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The work in our group is directed

1. towards development of systems
for the delivery of nucleic acids into
eukaryotic cefls and

Research Reports 1991

Max L. BIRNSTIEL Managing director

Matt COTTEN Staff scientist
Stephen PHILLIPS Postdoc
Walter SCHMIDT Postdoc
Kurt ZATLOUKAL  Postdoc
Harald KANDOLF PhD-student
Birgit MANDL PhD-student
Karim TABITI PhD-student
Helen KIRLAPPOS Laboratory technician
Karin KOS Laboratory technician

2. towards understanding histone
sequence diversity during the early sea
urchin and Xenopus development.

Novel methods for gene therapeutic intervention

The use of antisense RNA produced
by transcription off genes is a principle
which has been shown to lead to suppres-
sion of unwanted gene activities in
transgenic plants and animals. Here the
transgene is introduced into the germ line
of the organism. The usefulness of this
technique for gene therapeutic interven-
tionin somatic cells will depend on whether

The second set of projects revolves
around developmental questions. Two
projects concern the possible function of
widely divergent histone proteins.
Multicellular organisms often express
histone variants in early development
which are widely divergent from those of
later developmental stages. Histones are
usually highly conserved and yet these
early histone variants differ by up to 50%
and more in their amino acid sequence
from histones synthesized late in develop-
ment. The early histones are present at
developmental stages during which new
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or not it will be possible to transfer
antisense RNA producing genes into cho-
sen tissues. Here, the logistic problems
are the same as for experiments in which
a gain of function, i.e. the introduction of
new gene is required. The method we
have developed for this task jointly with
Ernst Wagner’s group is the receptor me-
diated introduction of cloned genes into

|
|

3
Developmental issues

gene expression patterns are established
and this raises the question as to whether |
these histones make a specific contribu- |
tion to gene control. As first step and as a
collaborative venture with M. Busslinger,
the chemistry and timing of expression of
these early histone proteins are being es-
tablished in sea urchins. A similar project
in collaboration with Drs. Dworkin of the
Bender lab concerns H1 variants of
Xenopus eggs and early embryos. Later
we shall make attempts, using antisense
methoxy RNA injected into the fertilized
Xenopus egg, to investigate their role in

predetermined tissues. Using a variety of
receptor ligands in combination with
fusogenic principles allowing the transfer
of DNA from the endosome to the cyto-
plasm we have worked out methods for
the efficient introduction of cloned DNA
into tissue culture cells.

development. Another ongoing theme is
the characterization of the histone 3'
processing reaction. Here the U7 snRNP,
catalytic unit in this reaction, has been
isolated and purified allowing the first
biochemical analysis of this small nuclear
RNP. Finally, we have investigated
whether U7 RNA genes (and other U
RNA genes) are amplified during oocyte
development. The data show that despite
rapid accumulation of the U RNAs in
early oocyte development, no gene ampli-
fication could be detected for any of the U
RNA genes.
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Receptor-mediated gene delivery

We are developing new methods of
introducing DNA into mammalian cells
with the goal of generating a safe and
reliable method that introduces DNA into

a high percentage of the target cells. Our
strategy has been to pirate the receptor-
mediated endocytosis route to deliver our
DNA. This approach uses various poly-
cation-ligand chemical conjugates, such

as transferrin-polylysine (1-5), which
serve to condense the transferred DNA
into compact, ligand-coated donuts, com-
parable in size to a typical DNA virus (6,
see figure 1).

Hepatocytes transfected with 6ug pCMV-L

TipL/adenopL § 4 1492800000

TfpL+adeno 4 183300000

TipL+chloro

102 103 104 105 10% 107 10% 109 101010711012
light units
Figure 1. Impact of chloroquine, free adenovirus and enzymatically polylysine-modified adenovirus on expression of a luciferase reporter
gene construct (light units). 3x10° mouse hepatocytes were transfected with 6 ig pCMV-L complexed to transferrin-polylysine conjugates

(Tfpl). Alternatively, transfection was performed in the presence of 100 WM chloroquine (Tfpl+chloro), in the presence of free replication
defective adenovirus (Tfpl+adeno) or with polylysine-modified adenovirus, which had been directly attached to DNA-transferrin-

polylysine conjugates (Tfpl/adenopl).

We have demonstrated both tran-
sient and stable gene delivery into a vari-
ety of cell types. Incertain cell lines, such
as K562 cells, we can demonstrate tran-
sient gene expression in greater than 90%
of the target cells (5). Stable expression pf
introduced genes can also be demonstrated,
with 0.5-1% of the initial transfected cell
population recoverable as stable express-
ing clones.

