa mosaic virus
J.H. Kan, Leiden & H. Salzer, Heidelberg

We have continued measurements on the depolarisation of
the coat protein of this RNA-virus. A new preparation of
POP-labelled protein indicated again that the labelled
portion of the protein was highly flexible, but we were
unable to obtain reproducible quantitative results.
However, the new series of measurements indicated that
it might be possible to obtain dynamic information from
the polarised energy transfer from Tyr 21 , which is
located in the flexible tail, to the two tryptophans
which are located in the hydrophobic interior of the
protein. Further experiments to verify this idea are
planned for 1983.
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Laser microprobe H.J. Marsman & R. Stricker

The construction and control electronics have been
completed. A paper describing the detailed construction
and a measurement of the response curves has been'
completed and is submitted (H.J Marsman, G.J. Brakenhoff,
P. Blom, R. Stricker & R.W. Wijnaendts van Resandt,
submitted to Review of Scientific Instruments). Apart from
the constructiori and testing, much time "has been spent
learning to use such an instrument. This has been done by
scanning unstained Drosophila chromosomes, prepared by J.-
E. Edstrom, at high resolution (97 nm at excitation
wavelength of 280 nm). Also the data processing equipment
which forms an integral part of a scanning microscope is
now nearly finished. It will consist of a large add-to
memory (1 Mword (now 64 k», a NORD-computer system and a
frame store for direct video display.

Apart from the 1 Mword memory all is ready and working.
With this system we can quickly accumulate a series of
pictures, e.g. as a function of time or as a function of z-
axis. The short depth of focus ( 150 nm) allows for the
measurement of 3 dimensional pictures. We intend to
concentrate further on chromosome scanning.

A first attempt to study number fluctuations in this
microscope with small polystyrene spheres (in absorption
mode) and rhodamine molecules (in fluorescence mode) was
successful. The purpose of these measurements is to obtain
values for the diffusion constants on a microscopic scale.
Also fluorescence photo bleaching is a possibility in this
instrument. Further experiments in this direction are in
progress.

In combination with the picosecond laser system, very high
optical field densities can be obtained which allow for
exotic modes of image formation. For instance, we have made
images of coumarine crystals using two-photon fluorescence.
In this mode, super-resolution (beyond the optical Abbe
limit) can be obtained. Further details will be reported
(R.W. Wijnaendts van Resandt & H.J. Marsman, in
preparation).

Fringe pattern photobleaching J. Davoust

The
been

fringe pattern photobleaching recovery technique has
developed by J. Davoust in Paris (J. Davoust et al.,
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1982) and was incorporated in an inverted Zeiss microscope
,during his three month (1982) stay at EMBL. It is intended
to apply this technique to study the diffusion of lipids in
MDCK-cell membranes in cooperation with G. van Meer and K.
Simons when J. Davoust takes up his position in this group
during 1983. The project has been described in detail in a
research proposal.

2-D Gel-scanner H. Marsman

A laser scanner for reading 2 D-gel photographs (from R.
Bravo and co-workers) was designed, and construction will
be started in the beginning of 1983. The work will be done
in close cooperation with the EMBL workshops and it is
planned to finish this before the summer of 1983. The
scanner is designed to read a normal gel (22 x 30 em) into
an array of 2000 x 2000 elements in a time of ca. 60
seconds and a resolution of 100 m with 255 grey levels.
Also higher resolution (max. 25 m) at consequently smaller
sizes are possible. The camac interfacing to computer will
be done by C. Boulin, the control electronics will be made
in the electronics workshop (C. Stettner) and mechanical
construction in the mechanical workshop (H. Flosser).

Publications during the year

R.W. Wijnaendts van Resandt (1983). Picosecond transient
effect in the fluorescence quenching of tryptophan.
Chern. Fhys. Lett., (in press) •

R.W. Wijnaendts van Resandt, R.H. Vogel & S.W. Provencher
(1982). Double beam fluorescence lifetime spectrometer
with subnanosecond resolution: Application to aqueous
tryptophan. Rev. Sci. Instr., 53, 1392-1397.

Other references

Atkinson, D., Deckelbaum, R.J., Small, D.M. & Skipley, G.G.
(1977). Froc. Natl. Acad. Sci., 74, 1042.

Davoust, J., Devaux, P.F. & Leger, L. (1982). EMBO J., 1,
1233.

Eftink, M.R. & Ghiron, ,C.H. (1981). Anal. Biochem., 114,
199.
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R.W. Wijnaendts van Resandt & L. de Maeyer (1981).
Chern. Phys. Lett., 78, 219.
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Detector group

Members: C. Boulin, A. Gabriel, J. Hendrix,

Technical assistants: H. Borgwardt, F. Dauvergne, R. Kempf

Fine grid detector
J. Hendrix

A prototype of a new type of detector ("fine grid
detector") based on a parallel electrode structure
consisting of a fine mesh has been bench-tested. Contrary
to multiwire proportional chambers! radial electric
fields are used, the new device is based on a uniform field
in the gas chamber.

The detector consists of a parallel configuration of a fine
grid or mesh and a finely structured position decoding
system, in the form of a printed or wound delay-line (Plate
19) •

In principle, the advantages of this kind of detector are
two-fold: First, a continuous signal generation is possible
over the whole plane of the detector, and not only along
anode wires as in the multiwire proportional chamber
structures. This means that a high spatial resolution can
be achieved in both X and Y-directions. Secondly, the 80-
called space charge effect, due to the drift of positive
ions in the chamber, is significantly reduced since, as a
result of the continuous nature of the device, the space
charge effect becomes spread over an area rather than over
a length of wire as in the case of discrete anode wires.
In addition, due to the very high uniform fields (E. = 35000
V/cm) and the small gap thickness, the drift time of the
positive ions is reduced to about 3 microseconds. These
features taken together, result in an improvement of
total maximu2 counting rate, estimated to at least 2.10
events/sec/mm •

A prototype of this detector is now being tested with the
fast time digitizer described i9 the last year's report. A
peak counting rate around 10 events/sec is expected.
This approach, which is being extended to a two-dimensional
detector, should provide the basis for a detector system
for X-ray crystallography.
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PLATE 19

FINE GRID

250 Jl f/J 50

i i

Design of the "fine-grid" detectors. The insert (bottom
right) gives an impression of the resolution as measured
with a 100 slit at 15 mm from the detector and a
radioactive source.
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Linear and two-dimensional detectors
A. Gabriel & F. Dauvergne

A description of the detection system for the x-rays
produced by synchrotron radiation has been given in the
previous reports. To recapitulate this system is based on
the use of delay lines as localizing elements for ionizing
events. This system has evolved as a result of several
years of collaboration with C. Boulin on the design of an
integrated detector/data acquisition system. There are
still minor improvements to be made, but the final design
is now essentially complete.

Tests have recently been carried out in collaboration with
the Institut Laue-Langevin at Grenoble to construct a
camera for neutrons. The suitability of the delay line
method was confirmed by the initial experiments.

Considerable interest has been shown by other laboratories
in using these systems for detection and localization. The
system responds well to a wide variety of experiments and
at the moment it is the only way of acquiring two
dimensional patterns quickly.

In conclusion, the work which has been going on since 1975
has come to a point where there is little scope for further
improvement. The construction technique has also been
finalized and the instrument is in the process of becoming
commercially available.

Data acquisition systems
C. Boulin & R. Kempf

Our efforts have been principally directed to
construction of readout systems for linear and
dimensional detectors, built by A. Gabriel, and to
design and production of modules for collecting data.

the
two-
the

The localization of ionizing events in the wire detectors
we are using is done by a measurement of time between two
pulses leaving the coupled delay line. After three years of
using a time encoding system built around modules which
perform direct time digitalization, obtained from CERN
(Engster et al., 1975) we opted for a more compact system
using the "Fast Encoding TDC-4201" produced by the LeCroy
company. These modules are better suited to the type of
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measurements we are doing. It has been possible to build a
simple interface which tests the validity of the
measurement (rejection of mUltiple or incomplete events)
and transfers the data to the histogramming memory.
Therefore the new system is in the form of two single width
CAMAC units and is housed in the same crate as the
calibration channel unit, the time frame generator ahd the
64k-word incrementing memory (this reduces drastically the
cost of the system). .

The experience gained with the readout of linear detectors
has enabled us to design and build an interface for the
two-dimensional detectors. This interface is made in such
a way as to give access to the laboratory standard
his tog ramming memory (SENSION 1634 - 64k-words) or to
larger stores (up to 16 Mega-words). This means that the
system will eventually be able to record up to 256 images
of 256x256 resolution elements.

Tests were carried out successfully in December 1982 with 1
mega-word of memory which was on loan from Daresbury
laboratory (I. Summer & M. Prebylsky).

This year we have also developed the final printed circuit
boarded versions of the "Calibration Channel Unit" and
"Time Frame Generator". At present these units can easily
be duplicated for eventual distribution to other research
institutions. In this context, we have built a copy of the
data acquisition system for linear detectors for LURE
(Orsay) • This system (hardware and software) will be
installed in February 1983. Other laboratories have also
expressed their interest in certain parts of this system
(Daresbury, U.K. and Stanford, USA).

The data collection with two-dimensional detectors requires
the use of a large size histogramming memory (several mega
words in the case of dynamic studies). We have started a
project based on memory boards of 256K words of 16 bit
using the 64k - 1 bit integrated circuits. The mechanical
standard chosen is the double Eurocard format which allows
a better organization of the memory (more possibilities for
interconnections etc.) and therefore will enable higher
count rates (up to 10 MHz). Another advantage of this
standard over CAMAC is the lower cost of the realization.
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Another matter to which we have devoted our attention is
the fast presentation of the data collected with the two-
dimensional detector. The pseudo two-dimensional
representation (hidden lines algorithm) on a graphic screen
of the Tektronik type is attractive but has the
disadvantage of being slow' and time consuming concerning
CPU and input-output. We have built a digital video system
which gives a very fast analysis of a pattern of 256x256
pixels. The device provides rapid (80 nsecs) slices (binary
images) through the pattern for a given threshold or window
which can be defined via a small user console. The system
has its own 64k memory and therefore a copy from the data
acquisition memory has to be made once only and then the
user is free to explore the pattern without interrupting
the data collection. Part of this work was done by M. Mura
who worked in our laboratory for four months as a trainee.
This video system will probably be upgraded to provide also
a 3-D representation of the data. The time needed to
produce the will be of the order of one second. The
feasibility study has already been done via software.

The four-quadrant detector
J. Hendrix, A. Gabriel, C. Boulin, H. Borgwardt,' F.
Dauvergne, R. Kempf

Time-resolved solution scattering is one of the major
projects at the Hamburg Outstation.

The use of a linear detector for this kind of experiment is
rather inefficient, since only small segments of the ring-
shaped elements of a small-angle scattering pattern are
measured.

A detector consisting of ring elements poses the problem of
centering the detector accurately into the primary beam. An
intermediate solution has been proposed by J. Bordas in the
form of a four-quadrant detector to facilitate this
critical adjustment.

The detector which has been used successfully during the
last beam time consists of a classical mUltiwire
proportional chamber system, with a drift space in front of
it. Ring-shaped cathode read-out electrodes are connected

-153-



PLATE 20

Result of small-angle diffraction measurement by P. Laggner
and J. Bordas: rapid temperature scan (1 sec per pattern)
of a 10% aqueous dispersion of Dipalmidoylphosphatidyl-
choline.
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to four delay lines. Four time-digitizers and a
multiplexing unit transfer the data into a 64k memory. The
active absorption depth of the device is 20 mm,
guaranteeing a high counting efficiency at normal gas
pressure.

The higher data collection efficiency now permits time
resolved measurements in the"subsecond time rahge.

An example of the results is shown in Plate 20. The data
were taken at a rate of 1 second per pattern, and are shown
untreated.

Publications during the year

Boulin, C. (1982). Calibration channel unit (CCU).
channel data acquisition module with autonomous
Nucl. Instrum. Methods, 201, 251-259.

A 16
memory.

Boulin, C. (1982). Direct time digitizing for detectors
with delay-line readout. Nucl. Instrum. Methods, 201, 237-
239.

Boulin, C., Dainton, D., Dorrington, E., Elsner, G.,
Gabriel, A., Bordas, J. & Koch, M.H.J. (1982). Systems for
time-resolved measurements using one-dimensional and two-
dimensional detectors requirements and practical
experience. Nucl. Instrum. Methods, 20!, 209-220.

Gabriel, A. (1982). X-ray position-sensitive detectors.
Nucl. Instrum. Methods, 201, 221-222.

Gabriel, A. & Dauvergne, F. (1982). The localisation
method used at EMBL. Nucl. Instrum. 223-224.

Hendrix, J. (1983). Position-sensitive detectors. In Uses
of Synchrotron in Biology: ed. Stuhrmann, H.B.;
Academic Press, London, p.285-319.

Hendrix, J., FUrst, H., Hartfiel, B. & Dainton, D. (1982) •
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Hendrix, J. & Weber, W. (1982). A 10 MHz conversion rate
time-digitizer for. delay-line readout systems. IEEE Trans.
Nucl. 29, 592-597.
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Other reference

Engster, C., Van Koningsveld, L. & Verwey, H. (1975). CERN
Report NP/1975-0620.
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Self-pumping continuous flow

Fellow: L.-S.- Kim*

Visiting worker: L. de Maeyer*

Continuous flow centrifugation is a convenient method for
the extraction of biological material from large volumes of
dilute suspensions. with high speed centrifuges, however,
the present technique for feeding the flow from a separate
pump to the rotor via coaxial rotating seals poses
difficult mechanical problems. Moreover, rotational speed
and flow rates must be strictly controlled. The
possibility to use the centrifugal forces in the rotating
system for driving a continuous flow was investigated. An
experimental and theoretical study of hydrodynamic flow
along a rapidly rotating flow path with vertical and
horizontal sections revealed the essential constraining
conditions that must be imposed on the design of a
practical system.

The relationship between rotation rate n and flow rate Q is
influenced by geometric and material parameters that can be
tailored to obtain the desired characteristics.
control regimes may be distinguished. Friction-con2rolledflow leads to a linear relation between Q and n. For
momentum-flux-controlled flow a linear relation exists
between Q and n. Free surface formation and Coriolis forces
lead to a condition where Q remains constant and
independent of n. The equations representing this behaviour
in function of critical design parameters were corroborated
by experiments.

Based on these experiences, a prototype of self-pumping
continuous flow rotor and feeding reservoir was designed
and tested. Cleanout of dilute solutions of uniform latex
particles with a sedimentation coefficient of about 6000 S
was shown to be independent of particle concentration (as
predicted) and selectable over a wide range by a
calibratable flow control adjustment incorporated i2 the
rotor. This adjustment selects the operating range n /Q =
f (n) • .

The selected cleanout for a given sedimentation coefficient
is then quite insensitive to rotor speed variations in the
range of friction limited flow. Similar experiments were
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done with SP 2/0 myeloma cells (mouse) to test the
applicability of the design to the enrichment of living
organisms. After one cycle of centrifugation with a
cleanout of 77% (giving a total 16-fold enrichment from 3
liter of suspension used), the ratio of dead to living
cells had increased only by the factor 1.15 over that (10%)
in the original suspension.

This study has shown that self-pumping continuous flow
centrifugation (SSFC) may be an interesting and simple
technique for enriching biological materials on a
laboratory scale. This work will now be continued at the
Institute of Biophysics of the Academia Sinica in Peking.
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The construction bureau

Member: E. Gilberg*

Technical
wittmann

assistants: M. Posdiena, P. Riedinger, H.

The group was established in its present form in April
1982. Its primary objective is development and design, in
close collaboration with the scientists, or: irlSi:Ct}lnents and
tools for application within the laboratory.

The main projects initiated or carried out in 1982 were as
follows:

ae design of an x-ray mirror bench for the EXAFS beamline
in Hamburg in close cooperation wi th C. ,Hermes. The
device allows high precision alignment oE the 4 segments
of a segmented toroidal mirror by ZEISS,
Oberkochen) and thus provides optimum conditions for the
investigation of small biological samples;

.b. a pneumatically operated. system
automatic chemical treatment of
fluorography;

which
gels

allows
Ec){O 2-D

fully
gel

c. mUltipipette device for rapid fraction transfer;

d. design of an optical comparator for 2-D gel
autoradiography films. In this device the images of two
2-D gel films are projected onto a common screen. As the
two light paths use complementarily coloured light,
spots non-common to both films appear to 1)8 red
and green, respectively. Common features appear to be
black, spotless areas are white. This will allow rapid
visual recognition of differences between spot patterns.

In addition a great number of services in technical drawing
have been provided for the workshop and for publications of
various groups in the Laboratory.
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Development of microanalytical

Member: W. Ansorge

Fellow: D. Melloul*

Student: L. van Nisselroy*

Visiting workers: H. Buc*, H.R. Jaenichen*, H.P. Doring*,
E. Wunder*

Technicians: J. Defesche*, J. Gregory*

System for microinjection into cells

Physical aspects of capillary microinjection were
investigated, e.g. sample ejection rate as a function of
applied pressure and viscosity of the sample solution,
parameters such as current through the heating filament,
the pulling force and starting wall thickness, which affect
the geometrical shape (diameter of the tip, length) and
reproducibility of the glass capillaries in the pulling
process. An efficient and fast way of penetrating
membranes of small «20 cells was devised using the

effect to drive the capillary inside the
cells. The piezo-driver is also useful in some other
difficult cases, namely injection into cells with very
elastic (like zygotes, protopiasts) or very hard
plant cells) membranes, due to the great speed (up to 10
mm/sec) with which the capillary displacement (up to 40
takes place.

Evaluation of mathematical equations describing the problem
of a heated tube under tensile stress, leads to the
conclusion that the final tip radius should be relatively
insensitive to the wall thickness of the starting
capillary. This prediction has been confirmed in practice.
The radius of the tip depends on the viscosity of the
glass, hence on the temperature of the heating filament and
on the distance of the capillary from it. The viscosity of
the glass at the middle of the capillary will decrease as
the temperature of the filament As the glass
stretches the radius of the capillary decreases.
Separation of the capillary into two pipettes occurs when
the stress at the middle exceeds the tensile strength of
the glass. Increasing the temperature (i.e. the current
through the filament) and decreasing the distance results
in a tip of smaller radius. This is also achieved by
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slowing down the pUlling process either by reduction of the
pUlling force or by enlarging the mass of the puller clamp.
However, in practice, on a given pUller, there is a minimum
practicable tip radius, below which the capillary appears
to be closed.

The filament temperature of the commercial, puller available
to us was poorly controlled. Reproducibility of our
capillaries was clearly improved (to about 98%) by
designing (in collaboration with the electronic workshop) a
new current stabilized power supply. Plate 21 shows an
electron micrograph of a capillary tip, radius about
0.8 drawn on the puller.

In experiments where radioactivity of the ejected sample
solution was measured we found the ejection rate to be
linearly proportional to the applied pressure and inversely
proportional to the viscosity of the fluid in agreement
with the Poiseuille's formula for fluid flow in cylindrical
tubes, which seems to be valid even for flow in submicron
capillaries in the presence of a strong, capillary force.
The latter, however, causes some side eEEects and may lead
to blocked capillaries.

We found that even at zero applied pressure there is always
sample solution being ejected from the capillary tip, by
thermal diffusion. This effect may be quite significant and
the conclusion is that the state of "no injection" does
not, in fact, exist.

Damage to DNA molecules due to shearing in the narrow
capillary tip is to be studied by electron microscopy.

separation of subcellular organelles

The project has been started in collaboration with the
membrane group (K. Simons, G. Warren, K. Howell). So far
two approaches have been tested. One is the use of magnetic
beads bearing antibodies to the organelles. The other
approach, Free Flow Electrophoresis, utilizes electrical
properties of the organelles.

Advantages of the free flow technique are that it is fast
and there is excellent recovery of amounts and activities.
A drawback with' the existing machines (besides the need for
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PLATE 21

An electron micrograph of a capillary tip, radius 0.8 m,
glass filament visible in the aperture.
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a skilled operator) has been that the technique worked well
for only a few organelles (notably lysosomes, mitochondria,
brush border membranes) which have distinct electrical
properties. The problem is caused by the lack of a
sufficiently high charge heterogeneity among the
organelles. An attempt has been made to modify selectively
electrical properties of specific intracellular membranes
using viruses and virus mutants. In tests the
group of G. Warren obtained a very good subfractionation of
the Golgi stack. Promising results were also obtained by K.
Simons f -· group on the isolation of endosomes.

Improvements in the resolution can be obtained by
optimising the conditions used for separation. It should
also be possible to modify the electric charge selectively
by using organelle specific antibodies tagged with a
charged group, which will allow separation in the electric
field.

with the magnetic separation, effort has concentrated on
the synthesis of sUfficiently small «1 beads, to
reduce problems with non specific binding which occur with
the larger commercially obtainable beads. Small dextran
beads (diameter with a ferrimagtletic Fe3 0 4 core
were prepared as described by R.S. Molday & D. Mackenzie
(1982). Their electron dense core should make them
suitable as a marker in the electron microscopy.

The principles of magnetic separation were tested with
radioactively labelled VSV virus coated with rabbit IgG
antibody (prepared by the group of K. Simons). The dextran
beads were coated with protein A and mixed with the virus.
After incubation and separation in a magnetic field of a
permanent magnet, 85% of the virus was bound to the beads,
compared to only 3% in the control test (virus without

> antibody), as measured in the scintillation counter.
Evaluation of equations relevant to separation of the small
(diameter <1 beads in a magnetic field (W. Ansorge, in
preparation) have shown that high field gradients are
required for the separation to be carried out in a
reasonable amount of time (below one hour) • Alternative
approaches to the generation of such high field gradients
will be investigated.

Gel electrophoresis separation techniques

An improved design of the electrophoresis system using very
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thin (0.05-1 mm) gels and of the casting device for such
gels was finished (Ansorge & Barker, 1982). The system is
used both for DNA sequencing and protein separation and is
now commercially available from LKB (Sweden).

New gel shapes have been formed and tested, one of the
aims, besides increasing the reproducibility, being an
eventual replacement of capillaries in the first step
(isoelectric focussing) of the two dimensional gel
technique.

Unconventional "buffers" were tested (N. Haber, 1982) •
These organic media have very low electrical conductivity,
which would allow the application of very high (above 200
V/cm) electric fields and shorten the separation process.
Although some dyes could be separated, no separation of
proteins has been achieved so far.

The principle of the silver staining technique for protein
detection, using copper (II) and potassium permanganate as
developed in the group (Ansorge, 1982), was further
analysed. Ions like Cu (II) form complexes with proteins by
chelating through the carboxylate and amino groups. Their
main ligand atoms are those of oxygen (carboxylate group)
and nitrogen (probably the imidazol group).

Publications during the year

Ansorge, w. (1982a). Improved system for capillary
microinjection into living cells. Exp. Cell Research, 140,
31-37.

Ansorge, w. (1982b). Fast visualisation of protein and DNA
bands by impregnation in potassium permanganate and silver
nitrate. Electrophoresis '82: ed. Stathakos, D.i Walter de
Gruyter, Berlin, (in press) •

Ansorge, w. & Barker, R. (1982) • High resolution nNA
sequencing system. Electrophoresis '82: ed. Stathakos, D.i
Walter de Gruyter, Berlin, (in press).

Van Nisselroy, L. (1982). Physical aspects of fluid flow in
(sub) micron capillaries. Report of foreign training in
physics at the EMBL, presented to the Faculty of Physical
Engineering, University of Technology, Eindhoven,.
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Molday, R.S. & Mackenzie, D. (1982). J. Immunol. Meth.,
353-367.
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Protein sequencing

Member: A. Tsugita

Fellows: C. Alvino*, K. Maeda*, M. Takahashi*

Students: S. Fischer*, P. Hohman*

Visiting scientists: A.C. Dianoux*, H. Maruta*

Technical assistants: R. v.d. Broek, J.-J. Scheffler*, F.
Vilbois*

Fundamental protein sequencing techniques

Accuracy, speed, and sensitivity of certain protein
sequencing have been improved. Introduction of
a radioactive I -label to the Edman reaction has
increased the sensitivity of detection towards the
fentamole level. Modifications of the Edman sequencing
method have been made to extend the number of sequencing
steps. An additional trifluoroacetylation step was
introduced after the coupling reactions to block any
unmodified NH -groups remaining after coupling; this
prevents Modifications to the sequanator
(the multi-channel reaction chambers) are being
investigated to reduce sequencing time to avoid mixing
of the reagents (Tsugita, 1982). A rapid, protein
hydrolysis method (Tsugita & Scheffler, 1982) was further
developed for unusual amino-acids and amino-acid
derivatives (Tsugita, 1982). A new rapid tryptophan
microanalysis method was also developed (Tsugita, 1982). A
gel electrophoresis system for peptides in the
molecular weight range of 200 to 10 daltons was introduced
(Tsugita et al., 1982B).

Nucleic acid interacting proteins

Partial or complete sequences of the following proteirlS
were determined. In most cases this was done with the aid
of DNA sequencing methods.

- A single-stranded DNA-binding protein .of Pfl phage was
completely sequenced (144 residues) together with the DNA
sequence of its gene (Maeda et al., 1982).

-167-



- The 38 N-terminal and 4 C-terminal residues of the
catabolic activator protein (CAP) from E. coli were
determined. The posttranslational processing of the C-
terminus has been published but is not in agreement with
our findings. The subtilisin produced cyclic AMP binding
fragment was partially sequenced (41 N-terminal and 5 C-
terminal residues) and the fragment was shown to contain
the of the protein (Tsugita et al., 1982A).

- 37 residues from the N-terminus and 2 from the C-terminus
of the rop gene product were sequenced to confirm the DNA
sequence assignments to the rop gene product of ColEl
(with G. Cesareni's group and D. Banner).

- The 21 N-terminal and the 4 C-terminal residues of T4 DNA
ligase were sequenced (with F. Winkler's group) and
recently the DNA sequence of the gene was determined by
J. Armstrong.

- The 59 N-terminal residues of EcoRV' methylase from
E. coli were sequenced (with F. Winkler's group and M.
Zabeau's group for DNA sequence).

- Thioredoxins m and f from spinach chloroplast, which are
both cofactors of T7 DNA polymerase, were partially
sequenced. The sequence obtained includes 30 residues
around the active centres. These sequences and the enzyme
specificities were compared with those from bacterial
thioredoxins. This resulted in an interesting
information about molecular evolution (with P. Schilrmann,
Univ. of Neuchateli SchUrmann et al., in press).

- An activating factor for t-RNA gene transcription was
isolated from Xenopus nuclear extract and characterized
(with A.C.G. Alvino, CNR, Naples).

Membrane proteins

- The complete sequence of cytochrome c oxidase subunit VI
from yeast was determined (Gregor & Tsugita, 1982).

- The sequence of ATPase inhibitor, IF}, from beef heart
mitochondria was also completed (witfi A.-C. Dianoux,
CNRS, Grenoble), with characterization of the activity of
defined proteolytically generated fragments (Dianoux
et al., 1982).
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- Topography of the atracyloside binding site of beef heart
mitochondrial ADP/ATP carrier protein was studied by a
photolabelling technique' (Boulay et al., in press) •

- 3 peripheral proteins from spinach thylakoids were
isolated and characterized (Schmitt et al., unpublished
results) •

Other proteinchemical work

The following studies have been carried out:

- The complete sequence of sea anemone neurotoxin V
(Scheffler et al., 1982).

- A partial sequence of pyruvate-formate lyase from E. coli
(with J. Knappe, Univ. of Heidelberg).

- Most of the sequence of a blue protein from
faecalis (the 81 N-terminal and the 6
residues) with I. Beppu, Tokyo Univ. and D.
group.

Alcaligenes
C-terminal

Tsernoglou's

- Immunological and proteinchemical studies on
the class I aldolases from staphylococci (Fischer et al.,
in press) including sequencing of the active site regions
(Fischer & Tsugita, 1982; Fischer et al .. , unpublished
results) •

DNA-binding site in proteins

A new, simple method for determination of DNA binding sites
in proteins has been devised. This is based on the
differential chemical modification of lysine residues by
unlabelled and labelled ethylacetimidata in the presence
and absence of DNA respectively, enabling isolation of
radioactive binding site peptides. For both the CAP protein
(with M. Takahashi, CNRS, Toulouse) and the Pfl DNA binding
protein (with G. Kneale), a single labelled peptjde was
found.

Publications during the

Boulay, F., Lauguin, G.J.M., Tsugita, A. &
(1983). Photolabeling approach to the
topography of the atractyloside binding
mitochondrial ADP/ATP carrier protein.
press).
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Dianoux, A.-C., Tsugita, A., Klein, G. & Vignais, P.V.
(1982). Effects of proteolytic fragmentations on the
activity of the mitochondrial natural ATPase inhibitor.
FEBS Lett., 140, 223-228.

Fischer, S. & Tsugita, A. (1982) • Amino-acid sequence
around the active site of two class I fructose-I, 6-
biphosphate aldolases from Staphylococci. Eur. J. Biochem.,
128, 343-348.

Fischer, S. & Tsugita, A., Kreutz, B. & Schleifer, K.H.
Immunochemical and protein-chemical studies of the class I
fructose-1,6-biphosphate aldolase from Staphylococci. J.
Bacter iol., (in press) •

Gregor, I. & Tsugita, A. (1982). The amino-acid sequence of
cytochrome c oxidase subunit VI Erom Saccharomyces
cervisiae. -,J: BioI. Chern., 257, 13081-13087.

Maeda, K., Kneale, G.G., T8ugita, A., Short, N.J., Perham,
R.N., Hill, D.F. & Peterson, G.B. (1982). The DNA-binding
protein of Pfl filamentous bacteriophage;
sequence and structure of the gene. EMBO J., !, 255-261.

Scheffler, J.-J., Tsugita, A., Linden, G., Schweitz, H. &
Lazdunski, M. (1982). The amino-acid sequence of toxin V
from Anemonia sulcata. Biochem. Biophys •. Res. Comm., .10Z,
272-278.

Schlirmann, P., Maeda, R., Woodland, D., Tsugita, A., Harth,
G. & Geider, K. Isomers in thioredoxins of spinach
Chloroplasts. "Thioredoxins", CNRS press, (in press).

Tsugita, A. (1982). New methods for sequencing insoluble
proteins (in Japanese). Protein, Nucleic Acid -and Enzyme,
27, 1486-1501.

Tsugita, A. & Scheffler, J.-J. (1982a). A rapid method for
acid hydrolysis of protein with a mixture of
trifluoroacetic acid and hydrochloric acid. Eur. J.
Biochern., 124, 585-588.

Tsugita, A. & Scheffler, J.-J. (1982b). A new rapid method
for acid hydrolysis of proteins with a mixture of
trifluoroacetic acid and hydrochloric acid. Proc. Japan
Acad., 58, 1-4.

Tsugita, A., Blazy, B., Takahashi, M. & Baudras, A.
(1982A). A characterization by sequencing of termini of
the polypeptide chain of cyclic AMP receptor protein from
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Escherichia coli and the subtilisin produced N-terminal
fragment. FEBS Lett., 144., 304-308.

Tsugita, A., Sasada, S., v.d. Broek, R. & Scheffler, J.-J.
(1982B). A new polyacrylamide gel electrophoresis system;
separation of small peptides and proteins in a volatile
buffer system after modification with a strongly acidic
fluorescent NH2 reagent. Eur. J. Biochem., 124, 171-176.
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Gene expression and its

Member: K. Murray*, A. Dunn*

Fellows: N.M. Gough*, M. McGarvey*, J.C. Pugh*

Technical D. Hubsch*, H. Krischke*.

Studies of gene expression have continued on both histone
and viral antigen genes. Histone genes are of interest both
for their product and for control of expression. The viral
antigen genes are also of interest in relation to the
regulation of their expression, particulary in connection
with their involvement in host cell transformation.

Histone genes from sea urchins and yeast have been cloned
in both plasmid and bacteriophage vectors and propagated
in E.coli. The principal objective behind these experiments
was the production of histones in E.coli so that specific
mutant genes could be engineered to give a range of
derivatives t.hat would enable the approaches of biochemical
genetics to' be directed to the analysis' of histone
function. In earlier studies, histone genes were placed in
bacteriophage vectors so that their expression could be
controlled by promoters and although the correct
transcription products were observed after infection of
E.coli with the recombinant phages, translation of the
transcripts in vivo could not be demonstrated (Mellado et
al., 1981). The yeast H3 gene (of which the parent organism
has only two copies; M.M. Smith & K. Murray, submitted for
publication) was transferred from the phage vector in
which it was isolated to a plasmid, pR1-8 carrying part of
the gene for a-galactosidase fused to the gene for the core
antigen of hepatitis B virus (Stahl et al., 1982). In these
constructions it was intended to .utilize sequences
controlling transcription and initiation of translation of
the a-galactosidase gene which function efficiently in
E.coli by fusing the initial part of this gene to the
histone H3 gene. The new DNA molecules were engineered so
that their expression products would comprise a short
region from the amino-terminus of a-galactosidase linked to
the H3 sequence from which either the first two or first
sixteen amino-acid residues had been eliminated. Again, the
hybrid genes were transcribed in E.coli cultures harbouring
the relevant plasmids, but the anticipated translation
products could not be detected by either isotopic labelling
or immunological methods in minicells prepared from the
transformed cells. However, in an in vitro system for
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coupled transcription and translation derived from E.coli
the hybrid genes gave rise to polypeptides of the
anticipated molecular weight which, when analysed by the
Edman degradation method, gave labelled methionine and
lysine residues in the predicted positions within the first
24 amino-acid residues in each case (R.P." Mellado & K.
Murray, submitted for publication).

Expression of viral antigen genes. with the departure of
A.R. Dunn at the beginning of this year, studies of the
role of SV40 gene in cell transformation ended and
attention was confined to hepatitis B virus.

Hepatitis B virus (HBV) poses a major threat to public
health throughout the world. Some claim that it is the
world's largest single cause of viraemia and there is a
strong correlation between histories of HBV infection and
chronic liver disease, including primary hepatocellular
carcinoma. Normally, the virus infects only humans and some
higher apes and there is no satisfactory. tissue culture
system for propagation of the virus. Recently, similar
viruses have been found in some rodent species and in the
Pekin duck, but all the viruses have an absolute host
specificity. Little is known at present of the life cycle
of HBV or of its interaction with its host, although viral
genomic sequences have been shown to be integrated into the
DNA of some hepatoma cell lines (Brechot et al., 1980;
Chakraborty et al., 1980).

HBV has a small DNA genome which has been cloned in E.coli
and some of the viral genes can be expressed in E.col!
(Burrell et al., 1979; MacKay et al., 1981a). The surface
antigen of the virus, HBsAg, carries group and sub-type
determinants and is found not only as part of the virus,
but also as a particular aggregate in plasma of the
infected individuals. Removal of the surface antigen from
the virus leaves a core particle, 27 nm in diameter, which
consists of the core antigen, BBcAg (MacKay et al., 1981b).
Determination of the nucleotide sequence of the cloned DNA
revealed the organization of the viral genome (Pasek
et al., 1979), but this information alone is insufficient
to establish all of the HBV gene the regions from
which the genes are transcribed, and the sequences that
control their expression. In addition to the genes for
HBcAg, HBsAg and (tentatively) the viral DNA polymerase,
the nucleotide sequence contains an open translational
reading frame giving a polypeptide of 156 residues which is
not at present known; this sequence is designated gene x.
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Some of the cloned HBV recombinants isolated previously
(Burrell et al., 1979) contained segments of HBV
greater than unit genome length. One of these, containing
some 15% more than the normal HBV genome, was used for the
construction of further recombinants containing two or four
copies of the HBV in a tandem head-to-tail
arrangement. The recombinant containing the tetrameric HBV
genome was introduced into thymidine kinase (TK) mutant rat
fibroblast cells by co-transformation with· the Herpes
Simplex virus TK gene as a selectable marker. Several
transformants were analysed for the presence of HBV DNA and
the expression of the viral antigens, and one which
contained multiple copies of the HBV genome was examined in
detail. This cell line synthesized both HBsAg and HBeAg but
initially HBcAg was not detected. However, since HBeAg can
be derived from HBcAg by mild proteolysis (MacKay et al.,
1981b), the production of HBeAg indicates expression of the
gene for HBcAg and a more critical analysis has now shown
that small quantities of this antigen are in fact produced.
Since it has been reported that mouse L cells containing
dimers of the HBV genome synthesize HBsAg, but neither
HBcAg nor HbeAg (Dubois et al., 1980), the recombinant
carrying the tetrameric HBV genome was introduced into TK
mutant L cells by co-transformation and one transformant
was isolated that produced both HBsAg and HBeAg, and on
closer analysis, small quantities of HBcAg. This suggests
that a multimeric REV genome may be necessary for HBcAg and
HBeAg biosynthesis. While the mechanism for HBeAg
production from the HBcAg gene is unknown, one reason for
the requirement of a multimeric HBV genome could be that a
mature mRNA for HBeAg (or HBcAg) is processed from a
precursor that contains repeated transcripts of the entire
genome, such as that described for the late mRNAs of
polyoma virus (Treisman, 1980).

Analysis of the RNA produced in the transformed rat and
mouse cells showed the presence of four abundant species of
polyadenylated mRNA which hybridized with HBV DNA. One of
them was a transcript of gene X and another which was some
1000 nucleotides longer than the HBV genome is a candidate
messenger for the core or e antigens. This work has been
described by Gough & Murray (1982) and Gough (submitted for
publication) •

The detection in extracts of the transformed rat and mouse
cells of mRNA (i.e. cytoplasmic RNA carrying poly-A
sequences) which hybridised uniquely to segments of HBV DNA
carrying the X gene constituted the first direct evidence
that this part of the viral genome may indeed encode a
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viral protein, but no simple and conclusive method was
available to demonstrate synthesis of the corresponding
translation product. Accordingly, the sequences containing
gene X were isolated from a cloned HBV DNA preparation and
inserted into a bacterial plasmid so that expression of the
X gene should proceed under the control of a promoter and
ribosome binding site that function efficiently in E.coli.
When labelled proteins were isolated .from minicells
prepared from cells transformed with this new recombinant
plasmid, a product was found with the anticipated molecular
weight. Proteins with the same electrophoretic mobility
have been isolated from bacterial cultures in order to
provide sufficient material for the generation of rabbit
antisera. Serum has recently been obtained which will
precipitate the radioactively labelled polypeptides
believed to be the X-gene product made in minicells. This
can now be used as a reagent to look for the corresponding
antigen (the X-gene product) in the transformed rat and
mouse cell lines.

With a similar objective, segments of the HBV genome have
been sub-cloned in the plasmid pR1-11 (Stahl et al., 1982)
in order to construct a molecule from which the putative
DNA polymerase gene may be expressed·in whole or in part.
This construction is complex and has been carried out in
three stages, the first two of which led to the synthesis
in minicells of polypeptides of the anticipated size.
Antisera to these polypeptides have not yet been made.