The Ligands

Ourinitial experiments concentrated
ontransferrin-polylysine and conalbumin-
polylysine conjugates to delivery DNA
viathe transferrin receptor, which is abun-
danton most proliferating cells. Additional
experiments have shown thateither natural
or synthetic ligands which bind to the
hepatocyte-specific asialoglycoprotein
receptor canreplace transferrin and can be
used to target genes to these cells (see Kurt
Zatloukal’s report and the report from the
Ernst Wagner group for details). Using
antibodies whichrecognize various T-cell
surface proteins (CD4, CD7) and a viral
glycoprotein which binds the CD4 mol-
ecule (the HIV gp120 molecule) polylysine

K,
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conjugates which deliver DNA via the
CD4 or CD7 molecules have also been
tested.

Adenovirus enhancement of receptor-
mediated gene delivery

One of the major limits to gene deliv-
ery by endocytosis in many cell types may
be the exit of the endocytosed material
from the endosome. However, many vi-
ruses are known to enter cells viareceptor-
mediated endocytosis and possess mo-
lecular skills to mediate disruption of the
endosomes. We wonderedif the endosome
disruption activity of a virus or a viral
protein might function in trans to facilitate
the co-entry of receptor-bound DNA par-
ticles.

To test this idea, plasmid DNA con-
taining a marker gene is complexed and
condensed into a compact donut with
polylysine covalently linked to the cell
binding ligand such as transferrin. When
these ligand-coated DNA donuts are sup-
plied to the appropriate cells in the pres-
ence of areplication-defective adenovirus,
both the DNA donut and the virus are
endocytosed, and the low pH-triggered

adenoviral endosome disruption allows
the efficient cellular entry of the the DNA
donut (see figure 1). We find that this
maneuver enhances delivered gene ex-
pression 100-1000 fold in a variety of cell
types (7, 8). Furthermore, a large percent-
age (70-100%) of the target cells (Hela
cells or hepatocytes, see Kurt Zatloukal
section below) can be found to transiently
express the marker gene.

Modifications of the virus-in-frans idea

This use of a virus in trans solves
many of the safety and practical problems
associated with using recombinant viruses
to deliver genes. In this context, the virus
is functioning merely as an endosomolytic
agent. Therefore we can use a replication
defective virus and we can treat the virus
with various agents which further block
replication possibilities, such as UV irra-
diation, formaldehyde or psoralen+UV.
As long the virus particle maintains its
endosome disruption activity it is useful
in this application (ref. 10). Eventually we
hope to use the purified endosome dis-
rupting activity from the adenovirus par-
ticle.
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Because the virus particle is func-
tioning in trans, this system allows great
size and sequence variety in the DNA to
be delivered; in contrast to the 6-8.5
kilobase size limit of the standard
recombinant adenovirus vectors, we rou-
tinely deliver 15 kb plasmids and we have
demonstrated functional delivery of 48 kb
DNA molecules. The high efficiency de-

Figure 2. Histochemical detection of the expression of a [){-galaclosiclcwe reporter gene in mouse hepatocytes. The cells had been

livery of a 48 kb, luciferase-encoding
cosmids suggests that very large DNA
molecules can be delivered with this
method if special care is given to the
preparation and condensation of the large
DNA (see the section of Stephen Phillips
and ref. 10). Therefore, we are now test-
ing the delivery of a 150 kb yeast artificial
chromosome (YAC).

1

Coupled adenovirus in cis

Our initial application of the endo-
some disrupting virus required two re-
ceptor-binding and endocytosis events:
the adenovirus must bind to its receptor as
well as the transferrin-DNA complex must
bind to its receptor (see Fig. 3). Directly
coupling the virus to the condensed DNA
complex results in a further improvement

.'!

transfected with 6 ug pCMV-f3-gal complexed to transferrin-polylysine and addition of free adenovirus (A) or complexed to transferrin-
polylysine and polylysine-modified adenovirus (B). Note, that in the transfection performed with the polylysine-modified adenovirus
almost all hepatocytes were positively stained for B-galactosidase. A and B x 174.

in the DNA delivery. The coupling can be
accomplished by several different meth-
ods including using a polylysinated-anti-
body bridge (8), by direct coupling of
polylysine to the adenovirus using either
enzymatic (see Kurt Zatloukal’s section)
or chemical crosslinking, or by biotinyl-
ating the adenovirus particle and using a
streptavidin-polylysine conjugate (see the
report of Ernst Wagner and ref. 9). The
transported DNA is then complexed with
the polylysine virus. Additional poly-
lysine-ligands such as transferrin-poly-
lysine can then be added to the complex.
This direct coupling of the virus to the
transported DNA has a number of advan-
tages over the use of free adenovirus. The
quantity of DNA and virus required to
transform a population of cells is drasti-
cally reduced. Because the virus and the
DNA are physically bound, their co-entry
into the same endosome is ensured and
high level gene expression can be demon-
strated with aslittle as 1 virusand 10 DNA
molecules per cell. This may be especially
important for in vivo applications. Com-
bination complexes can be prepared with
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DNA donuts containing a cell-targeting
ligand (such as transferrin, an antibody or
an artificial ligand for the asialoglyco-
protein receptor) plus polylysine-adeno-
virus. These complexes can now bind and
enter cells that express little or no adeno-
virus receptor using the new cell binding
ligand and the adenovirus particle func-
tions only as anendosome disruption agent.