Prompted by a report of the presence, in infected
chimpanzee liver, of fUlly double-stranded circular DNA
with the size of HBV DNA and showing extensive sequence
homology to HBV (Ruiz-Opazo et al., 1982), an analysis of
DNA from Dane particles isolated from two donors has been
carried out by molecular hybridisation and electron
microscopic methods. The results show that in each
preparation more than 99% of the circular molecules are of
uniform length and contain both single and double-stranded
regions. They confirm that one end of the short strand is
fixed with respect to the single EcoRI site within the
molecule and to the nick in the long strand but they also
show that whilst the position of the other end is variable
there is a preferred minimum length of about 650-700
nucleotides for the single-stranded region (Delius et al.,
submitted for publication).
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A study of the integration of HBV DNA sequences into the
host genome in hepatoma cell lines, initiated in
collaboration with P.-H. Hofschneider and his colleagues R.
Koshy and A. von Loringhoven von Freytag (MPI, Martinsried)
has been continued. Digests of DNA from the cells have been
cloned in phage A vectors and three clones containing HBV
DNA sequences are being used for nucleotide sequence
determination. "The points of immediate interest are the
sequences at the sites of integration and the of the
HBV sequence included; those so far examined do not exhibit
significant terminal repetition (R. Koshy et al., submitted
for publication).

HBcAg synthesized in E.coli is found in aggregated form in
cell extracts and it cross-reacts efficiently with
antibodies to HBcAg; it is also a good immunogen (Stahl
et al., 1982). Precipitates of crude extracts with
antibodies to HBcAg were examined in the electron
microscope by J. Richmond and B.J. Cohen (Public Health
Service Laboratory, London) who observed well-defined
particles, diameter 27 nm, which closely resembled HBV core
particles extracted from human liver (Cohen & Richmond,
1982) • These particles contain nucleic acid and are being
examined further as part of a continuing study (with H.
Delius) of the interaction between HBcAg and DNA in
relation to HBV morphogenesis.

Publications during the year

Gough, N.M. (1982). Gene conversion and the generation of
antibody diversity. TIBS, I, 307-308.

Gough, N.M. & Murray, K. (1982). Expression of the
Hepatitis B virus surface, core and E antigen genes by
stable rat and mouse cell lines. J. Mol. BioI., 162, 43-
67.
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Molecular genetics of

Members: N. Murray*, G. Cesareni

Fellow: R.M. Lacatena

Students: M. Cornelissen*, F. Pace

Visiting workers: P. Battaglia*, L. Bullas*

Technical assistants: J. Gough*, J. Hughes*, H. Senior*

This group has been studying DNA replication and the
specificity of bacterial restriction and modification
systems via a combination of genetic and molecular
approaches-.--Effort has also been devoted to developing
techniques for site-directed mutagenesis and to improved
cloning systems.

Genetic replication

One of our interests is the control of initiation of DNA
replication in bacteria. Our model system is a family of
small multicopy plasmids related to the colicinogenic
plasmid CoIE1.

Initiation of DNA replication in this family of plasmids is
controlled -by two independent molecular mechanisms which
regulate plasmid copy-number by modulating the amount of
RNA primer available for initiation of DNA synthesis (Plate
22) •

During the past year we have further characterized these
two mechanisms. By isolating single base pair mutants in
the promoter of the primer precursor we have shown that
this promoter is essential for initiation of DNA
replication in vivo (Cesareni, 1982). Itoh & Tomizawa
(1980) had already reached this conclusion by in vitro
experiments. Reports from other groups, however, suggested
that plasmids deleted of the primer promoter were still
able to replicate. Our experiments resolved this
controversy and offered a possible explanation of the
previous discrepancy.
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PLATE 22

Diagram of the of replication of the plasmid ColE1
with the molecules involved in the control of initiation of
DNA synthesis.
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Transcripts starting from the primer promoter are processed
by the enzyme RNAse H to yield an RNA molecule of
approximately 550 nucleotides which is used as primer for
initiation of DNA synthesis. A second RNA molecule, RNA1,
inhibits the processing 9f the primer by RNAse H (Tomizawa
et al., 1981) • We have previously shown (Lacatena &
Cesareni, 1981) that RNA1 controls initiation of plasmid
replication via base pairing of part of the loop sequences
in the cloverleaf structure with the complementary sequence
in the primer precursor. The analysis of a large number of
mutants in the target of RNA1 has allowed us to draw the
following conclusions:

a. Only 5 bases in the central loop and two bases in one of
the lateral loops are involved in the initial base
pairing responsible for the specificity of the mechanism
which controls plasmid replication. Sixty-eight
independent mutants which cause a change in the
incompatibility propeities of ColE1 derivatives without
altering the rnechanis,n \!lhich controls copy-number map in
one of these seven bases.

b. Our collection of mutants suggests that the mechanism of
inhibition is independent of the actual sequence of
nucleotides in the seven bases involved in the hydrogen
bonding. Twenty-two single, double or triple mutants,
with different nucleotide sequences in these seven bases
maintain an active mechanism of control, though with
altered specificity.

We constructed fusions in which the a-galactosidase
enzyme is synthesized under the control of the promoter
of the primer precursor and were able to prove that
transcription starting from this promoter is under the
negative control of a trans-acting gene (Cesareni
et al., 1982) • This gene, rop, (for "repressor of
primer"), maps in a region that codes for a polypeptide
of 63 amino-acids whose sequence is exactly conserved in
the two plasmids ColEl and pMBl. Our results suggest
that the £2E gene product participates in the regulation
of ColE1 replication by limiting the amount of primer
precursor available for RNAse H processing. We have
cloned the gene coding for the rop peptide under the
control of A P promoter. After induction of P
transcription £2E gene product is produced d1
quantities suitable for biochemical and crystallographic
studies.
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In collaboration with D. Banner we have purified to
homogeneity and crystallized the rop gene product. Early
experiments failed to show any activity of purified £2E
protein in an in vitro system: a second plasmid-encoded
factor may be essential for £2E activity. We are currently
working on the characterization of this mechanism of
control using an in vitro system reconstituted from
purified enzymes.

Host specificity (hsd) systems

Restriction and modification enzymes exemplify an important
class of proteins that recognize specific DNA sequences.
The restriction endonucleases encoded by chromosomal genes
of E.coli are particularly complex and, in contrast to many
other restriction enzymes, do not break DNA at specific
targets. Nevertheless, these systems retain sequence
specificity in that modification is the methylation of a
specific DNA sequence.

E.coli K12, E.coli B and a new strain of E.coli designated
D, each encode a characteristic restriction and
modification enzyme. These enzymes (EcoK, EcoB and
presumably EcoD) comprise 3 subunits of which one, that
encoded by the so-called specificity gene (hsdS), is
responsible for recognition of the DNA sequence specific to
that system. The other two subunits, encoded by hsdR and
hsdM, are interchangeable between systems, and the
available molecular evidence suggests that the hsdR and M
genes are highly conserved. We have determinea--the DNA
sequence oE a segment of the hsd region that includes the
hsdS gene for each of the three strains (Gough & Murray,
1983). The hsdS gene varies in length from 1335 to 1425 bp
and the only regions showing obvious homology, one of about
100 bp and a second of about 250 bp, are highly conserved.
The remainder of each hsdS gene shares little, or no,
homology with either of the other related specificity
genes. 'Thus, the specificity subunits, though components of
a family of closely related enzymes with very similar
functions, have remarkably dissimilar primary structure.

We have screened DNAs from natural isolates of E.coli and
from some Salmonella spp for sequences sharing homology
with the hsd genes of E.coli K12. Most isolates of E.coli
lack such homologous sequences, while strains of Salmonella
known to have related, but different, specificity systems
retain homology even within the hsdS gene itself (Murray
et al., 1982). We have cloned the hsd genes from these
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Salmonella strains and provided molecular evidence that
recombination between different hsdS genes can create a
novel substrate specificity. Such-a-ffiechanism, originally
suggested on the bais of genetic evidence (Bullas et al.,
1976), is relevant to future understanding of protein-DNA
interactions and evolutionary diversification.

A cloning vectors

In collaboration with H. Lehrach and A.M. Frischauf we have
made improved A vectors suitable for the selective cloning
of large DNA fragments (see Lehrach-Frischauf report for
details, p. 61).

Site directed mutagenesis

In collaboration with Cortese's group we have developed
alternative methods for site directed mutagenesis. While
the oligo-nucleotide method of Zoller & Smith (1982) is the
method of choice when few specific changes in a sequence
are desired, it is expensive in terms of both money and
time, particularly when a project requires a large ,number
of mutants. Our approach relies on the observation (Zakour
& Loeb, 1982) that reverse transcriptase is an error-prone
enzyme and can be directed to incorporate non-complementary
nucleotides. We have extended and improved this technique
by using a genetically labeled primer which allows for the
recovery of mutants at high Erequency ( 50%).
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Cell proliferation and growth factors in mammalian cells

Member: R. Bravo*

Technical assistant: H. Macdonald-Bravo*

A great deal of information already exists about what
happens after the addition of certain mitogens or growth
factors to cultured cells. The binding of growth factors to
specific cell membrane receptors rapidly induces several
biochemical and morphological changes, including increases
in glycolysis, ion, amino-acid and hexose transport,
membrane rUffling, receptor uptake and protein tyrosine
phosphorylation (Carpenter & Cohen, 1979; Rudland & Jimenez
de Asua, 1979; Carpenter, 1981; Das, 1982). However, DNA
synthesis increases significantly only 12-15 h after
binding of the mitogen, suggesting that a major
reorganization of the biochemical machinery 6f the cell
must occur to prepare for DNA replication. Moreover, it is
known that in certain cases the growth factor must be
continuously present in the medium for at least 5 h,
appearing to indicate that the biochemical signals,
generated by the binding of growth factor to receptor, for
transit through the later stages of the G1 -- S pathway are
labile or depend upon the presence of critical
concentrations of appropriate signals. The events that
ultimately lead to the formation of a committed
prereplicative cellular state are still far from being
fully known. The understanding of such a complex
biochemical phenomenon will require a more complete
knowledge of the proteins which mediate and regulate this
process. The correlation between increase or decrease of
individual proteins or coordinate changes of a number of
different proteins and this committed state of a cell may
be of great help for the understanding of this event.

The ,main interest of this group is directed towards the
identification of the polypeptides involved in the control
of cell proliferation. To achieve this we have thought it
important to know first the overall magnitude of this
process in terms of the number and amplitude of the changes
in protein synthesis. For this purpose. we have found it
necessary to begin a detailed study of the polypeptides
synthesized by cultured cells under the effect of different
growth factors and hormones. We have selected two human
carcinoma derived cell lines for these studies, HeLa and
A431 cells. HeLa cells were chosen because work has already
been done in this cell line (Bravo & Celis, 1980; Bravo
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et al., 1981; Bravo et al., 1982; Bravo & Celis, 1982;
Bellatin et al., 1982), and A431 cells were selected
because the epidermal growth factor (EGF) inhibits their
proliferation in contrast to the mitogenic effect it has on
many cell types (Gillo & Lazar, 1981).

Given the large number of polypeptides. thought to be
present in a somatic cell and the fact that serum
containing culture medium is not a well-defined system, it
was essential (a) to have a high resolution technique which
would allow us to resolve several hundred
polypeptides simultaneously, and (b) to use a serum-free
medium for culturing cells.

High resolution two dimensional gel electrophoresis of
total cellular proteins

The most suitable technique to use for the analysis of
total cellular polypeptides is the two-dimensional gel
electrophoresis system (O'Farrell, 1975; O'Farrell et al.,
1977) as it is known to resolve over one thousand
polypeptides (O'Farrell, 1975; Bravo & Celis, 1982). Since
in most cases the changes that occur at the protein
synthesis level, when studying cells under different
physiological conditions, are quantitative rather than
qualitative, our studies depend heavily on the resolution
and sensitivity of the technique, together with a rigorous
quantitative analysis. Therefore, our first goal has been
to increase further the resolution of the two-dimensional
gel electrophoresis technique.

After testing several different modifications for running
two-dimensional gels we have found a procedure which

improves the resolution. A typical separation
of [ S]-methionine labeled proteins from a total cellular
lysate is shown in Plate 23.

Using this system we have done some preliminary studies on
the effect of EGF in A431 cells grown in the presence of
10% serum. The results clearly show that the synthesis of a
few polypeptides changes consistently after the addition of
the growth factor.

At present a 20-gel scanner is being developed by R.W.
Wijnaendts van Resandt and coworkers which will allow us to
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dimensional gel maps of acidic (IEF) and basic (NEPHGE)
[ S]-methionine labeled polypeptides from asynchronous
A43l cells. In IEF the pH ranges from 8.0 (left) to 4.5
(right). In NEPHGE the pH ranges from 7.5 (right) to 9.5
(left). a=actin; at=a-tubulin; Bt=B-tubulin.
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detect rigorously the possible quantitative changes in
protein synthesis induced by growth factors.

Recently we have started to test several serum-free
supplemented with a variety of hormones for growing
and A43l cells. Also, the selection of A431
unresponsive to EGF has been initiated.
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Genetic studies of restriction and modification enzymes

Member: M. Zabeau

Students: J. Botterman*, L. Bougueleret

Visiting workers: J. Langowski*, M.-L. Tenchini*

Technical assistants: P. Janssen*, C. Kurz*

Our main interest has been the question of how proteins
recognize specific sequences in DNA. Recent advances in
structural studies on specific DNA binding proteins have
yielded a clear insight into the overall structure of
protein-DNA complexes but have thus far failed to identify
the precise nature of the molecular interactions involved
in sequence recognition. Precisely this question is
addressed in our study of the bacterial restriction
endonucleases and modification methylases, which are known
to recognize short defined nucleotide sequences. The
rationale is to take advantage of the biological property
of these enzymes to devise genetic selection systems for
isolating mutations which alter the sequence recognition.
By correlating these changes in sequence specificity with
the alterations in protein structure, the amino-acid
residues involved in the recognition of the different bases
within the target sequence may be identified. We have
chosen to study the well-characterized Escherichia coli
enzymes EcoRI and are now also interested in the recently
discovered EcoRV restriction and modification system, since
both· systems recognize similar target sequences:
GAATTC(EcoRI) and GATATC(EcoRV).

The genetic approach for isolating mutant restriction
enzymes displaying altered sequence recognition properties
was to generate suicidal mutations. Indeed, the companion
modification methylase, which recognizes exactly the same
target sequence as the endonuclease, plays in vivo an
essential role in protecting the cell's own chromosome
against cleavage by the restriction enzyme. Consequently,
mutant restriction enzymes recognizing novel target
sequences, which are not by the methylase, will
degrade the cellular chromosome and kill the cell. To
circumvent this problem of lethality we have manipulated
the transcriptional regulation of the endonuclease gene so
that its expression can be controlled experimentally.
Suicidal mutants can then be propagated safely when the
expression of the gene is repressed, while the mutants can
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be recognized by the failure to grow when the enzyme is
synthesized. To this end, the genes coding for the EcoRI
restriction and modification enzymes were first cloned
separately in different .plasmid and phage vectocs,
Subsequently we have fused the EcoRI endonuclease gene to
the PR promoter of phage A. ---In strains producing a
temperature sensitive AcI repressor, which negatively
controls the PR promoter, EcoRI endonuclease synthesis can
be readily turned on and off by growing the cells at
respectively high or low temperature.

After in vitro mutagenesis of the EcoRI endo gene fused to
the PR promoter we have selectea--suicidal endonuclease
mutants. None of these mutant endonucleases however
displayed an alteration in cleavage specificity in vitro.
A more detailed analysis of their enzymatic properties was
difficult because of the low level of enzyme produced. To
simplify the biochemical analysis of mutant enzymes strains
were constructed in which the EcoRI endoriuclease is
overproduced. A simple two step enzyme purification
procedure yields now large quantities of highly purified
enzyme. The isolation and characterization of mutant
enzymes exhibiting altered cleavage properties is in
progress.

In parallel we are studying the EcoRV endonuclease and
methylase enzymes. Recent efforts have been focused on the
construction of strains which overproduce these enzymes, a
prerequisite for the analysis of mutant enzymes as well as
for detailed structural studies which are performed in
collaboration by the groups of F. Winkler and A. Tsugita.
While the synthesis of EcoRV methylase could readily be
enhanced the amplification of the EcoRV endonuclease proves
to be far more difficult.

The construction of strains overproducing the EcoRI endonu-
clease

Previous attempts to fuse the EcoRI endonuclease gene to
the strong PR promoter of phage A only yielded plasmids
directing the synthesis of low levels of endonuclease.
Nucleotide sequence analysis revealed that the points of
fusion of the promoter were only a few base pairs upstream
of the initiator ATG, within the Shine and Dalgarno
sequence. The low level of synthesis thus resulted from an
inactivation of the ribosome binding site. Since a random
fusion approach was used, we concluded that recombinant
plasmids directing the synthesis of high levels of
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endonuclease were not viable in the host strain used.
Consequently we now used an approach in which we first
overproduced an "inactive" endonuclease-B-galactosidase
fusion protein by first inserting a hybrid endo-lacZ gene
behind the strong P promoter of -and then
reconstructing the ekdonuclease gene joined to the P
promoter (see Plate 24). A hybrid EcoR! endo-lacZ gene
constructed by joining a DNA fragment coding for the amino-
terminal half of the endonuclease to a fragment of the lacZ
gene encoding an enzymatically active carboxy-terminal part
of a-galactosidase, so that their translational reading
frames were correctly aligned. Expression of the hybrid
gene is monitored by measuring the level of B-galactosidase
activity. The expression of the hybrid gene was optimized
by randomly resecting the non-coding sequences upstream of
the gene prior to fusion to the PL promoter. The
recombinant plasmids were isolated in strains producing A
repressor since the enhanced expression of the hybrid
protein was found to be deleterious to the cell. The
recombinant plasmids directed the synthesis of levels of
hybrid protein which were 50 to 100 times higher than those
produced by the hybrid endo-lacZ gene under the control of
the endonuclease promoter.--- The latter plasmids are
presently being used to examine the transcriptional
regulation of the endonuclease gene. To reconstruct
plasmids carrying now the intact endonuclease gene behind
the promoter we searched for adequate host strains: these
plasmids can only be stably propagated in strains producing
simultaneously cI repressor and elevated levels of EcoRI
methylase. In strains producing a temperature-sensitive A
repressor, the level of synthesis of EcoRI endonuclease
amounts to about 50% of the total -cellular protein.
However, most of this protein is present in an aggregated
form which is non-soluble and which co-sediments with the
cell debris. Attempts to solubilize the precipitated
enzyme have thus far failed. Nonetheless, the soluble
enzyme that is recovered represents 10% to 20% of the total
soluble protein. Highly purified enzyme preparations are
routinely obtained by a single chromatographic step using
phosphocellulose. Several lines of evidence suggest that
the in vivo precipitation after overproduction is a
property residing in the amino-terminal part of the enzyme
since both hybrid endonuclease-B-galactosidase proteins and
amino-terminal fragments of the endonuclease exhibit a
similar behaviour.
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Activities residing in the amino-terminal domain of the
EcoRI endonuclease

The finding that enhanced synthesis of the endonuclease-
a-galactosidase fusion protein has deleterious effects on
cell growth, suggested that the amino-terminal part of the
endonuclease retains some enzymatic activity. Indeed a
similar overproduction of cro-a-galactosidase fusion
proteins is not lethal (Zabeau & Stanley, 1982). The
biochemical analysis of the fusion proteins was, however,
complicated by the fact that the overproduced protein
precipitates intracellularly and only small quantities of
soluble fusion protein were recoverable. The fusion
protein exhibits similar binding properties on
phosphocellulose as the EcoRI endonuclease. Analysis of
its nuclease activity on a variety of substrate DNAs
revealed that the fusion protein exhibits a specific
endonucleolytic cleavage activity identical to that of
EcoRI endonucleasj. Tie observed rate of cleavage was
however about 10 to 10 times slower and was thus only
detectable in the most concentrated enzyme preparations.
This result demonstrates that the catalytic site for
cleavage together with the sequence recognition domain are
located in the amino-terminal half of the enzyme. To
localize further the active site of the endonuclease we
have constructed a set of hybrid endo-lacZ genes in which a
variable portion of the amino-terminal part of the
endonuclease gene has been fused to the lacZ gene. In
addition plasmids have been isolated carrying
terminal deletions in the endonuclease gene fused to the PLpromoter, which direct the synthesis of enhanced levels or
amino-terminal fragments. These fragments also precipitate
intracellularly upon overproduction.