Conclusions and Further Directions

Our current efforts are directed at the
following problems: 1. How suitable is
the adenovirus system for generating sta-
ble clones? Do our inactivation protocols
sufficiently block adenovirus replication
to ensure the absence of adenovirus in the
resulting clones? 2. Can this system be
used in vivo by either direct application to
the blood stream, infusion into the lung, or
topical application? 3. Is the system func-
tional with explants of primary cells such
as bone marrow or primary hepatocytes?
Initial experiments have demonstrated
transient expression with both mouse
embryonic stem cells and with mouse
bone marrow cells. These results would

support an ex vivo application of the sys-
tem.

This use of a defective virus particle
in trans represents a new class of gene
delivery techniques. It combines the entry
efficiency of a virus with the flexibility
and safety of a number of non-viral meth-
ods. Although there are still a number of
problems to be solved with this method,
we believe that it provides a new way of
thinking about DNA delivery and facili-
tates a variety of possibilities for gene
therapy applications.

REFERENCES

1. Wagner, E., Zenke, M., Cotten, M.,
Beug, H., and Birnstiel, M. L. (1990):
Transferrin-polycation conjugates as
carriers for DNA uptake into cells.
Proc. Natl. Acad. Sci. USA 87, 3410-
3414.

2. Zenke, M., Steinlein, P., Wagner, E.,
Cotten, M., Beug, H., and Birnstiel,
M. L. (1990): Receptor-mediated
endo-cytosis of transferrin polycation
conjugates: An efficient way to intro-



duce DNA into hematopoietic cells.
Proc. Natl. Acad. Sci. USA 87, 3655—
3659.

3. Cotten, M., Langle-Rouault, F., Kir-
lappos, H., Wagner, E., Mechtler, K.,
Zenke, M., Beug, H., and Birnstiel,
M. L.(1990): Transferrin-polycation-
mediated introduction of DNA into hu-
man leukemic cells: stimulation by
agents that affect the survival of
transfected DNA or modulate
transferrin receptor levels. Proc. Natl.
Acad. Sci. USA 87, 4033-4037.

4. Wagner, E., Cotten, M., Mechtler, K.,
Kirlappos, H., and Birnstiel, M. L.
(1991b): DNA-binding transferrin
conjugates as functional gene-deliv-
ery agents: synthesis by linkage of
polylysine or ethidium homodimer to
the transferrin carbohydrate moiety.
Bioconjugate Chemistry 2, 226-231.

Kurt Zatloukal, Matt Cotten,

I

Gene-constructs complexed to poly-
lysine-transferrin conjugates are taken up
by hepatocytes via the receptor-mediated
endocytosis pathway (1). Although the
uptake of the DNA in a population of
cultured hepatocytes is rather even, as
shown by histochemical detection of
biotinylated DNA, only very few of them
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Gene delivery to hepatocytes

i
(less than one in a thousand) express the
delivered gene. One possibility is that the
high-capacity lysosomal degradation sys-
tem of hepatocytes is the major hindrance
to successful gene transfer. A dramatic
increase in the expression of a delivered
luciferase reporter gene is achieved (see
Fig. 1) when the transfection is performed
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in the presence of replication-defective
adenovirus (d1312) (2). Histochemical
detection of the expression of a 3-galacto-
sidase reporter gene revealed, however,
that even in the presence of adenovirus
only 5%—-10% of the hepatocytes were
positively stained (Fig. 2a). An explana-
tion for this restricted expression is that

Adenovirus

#receptor

Endosome is
disrupted
by Adenoyirus

Material enters nucleus

Figure 3. Cartoon of steps in transferrinfection using linked virus

DNA is combined with virus-polylysine conjugate which neutralizes part of the charges on the DNA. Transferrin-polylysine is then added
to neutralize the remainder of the charges. The ternary complex consisting of virion-polylysine, transferrin-polylysine and DNA attaches
1o the transferrin receptor, gets internalized into endosomes where the endosomolytic function of the virion releases the DNA complexes

into the cytoplasm.
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hepatocytes are rather poor targets for
adenovirus infection and that adenovirus
canonly exertits effectifitis cointernalized
with the condensed gene-construct. This
is further supported by the observation
that HeLa cells, which are highly suscep-
tible to adenovirus, can be transfected
under these conditions with almost 100%
efficiency.

To optimize the system for cells
which have few or no receptors for
adenovirus, we directly attached the
adenovirus to the gene-constructs. This
was achieved by covalently coupling
polylysine to glutamine residues of the
viral capsid proteins with the help of
transglutaminase. For transfection of

hepatocytes, DNA-complexes consisting
of polylysine-modified adenovirus and
polylysine-modified transferrin were used;
the whole virus-containing complex can
now be taken up by the transferrin receptor
and/or adenovirus receptor. With these
complexes more than 90% of the treated
hepatocytes express the delivered gene-
construct at a very high level (Figs. 1 and
2b). Moreover, the transfection efficiency
was sufficiently high that useful gene ex-
pression was obtained even when a very
low amount of DNA had been applied (see
report from the group Ernst Wagner for
more details).

On one hand, this new gene transfer
system combines the high efficiency of

viral vectors and on the other hand the
advantages of receptor-mediated gene
delivery, like gene transfer to non-divid-
ing cells, no restriction for the size of the
DNA (up to 50 kb), suitable for cotransfer
of different gene-constructs and ready
expression from different promoters. We
are currently testing the system in various
experimental applications and for its ap-
plicability for gene therapy.
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. Delivery of Large DNA Molecules to Eukaryotic Cells by Adenovirus

Aided Transferrinfection

Stephen Phillips, Matt Cotten, Kurt Zatloukal, Ernst Wagner and Max L. Birnstiel

The receptor-mediated gene deliv-
ery system termed transferrinfection (1)
has been shown to be an effective method
for introducing DNA molecules into a
variety of eukaryotic cell lines, especially
those derived from the erythroid lineage
(1-3). A number of other cell lines have,
however, proved to be either partially or
wholly resistant to transfection by this
method (5). The recent introduction of
transferrinfection in the presence of a rep-
lication-defective adenovirus (7), which
functions as an endosome disrupting agent,
now enables those cell lines for which
transferrinfection alone was of limited or
no use to be efficiently transfected.

A further limitation of the original
transferrinfection method was its inca-
pacity to efficiently deliver large DNA
molecules (>15 kbp) to cells (5). Since
several genetic abnormalities are associ-
ated with genes encoded by large DNA
segments there is an obvious need in gene
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therapy for a delivery system capable of
efficiently introducing large DNA mol-
ecules into cells. We have now demon-
strated that adenovirus aided trans-
ferrinfection, with slight modification of
the DNA condensation conditions, allows
for the efficient and functional delivery of
DNA molecules up to 48 kbp to a number
of different cell lines.

Areporter gene (P. pyralis luciferase)
was inserted into a cosmid clone, giving a
total size of 48 kbp, and the efficiency of
DNA delivery by transferrinfection and
adehovirus aided transferrinfection com-
pared directly with that of a plasmid con-
struct (12 kbp) containing the same re-
porter gene. In the cell lines so far tested
(e.g. HeLa cells, mouse fibroblasts and a
humap neuroblastoma cell line) the deliv-
ery of cosmid DNA molecules, as deter-
mined by luciferase activity, could be
enhanced by greater than 103 to 104 fold
with the virus in trans (essentially zero

without adenovirus) and a further 10 fold
maximally with the virusin cis. Onamolar
basis the efficiency of gene delivery for
the cosmid, as compared to the plasmid,
was the same or only diminished by a
maximum of 2 fold. Therefore, since we
know that a large proportion of the test
cells can be efficiently transfected with
plasmid DNA constructs, e.g. HeLa cells
(see Kurt Zatloukal’s report), it appears as
though the cosmid DNA is also being
efficiently delivered to a large proportion
of the cells, however, this remains to be
tested directly.

We are currently investigating the
potential of this new approach to delivera
150 kbp yeast artificial chromosome
(YAC) and its suitability for generating
cells stably transformed with a gene en-
coded by a large DNA molecule.

Forreferences see contribution of M.
Cotten et al., page 6



The ber-abl gene product is a fusion
protein which can be detected in almost
every patient with chronic myelocytic
leukemia (CML) and is strongly related to
this disease (1). Its inhibition might be
helpful in therapy of CML patients.

The ber-abl protein is expressed af-
ter a chromosomal translocation resulting
in the production of a chimaeric ber-abl
mRNA with a specific ber-abl joining
sequence. The aim of this project is to
realize a way for inhibition of ber-abl
gene product by antisense DNA, RNA,
catalyticribozymes and chemically modi-
fied variants of them.

In order to identify the most efficient
approach for inhibition a model system
has been established. As target for anti-

Histone H1 in early embryogenesis of Xenopus laevis

Harald Kandolf, Eva Dworkin-Rastl* and Max Birnstiel

Inaddition toits function as a general
repressor of gene expression by forming
highly condensed chromatin, a possible,
role for histone H1 in the control of indi-'
vidual genes has to be considered. More-
over, the functional significance of H1
polymorphism is still an open question.
Three H1 variants are reported to be present
in all tissues of Xenopus laevis (HIA,
HI1B and H1C), HI1A always being the
predominant subtype. In the pre-gastrula
embryo HI is clearly under-represented
compared to the nucleosomal histones
making the time point of the mid blastula
transition (MBT) most interesting, after
which differentiation starts and a boost in
H1 synthesis is observed. There is much
controversy inthe literature about H1 quan-
tity and localization in eggs and cleavage-
stage (CS) embryos. Hence an accurate
analysis is necessary prior to further ex-
periments which will comprise of repres-
sion and overexpression of single H1 vari-
ants in this system.