Endonuclease mutants

Taking advantage of the endonuclease overproducing strains
and the rapid enzyme purification procedure, we have
devised a for "interesting" mutant
enzymes. Since the plasmids carrying the endonuclease
fused to the P? promoter are not viable in strains
producing only ALrepressor but no EcoRI methylase, we can
directly select for mutants exhibiting reduced endonuclease
activity. A random analysis revealed that most mutants
produce unstable proteins which rapidly degraded. As
expected, the stable mutant enzymes exhibit reduced
cleavage activities ranging from 10% of the wild type
activity to a total lack of endonucleolytic cleavage. Most
interestingly, about half of the mutants exhibiting a
reduced EcoRI activity still retain an EcoRI* activity
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identical to that of the wild type enzyme. The relaxed
cleavage specificity, termed EcoRI*, in which the EcoRI
enzyme recognizes the central AATT nucleotides of---the
GAATTG target sequence, can thus not be due to a
"conformational alteration" of the enzyme, as is generally
believed. Indeed, in this case one would expect that
mutations would affect both the EcoRI and the EcoRI*
activities to an equal extent. These taken
together with the properties of the fusion proteins,
suggest that the EcoRI* activity is catalyzed not by the
dimeric enzyme, by the monomeric subunit. The
mutants displaying normal EcoRI* activity could thus be
defective in dimerization.

The anal:is!.;?of the EcoRV system

We have previously reported the cloning of a 3,1 Kb
fragment carrying EcoRV genes in the plasmid pBR322. The
approximate positions of the endonuclease and methylase
genes were located by constructing a series of deletions
after exonucleolytic digestion with the enzyme Ba131. Care
was taken to tag the end points of the deletions with a
Bam-EcoRI polylinker so that the resulting deletion
plasmids could subsequently be used in a rapid nucleotide
sequencing strategy in which the deletion end points are
used as starting points for the sequence analysis. The
EcoRV endo and met genes are closely linked together, on a
2,2 Kb fragment-.--The orientation of the methylase gene has
been determined by inserting the met gene fragment in two
orientations in plasmid expression vectors carrying the
phage A PL promoter. Insertion in one orientation resulted
in a reauced in vivo DNA methylation activity, while
insertion in the opposite orientation yielded plasmids
which direct the synthesis of enhanced levels of EcoRV
methylase, amounting to 5 to 7% of the total cellular
protein. Using a similar approach to overproduce the
endonuclease, both types of recombinant plasmids failed to
direct the synthesis of enhanced levels of endonuclease.
This result suggests that the endonuclease gene is preceded
by a strong transcriptional termination signal. After
removing this signal by controlled exonucleolytic digestion
the recombinant plasmids no longer expressed EcoRV
restriction activity indicating that the desired
recombinant plasmids were not viable. circumvent this
problem we are presently trying to overproduce the EcoRV
endonuclease specified by mutants which exhibit reduced
restriction, in the hope that the enhanced synthesis of the
less active mutant enzymes will not be deleterious to the
cell. In an alternative approach EcoRV endonuclease lacZ
gene fusions have been could, like--rn
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the EcoRI case, be useful to identify the functional
domains-in the enzyme.

The fact that both the EcoRI and EcoRV systems recognize
similar target sequences suggested that the two systems
might be genetically related. In collaboration with H.
Delius we have used heteroduplex analysis .to examine the
homologies between the original plasmids carrying these
systems. While no homology could be detected in the DNA
segments coding for the endonuclease and methylase, a
contiguous region of homology of about 3,1 Kb was found.
This homology covers the region containing the replication
and mobilisation functions. The first nucleotide sequence
data further confirm the absence of homology between the RM
genes, leaving us to speculate how two closely related
plasmids corne to carry different restriction and
modification systems.
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COMPUTING AND APPLIED MATHEMATICS PROGRAM
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computer Group

Members: G. Hamm*, D. Iversen, R. Omond*, T. Pitt, E.
Schechinger*, H. Struve*

Trainee: w. Winkler

Students: H. Gazit*, S. Levy*

The Computer Group provides basic computing facilities for
the Laboratory and acts in a consulting capacity for
questions relating to computer applications. One member of
the group (T. Pitt) is also engaged in research and
development in image processing for electron microscopy.

Computer operations and maintenance

The computer installation in Heidelberg consists of a VAX
11/780 and four Nord 10 minicomputers. Prominent hardware
changes during the year have been the extension of disk
storage by a third 300 Megabyte drive on the VAX and two 75
Mb drives on the Nord-10 computers. Most important,
though, was the installation of an Upnod TCS 2000 port
contention unit, i.e. a terminal exchange allowing any of
the connected terminals access to any of the computers.
This allows for a more flexible utilization of resources,
without which major investments in other equipment would
have been necessary.

The computers support a diverse spectrum of applications
within the Laboratory, which are summarized below:

VAX 11/780 -

Nord-lOiS 428 -

Nord-lOiS 460

Nord-10 234 -

general timesharing, molecular
graphics, genetic sequence analysis,
image processing, nucleotide sequence
data library support, data analysis

text processing, general timesharing,
image scanning, Laboratory alarm and
monitoring system

STEM data acquisition, image
processing

digital hardware development, CAMAC
applications
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Nord-10 178 - scanning laser microscope data
acquisition and processing

As can be seen, several new applications were begun during
the year, resulting in a substantial increase of the user
community from 45 at the beginning of the year to over 70
at the end. Most of this g.rowth has centered on the VAX
11/780, for which interactive use has grown by 130 percent
to around 110 session hours per workday. Batch use has
also increased comparably. As a result, the load on the
VAX is approaching the maximum for the current machine; it
is already the case that the competitive use of resources
(CPU, disk storage) causes noticeable conflict between
processes. This trend can be expected to continue during
1983, particularly as new software packages are installed
on the VAX for several of the application areas.

Most of the software development done, by the group during
1982 was devoted to establishing an effective working
environment on the VAX. This work has mainly involved the
installation and integration of tools and procedures for
operations and system maintenance, but has included
applications programming in image processing and genetic
sequence analysis as well. In addition, the Laboratory's
alarm system, which monitors critical environmental
conditions for the building maintenance section, was
completely rewritten (on the Nord-lOiS 428) to reduce its
load on the machine and increase its maintainability.

Image processing
T. Pitt

In association with people in the Biological Structures
Program, work has progressed towards improving the image
processing programs available. The framestores mentioned
in last year's report are now heavily used for interactive
analysis of grey-scale images.

Interest has increased in analysing fragmented crystals,
owing to the inherent difficulty of obtaining large perfect
crystals of biological materials. The conventional
techniques of lattice averaging (either quasi-optically, or
crystallographically) are inapplicable to these cases.
Nevertheless, some method of improving the signal-to-noise
ratio is required, since the specimens will not stand high
electron doses.
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PLATE 25 CTEM micrograph of fragmented Cytochrome Reductase
crystal, negatively stained.

PLATE 26

Correlation averaging. (a) one crystal fragment. (b)
correlation function, identifying the positions of the unit
cells in (a). (c) averages from four crystal fragments.
(d) final average from six fragments and about 250 unit
cells. Scale bar represents 40 nm in (a) and (b), and 20
nm in (c) and (d).



The method of correlation averaging (Saxton, 1980) uses
cross-correlation to locate the unit cells within one
crystal fragment. The unit cells thus found are then
superposed to effect the average. The procedure may be
repeated for a number of different fragments, the
individual averages being aligned in position and
orientation before being combined.

Plate 25 shows a micrograph of a fragmented cytochrome
reductase crystal (courtesy of J. Berriman). The crystal
is negatively stained, and imaged on the EM 400 electron
microscope. Plate 26 shows the steps in processing. First
we select a region of the crystal to process (a). Next we
calculate the cross-correlation function between one unit
cell and the whole image (b). This shows peaks at the
locations of the unit cells in the positions of the unit
cells in the original image. (c) shows the averages from a
number of different crystal fragments. (d) shows the final
result of averaging about 250 unit cells from a total of
six different fragments.

The final result in this case compares well with the
results obtained previously from large crystals of this
enzyme, thereby showing that large regular crystals are no
longer a prerequisite for biological electron microscopic
investigations of this sort.
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Other reference

Saxton, w.o. (1980). In Electron Microscopy at Molecular
Dimensions, ed. Baumeister, W. & Vogel, W., Springer-
Verlag, Berlin, New York, p. 245.
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computer Graphics

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

Visiting workers: P. Dumas*, T. Ferrin*, S. McGavin*, S.
Hamodrakas*, P.N. van Kampen*, M. Levitt*, J.-R. Mellema*,
D. Moras*, E. Westhof*

During 1982 the Interactive Computer Graphics facility at
EMBL has been strengthened. The installation of a
calligraphic shadow mask (CSM) colour display has enhanced
the problem solving power of the facility. Colour coding is
of particular importance when scientists are manipulating
complex scenes on the scope. Extensive changes in the
interactive molecular modelling program FRODO make it
possible for graphics users to coexist with other users on
EMBL's time-shared VAX computer. GRAMPS, a generally
useful display program has been imported. A .. shell·" was
designed for crystallographic refinement programs to let
the user find himself in a relatively unified environment,
i.e. to hide many of these programs' disparate needs.

At least 30% of the Computer Graphics Group's
devoted to helping users, both EMBL and
scientists, solve the problems at hand.

computer graphics facilities

Hardware:

effort is
visiting

The interactive computer graphics hardware at EMBL consists
of an Evans & Sutherland MUltipicture System with Colour
and Black & White displays, 256 Kwords of extended memory
and various input devices. The system is served by a
Digital Equipment Corp. VAX-11/780, which also is the main
computing machine at EMBL.

Software:

Currently we provide and support two interacive computer
graphics programs:
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a. FRODO

A molecular modelling program aimed mainly at
building of biological macromolecules from
crystallographic data. FRODO was originated by T.
Jones, the version currently running was obtained
Merck, Sharp and Dohme Research Labs., Rahway, NJ,
We have modified the program to our environment.

b. GRAMPS

model
x-ray
Alwyn
from
USA.

A general graphics program written by T.J. O'Donnel and
A. Olson at the National Resource for Computation in
Chemistry, Lawrence Berkeley Lab., Berkeley, CA, USA.
(The authors of GRAMPS are currently at Abbott
Laboratories, Chicago, Ill., and the Research Institute
of Scripps Clinic, La Jolla, Ca., USA).

FRODO (a)

The major programming efforts were associated with FRODO.
To guarantee immediate response to interaction the program
is installed with heightened priority on the VAX. FRODO,
originally designed to utilize a dedicated computer,
required inordinate amounts of VAX CPU resources. Because
of the heightened priority in the interactive mode, this
led to unacceptable interference with other work on the
timeshared VAX. The solution to these problems was to
redesign FRODO's event processing and display loop control.

In the diversified environment of EMBL, FRODO is also
applied to problems other than the classical
crystallographic model building. We allow the user to
manipulate up to an arbitrary limit of 3000 atoms on the
screen. To overcome certain limitations built into the
program and to allow consistent handling of displayed
objects, the respective internal data structures have been
redefined. A general purpose graph processing package has
been written for manipulation of these. This work will
continue until early 1983.

The Evans & Sutherland Calligraphic Shadow Mask
Colour Scope was installed in September 1982. Great
was taken to introduce powerful colour handling in
We decided on a three-level hierarchy of colouring
will provide great flexibility:
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Level 1. Default colouring:
Any object on the screen can be assigned a default
colour.

Level 2. Basic colouring:
Molecular objects can be coloured by residue and
atom names, types, zones, and properties. This is
done by keyboard and is implicitely recorded on
the molecular data file.

Level 3. Pick colouring:
Instant colouring can be done by picking and
assigning colour directly from the screen. This is
intended for quick and easy highlighting. The
results may be recorded on the data file by
explicit command.

Colouring levels 1 and 2 are now available and they
demonstrate the power of the CSM scope. Level 3 is
scheduled for early 1983. Colour "INVISIBLE" has been
added which allows the user to remove atoms and residues
from the screen. "Invisible" atoms do not interfere with
interaction, they are readily reactivated, however, because
they remain in the internal data structures.

Access to the dictionary files has been made more
efficient. Hence their information content can be extended
from the mere description of ideal conformations of
molecular subunits to include data on atom and residue
properties which can be used for interactive colouring. In
addition, a dictionary of tRNA ribonucleotides has been
constructed for FRODO in collaboration with J. Sussman
(Weizmann Institute, Rehovot, Israel) and E. Westhof (CNRS,
Strasbourg, France).

GRAMPS (b)

GRAMPS has been used primarily to compare and manipulate 3-
dimensional reconstructions, mainly from the electron
microscope. GRAMPS is a very well engineered system, whose
installation at EMBL required less than a day. Unlike
FRODO, it is not a molecular modelling package but allows
concurrent and independent manipulation of a multitude of
objects.
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Refinement programs and the FRODO environment

The following crystallographic
programs are currently in use:

molecular refinement

CORELS (J. Sussman)
JACK-LEVITT (ST. Jack, M. Levitt)
NUCLIN, an adaptation of the Hendrickson-Konnert protein
refinement procedure to Nucleic Acids (adapted by E.
Westhof, CNRS, Strasbourg, France)

Each of these programs has different requirements and each
uses its own format of molecular data, and has therefore
been supplemented with the necessary conversion programs to
allow use with our standard files. We have developed a
shell with the function to hide, as much as possible, the
disparate needs of these programs, so that the user finds
himself in a relatively unified environment. The shell has
been put into effect for CORELS. Molecular files in
standard format are accepted, CORELS input is created, the
two-program nature of CORELS is hidden, and output is again
in standard -format. The success of the shell in EMBLCOREL
justifies the same approach for the other refinement
programs.

Usage of the graphics facilities

On the average the graphics facilities are in use 10 hours
a day. Usage is expected to increase considerably in 1983.

usage by EMBL scientists:

Much work has been accomplished by D. Marvin's group on
fibre-diffraction modelling of Pf1 phage coat protein.

The Data Analysis Group uses the displays to evaluate and
compare structures from a new algorithm for 3-dimensional
reconstruction.

K. Leonard views and evaluates
reconstructions from electron microgr-aphs.

3-dimensional

D. Suck and C. Oefner have begun model building DNAse I
from crystallographic data.
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Usage by visiting scientists:

Several visitors have used the facility in 1982:

D. Moras, E. Westhof, and P. Dumas (CNRS, Strasbourg,
France) have spent the equivalent of 5 man-months at EMBL,
model building tRNA-asp from x-ray data. Also the fine-
tuning of the refinement program NUCLIN, mentioned above,
as well as numerous cycles of tRNA refinement were done on
EMBL's facilities.

S. McGavin (University of Dundee, Scotland) worked for a
total of 2 months on theoretical models of four-stranded
DNA.

s. Hamodrakas (University of Athens, Greece) spent 1 month
at EMBL modelling insect chorion proteins and interferon.

M. Levitt (Weizmann Institute, Rehovot, Israel) spent one
week at EMBL using the graphics facilities to investigate
animated results of molecular dynamics calculations.

J.-R. Mellema and P.N. Van Kampen (State University,
Leiden, The Netherlands) were visiting for graphics aided
investigation of DNA modelling from high-resolution NMR
experiments.
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Data analysis group

Members: S.W. Provencher, R.K. Bryan, P.T. Speck*, R.H.
Vogel

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

Visiting workers: M. Levitt*, D.A. Marvin*

The main efforts this year were directed toward the
extension of regularization techniques to large (possibly
nonlinear) ill-posed problems, which occur in high
resolution structural studies using electron microscopy as
well as x-ray and neutron diffraction. They are described
in the last two sections of this Report. At the same time,
the regularization techniques and computer program packages
for moderate-size linear problems described in previous
Reports continue to be applied and distributed.

CONTIN, the portable computer program package for unstable
linear data inversion problems (Provencher, 1982a, b, c)
has been sent to 150 laboratories and is also being
distributed by the two largest nonprofit scientific
computer program libraries in Europe. Its main in-house
applications continue to be the estimation of protein
secondary structure from circular dichroism (with F.
Winkler, G. Kneale, and also M. Brunori, University of
Rome), the analysis of fluorescence decay data (Wijnaendts
van Resandt et al., 1982), and the determination of
particle (e.g-.- liposome) size distributions by dynamic
laser light scattering. In this last case theoretical
predictions (Provencher, 1983) that imposing nonnegativity
of the size distribution using CONTIN would yield
significant superresolution was verified experimentally
(Stelzer et al., 1983). Polydispersity with a standard
deviation as small as 4% of the mean could be reproducibly
measured. Standard Fourier deconvolution techniques would
require data accurate to about 29 significant figures to
achieve this resolution, whereas this was attained with
nonnegatively constrained regularization on actual data
accurate to only two or three significant figures.

Another application being investigated (with J. Hendrix, C.
Berthet & A. Gabriel) is a "projection detector" for small-
angle solution scattering. Since the scattering pattern has
circular symmetry, it can be reconstructed from a single
projection onto a line in the plane of the pattern. This

-208-



can be implemented by a one-dimensional detector that
integrates all photons in parallel strips perpendicular to
this line. This is easier to build than a concentric ring-
or sector-detector and does not have to be precisely
centered in the primary beam. Because all photons in the
two-dimensional plane of the detector are counted, it
typically can record the same number of events in one or
two ·orders of magnitude less. than for a conventional slit
detector. Thus it could be useful in kinetic studies with
synchrotron sources or in speeding up static measurements
with conventional sources. CONTIN directly estimates the
distance distribution function in one step, correcting for
the projection and Fourier transformation simultaneously.
Preliminary tests at the Grenoble outstation with a two-
dimensional Gabriel multiwire proportional chamber
delay line readout in only one direction yielded a radius
of gyration and a distance distribution function for bovine
serum albumin in good agreement with those obtained by the
group of P. Laggner (University of Graz) with conventional
methods. Further simulations and tests are necessary,
however.

In continuing applications, the neurographics program
package is being used by the group of N. Strausfeld. The
principal components analysis package (see 1980 Report and
Provencher & Glockner, 1983) was used to analyze x-ray
kinetic data on the dissociation of ATCase (Fowler et al.,
1983) • --

Large and nonlinear inverse problems

R.K. Bryan

The work on the calculation of electron densities of
particles with helical symmetry from fibre diffraction data
reported on last year has continued, in collaboration with
D. Marvin's group. We have further developed methods of
calculating the background on x-ray fibre diffraction
films, and a program to correct for the effects of
layerline broadening due to disorientation and finite
coherence length in the specimen (Provencher & Glockner,
1982) • These have been used to extract reliable data for
Pf1 to 4 R resolution for the native and· to almost 5 R for
the iodine derivative. An electron density map for Pf1 has
been calculated from this data using the maximum entropy
program previously developed. This map (Plate 27) is
interpretable in terms of continuous a-helical subunits,
70 R long, oriented nearly parallel to the virion axis
while running from 28 R to 13 R radius. The resolution is
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PLATE 27

Part of the electron density of the Pfl coat protein, with
an atomic model of one protein subunit. The virion axis is
vertical, and the structure viewed from the outside. The
electron density, calculated by the Maximum Entropy Method
from 4 R3resolution fibre diffraction data, is contoured at
0.68 e/R. The plate shows one complete subunit and parts
of two helical symmetry related copies. The atomic model
is an a-helix, N-terminus at the top, fitted into the rod
of electron density, positioned so that 2-iodo-tyrosine 25
fits the iodine positions.
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sufficient to show the twist of the a-helix backbone, which
enables us to determine that the basic virion helix is
right handed and neighbouring a-helices cross each other in
an unusual right handed sense.