We have raised polyclonal antibod-
ies against H1A, HIB, H1C and the pro-

10

Walter Schmidt and Max L. Birnstiel

sense inhibition a vector which carries the
ber-abl joining sequence upstream of the
coding region of the luciferase gene has
been stably introduced into the CML cell
line K562 (K562ba-L.). After incubation
with ber-abl antisense oligonucleotide
reduction of luciferase activity has been
observed, indicating an inhibitory effect
ontheber-ablpartof the luciferase mRNA.
Another possible approach is the use of
antisense RNA. A vector expressing the
ber-abl antisense RNA under the control
of the HCMV promoter was transiently
transfected into K562ba-L cells. The
transferrin receptor mediated gene trans-
fer system allowed delivery of the con-
struct to a high percentage of the cell
population (2). Luciferase activity was

* Ernst Boehringer Institute,Vienna

posed maternal H1 variant B4 by using
small terminal peptides for rabbit immu-
nization. To look for H1 localization the
resulting sera were used for an in situ
immunofluorescence analysis (FITC) of
Xenopus embryo paraffin sections. We
observed a very significant staining of
chromosomes with the B4 antiserum with
CS embryos, remaining roughly constant
up to early gastrula. H1 A was not detect-
able at CS, rather faint but significant at
blastula and bright at gastrula, reflecting
the boost in synthesis. The H1B and H1C
antisera did not stain any of the stages
investigated.

In order to get accurate data of pro-
tein amounts in these early stages we de-
veloped a quantitative immunoblot assay.
Expression vectors containing the pub-
lished HI genes were constructed. As a
reference for quantification, radioactively
labelled proteins synthesized in vitro in
reticulocyte lysate were used. The affinity
purified H1A antibody detects as little as
100 pg protein in immunoblot experi-
ments using 125J-labelled protein A.

ion sequence as target for inhibition by antisense DNA and RNA

transiently reduced whereas transfection
of the control plasmid lacking the ber-abl
sequence did not show any effect. There-
fore, it might be possible that constitu-
tively expressed ber-abl antisense RNA
stably inhibit ber-abl fusion sequences.
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A significant amount of H1A could
notbedetected in pre-MBT embryos which
suggests that the actual maternal store of
H1A is much smaller than the reported 8-
10 ng per unfertilized egg (van Dongen et
al., 1983). The B4 protein, which is highly
homologous to the sea urchin CS H1 pro-
tein, has a maternal store of 1-2 ng (R.
Smith, unpublished result).

These findings support the idea that
B4 could functionally replace H1 in the
CS embryo. In spite of the high specific
activity of HIB and H1C antibodies these
variants could not be detected in signifi-
cant amounts (<1 pg) even in neurula
embryos.
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The so-called cleavage stage (CS)
histones are the predominant histones in
the chromatin of the egg and the early
cleavage-stage embryo of the sea urchin.
They are synthesized during oogenesis
resulting in a large maternal store in the
egg and during the first few cell divisions
in the cleaving embryo where they were
first described.

CS histones are not only responsible
for the condensation of the maternal chro-
mosomes in the oocyte, but after fertiliza-
tion the maternally stored CS histones
replace the sperm specific histones in the
male pronucleus leading to extensive
chromatin remodelling and subsequent
trans-criptional activation of the paternal
ge-nome (1).

The CS histone genes resisted all
conventional cloning attempts based on
screening with heterologous histone gene
probes suggesting that they differ consid-
erably from other sea urchin histone vari-
ants.

The 288, 18S and 5.8S rRNA genes
of Xenopus are amplified approximately
1000 fold during oogenesis, this being the
classical example of gene amplification
(1). The extrachromosomal rDNA copies
generated as a result of this amplification
are situated and transcribed in the numer-
ous nucleoli found in the nucleoplasm of
the mature oocyte. In view of the parallels
between the amphibian oocyte nucleoli
and sphere organelles, the latter recently
shown to contain small nuclear
ribonucleoprotein particles (snRNPs) (2),
and the short time span allowed for the
synthesis of the relatively large amounts
of U snRNAs accumulated prior to
vitellogenesis, we decided to investigate
whether or not the U snRNA genes are
amplified during Xenopus oogenesis. The
sphere organelles being possible sites for
the location and transcription of such
extrachromosomal U snDNA copies.