This appears to be the first detailed (27,000 resolution
elements) unknown structure solved by a
method. The advantages of such an approach have been
outlined in previous Reports. In particular, the structure
obtained is the least detailed one consistent with the
data; i.e., structural details that arise out of the
initially completely flat map are demanded by the data.
Therefore it provides a natural and safe starting point for
refinement using atomic models and interactive molecular
graphics (see the Report of D. Marvin's group, p. 99).

We expect to extend such non-linear regularization and
optimization methods to processing other forms of
experimental In particular, work has started on the
simultaneous analysis of contrast variation series from
small-angle neutron or x-ray scattering by centrosymmetric
particles in solution, with encouraging results from
simulations.

In collaboration with K. Leonard's group, a program has
been written to calculate the three-dimensional coordinates
of identifiable points, such as gold particles, on images
of a tilt series. We are applying this to the estimation
of the thickness of thin sections with particles deposited
on both sides, and to the geometrical alignment of tilt
series for purposes of three-dimensional reconstruction.

Three-dimensional reconstruction from electron micrographs
of disordered specimens
R.H. Vogel & S.W. Provencher

The most effective way of structure determination with
electron microscopy is to form a two- (or three-)
dimensional regular array of identical particles, reduce
the specimen damage by reducing the dose per particle and
then use Fourier transforms to average over the array. The
maximum entropy regularization method described in the
preceding section can then be used to estimate the
structure from the Fourier transforms. Unfortunately, with
many particles it is at present often not possible to
obtain arrays with gpod long range order.
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PLATE 28

(a) Simulated electron micrographs with a signal-to-noise
ratio of 1.0. Each column corresponds to a particle in
a different (unknown) orientation and each row to a
tilt angle. Only five of the nine tilt angles (in
equal intervals from -60 0 to 60 0 ) are shown.

(b) Upper row: Surface contour image (using the FRODO
package; see the Report of the Computer Graphics Group,
p. 203) from four viewing angles of the three-
dimensional model used to simulate the data in (a). The
model is composed of three asymmetric normal
distributions, has no symmetry, and cannot be
represented by a finite series of the basis functions
used in the reconstruction.
Lower row: The corresponding three-dimensional
reconstruction from the noisy data shown in (a).

(c) As in (b), except that only one viewing angle is shown,
with three contour levels increasing in electron
density (i.e. going deeper into the particle) toward
the right. The left contour density is that in (b) and
is low enough so that it represents an outer surface of
the particle.
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A general method has been developed for three-dimensional
reconstructions from electron micrographs of a collection
of particles with unknown relative orientations over a
limited range and minimum number of tilt angles (Provencher
& Vogel, 1983). The particles need not have any regular
arrangement or symmetry. However, prior knowledge of
special orientation (e.g. a single point of attachment to
the grid) or symmetry (e.g. icosahedral) can be imposed and
exploited. The method is based on the truncated expansion
of the electron density in the complete orthonormal set of
eigenfunctions of the Schrodinger equation for the
spherically symmetric harmonic oscillator in spherical
polar coordinates. The functions have the useful
properties of being proportional to their own Fourier
transforms and of having all of their angular dependence in
spherical harmonics. This permits very efficient
comparison of the model in various orientations with the
Fourier transforms of the images, which is essential for
reasonably rapid least squares estimates of' the structure.
In addition, a polar coordinate sampling theorem is used to
reduce the amount of data (and hence the storage and
computation time) by a factor of about 100, while still
retaining practically all the information in the images.

Formulating the problem in terms of a weighted separable
least squares problem has the following advantages: (1)
The estimate of the structure is approximately a maximum
likelihood one. (2) Only the observed discrete
statistically weighted data points are used. There is no
data extrapolation or interpolation problem as with
standard Fourier methods. (3) All the data from all the
selected particles and tilts are simultaneously used to
estimate the structure, but anomalous particles can still
be detected. (4) Error estimates for the expansion
coefficients determining the structure are obtained, giving
a good idea of the uncertainties in the structure. (5)
Regularization is imposed by stepwise incrementation of
Nmax ' the maximum allowed principal quantum number in the
expansion. In this way the complexity of the model is
gradually increased until statistical tests indicate that a
further increase in Nmax is unwarranted because it does not
significantly improve tne fit to the data. (6) The minimum
number of tilts required to the structure is
precisely N ax for ordered particles. For disordered
particles, tWIS requirement can be relaxed, but this is not
recommended. Typically an Nm has been found to be
sufficient. It is important to the number of tilts at
a minimum because the total allowable dose can then be
divided into larger doses for each tilt angle. This makes
the important preliminary steps such as subtracting the
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background and locating the center of gravity of the images
easier and more reliable. (7) Data-independent and
structure-insensitive computations of the expected errors
in the expansion coefficients permit general studies of the
effects of such things as disorientation and number and
range of tilt angles. For example, under a wide range of
conditions Np highly particles provide nearly
as much information as N particles that all have the same
orientation. This is bgcause the so called missing cone
problem due to the limited range of tilt angles is
effectively eliminated since the particles with different
orientations provide a more complete range of views.

The method has been extensively tested using simulated
noisy micrographs, with encouraging results. One example,
with a model that has a vague resemblance to models of
small subunits of ribosomes, is shown in Plate 28. The
optimal value of Nmax=9 was automatically determined as
outlined in (5) above.

Preliminary tests using electron micrographs (with W.
Hofmann & T. Arad) of negatively stained adenovirus hexon
protein (from the University of Uppsala, laboratory of L.
Philipson) yield good reconstructions of the stain, but, as
usual, it is the structure of the stain, with its very
strong scattering, and not the structure of the protein
that dominates. Further work is needed to achieve more
uniform staining so that the reconstructed stain
distribution gives reliable information on the structure of
the protein. Even better might be the use of thin film
embedding with resins, which is being developed by the
grOup of E. Kellenberger (Biozentrum, Basel).

Publications during the year

Darai, G., Zoeller, L., Matz, B., Delius, H., Speck, P.T. &
FIGgel, R. (1982). Analysis of Mycoplasma hyorhinis genome
by use of restriction endonucleases and by electron
microscopy. J. Bacteriol., 150, 788-794.

Dijk, J., Littlechild, J.A., Freund, A.M., Pouyet, J.,
Daune, M. & Provencher, S.W. (1983)·. The secondary
structure of salt extracted ribosomal proteins from
Escherichia coli as studied by circular dichroic
spectroscopy. -Y:-Biol. Chern., (in press).
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Fowler, A.G., Foote, A.M., Moody, M.F., Vachette, P.,
Provencher, S.W., Gabriel, A., Bordas, J. & Koch, M.H.J.
(1983). Stopped-flow solution scattering using synchrotron
radiation: Apparatus, data collection and data analysis.
J. Biochem. Biophys. Meth., (in press).

Hopfer, U. & Provencher, s.w. (1982). Estimation of
heterogeneity and initial·velocity of transport in vesicles
by inverse Laplace transformation of transport data.
Biophys. J., 37, 339a.

Provencher, S.W. (1982a). A constrained regularization
method for inverting data represented by linear algebraic
or integral equations. Comput. Phys. Commun., 27, 213-227.

Provencher, S.W. (1982b). CONTIN: A general purpose
constrained regularization program for inverting noisy
linear algebraic and integral equations. Comput. Phys.
Commun., 27, 229-242.

Provencher, s.w. (1982c). CONTIN (Version 2) Users Manual.
EMBL Technical Report DA05.

Provencher, S.W. (1983). A general-purpose constrained
regularization method for inverting photon correlation
data. In Photon Correlation Techniques in Fluid Mechanics;
ed. Schulz-Dubois, E.O.; Springer Verlag, Berlin, p.322-
328.

Provencher, S.W. & Glockner, J. (1982) • Rapid analytic
approximations for disorientation integrals in fiber
diffraction. J. Appl. Cryst., 15, 132-135.

Provencher, S.W. & Glockner, J. (1983). Analysis of the
components present in kinetics (or titration) curves. J.
Biochem. Biophys. Meth., (in press).

Provencher, S.W. & Vogel, R.H. (1983). Regularization
techniques for inverse problems in molecular biology. In
Progress in Scientific Computing, Vol. 2, Numerical
Treatment of Inverse Problems in Differential and Integral
Equations: eds. Deuflhard, P., & Hairer, E.; Birkhauser,
Boston, p. 304-319.

Wijnaendts van Resandt, R.W., Vogeli R.H. & Provencher,
S.W. (1982) Double beam fluorescence lifetime
spectrometer with subnanosecond resolution: Application to
aqueous tryptophan. Rev. Sci. Instr., 53, 1392-1397.
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Other references

Stelzer, E., Ruf, H. & Grell, E. (1983). In Photon
Correlation Techniques in rluid Mechanics, ed. Schulz-
Dubois, E.O.; Springer Verlag, Heidelberg, (in press).
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Computer controlled data acquisition

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

Students: P. Cousseau*, M. Mura*

As in the past activities were shared between data
acquisition for synchrotron radiation at our Hamburg
outstation and projects in collaboration with local groups.
As a consequence of the reorganisation of this area since
September 1982, the report on activities concerning
radiation synchrotron data acquisition can be found on p.
149.

Stopped-flow data acquisition
M. Moody & H. Kihara

In last year's report, we mentioned the design and building
of a digitizer module which is able to record the signal
produced by the stopped-flow apparatus. In collaboration
with H. Kihara we have fully tested these electronics and
then used this CAMAC module to do several experiments
(Kihara et al., 1983). Software was also written to take
data, to visualize them and carry out preprocessing such as
averaging and filtering.

Analog controls for the Evans & Sutherland picture system
H. Bosshard

A user console for the MPS graphic system was designed and
built. The power of a real time computer graphics system
used to display molecular structures is fully used only if
the user has a simple or intuitive control of several
parameters such as translation or rotation around x, y and
z axis. Our graphics system has a tablet and a pen to
select operations and this means that it is only possible
to have control over one parameter at a time. This makes
the handling of complex objects very difficult and rather
imprecise. It also represents a severe limitation of the
powerful graphics computer.

The console which was built has 3-dimensional joysticks
with an additional switch and therefore may be used to
control two times 3 degrees of freedom. It has several
single axis rotary knobs which can control parameters such
as color intensity. Switches and light emitting diodes
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provide a simple way to give commands or to have status
information.

Laser microprobe
R. Wijnaendts van Resandt

As the mechanical and optical parts of the laser microprobe
had reached a point of completion where it was possible to
get images out of this instrument, we were involved in the
design and building of a first version of the computer
interfacing (hardware & software) • The microprobe is
interfaced to a NORO-IO minicomputer via CAMAC. At the
moment we are able to acquire images of 256x256 resolution
elements. Since the scanning is done mechanically, three
analog to digital convertors are needed to give information
about position (X,Y) and the associated intensity (Z). The
(X, Y) information is sent to a 64 K-words histogramming
memory in which we increment by one the addressed location
(XY) in order to know how many times we measured this
pixel. The (XY) is also sent as an address to a second
memory where the measured intensity (Z) will be added to
the previous content. At the end of acquisition of an
image, the program reads simultaneously both memories via
direct memory access mode and normalizes the pixel
intensities to eight bits. The image is sent to the disk
after this normalization. The acquisition of a sequence of
pictures of a smaller size (64x64 for example) is also
possible and enables dynamic studies as a function of time.

This first version of the data acquisition system verified
the satisfactory operation of the microscope and also
helped us ·to define the structure of the final version of
the system to be built at the beginning of next year. The
new system will enable the microscope to give images of
1024x1024 pixels at maximal resolution. It is also planned
to do the normalization of the intensities at the memory
level. This will reduce both CPU and input/output load.

We have alsQ designed and built a video controller to
provide direct viewing of the images without computer
control. This device helps the user to achieve all the
preli.minary manipulation and focusing. . This video system
records and displays simultaneously a 256 by 256 image in
two modes: either the complete field at reduced resolution
or 1/16 of the field at maximal resolution. In this later
case it is possible to define the visualized area via a
cursor which can be read on the interface front panel. The
quality of the visual informtion (256 gray levels) make
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this device a really helpful tool to the microscope
operator. On the other hand, the display system may be used
also under program control (via CAMAC) to retrieve back
images which were previously acquired. Some simple
intensity and contrast manipulation features have been
implemented in the program in order to enable easier
interpretation of the pictures. Plate 29 shows the overall
organization of the first version of the data. acquisition
system which was built.

High pressure liquid chromatography
A. Tsugita

Last October we started to design and build a control and
data acquisition system for HPLC experiments. The major
advantage of such a system built around a microprocessor
(Z-80) compared to a conventional controller lies in the
flexibility of operation.

It will be possible to program the mlxlng gradient as a
function of time with the maximum of freedom, to acquire
the data from the UV spectrophotometer and to do some
useful preprocessing like baseline correction, noise
filtering, peak integration. A link to a minicomputer is
planned and this will enable data storage and further, more
sophisticated processing.

Publications during the year

Boulin, C. (1982) Direct time digitizing for detectors with
delay line readout. Nucl. Instrum. Methods, 201, 237-239.

Boulin, C. (1982) Calibration channel unit (CCU): A 16
channel data acquisition module with autonomous memorYe
Nucl. Instrum. Methods, 201, 251-259.

Boulin, C., Dainton, D., Dorrington, E., Elsner, G.,
Gabriel, A., Bordas, J. & Koch, M.H.J. (1982). Systems
for time-resolved x-ray measurements using one-dimensional
and two-dimensional detectors - requirements and practical
experience. Nucl. Instrum. Methods, 201, 209-220.

Other reference

Kihara, H. Takahashi-Ushijima, E., Jones, P.T. & Moody,
M.F. (1983). Kinetics of the allosteric transition of
asparatate transcarbamylase. II. Stopped-flow studies. (In
press) •
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Nucleotide sequence data library group

Members: G. Harnrn

Visiting worker: K. StUber

Technical assistants: G. Cameron*, A. Rudloff*

During 1982, the Nucleotide Sequence Data Library was
sUfficiently developed to announce its first release. The
response to the library has been very encouraging. About
1,100 people from 30 nations have expressed interest, and
nearly 150 copies of Release 1 on magnetic tape have been
distributed to researchers in the following countries:

Australia Austria Belgium Canada Denmark
England Finland France East Germany West Germany
Hungary India Ireland Israel Italy
Japan Mongolia Netherlands New Zealand USSR
USA Scotland Spain Sweden Switzerland

Release 1 contained 565 separate entries comprising some
600,000 bases of sequence data, along with a roughly equal
volume of bibliographic data and annotation. Release 2,
which will be available in the first part of 1983, will
contain about twice this volume of data. We anticipate a
similar growth rate for the next few releases; the rate of
publication of new sequence data is still rising rapidly.

Presently most of the data are collected by scanning the
journals and manually entering sequences and annotation;
this is a difficult and labour-intensive procedure. As the
existence of the data library becomes more widely known, we
are receiving an increasing amount of data directly from
authors in computer-readable form. This is of immense
help, particularly when care is taken to specify the source
of the sequence and the features which have been
identified. We also hope to enlist the aid of journals in
identifying source papers and alerting authors to the need
for data submission. One journal has already agreed to
help in this way.

Based on the response to the library, and the growing
collection task, we are preparing to expand the staff to
the level required to develop fully the library. As we do
so, the work of the group can expand beyond the initial
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task of data collection and distribution, and
eventually include the following:

will

a. Collect, document, and organise the published nucleic
acid sequence data.

b. Freely distribute the data collection for scientific and
industrial use.

c. Establish a public program exchange through which
scientists can offer and obtain software for analysis
and handling of sequence data.

d. Provide an on-line system for remote access to the data
collection, either as a simple file retrieval system or
together with a reasonable set of analysis software,
depending on available resources.

e. Provide assistance and working facilities for EMBL staff
and visiting scientists who wish to use the data library
for their research.

f. Define and pursue a program of research which uses the
Library and contributes to its improvement.

As mentioned above, the first two tasks are well-
established, and it is hoped that work on the remaining
tasks can begin in 1983.

Organisation of the data library

A number of constraints had to be considered in the design
of the data library. Foremost among these was the need for
the library to be useful to researchers throughout the
world having widely varying computing experience and
equipment. This implied that an organisation was necessary
which would be compatible with both very simple and very
sophisticated computer systems. Further, it was desirable
that the library be useful in printed form as a reference
for scientists having little or no access to computers.

A second set of constraints were implied by the rapidly
changing requirements and applications- relevant to the
sequence library. The developing understanding of sequence
information make it very likely that some analytical
methods which will be essential in a few years are unknown
today. In addition, new features in sequence data are
constantly discovered. These facts dictated an adaptable
organisation which would be amenable to new analysis
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complementary DNA; gastrin.

Porcine messenger RNA for preprogastrin.

01-JUL-1982 (first entry)

SCGAST SUS.SCROFA.GASTR1N; RNA; 462 BP.
This is a sample footnote to data library staff.

Description

messenger RNA
reading frame preprogastrin

To

462
373

1
62

From

MSG
CDS

Key

This is a sample comment.

Sequence 462 BP; 110 A; 147 C; 135 G; 70 U.
GAUGGAGAAC UGAGGCACCA GGCCAACAGC AGCACACCUG CCUCCCAGCU CUGCAGUCAA
GAUGCAGCGA CUCUGCGCCU AUGUCCUGAU CCAUGUGCUG GCUCUGGCCG CCUGCUCUGA
AGCUUCUUGG AAGCCUGGCU UCCAGCUGCA AGAUGCGUCC UCAGGACCAG GAGCCAACAG
GGGCAAAGAG CCACAUGAGC UGGAUCGGCU UGGCCCAGCC UCUCACCACC GAAGGCAGCU
GGGGCUCCAG GGGCCCCCUC ACCUGGUGGC AGACCUGGCC AAGAAGCAGG GGCCAUGGAU
GGAGGAGGAA GAAGAAGCAU AUGGAUGGAU GGACUUCGGC CGCCGCAGUG CUGAGGAAGG
AGACCAGCGU CCCUAGAACC GAGCUCCAGA GCCCAGCCAC CUCCUAGGCC AUCCCAGUCC
AGCCACAUGA AAGCCAAGUC CCAAUAAACU AGCUUCCAAC GG

Sus scrofa domesticus (domestic pig, porc, Hausschwein)
Eukaryota; Metazoa; Chordata; Vertebrata; Tetrapoda; Mammalia;
Eutheria; Artiodactyla.

[1] (bases 1-462)
Yoo O.J., Powell C.T., Agarwal K.L.;
"Molecular cloning and nucleotide sequence of full-length
cDNA coding for porcine gastrin";
Proc. Natl. Acad. Sci. USA 79:1049-1053(1982).

10--XX
DT
XX
DE
XX
KW
XX
as
OC
OC
XX
RN
RA
RT
RT
RL
XX
CC
XX
FH
FH
FT
FT
XX
SQ

PLATE 30
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methods, and which would not preclude later reorganisation
in response to new requirements. In addition, it was
necessary that the organisation be readily extensible to
include new types of information which become important.

All of these facts, combined with the intially limited
resources for the library,. led to an extremely simple
design for the data library. The library is composed of
sequence entries, each of which corresponds to a single
contiguous sequence as contributed or reported in the
literature. Often a single paper provides data for several
entries, as when homologous sequences from different
organisms are compared.

The entries in the data base are structured so as to be
usable by readers as well as by computer programs.
The explanations, descriptions, classifications and other
comments are in ordinary English, and the symbols and
formatting employed for the base sequences themselves
have been chosen for readability. Wherever possible,
symbols familiar to molecular biologists have been
used. At the same time, the structure is systematic enough
to allow computer programs to easily read, identify, and
manipulate the various types of data included.

Each entry in the data base is composed of lines.
Different types of lines, each with its own format, are
used to record the various data which make up the entry.
Note that each line begins with a two-character line code,
which indicates the type of information contained in the
line. In general, fixed format items have been kept to a
minimum, and a more syntax-oriented structure adopted
for the lines. A sample entry is shown in Plate 30.

This basic organisation is known as a "flat file", and can
be readily converted by computer programs into a more
sophisticated one (for use by, say, a relational data base
management system). At the same time, this approach
insures that the data remain accessible to quite simple
programs.

Comments from users of the first release indicate that the
simple organisation of the data library is one of its
strongest features. The data have been successfully used on
many different computer systems, and in conjunction with
widely varying software.
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The Outstation at the DESY, Hamburg

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

Members: K.-S. Bartels, H.-D. Bartunik, D. Dainton*, J.
Hendrix, C. Hermes, P. Laggner

Fellows: L. Lijk*, M. Marden*, L. Perez-Grau*, ·M.-C. Vega*

Trainees: W. Hass*, J •. Kuhl*

Visiting workers (all part of the year): Y. Amemiya, K.
Appelt, W. Bennett, P. Bjorkman, D. Blow, C. Bond, F.
Borras, C.-I. R. Bray, K. di Gleria, J. Drenth, K.
Eason, Y. Engelborghs, J. Erickson, W. Faruqi, M. Garavito,
G. George, E. Gilberg, V. Goldanksi, R. Goody, L. Green, H.
Grewe, J. Hajdu, H. Hartmann, H.-J. Hecht, K. Hornbech, H.
Huxley, J. Jenkins, A. Jones, A. W. Kabsch, R.
Kayushina, L. Knakrligge, M. Kress, H. Lederer, ,U. Lindberg,
Y. Maeda, E. Mandelkow, E.-M. Mandelkow, W. Maret, P.
Hatsudaira, P. McLaughlin, R. Miake-Lye, H. Michel, E.
Mosler, D. Osterhelt, M. Pryzbylski, J. Randall, W. Renner,
M. Rossmann, Z. Sayers, K. Schaupert, G. Schneider, R.
Simmons, U. Simonis, I. Summer, M. Taniguchi, D. Thomson,
W. Tremel, J. Walter, S. White, D. Wiley, K. Wilson, A.
Yonath

Technicians and engineers: P. Bendall, H.
Dorrington, T. Gehrmann*, P. Gill*, E.
Klaring, H. Ludwig, P. Moir-Riches, V.
Robrahn, H. Sammet

Borgwardt,
Jerzembek*,
Renkwitz,

E.
R.
B.

DORIS was entirely rebuilt in 1982 and the machine was only
started at the end of May after an eight months shutdown.
The new DORIS II was designed to reduce the running cost
and to enable high energy physics colliding beam
experiments at energies up to 5.6 GeV. Notwithstanding the
expected difficulties with a new machine, 25 of the
scheduled 45 days of main user time (Energy 3.5 GeV,
current 30-70 rnA) as well as 40 of the scheduled 90 days of
parasitic beam time (Energy 4.7 - 5.0 GeV, current 15-25
rnA) were usable. Even so, a shortage of personnel did not
allow to use this beam time with full efficiency. R
difficult period is also expected in 1983 as the efficiency
of the machine will increase and 40 weeks of beam time are
scheduled, among which 13 weeks of main user time.



reduced
three
time-

Instruments.

The basic equipment has been installed in HASYLAB for the
three instruments which can now be used to collect data for
time-resolved diffraction and scattering, protein
crystallography and x-ray spectroscopy (EXAFS).

The station for protein crystallography combines facilities
for different types of data collection. The wavelength,
tunable frow 0.65 R to 2.5 R and the very narrow bandpass

of 10-) make the instrument well suited for
anomalous scattering, while retaining a high flux for
routine applications. The station is also equipped with a
four-circle diffractometer, differing from conventional
devices in that it has a second 28 arm, which now carries a
standard rotation camera for film data collection and on
which an area detector will eventually be mounted. The
temperature of the protein crystal can be controlled
between 100 K and 330 K.

The EXAFS station is equipped with an Si(lll) channel-cut
monochromator, which allows a continuous energy scan
between Sand 30 keV (Plate 31). This rangZ4 coverssothe
absorption edges (K-edges) of elements from Cr to Sn.
The second optical element, in this beam line, a gold-
coated toroidal mirror, which will focus the beam both in
the horizontal and vertical direction, will be installed in
the middle of 1983. The nominal magnification of the
system is 0.76.

The double focussing fixed wavelength camera designed for
time-resolved measurements and other applications requiring
high density has remained unchanged.

In Lab. IV which receives light during parasitic shifts
only the double focussing camera for protein
crystallography (XII) has been kept in operation. Two of
the instruments, S11 (EXAFS) and X13 (time-resolved
measurements), had to be partly dismantled to equip the new
devices in HASYLAB. Further, the anomalous small-angle
scattering camera XIS and the Mossbauer spectroscopy device
(Pl1) are now maintained by external' groups.

The number of different areas of research has been
compared with the past in order to concentrate on
main fields of activity: protein crystallography,
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PLATE 31

View of the goniometer for the EXAFS monochromator (left) •
This device is installed in the vacuum beam line. The arrow
indicates the position of the channel-cut Si [lllJ single
crystal, a view of which is shown at the bottom.
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resolved scattering and x-ray spectroscopy (EXAFS) - from
feasibility studies to more routine applications on a
larger variety of biological systems. This is illustrated
by the list of projects accepted by the Priorities
Committee (Table 3).

Technical support

The general infrastructure of the Outstation was
considerably improved in 1982. A VAX11-750 computer was
installed and most data evaluation and interpretation
programs have already been transferred to this machine.

Further, the mechanical workshop was equipped with a
numerically controlled (NC) milling machine.

The technical support group was very active during the
shutdown period. This enabled a smooth operation of the
instruments in HASYLAB and Lab IV from the very beginning
of the measurement period.

Development of new systems

Fine grid detector

J. Hendrix

The report on this work is included in the detector group
report on p. 149.

Linear and area detectors and data acquisition systems for
time-resolved solution and fibre scattering

A. Gabriel (EMBL, Grenoble) C. Boulin (EMBL, Heidelberg),
I. Sumner (Daresbury Laboratory), D. Dainton, M.H.J. Koch,
J. Bordas.

A final version of the CAMAC data acquisition modules for
time-resolved measurements with linear detectors was
produced and the software optimized and documented so that
the system now be distributed to other laboratories.,
Tests were performed on a system for time-resolved
measurements using an area detector with faster readout
with time to digital convertors, allowing count rates of
several hundred kHz. The system, which will be routinely
usable in 1983, was set up in collaboration with the
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Daresbury Laboratory and incorporates a large CAMAC memory
designed and built there.

Further, a new scientist and a technician were recruited to
design a data acquisition system for an area detector for
protein crystallography.

Selected research projects

A full account of the research projects is to be found in
the references for the collaborative projects.

Protein crystallography

The parasitic beam time on XII was used for routine film
data collection on various systems: Porin (Garavito,
Jenkins & Rosenbusch, Basel/EMBL), Bacteriorhodopsin and
reaction center (Michel & Osterhelt, MPI Munich), HLA
(Bjorkmann & Wiley, Harvard), Actin-DNAse (Kabsch & Suck,
MPI Heidelberg/EMBL) and Rhinovirus (Erickson & Rossmann,
Purdue). Applications on X3l included a low temperature
study on phosphorylase b at -lOOoC and -150oC (Johnson,
Oxford).

Structure determination of Kallikrein A

w. Bode, Z. Chen (MPI fuer Biochemie, Martinsried), C.
Kutzbach, G. Schmidt-Kastner (Bayer AG, wuppertal), H.D.
Bartunik, K.S. Bartels.

The structure of porcine pancreatic Kallikrein A was
determined at 2 R resolution. Kallikreins belong to a
family of trypsin-like serine proteases with high specifity
for the natural sUbstrate kininogen. The proteolytic
process releases vasodepressor peptides called kinins.
Compared to trypsin, the reactivity of Kallikrein towards
other protein substrates and inhibitors is strongly
reduced.

Porcine pancreatic Kallikrein A was crystallized at pH8 in
the tetragonal spacegroup P4 212, a=b=90.2 R, c=159.4 R.
The asummetric unit contains two molecules, each consisting
of a protein chain of MW 25,000 (cleaved at the "Kallikrein
loop" site) and carbohydrate chains, which remain invisible
in the crystal structure.
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The use of synchrotron radiation allowed us to extend the
resolution of the native data set from 2.5 R to 2.05 R. The
two molecules in the assymmetric unit, which
significantly in their conformation especially
surface loops, were refined independently.

differ
in the

Comparison with bovine trypsin reveals remarkable spatial
homology: the root-mean-square (rms) difference for main
chain atoms in inner segments is 0.68 R. The active sites
are strikingly similar in both enzymes. Unlike trypsin,
however, the binding site of Kallikrein is surrounded by a
prominent rim formed by external loops, which account for
most of the major structural differences. These specific
structural features of Kallikrein represent a steric
hindrance to the docking of the common trypsin substrates
and inhibitors, and explain the reduced reactivity of
Kallikrein as compared to trypsin.

Time-resolved measurements

Studies on striated muscle

H.E. Huxley, A.R. Faruqi, M. Kress (MRC, Cambridge), R.M.
Simmons (University College, London), Y. Maeda (MPI fur
Medizinische Forschung, Heidelberg), J. Bordas, M.H.J.
Koch.

A major paper describing all the essential features of the
changes in the myosin layer line pattern during normal
contraction has been published (Huxley et al., 1982). The
work on rapid transients has been fully analysed and is
submitted for publication, following a previous preliminary
account (Huxley et al., 1980).

New studies on the behaviour of the various actin-based
reflections during contraction have already shown that the
changes attributed to tropomyosin movement during the on-
off switching of the contractile mechanism can indeed be
detected in the time-resolved mode and should repay further
investigation. A start has also been made on limulus
muscle, a preparation whose diffraction diagram has some
important technical advantages over that of frog muscles.
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X-ray solution scattering study of microtubule poly-

merisation

E.-M. Mandelkow, E. Mandelkow & W. Renner (MPI fUr
Medizinische Forschung, Heidelberg), J. Bordas

Microtubules from mammalian brain may be polymerised
reversibly from their subunit protein (tubulin and
associated proteins) by temperature changes between OoC and
37 0 C. These structural transitions have been studied by
time-resolved x-ray solution scattering. A temperature jump
device was constructed which allows jumps from 0 to 37 0 C
with a half time of 2 sec, which are short compared to the
overall assembly reaction (30-60 sec). Plate 32 shows the
central scatter (indicating the average degree of
polymerisation) as a function of temperature. The lower
branch (A to F) corresponds to assembly, the upper branch
(G to K) to disassembly. The letters mark the transitions
from one reaction to another. For example, A-C are
prenucleation events, in which ring oligomers break down, a
phenomenon which had not been detected by other methods. c-
D corresponds to nucleation by lateral association of short
stretches of protofilaments and D-E to microtubule growth.
The assembly and disassembly branches are separated by
120 C, creating a hysteresis-like appearance. This
phenomenon indicates that nucleation is rate limiting even
at slow heating rates.

Plate 33 is a correlation plot used to define structural
transitions independently of their kinetics. This analysis
is based on the fact that the scattering at different
angles is sensitive to different types of structure. In
this example, one cOrrelates the total intensity with the
intensity at 0.5 nm- , which is sensitive to microtubule
elongation. Note that there is positive correlation
between D and E (microtubule growth), while the events up
to nucleation (A to D) show a more complicated behaviour.

The reactions detected by x-ray scattering can be related
to electron microscopic observations. Plate 34 shows images
of tubulin aggregates typical of the phases A-G. The
initial cold solution (20 C) shows ring oligomers, tubulin
subunits, and short protofilament fragments. Between 16 0

and 22 0C (b-c) rings are seen to disintegrate into single
rings, as well as fragments and subunits. The image at 22 0 C
(d) corresponds to the state of the system and shows mainly
short fragments which associate to form microtubules as
illustrated by the image at 37 0 C (e). Upon returning to low
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Central scattering intensity I cs as a function of
temperature during one cycle of assembly and disassembly of
microtubules.

....: .

lE
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PLATE 33 -------4.._ Itotal

Cross-correlation of total intensity received by the
detector with the intensity I mc at the first side maximum
of the microtubule pattern. Assembly and disassembly
branches are displaced vertically for clarity.
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PLATE 34

Electron micrographs of negatively stained tubulin
aggregates during a temgerature scan of 1°C/min. Top row:
(a) 2°C, (b) and (c) 16 C; bottom row: (d) 22°C, (e) 37°C,
(f) return to 2°C.
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temperature {2oC (f», microtubules disintegrate into
fragments which then reassociate into rings. Since the
conversion between different types of aggregate seems to
be mediated by smaller units, the rings or other
polymorphic aggregates often observed by electron
microscopy are only storage forms or kinetic overshoot
aggregates.

Actin-subfragments association and dissociation

F. Borras-Cuesta (EMBL-Grenoble), J. Bordas, M.H.J. Koch

The feasibility study on the investigation of in vitro
binding of subfragments 1 (Sl) to actin filaments using
time-resolved x-ray scattering on solutions and gels has
yielded somewhat more than the usual "promising results"
(Plate 35).

From the low-angle solution scattering pattern it is
possible to extract precise information about the overall
shape of the actin-Sl complex. The high-angle part of the
solution pattern exhibits features which can be correlated
with those of the known actin fiber diffraction patterns.
Changes of the observed intensities, when Sl is bound to
actin filaments, are reminiscent of observations on rigor
muscle. These experiments also yield rates for attachment.

Structural studies on chromatin solutions and gels

L. Perez-Grau, M.C. Vega, J. Bordas, M.H.J. Koch.

Chromatin fragments from chicken erythrocyte nuclei are
being studied by x-ray scattering on solutions and gels.
In particular, the possibility that the maximum at
approximately 20 nm, characteristic of the unfolded
nucleofilament, arises from a specific ultrastructural
feature is being investigated using chromatin fragments
selectively deprived of lysine-rich histones and by
modification of the nucleofilaments by ethidium bromide
intercalation.

Further, preliminary work to investigate possible
differences in the histone-DNA interaction during
condensation of the chromatin fiber has been started using
UV histone-DNA crosslinking.
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PLATE 35

S9AS1A F-ACTIN

Scattering intensity of F-actin and F-actin/Sl gels. The
observed features can be correlated with some of the
reflexions in the the diffraction patterns from muscle.
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Dianoux, ,A.J.
vibrations in
spectroscopy.

EXAFS (x-ray spectroscopy)

C. Hermes, D. Dainton, J. Bordas, M.H.J. Koch

Only calibration measurements using metal foils could be
performed on the new instrument in HASYLAB. Data collection
on biological systems is due to restart in March 1983.

In the longer run it is planned to install a cryostat to
try and trap intermediates states in substrate binding
studies on Zn and Mo enzymes.

New interactive data analysis software was installed on the
VAX and the previously collected data on Zn and Cu enzymes
was processed. A paper on a comparison between EXAFS and
crystallography for insulin and Zn model systems is in
press (Bordas et al., 1983).

during the year

Bartunik, H.D. (1983). Low temperature and time-resolved
crystallography using synchrotron radiation. Nucl. Instr.
Meth., (in press).

Bartunik, H.D., Fourme, R. & Phillips, J.C. (1982) •
. Macromolecular crystallography using synchrotron radiation.
In Uses of Synchrotron Radiation in Biology: ed. Stuhrmann,
H.B.; Acad. Press, London, p.14S-202.

Bartunik, H.D., Jerzembek, E., Pruss, D. & Huber, G.
(1982). Time-resolved study of protein structure. Z.
Kristallographie, lS9, 14.

Bartunik, H.D., Jolles, P., Berthou, J. &
(1982) Intramolecular low-frequency
lysozyme by neutron time-of-flight
Biopolymers, 21, 43-S0.

Bartunik, H.D. & Schubert, P. (1982). Crystal cooling for
protein crystallography with synchrotron radiation J. Appl.
Cryst., IS, 227-231.

Bode, W., Chen, Z., Bartels, K.S., C., Schmidt-
Kastner G. & Bartunik, H.D. (1983). The refined 2 R x-ray
crystal structure of porcine pancreatic Kallikrein A, a
specific trypsin-like proteinase. J. Mol. BioI., 164, 237-
282.
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Bordas, J. (1982). applications of x-ray spectroscopy to
biophysical problems. In Uses of Synchrotron Radiation in
Biology: ed. Stuhrmann,·H.B.; Academic Press, London,
p.107-144.

J., Dodson, G.G., Grewe, H., Koch, M.H.J. &
Randall, J. (1983). A comparative assessment of the zinc-
protein coordination in 2 Zn-insulin as determined by x-ray
absorption fine structure (EXAFS) and x-ray
crystallography. Proc. Roy. Soc., (in press).

Bordas, J., Fourme, R. & Koch, M.H.J.
detectors for synchrotron radiation.
Meth., 201.

(1982). X-ray
Nucl. Instr. and

Bordas, J., Koch, M.H.J., Hartmann, H.J, & Weser, u.
(1982). Tetrahedral copper-SUlphur coordination in yeast
Cu-thionein, an EXAFS study. FEBS Lett., 140, 19-21.

Bordas, J. & Mandelkow, E. (1983). Time-resolved x-ray
scattering from solutions using synchrotron radiation. In
Fast Methods in Physical Biochemistry and Cell Biology,
eds. Shaafi, R.I. & Fernandez, S.M., Elsevier/North Holland
Biomedical Press, Amsterdam, 137-172.

Bordas, J., Mandelkow, E.-M. & Mandelkow, E. (1983).
Stages of tubulin assembly and dissassembly studied by
time-resolved synchrotron x-ray scattering. J. Mol. BioI.,
164, 89-135.

Boulin, C., Dainton, D., Dorrington, E., Elsner, G.,
Gabriel, A., Bordas, J. & Koch, M.H.J. (1982). Systems for
time-resolved measurements using one-dimensional and two-
dimensional detectors requirements and practical
experience. Nucl. Instr. Meth., 201, 209-220.

Buras, B.N., Fourme, R. & Koch, M.H.J. (1983). X-ray
diffraction - principles and applications. In Handbook of
Synchrotron Radiation: eds. Eastman, D.E. & Frage, Y.,
Vol. 1, ed. Koch, E.E.; Elsevier/North Holland, (in press).

Clout, P. (1983). Data acquisition. In Ues of Synchrotron
Radiation in Biology; ed. Stuhrmann, H.B.; Academic Press,
London, p.321-341.

Clout, P. (1982). Data acquisition· for time-resolved
measurements. Nucl. Instrum. Methods, 201, 225-230.
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Dorrington, E. (1982). Encodable real time interval
counter, Mark II (ERIC 2): a CAMAC module to control time-
resolved measurements. Nucl. Instrum. Methods, 201, 247-
250.

Elsner, G., Koch, M.H.J., Bordas, J. & Zachmann, H.G.
(1982). Time-resolved small-angle scattering during
isothermal crystallization of unoriented polyethylene-
terephthalate using radiation. Macromolecular
Chern. Phys., 182, 1263-1269.

Garavito, R.M., Jenkins, J.A., Jansonius, J.N., Karlsson,
R., Rosenbusch, J.P. & Bartunik, H.D. (1982)
Crystallization and preliminary crystallographic studies of
porin, an integral membrane protein from E.coli.
Experientia, 38, 740.

Garner, C.D., Hasnain, S.S., Bremner, I. & Bordas, J.
(1982) .An EXAFS study of the zinc sites in sheep liver
metallothionein. J. Inorg. Biochem., 16, 2"53-256.