To this end we carried out a series of
quantitative nucleic acid hybridization
experiments designed to accurately meas-
ure the degree of gene amplification and
determine the methylation status of the U
snDNAs in Xenopus oocytes relative to
somatic (blood) cells. These included
titration of the U snRNA genes in DNA
fromisolated oocyte nuclei(germinal vesi-
cles) against DNA from somatic cells,
quantitative Southern blotting and analy-
ses of buoyant density gradient fractions
of oocyte and somatic DNA samples. The
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We have biochemically purified the
CS histones to homogeneity and partial
protein sequence data obtained by micro-
sequencing were used to design specific
PCR-primers that allowed PCR-cloning
of all five CS histone cDNAs from P.
miliaris egg poly(A)+ RNA.

Presently we are analyzing the cDNA
clones with particular attention to CS H1
because of the function of H1 histone as
important factor in gene regulation.

The 3 kb long CS H1 mRNA con-
tains exceptionally long leader and trailer
sequences and encodes the longest H1
protein known. The mRNA is detectable
only in the egg and in the embryo up to
early blastula stage. Sequence compari-
sons reveal low homology (about 40%)
between the CS H1 protein and all known
H1 variants of the sea urchin. Interest-
ingly, a 60% homology is observed with
the Xenopus laevis B4 protein (Smith et
al., 1988; see report Harald Kandolf). B4
is the early embryonic H1 histone in X.

hybridization probes we used were 32P
labelled X. laevis U snDNAs (U1, U2, U4,
U3, U6 and U7) and the 18S and oocyte-
type 5S tDNAs, the latter serving as inter-
nal amplification and non-amplification
controls respectively against which all
other hybridization signals were stand-
ardized. Heterologous human U3 and U11
and rat U8 snDNA probes were also em-
ployed but yielded no significant hybridi-
zation signals, this suggesting that the
Xenopus analogues are somewhat diver-
gen't. In brief, the combined results from
these studies demonstrate that the U
snRNA genes investigated are not ampli-
fied in Xenopus oocytes, therefore, the
sphere organelles cannot contain extra-
chromosomal U snDNA copies (3). How-
ever,vour findings do not rule out the
possibility that the sphere organelles might
contain amplified copies of the, as yet
uncharacterized, sphere organizer DNA.
During the above studies we also isolated
and partially characterized 9 different U7
snRNA gene containing clones from X.
laevis. The U7 snRNA being a key com-
ponent of the RNA processing machinery
involved in generating the mature 3' ends
of the replication-dependent histone
mRNAs (4). The sequences so far ob-
tained reveal that the U7 snRNA genes,
~50 per haploid genome, are clustered but
not tandemly reiterated as is the case with
the major U snRNA genes. Further se-
quence analysis indicates that the pro-
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laevis. B4 is almost as long as CS H1 and
shows an expression pattern similar to
that of P. miliaris CS H1. Additionally the
B4 and CS H1 genes both code for
polyadenylated mRNAs and therefore
belong to the class of replacement histone
genes, whose expression is indepented of
U7-processing and the cell cycle.
Considering these facts we suggest
that the B4 protein may be the vertebrate
homologue of the CS H1 histone.
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moter structure of this minor U snRNA

gene is similar to the vertebrate major U

snRNA genes, i.e. a downstream 3' box

(+7 to +19) and an upstream proximal

sequence element (PSE) (52 to —62).

However, the distal sequence element

(DSE) of the Xenopus U7 snRNA gene is

composed of two inverted octamer-bind-

ing motifs separated by 3 nucleotides and
located, unusually, 4 nucleotides upstream
of the PSE. We have demonstrated that
the X. laevis oocyte contains a correspond-
ing RNA species that is 57 nucleotides
long, the synthesis of which plateaux at
~4 x 10 transcripts/oocyte between stages

IT and IIT during oogenesis.
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Biochemistry of the Histone RNA 3" Formation

Karim Tabiti, Hamilton O. Smith and Max L. Birnstiel

Levels of histone mRNAs are regu-
lated during the cell cycle, apparently as a
consequence of transcriptional and espe-
cially posttransscriptional regulation (1).
In contrast to most other transcripts matu-
ration of histone mRNA does not require
splicing or polyadenylation reactions.
Histone mRNA processing consists solely
of an endonucleic cleavage between two
highly conserved sequence elements.

Recentresultshave demonstrated that
multiple factors are involved in the forma-
tion of translatable species of histone
mRNA. These include a hairpin-binding
factor (2), aheat-labile factor whose steady
state levels are regulated during the cell
cycle (3) and a low-abundance small
ribonucleoprotein particle (snRNP) of the
Sm class called U7 (4).

A basic cleavage pathway has been
defined, in which the RNA moiety of the
U7 snRNP forms an RNA-RNA duplex
with the conserved processing signal a
few nucleotides downstream the actual
cleavage site. Concomitantly the con-
serveld upstream processing signalis bound
by the hairpin binding factor which pre-
sumably stabilizes the interaction between
histone precursor and U7 snRNP.