Gill, P. (1982). A fast priority encoder system for use
with multiwire detectors at synchrotron radiation sources.
Nucl. Instrum. Methods, 201, 135-137.

Glatter, O. & Laggner, P. (1982).
from x-ray small-angle scattering
("white") synchrotron radiation.
press) •
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H.J., Bordas, J., Koch, M.H.J. & Weser, u.
X-ray absorption spectroscopy and extended x-ray
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Hoppe-Seylers Zeitschr. f. Phys. Chern., 363,

Huxley, H.E., Faruqi, A.R., Kress, M., Bordas, J. & Koch,
M.H.J. (1982). Time-resolved x-ray diffraction studies of
the myosin layer-line reflections during muscle
contraction. J. Mol. 158, 637-684.

Koch, M.H.J. & Bordas, J. (1983). X-ray diffraction and
scattering on disordered systems using synchrotron
radiation. Nucl. Instr. Meth., (in press).

Koch, M.H.J., Stuhrmann, H.B., Tardieu, A. & Vachette, P.
(1983). Small-angle scattering of solutions. In Uses of
Synchrotron Radiation in ed. Stuhrmann,
Acedemic Press, London, p.223-253.
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Laggner, P. (1982a). Lipids, lipoproteins and membranes.
In Small-angle X-ray Scattering. eds. Kratky, O. & Glatter,
0., Acad. Press, London, pp. 329-359.

Laggner, P. (1982b). The structure of plasma lipoproteins
- an overview. In Surfactants in Solution. Ed. Lindmann,
B. & Mittal, K., Plenum Press, London, (in press) •
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Microtubule assembly in vitro studied by time-resolved x-
ray scattering and electron image analysis of kinetic
overshoot aggregates. Biology of the Cell, 45, 425.

Mandelkow, E., Mandelkow, E.M. & Bordas, J. (1982).
conformation of tubulin in ring aggregates determined by
synchrotron x-radiation. Biology of the Cell, 45, 258.

Marden, M.C. (1982). A coupled diffusion and barrier
for the recombination kinetics of myoglobin with
monoxide. Eur. J. Biochem., 128, 343-348.

Nilsson, L., Rigler, R. & Laggner, P. (1982). Structural
variability of t-RNA: small-angle x-ray scattering of the
yeast tRNA-E.coli tRNA complex. Proc. Natl. Acad. Sci.
USA, 79, 5891-5895.

Phillips, J.C., Bordas, J., Foote, A.M., Koch, M.H.J. &
Moody, M.F. (1982). The zinc-sulphur bonds of aspartate
transcarbamylase studied by x-ray absorption spectroscopy.
Biochemistry, 21, 830-833.

Posch, M., Rakusch, U., Mollay, C. & Laggner, P. (1982).
Cooperative effects in the interaction between and
phosphotidylcholine model membranes studies by
temperature scanning densitometry. J. BioI. Chern., (in
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Table 3

List of Projects

(accepted by the Priorities Committee)

Protein crystallography:

Atomic resolution data
collection for the crystal-
lized top and bottom
components of belladonna mot-
tle virus.

Time-resolved crystallographic
investigation of bacteriorho-
dopsin during the photocycle.

Coenzyme binding to crystals
of liver alcohol dehydrogenase
at low temperatures.

Potato phosphorylase crystal
structure.

X-ray diffraction on a single
two-dimensional lattice of
bacteriorhodopsin.

Structural analysis of matrix
porin, an integral membrane
protein from E.coli

The structure determination of
hemocyanin at 3.0 R resolution
and location of the copper
atoms in the active site by
means of anomalous scattering.

Low temperature crystallogra-
phy of PTI.

P. Argos,
Purdue University,
USA

H.D. Bartunik,
EMBL Hamburg,
Fed. Rep. Germany

C. -I. Bra,nden,
Univ. of Uppsala,
Sweden

M. BUhner, F.G. Rontgen,
WUrzburg
Fed. Rep. Germany

G. BUldt,
Freie Univ. Berlin,
Fed. Rep. Germany

R.M. Garavito,
Univ. of Basel,
Switzerland

J. Drenth,
Rijksuniversiteit
Groningen,
Netherlands

R. Huber,
MPI fUr Biochemie,
Martinsried
Fed. Rep. Germany

Low temperature study
phosphorylase b.

of L.N. Johnson,
Univ. of Oxford,
England

Low temperature and diffuse
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scattering experiments with
crystals of glycogen phospho-
rylase b.

Univ. of OXford,
England

High resolution
the skeletal
DNaseI complex.

structure of
muscle actin:

D. Suck,
EMBL Heidelberg,
Fed. Rep. Germany

Structure analysis of ribofla-
vin synthase from B.Subtilis.

Effects of melittin on the
hydrocarbon chain packing in
phosphatidylcholine model mem-
branes.

The location of the iron atoms
in rabbit plasma transferrin
using anomalous dispersion
techniques.

X-ray crystallographic study
of the principal subunit of
the lens structural protein,
bovine a-crystallin.

Fragment 1 of bovine prothrom-
bin.

Low-temperature study of an
enzyme and substrate complex.

Data collection of 3-D
bacteriorhodopsin crystals

Dynamics of met-myoglobin at
low temperatures.

Crystallographic studies of
antibody molecules and antigen
binding.
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R. Ladenstein,
MPI fUr Biochemie,
Martinsried
Fed. Rep. Germany

P. Laggner,
Inst. f. Rontgenfein-
strukturforschung,
Graz,
Austria

P.F. Lindley,
Birkbeck College,
London
England

P.F. Lindley,
Birkbeck College,
London,
England

O. Lindqvist,
Chalmers Univ. of Techn.,
Gothenburg,
Sweden

E.F. Meyer,
Texas A & M Univ.,
USA

H.Michel,
MPI fUr Biochemie,
Martinsried,
Fed. Rep. Germany

F. Parak,
. Univ. of MUnster,
Fed. Rep. Germany

D.C. Phillips,
Univ. of Oxford,
England



Structure of alfalfa mosaic
virus.

Structure of nitrogenase.

Structure of rhinovirus.

M.G. Rossmann,
Univ. of Purdue,
USA

M.G. Rossmann,
Univ. of Purdue,
USA

M.G. Rossmann,
Univ. of Purdue,
USA

D-ribulose-l,
carboxylase.

5-bisphosphate w. Sanger,
Inst. f. Kristallogr.,
Berlin,
Fed. Rep. Germany

Proteinase K - high resolution
(1. 5 R) study.

w. Sanger,
Inst. f. Kristallogr.,
Berlin,
Fed. Rep. Germany

High-resolution studies
crystalline sUlfhydryl
tease calotropin DI.

of
pro-

w. Sanger,
Inst. f. Kristallogr.,
Berlin,
Fed. Rep. Germany

Human histocompatability
antigen structure.

X-ray analysis of the struc-
ture of ribosomes and their
subunits.

Anomalous small-angle scattering

Investigation of the
distribution of ions in bio-
logical membranes.

Anomalous dispersion of metal
ions adsorbed on surfaces of
plasma lipoproteins and phos-
pholipid bilayers.

EXAFS
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D.C. Wiley,
Harvard Univ.,
USA

A. Yonath,
Weizmann Inst.,
Rehovot,
Israel

G. Buldt,
Freie Univ. Berlin,
Fed. Rep. Germany

P. Laggner,
f. Rontgenfein-

strukturforschung,
Graz,
Austria



Cd edge EXAFS on
substituted Zn enzymes.

Cd R. Bauer,
Ris¢ Natl. Lab.,
Roskilde,
Denmark

The structures of molybdenum
centres in enzymes from x-ray
$pectrsocopy.

X-rays spectroscopy of
hemoproteins under static and
dynamic conditions.

EXAFS-spectroscopy of soybean
lipoxygenase-l.

EXAFS investigations on
polynuclear metal-sulphur com-
pounds which derive from the
(F:SS6 (SR)a) coordination unit
unlt..

EXAFS investigation on polynu-
clear metal-sulfur compounds
with close structural rela-
tionships to iron-sulfur
protein sites.

EXAFS investigations on metal
complexes of Zn(II) and Pt(II)

biochemical significance.

EXAFS investigation of the
zinc environment in carboxy-
peptidase alone and in
combination with a slow-acting
substrate.

X-ray absorption spectroscopy
of copper proteins.

R.C. Bray,
Univ.of Sussex,
Bnglq,nd

M. Brunori,
Univ. of Rome,
Italy

M.C. Feiters,
Univ. of Utrecht,
Netherlands

G. Henkel,
Inst. d. WWU,
Mlinst'er,
Fed. Rep. Germany

G. Henkel,
Inst. d. WWU,
MUnster,
Fed. Rep. Germany

B. Krebs,
Inst. d. WWU,
MUnster,
Fed. Rep. Germany

J. Randall,
Univ. of Edinburgh,
Scotland

T. Vanngard,
Chalmers Tekn. Hogsk.,
Gothenburg,
. Sweden

EXAFS spectroscopy
Cu-thionein and
Cu-thiolate compounds.

of
other

U. Weser,
Univ. of TUbingen,
Fed. Rep. Germany

Violet Fe-protein with phos-
phatase activity.

-246-

H. Witzel,
Inst. d. WWU,



EXAFS studies of catalytic
sites in metalloenzymes and
their changes during the cata-
lytic cycle zinc
dehydrogenases and oxygenases.

Munster,
Fed. Rep. Germany

M. Zeppezauer,
Univ. of Saarbrucken,
Fed. Rep. Germany

Time-resolved scattering! diffraction

Self-assembly of brome mosaic
cirus capsid.

Kinetic and structural studies
of actin polymerization and
bundle assembly.

Structure and dynamics of
actomyosin cycle in solution.

Dynamic x-ray diffraction
investigations on demembranat-
ed muscle.

Interaction of DNA dependent
RNA polymerase with DNA.

Collagen molecular packing in
tendon fibres as a function of
relative length and ages.

Studies of cross-bridge move-
ment in muscle, using rapid
mechanical transients.

Topography of protein crys-
tals.

C.Berthet-Colominas,
EMBL Grenoble,
France

P. Matsudaira,
MRC Cambridge,
England

F.Borras....;Cuesta,
EMBL Grenoble,
France

R. Goody,
MPI f. Med. Forschung,
Heidelberg,
Fed. Rep. Germany

H. Heumann,
MPI f. Biochemie,
Martinsried,
Fed. Rep. Germany

K.Hornbech-Svendsen,
Univ. of Copenhagen,
Denmark

H.E. Huxley,
MRC Cambridge,
England

Z. Kam,
Weizmann Inst.,
Rehovot,
IS.rael

Structural
filaments
traction.

changes in actin
during muscle con-

M. Kress,
MRC Cambridge,
England

Conformational changes of the
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Ca++/M9++-ATPase from sarco-
plasmic reticulum membranes on
Ca and ATP binding.

A synchrotron x-ray scattering
study of the structure and
polymerization of profilactin
and actin from non-muscle
cells.

Inst. f. Rontgenfein-
strukturforschung,
Graz,
Austria

u. Lindberg,
Univ. of Uppsala,
Sweden

Time-resolved x-ray
tion studies with
contracting muscles.

diffrac-
living

J. Lowy,
Open Univ.,
Oxford,
England

Time-resolved changes in x-ray
diffraction patterns from con-
tracting crab/limulus live
muscle.

Y. Maeda,
MPI f. Med. Forschung,
Heidelberg,
Fed. Rep. Germany

Structure and
microtubules.

assembly of E. Mandelkow,
MPI f. Med. Forschung,
Heidelberg,
Fed. Rep. Germany

X-ray kinetic study of the
allosteric transition of
aspartate transcarbamylase.

Analysis of molecular arrange-
ment in collagen with the aid
of time-resolved diffraction
pattern.

M. Moody,
EMBL Heidelberg,
Fed. Rep. Germany

Th. Nemetschek,
Univ. Heidelberg,
Fed. Rep. Germany

Conformational
tRNA.

dynamics of R. Rigler,
Karolinska Inst.,
Stockholm,
Sweden

Special projects

X-ray diffraction from protein
crystalline powders. Atomic
resolution data collection for
crystallized top and bottom
components of belladonna mot-
tle virus.
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The Outstation at the ILL, Grenoble

Head: B. Jacrot

Members: A. Bentley, G. Bentley, C. Berthet, F. Borras-
Cuesta, S. Cusack, A. Gabriel, J.-C. R. Leberman,
B. Schoot, M. Zulauf

Fellows: J. Chroboczek, M. Cuillel, C. Devaux, E.
M. Katouzian-Safadi

Hewat*,

Students: B. Antonsson, A. Foote, I.
Weckstrom*, C. Shaw*, J.-Y. Sgro

Mavridou, K.

Visiting workers (all part of the year): J. Baldwin A.
Baudras, B. Baudras, N. Berovic, R. Bligny, T.L. Blundell,
A. Brisson, S. Burley, Charlier, M. Corti, F. Cremers, v.
Degiorgio, G. Dodson, D. Engelman, R.M. Garavito, R. Giege,
R. Hegerl, D. Herbage, T. Jovin, M. Karplus, Kirschner, J.
Kruse, P. Krijgsman, W. Klihlbrandt, A. Lane, J. Mellema, v.
Mautner, A. Miller, D. Moras, K. Nierhaus et al., G.
Oostergetel, A. Parmeggiani, S. Perkins, T. Pitt R.J.
Poljak, M.C. Ronziere, J.P. Rosenbusch, R.W.H. Ruigrok, G.
Schulz, I. Serduyk, A. Spirin, J. Stephenson, R. Thornhill,
G. Trewholla, B. Unitt, D. Wade, J. Witz,

Technical assistants: o. Allibert*, J.-M. Bois, H. Bono*,
M.-T. Dauvergne, A. Henry, M. Lentini*, J. E.
Truche

Introduction

The scientific report of the Grenoble Outstation is
necessarily different from that of the main Laboratory in
Heidelberg since a large part of the activity involves a
service, helping scientists to use the neutron facilities
of the Institut Laue Langevin. This has the consequence
that a substantial part of the report deals with the
development of instruments and service facilities, e.g.
production of deuterated material, methods of analysis of
neutron diffraction data or building of a diffractometer.
The neutron source is used mainly to obtain low resolution
structural information; this has led to·a development of
complementary low resolution structural methods, mainly
electron microscopy.
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The main themes of the scientific program are on viruses,
protein/nucleic acid interaction and membrane proteins.

Electron microscopy group

The grid technique applied to catalase platelets

J.C.

Last year's report described ultrathin sections of
negatively stained microcrystals deposited on electron
microscopic grids. This grid sectioning technique allows
the determination of crystal projections with a high axial
and angular precision which cannot be obtained by other
methods. This year, the grid sectioning technique was
further. refined and applied to catalase platelets
1982). Catalase as a model object was chosen for several
reasons: (a) to learn more about microtomy of "th ick"
objects; (b) to understand the interactions between the
negatively stained specimen and the supporting film; (c)
to use the projections obtained with the grid sectioning
technique for 3-D reconstructions (see contribution with S.
Cusack).

This method may thus be an alternative to study structures
which are not directly accessible using the methods
developed for 2-D crystalline arrays.

3-D reconstruction of molecular shape from thin sections of

biological microcrystals

s. Cusack & J.C.

3-D reconstruction techniques, using electron microscopy,
have been developed for application to 2-D arrays of
biological molecules and symmetrical single particles.
However, many biological molecules that crystallize form
mUltilayered microcrystals which are unsuitable for study
either by the standard methods of 3-D reconstruction or,
because of their size, by x-ray crystallography. The grid-
sectioning technique (see above) may offer an alternative
where a number of different projections of microcrystals
can be obtained in well-defined directions.
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Given sufficient projections there may be enough
information for a crystallographic reconstruction in
Fourier space (e.g. Ohlendorf et al., 1978). We, however,
have considered the situation where only a limited number
of projections are available, as for example in the case of
catalase platelets where three orthogonal and two diagonal
projections have been obtained (Plate 36). A real-space
reconstruction method based on the SIRT algorithm (Gilbert,
1972) has been tried to solve this problem. The advantage
of real-space reconstruction methods is that certain
constraints based on previous knowledge may be applied
which hopefully can compensate for incomplete data. The
constraint we apply is that only two density levels are
required to define the contents of the unit cell, that of
the volume occupied by the stain and that of the
complementary volume occupied by the molecule. This
assumption is probably justified at the resolution (15 R)
attainable by normal preparation procedures.

The program can be used in two ways. In the first place it
enables projections at an arbitrary angle to be simulated
using a model of the contents of the asymmetric unit and
taking into account crystal symmetry. This is useful for
trial and error reconstructions as attempted in the case of
catalase. Secondly, it can be used to reconstruct the
contents of the unit cell starting with a number of
experimental or simulated projections. So far only
simulated data have been used to test the performance of
the method. Using as starting data the five projections
calculated from the trial and error 3-D reconstruction of
catalase it is possible to reconstruct the starting model
even if 8% statistical errors are imposed on the
projections. Further work is in progress to establish how
many projections of a given statistical accuracy are needed
to reconstruct successfully to a given resolution and to
resolve certain scaling problems involved in using the
method on real experimental data.

A structural study of fibrinogen and fibrin by electron

microscopy

E. Hewat in collaboration with L. Tranqui & R.H. Wade
(CENG, Grenoble)

This work has led to the determination of the structure of
a proteolytically modified fibrinogen. The results have
been submitted for publication.
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PLATE 36

The three orthogonal and the two diagonal catalase
projections with their corresponding optical diffractograms
and filtered images:

(a) the ab-projection of negatively stained
this is the only proj"ection

available.

catalase
normally

(b and c) are the axial projections obtained by the grid
sectioning of selected microcrystals.

(d and e) represent the projections obtained after
platelets around their b- and
respectively.
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Structural studies of Influenza virus
S. Cusack & E. Hewat (EMBL, Grenoble) in collaboration with
J.E. Mellema, P.C.J. Krijgsman, R.W.H. Ruigrok & F. Cremers
(Leiden University)

The project to investigate the internal structure of
influenza virus has continued with further small-angle
neutron scattering experiments, this time. on live virus
strain B/Singapore. Measurements at pH 7 showed that the
structure is similar to that previously found for
inactivated A and B strains (see EMBL Research Reports
1981; S. Cusack, 1982), but that on lowering the pH to 5
the live strain gave striking changes in the scattering
curve not found in the case of the vaccines. The
interpretation of these results is not yet clear.

Measurements at low pH were undertaken since mildly acidic
conditions are required to induce membrane fusion activity
of influenza virus (Matlin et al., 1981). This activity
appears to involve a conformational change in the
haemagglutinin, the major glycoprotein which forms spikes
embedded in the viral membrane. Although the crystal
structure of haemagglutinin is known (Wilson et al., 1981),
the arrangement of the spikes on the surface-oi the virus
remains obscure in the case of A and B strains, probably
because of the presence of neuraminidase as the second
glycoprotein spike. However, in the case of influenza C,
which lacks neuraminidase, the haemagglutinin-like
glycoproteins form a regular hexagonal array on the viral
envelope. We have obtained, in collaboration with E. Hewat,
micrographs of negatively stained arrays and have used real
space correlation averaging methods (the image processing
package SEMPER) to obtain filtered images. The best results
were obtained using uranyl acetate; they reveal the
trimeric nature of the spikes and their relative
orientation in the hexagonal array (Plate 37). Combining
this information with the crystal structure of a single
haemagglutinin trimer {bearing in mind that this is for an
A allows speculation about the interspike contacts
and on how the conformational change required for cell
fusion comes about.
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PLATE 37

(TOp) Negatively stained image of a hexagonal array of
Influenza C glycoproteins from a disrupted virion. The
centre to centre distance of the hexagons is about 100 R.
(Bottom) Lattice and rotationally averaged image of one
hexagon showing the trimeric nature and relative
orientation of the glycoprotein spikes. The centre· to
centre distance of the spikes is about 60 R.
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The structure of human adenovirus type 2
C. Berthet-Colomi.nas (EMBL, Grenoble) in collaboration with
C. Devaux (INSERM, Lille) & P.A. Timmins (ILL, Grenoble)

Following a previous study of the proteins in solution the
fibre was crystallized" according to Mautner & Pereira,
1971). The crystallographic study aims towards high
resolution structural information of this protein, which
contains the attachment site of the virus on the host cell
receptors.