In contrast to splicing reactions and
3’end formation of polyadenylated
mRNA, in vitro processing of primary
histone transcripts may be carried out in
the presence of metal chelating agents and
inthe absence of nucleotide triphosphates,
indicating that aunique recognition, cleav-
age and regulatory mechanism is required
for the 3' processing of histone mRNA.

We are interested in detecting fac-
tors involved in the processing reaction
and assigning catalytic orregulatory func-
tions to them with the ultimate aim of
understanding on a molecular level the
mechanism of 3' processing of histone:
mRNA.

Identification and Purification of Pro-
cessing Components

In intitial attempts to identify
processing components, we fractionated
EBImouse cell nuclear extracts in a large
scale over various FPLC columns. In vitro
pro-cessing reactions and
complementation assays allowed us to
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monitor activity of the heat-labile factor,
the hairpin binding factor and the U7
snRNP during purification. Purification
of these factors by conventional methods
proved to be a formidable undertaking
because of their low abundance. Never-
theless, this approach resulted in a partial
purification of the heat-labile factor which
was free of detectable amounts of U7
snRNA. The processing components co-
migrated over a few thousand fold puri-
fication, suggesting that most of the
processing may be tightly bound to the U7
snRNP or are integral parts of the particle,
but that a small fraction of the associated
factors may be stripped of during some
purification steps.

We have now developed a two-step
affinity purification which allows us to
specifically isolate and characterize mi-
nor snRNPs (5). This procedure involves
annealing and melting of the U7 snRNP to
2‘O-methyl ribonucleotide decamers.
Analysis of the purified fractions reveals
that the U7 snRNP contains a full comple-
ment of standard core proteins in addition
to two U7-specific polypeptides with ap-
parent molecular weights of 14 kDa and
50 kDa. Further we have established an
assay which allows us to monitor the quan-
tity, integrity and molecular weight of the
particles during manipulation.

Structural analyses of the U7 snRNP
using base-specific chemical probes cor-
roborate former studies which indicate
that the RNA is extensively complexed
with proteins but accessible for base pair-
ing at the 5’end (6). Despite the fact that
our study failed to detect any changes at
the 5' end during the switch from expo-
nentially growing to quiescent cells, there
are some lines of evidence that indicate
that the 5' end of U7 snRNA may be
involved in the cell cycle dependent ex-
pression of histone proteins (7).

In future experiments we will focus

_our attention to the interaction between

hairpin-binding factor and the upstream
conserved sequence element of the histone
primary transcript. Gel retardation assays
performed by us and others (8) have re-
vealed a 50 kDa protein, which specifi-
cally binds to the upstream conserved
sequence element. Several lines of evi-
dence suggest that this may be one of the

identified U7-specific proteins and that
there is a tight functional relationship be-
tween this 50 kDa protein and the heat
labile factor which participatesin the over-
all regulation of histone mRNA process-
ing.

REFERENCES

1. Schiimperli, D. (1988): Multilevel
regulation of replication dependent
histone genes. Trends Genet. 4, 187~
191

2. Vasserot, A. P., Schaufele, F. J., and
Birnstiel, M. L. (1989): Conserved ter-
minal hairpin sequences of histone
mRNA precursors are not involved in
duplex formation with U7 RNA but act
as a target site for a distinct processing
Sactor. Proc. Natl. Acad. Sci. USA 86,
4345-4349.

3. Gick, O., Krimer, A., Vasserot, A. P.,
and Birnstiel, M. L. (1987): A heat
labile regulatory factor is required for
3" processing of histone pre-mRNAs.
Proc. Natl. Acad. Sci. USA 84, 8937
8940.

4. Birnstiel, M. L., and Schaufele, F. J.
(1988): Structure and Function of Ma-
Jor and Minor Small Nuclear Ribo-
nucleoprotein Particles, ed. Birnstiel,
M. L., 155-182.

5. Smith, H. O., Tabiti, K., Schaffner G.,
and Birnstiel, M. L. (1991): Two step
affinity purification of U7 small nuclear
ribonucleoprotein particles using
complementary biotinylated 2'-O-me-
thyl oligoribonucleotides. Proc. Natl.
Acad. Sci. USA., in press.

6. Tabiti, K., Smith, H. O., Schaffner., G.,
and Birnstiel, M. L. Structural analyses
of U7 small nuclear ribonucleo-pro-
tein particle (snRNP) using base spe-
cific chemical probes. In preparation.

7. Hoffman, L, and Birnstiel, M. L. (1990):
Cell cycle-dependent regulation of
histone precursor mRNA processing
by mmodulation of U7 snRNA acces-
sibility. Nature 346, 665-668.

8. Pandey, N. B., Sun J., and Marzluff, W.
F. (1991): Different complexes are
Jormed on the 3' end of histone mRNA
with nuclear and polyribosomal pro-
teins. Nucleic Acids Res. 20, 5653—
5659.