To date we have grown small crystals from which it has been
possible to obtain x-ray diffraction powder patterns. The
diffraction peaks can be indexed on a hexagonal cell with
the following parameters

a= b = 77 R c = 590 R
and space group P321. Electron microscopic studies of these
crystals are being performed in parallel.

In addition, a study by x-ray and neutron scattering of a
temperature-sensitive mutant, tsl12 has been undertaken.
This mutant resembles in composition and morphology the
light intermediate particles found in wild-type adenovirus
2 which are identified as precursors of heavy intermediates
preceding the young virions in the assembly pathway.

Structural studies in TYMV caps ids
M. Katouzian-Safadi & C. Berthet-Colominas

Turnip Yellow Mosaic virus RNA is released from viral
capsids after freezing the virus (Katouzian-Safadi et al.,
1980). The aim is to understand how the RNA can escape
from the compact TYMV capsid without its complete
disruption. The empty capsids obtained by the freezing-
thawing process look after negative staining in the
electron microscope similar to the natural caps ids produced
in vivo in infected plants. Several techniques were
combined to detect small differences in the capsid
structure.

Measurements of the sedimentation coefficient indicate that
capsids obtained by freezing are 3 or 4% lighter than
natural empty capsids. This corresponds to a loss of 5 to 8
coat protein subunits out of the 180 needed to build the
complete viral capsid.
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The comparison between the small-angle scattering data
obtained from solutions of natural and artificial empty
caps ids reveals differences which are interpretable if the
missing subunits generate a hole. The presence of a hole
is also confirmed by diffraction of microcrystals.

All these results lead to the conclusion that the RNA
escapes from the capsid through a pore havingOa size of a
few subunits.

Structure of viral RNA in solution and its in vitro
expression
B. Schoot, J.-Y. Sgro, J. Chroboczek & B. Jacrot

The aim of this program, started in November 1980, is to
study the three-dimensional structure of viral RNAs, namely
RNA3 (MW 700,000) and RNA4 (MW 280,000) of Brome Mosaic
virus (BMV). Neutron scattering and Sedimentation
measurements have been made and biochemical studies have
concentrated on translation of the RNAs in cell free
systems.

Physical studies

By neutron scattering we have confirmed that viral RNA in
solution has an open structure. Neutron scattering
measurements were made on RNA3 and RNA4 in the presence of
spermidine (0 to 1.2 roM) • The results are not yet
understood and are still being analysed.

By sedimentation studies, no effect of spermidine on the S
value of RNA4 was observed indicating the absence of strong
RNA compaction in the presence of spermidine. Additionally
it was found that change of salt (KCI) concentration up to
1 M had no effect on the sedimentation, indicating that the
open structure is not due to electrostatic effects, but is
maintained by bonds involved in the secondary structure of
RNA.

In vitro translation

In cell free wheat germ system spermidine was found to
stimulate strongly amino-acid incorporation in the presence
of BMV-RNA. Analysis of the products synthesized under
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direction of BMV RNA3 and RNA4 has revealed that the
translation of RNA3 was much more sensitive to changes in
spermidine concentration. Optimal translation of RNA3
occurred at a much lower concentration of spermidine than
that of RNA4. This suggests that at least part of the
effect of spermidine is at the level of the RNA structure.

Binding experiments with radioactive spermidine showed that
RNA3 is about two times more accessible to spermidine than
RNA4, which may suggest that the structure of RNA4 is more
compact than that of RNA3. The association of RNA and
polyamine appears to be electrostatic because the bound
spermidine could be dissociated by salts.

Under conditions of maximum protein synthesis there was on
average one molecule of spermidine attached for every 43
nucleotides of RNA4 and one molecule of spermidine attached
for every 42 nucleotides of RNA3. It seems, therefore,
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
stabilization.

Our knowledge about the structural details of specific
protein/nucleic acid interactions in BMV virion is still
limited. Therefore we plan to use chemical modifications
and cross-linking techniques for characterization of RNA
structure (in situ and in solution) as well as for studying
the interaction of BMV RNAs with capsid protein. In a
first approach 4-aminomethyl-trioxalen has been chosen, a
UV-light activated double-strand specific cross-linking
reagent. This reagent is more water soluble than trioxalen,
which we have tried before. Cross-links will be identified
after digestion of RNA and separation of the
oligonucleotides by HPLC. In the first instance we will
concentrate on BMV-RNA4, whose sequence is known. In
parallel, an attempt will be made to determine the position
of the cross-links along the RNA chain by electron
microscopy.

Attempts are being undertaken to cross-link RNA to protein
with several commercially available bifunctional reagents.
Differential peptide maps will enable us to find the
peptides which are in direct contact with RNA.
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Low resolution neutron crystallography using
variation
G.A. Bentley & A. Lewit-Bentley

contrast

The use of H20/D20 contrast variation in low resolution
neutron diffractlon studies is a useful means of
distinguishing protein, nucleic acid, lipid and
carbohydrate in complex macromolecules. The method is
therefore of interest in the crystal structure "analysis of
large molecules where atomic resolution may be difficult or
impossible to achieve.

Methodological and instrumental aspects

In collaboration with M. Roth (ILL, Grenoble)

Diffraction data are recorded on the neutron small-angle
scattering instrument 017, at the ILL. This instrument has
undergone a continued development over the past five years
to improve its performance as a diffractometer. Thus during
1982, the reliability of data collection on 017 was
improved by the installation of a high quality Eulerian
cradle on the instrument.

A new method of integrating intensities measured with a
position-sensitive detector was finalized. The principles
of the method were published (Bentley & Bentley, 1982). A
suite of programs for the complete treatment of contrast
variation crystal data was developed and implemented on the
ILL central DEC-10 computer. A manual describing these
programs was written in December 1982 (ILL Publication No.
82LE24T) •

As a result of experience with low resolution
crystallography on 017, a project for the construction of a
new instrument, totally dedicated to crystallography, was
formulated. This project, approved in December 1982, will
be a collaboration between the EMBL and the ILL. The new
instrument, called DB21, should be in test-mode operation
in about 12 months.
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The structure of the nucleosome core particle

In collaboration with J.T. Finch (MRC, Cambridge) & M. Roth
(ILL, Grenoble)

The first important structural results, obtained at the
resolution of 25 R d-spacing, were published in 1981
(Bentley, 1981). During last year, the resolution of the
data was extended to 16 Rd-spacing for three contrasts, 0%
020' 39% 020 where the protein component is matched out by
tne solvent scattering, and 65% D20, where the DNA is
matched out. Data from a fourth contrast, 90% D20 will be
collected in the summer of 1983.

Approaches to phase the nucleosome structure at low
resolution are proceeding on two lines.

- Refining a 3-dimensional model of the DNA against data
measured in 39% 020 buffer, using least squares
minimisation. So far, while the refinement worked well
at 25 R d-spacing, problems were encountered at higher
resolution. Methods such as solvent flattening, as well
as a more complex parametrisation of the model DNA, are
being tried.

- Direct methods of phasing, where we are exploiting the
information provided by contrast variation. One can
develop expressions analogous to the Sayre equation using
data at several contrasts and initial tests suggest that
this is a hopeful approach to solving complex structures
at low resolution.

Whereas model refining methods may be easier to use for
many systems, they are applicable to only one component
separately. It is then impossible to use directly the phase
information obtained (except for centrosymmetric data). An
inherent ambiguity of sign of the phase change between
contrasts has to be broken: this is another domain where a
Sayre-like equation will be of help.

The low resolution structure of the Satelite Tobacco

Necrosis virus (STNV)

In collaboration with L. Liljas, U. Skoglund & T. Unge
(Wallenberg Laboratory, Uppsala, Sweden)
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The aim of this study is to complement the high resolution
x-ray structure determination by determining the low
resolution structure of the viral DNA. Data have been
collected, to a resolution of 33 Rd-spacing, on crystals
soaked in four D20/H20 contrasts during 1982 three
contrasts have been extended to 16 X d-spacing.

Preliminary structural results have been obtained from the
33 R resolution data. They show that the RNA is not evenly
distributed within the virus particle but is mainly located
in the regions of the twelve icosahedral 5-fold axes at a
mean distance of about 55 R from the virus centre. The
definition of the virus boundary will be much improved with
the 16 R resolution data.

Light scattering group

Intermicellar

detergents

interactions in solutions of nonionic

M. Zulauf & C. Weckstrom

Micellar solutions of octyl oligooxyethylenes, reported in
the last year's Research Report, have been analysed in more
detail. The origin of the attractive forces between
micelles which develop when raising the temperature - and
which ultimately lead to a phase separation of the solution
in a detergent-rich and an aqueous phase - can be traced
back to dispersion forces. At low temperature, hyqration
water associated with the head group layer of the
detergents hinders close approach of the micelles. When the
temperature is raised, the hydration water tends to melt,
allowing closer approach of the micelles and more frequent
sampling of the van der Waals forces between hydrocarbon
cores. These forces also increase upon addition of salts
and precipitating agents used in protein crystallography.
Phase separation then occurs at much lower temperatures.
Preferential interactions of anions with the micelles can
be demonstrated.

B-octyl-glucoside does not show temperature dependent
interaction effects; nevertheless, a phase separation (not
preceded by opalescence) can be obtained in the presence of
salts and polyethylene glycol. The mechanism of the phase
separation is presently under investigation.
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3-D crystals of porins from the outer membrane of E.coli

In collaboration with R.P. Rosenbusch (EMBL, Heidelberg),
R.M. Garavito (Basel) & P.A. Timmins (ILL, Grenoble)

Crystallization of matrix porin from micellar detergent
solutions (Garavito et al., 1982) has only been achieved in
conditions in which the phase separation described above,
occurs. Crystals grow in the detergent-rich phase; their
morphology and space group depends much on detergent
composition, salts, precipitating agents and additives.
Some of these phenomena are investigated in crystallization
assays using matrix porin as well as maltoporin. First
results from low resolution crystallography indicate that
with contrast variation the detergent might be localized in
the crystals at a resolution of 15-20 R (the length of the
detergent monomer is 25 R).

Collaboration with visiting workers

R. Bligny (Grenoble) The molecular weight of
polyphenyloxydase has been determined from sedimentation
and diffusion measurements.

S. Burley (Oxford). The hydrodynamic radius of Iridescent
virus IV29 in solution, 1080A, is much larger than the
radius observed with electron microscopy.

G. Oostergetel (Leiden). Apparent diffusion coefficients of
Alfalf,a Mosaic virus RNA1 depends strongly on polymer
concentration and ionic strength.

J. Stephenson (Oxford). Determinations of the hydrodynamic
radius of Thick Borne Encephalitis virus are complicated by
its tendency to aggregate.

A. Lane (Basel). Measurements of the diffusion coefficients
of reconstituted deuterated tryptophane synthase and of the
B-2 subunit confirm results obtained from the native
enzyme.

A. & B. Baudras (Toulouse). Catabolite activator
does not monomerize at low protein concentrations
mg/ml)j the dimer weight of 45,000 found from
scattering at high concentrations is confirmed.
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Protein dynamics studied by inelastic neutron scattering
s. Cusack & B. Jacrot in collaboration with J. Smith (ILL,
Grenoble)

A growing interest in the dynamics of biological
macromolecules and its importance to function have
increased the need for new techniques capable of giving
dynamic information. One. such technique .is inelastic
neutron scattering whereby information on frequencies of
internal motions of large molecules can be obtained by
measuring the changes in energy of a beam of neutrons upon
interaction with the sample. Changes in vibrational motion
of yeast hexokinase upon binding of its substrate glucose,
which is accompanied by a considerable conformational
change, was therefore performed. The experiment
demonstrated small changes in the vibrational spectrum of
hexokinase upon binding of glucose which have been
interpreted as a stiffening of the enzyme structure (Jacrot
et al., 1982). Further experiments on a smaller protein are
planned, thus enabling us to test current theoretical
models of protein dynamics.

Deuteration laboratory
R. Leberman with B. Antonsson, A.M. Foote &
(students) and M.-Th. Dauvergne & C. Shaw
assistants) •

As reported last year the laboratory is now operational for
the production of bacterial cell components deuterated at
the customary levels required for neutron scattering
studies. This is best exemplified by the continued supply
of deuterated E.coli IC 100 for the tryptophane synthase
project at the Biozentrum, Basel (K. Kirschner & A. Lane).

During the year we have started the production of highly
deuterated E.coli (MRE 600). This i 2 achieved by growing
the bacteria in a medium of 99.8% H20 and using fUlly
deuterated succinic acid as a carbon source (LeMaster &
Richards, 1982). The deuterated succinic acid is an in-
house product. The deuterated bacteria is used as a feed
stock for Physarum polycephalum in the production of
deuterated histone HI (see below).
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Physarum polycephalum

A.M. Foote & R. Leberman

This is a project mainly in collaboration with B. Carpenter
& J. Baldwin (Portsmouth, U.K.) aimed at the isolation of
histone HI from Physarum polycephalum for structural
studies of chromatin by neutron scattering. Since,
eventually, we aim to produce deuterated HI, work has
continued on improving the procedures for the isolation of
the histone from non-deuterated Physarum and determination
of deuteration levels in proteins.

NMR measurements have been used to establish the
deuteration levels obtained on a total nuclear basic
protein extract from Physarum polycephalum grown on a
feedstock with an average protein deuteration level of 64%.
Two methods have been applied to acid hydrolysates of the
proteins:

(1) a combination of 1H and 2H NMRj

(2) a combination of 1H NMR followed by absolute amino-acid
analysis of the NMR sample.

The first method gives information on the overall
deuteration levels obtained for groups of protons with
similar chemical shifts (Ca's, methyl groups, etc.) • The
second method can provide information on the deuteration
level at individual proton positions in the composite
amino-acids. Examples of some of the data obtained are
shown in Tables 4 and 5 for deuterated tryptophan synthase
and nuclear basic proteins from Physarum. For the latter it
can be seen that the level of deuteration is of the same
order of magnitude as that obtained by using deuterated
amino-acids as feedstock (Carpenter & Sewell, 1981). It is
of interest to see if using highly deuterated bacteria as
feedstock enhances these levels.

Myosin and actin from Physarum polycephalum

F. Borras-Cuesta, A.M. Foote & R. Leberman

Deuterated Physarum could be used as a source of a variety
of deuterated eukaryotic cell components. This would be of
particular interest for structural studies on the
actomyosin system.
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EF - Tu - GTP
solvent 0,1 % TFA
gradient 0-50 % acetonitril
flow rate 2ml/min
total separation time 120 min
full scale detection AZ06;; 0,2
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PLATE 38
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An example of the separation by HPLC 0f4 tryptic peptides
(very soluble fraction) of the C-ethylacetimidate
labelled EF-Tu-GTP.
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Using the residue obtained after removal of nuclei (for
histone HI preparation) from the Physarum microplasmodia,
several procedures for myosin isolation have been studied.
This is in order to maximize the yield of protein, which
will be important when working with expensive deuterated
Physarum.

Elongation factor TU, (EF-Tu)

B. Antonsson & R. Leberman

Work is continuing on complex formed between
EF-Tu.GTP and valyl-tRNA a • To map some of the amino-acids
of the factor involved in binding the aminoacyl-tRNA, we
have studied the reactivities of lysine amino groups both
in the E!4TU.GTP binary complex and in the ternary complex
towards C-ethylacetimidate.

binary and ternary complexes have been reacted with
C-ethylacetimidate. The proteins have been digested with

trypsin and the tryptic digest fractionated by preparative
HPLC on an RP-8 (Merck) column. This was performed in a
0.1% trifluoroacetic acid using a 0-50% acetonitrile

for development (Plate 38). Samples were measured
for C, and radioactive peaks were pooled and
rechromatographed using other buffer systems (e.g. 5 roM
phosphate pH 6.0). Purified radioactively labelled
peptides have been analysed for their amino-acid
composition and at least 5 lysine residues with significant
differences in reactivity in the binary and ternary
complexes have been identified.
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Table 4

Percentage deuterium enrichment in tryptophan synthase from
2E.coli, grown in 80% H20.

Dominant group Chemical shift
(ppm from DSS)

( a)
(1)

( b)
(2)

Total aliphatics 0.9 - 4.4 62.0 66.8 70.6

Methyl 0.9 - 1.2 78.3 76.6

Methylene 1.2 - 3.8 71.2 67.9

C 's 3.9 - 4.4 67.0 69.1'a,

Aromatic 6.9 - 7.5 32.3

(a) Measurements made on native protein by the method of
Perkins, 1981.

(b) Measurements made on protein hydrolysed with (1) HCI and
(2) DCI by method (2).

(Perkins, 1981).
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Table 5

Percentage deuterium enrichment in histone from Physarum

polycephalum, grown on bacteria with 64% deuterated protein

Dominant group ( a) ( b) ( c)

Methyl of lIe, Leu, Val 35.3 36.3 +2.0 36.0

Methylenes and methyl of
Thr, Ala, Met 29.1 26.9 +2.2 25.0

Methylenes and- Ca' S of 26.2 24.6 +2.3 26.3
Tyr

cats and methylene of Ser
and Thr 19.7 19.8 +2.5 18.6

Total aliphatics 27.5 26.5 +2.3 27.9

Aromatics 16.7 23.8 +7.0

(a) Values determined by method (1) with a standard solution
of dichloromethane and deuterated dichloromethane as
control, on a Bruker WH 400, 62.4 MHz for deuterium, at
the University of Warwick, England.

(b) Values determined by method (2) using spectra obtained at
400 MHz, calibrated with dichloromethane solution.

(c) Values determined by method (2) using spectra obtained on
a Camaca 250, at the CENG Grenoble, calibrated against a
standard solution of amino-acids.
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Various topics

Studies of mechanism of haemoglobin

F. Borras-Cuesta

The general basis of a theory accounting for the ligation
of oxygen by haemoglobin, the Bohr effect and the number of
broken salt-bridges was given in last year's Report. This
theory has now been fully developed and a detailed account
has been written by Borras-Cuesta (1983).

Studies on myosin subfragment 2

F. Borras-Cuesta & E. Truche

An improved method for the purification of long subfragment
2 has been developed. This long subfragment 2 Will be used
to test the helix-coil transition model for muscle
contraction of Tsong et ale (1979) and Harrington (1979) •
This will be done by means of small-angle x-ray scattering
in solution in collaboration with A. Miller from Oxford
University.

Studies on muscle proteins

F. Borras-Cuesta & E. Truche

In addition the purification of myosin and myosin fragments
(light meromysin, total rod, myosin subfragment 2) together
with the preparation of actin has been undertaken in order
to study some aspects of muscle contraction by physical
methods. These studies are being carried out in
collaboration with other research workers.

The polymerization of G actin and the interaction between

myosin subfragment 1 and F-actin

F. Borras-Cuesta, J. Bordas & M.H.J. Koch

This project is described in the report- of the Outstation
at DESY, Hamburg, p. 225.
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The structure of collagen in cartilage

C. Berthet-Colominas

The program initiated several years ago on the structure of
collagen in cartilage has been pursued in collaboration
with D. Herbage (Lyon) and M.C. Ronzieres (Saint-Etienne)
focussing on the analysis of the interaction between
collagen and proteoglycans.
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