Scientific-Report 1991



PUBLICATIONS SUBMITTED 1991

1. Wagner, E., Cotten, M., Foisner, R.,

and Birnstiel, M. L. (1991): Trans-
ferrinpolycation DNA complexes. the
effect of polycations on the structure
of the complex and DNA delivery to
cells. Proc. Natl. Acad. Sci. USA 88,
4255-4259.

. Wagner,E.,Cotten, M., Mechtler, K.,
Kirlappos, H., and Birnstiel, M. L.
(1991): DNA-Binding Transferrin
Conjugates as Functional Gene De-
livery Agents: Synthesis by Linkage
of Polylysine or Ethidium Homo-
dimer to the Transferrin Carbohy-
drate Moiety. Bioconj. Chemistry, 2,
226-231.

. Cotten, M., Oberhauser, B., Brunar,
H., Holzner, A., Issakides, G., Noe,
Ch., Schaffner, G., Wagner, E., and
Birnstiel, M. L. (1991): 2"-0-Methyl,
2’-0-ethyl oligoribonucleotides and
phosphorothioate oligodeoxyribo-
nucleotides as inhibitors of the in
vitro U7 snRNP-dependent mRNA
pro-cessing event. Nucl. Acids Res.
19, 2629-2635.

. Cotten,M.,Wagner,E.,and Birnstiel,
M. L. (1991): Receptor Mediated
TransportI of DNA into eukaryotic
cells. A chapter in Methods in Enzym-
ology, March 1991, in press.

Scientific-Report 1991

. Eckner,R.,Ellmeier,W.,and Birnstiel,

M. L. (1991): Mature mRNA 3’end
formation stimulates RNA export
fromthe nucleus. EMBOJ.10,3513—
3522.

. Curiel, D. T., Agarwal, S., Wagner,

E.,andCotten,M. (1991 ): Adenovirus
enhancement of transferrin-polylysine
mediated gene delivery. Proc. Natl.
Acad. Sci. USA 88, 8§850-8854.

. Wagner,E., Oberhauser,B.,Holzner,

A., Brunar, H., Issakides, G., Schaff-
ner, G., Cotten, M., Knollmiiller, M.,
and Noe, Ch. R. (1991): A simple
procedure for the preparation of pro-
tected 2’ 0-methyl or 2’ 0-ethyl ribo-
nucleoside-3"-0-phosphoramidites.
Nucl. Acid Res., in press.

. Smith, O., Tabiti, K., Schaffner, G.,

and Birnstiel, M. L. (1991 ). Two-step
affinity purification of U7 small nu-
clear ribonucleoprotein particles us-
ing complementary biotinylated 2’ 0-
methyl oligoribonucleotides. Proc.
Natl. Acad. Sci. USA, in press.

. Phillips, St., Cotten, M., Laengle-

Rouault, F., Schaffner, G., and Birn-
stiel, M.L.(1991): Amphibian oocytes
and sphere organelles. are the U
SnRNA genes amplified? Submitted
to Chromosoma.

10.

11.

12.

13.

Curiel,D.T.,Agarwal, S., Romer,N.,
Wagner, E., Cotten, M., Birnstiel, M.
L., and Boucher, R. C. (1991): Gene
transfer to respiratory epithelial cells
via the receptor-mediated endocytosis
pathway. Submitted to American Re-
view of Respiratory Cell and Molecu-
lar Biology.

Curiel,D.T.,Wagner, E., Cotten, M.,
Birnstiel, M. L., Li, Ch., Loechel, St.,
Agarwal, S.,and Hu, P.(1991): High
efficiency gene transfer by adenovirus
coupledto DNA-polylysine complexes
via an antibody bridge. Human Gene
Therapy, in press.

Zatloukal, K., Wagner, E., Cotten,
M., Phillips, St., Plank, Ch., Steinlein,
P., Curiel, D., and Birnstiel, M. L.
(1991): Transferrinfection: a highly
efficient way to express gene con-
structs in eukaryotic cells. Submitted
to the Annals of the New York Acad-
emy of Sciences.
Eckner,R.,andBirnstiel, M.L.(1991):
Evolutionary conserved multiprotein
complexes interact with the 3’
untranslated region of histone tran-
scripts. Submittedto Nucl. Acids. Res.

13



Hartmut BEUG (October 1988)

Christian SCHROEDER (until August 1991)
Ernst REICHMANN (March 1989)

Peter STEINLEIN (January 1990)

Irene LEITNER (March 1990)

Oliver WESSELY (May 1991)

Alberto MUNOZ (until Sept. 1991)

Leonie GIBSON (April 1990)

Evi DEINER (October 1990)

In 1991, we have continued our work
on selected aspects of the AEV system (in
collaboration with the group of Martin
Zenke). As described in the 1990 report,
we try to elucidate mechanisms by which
the two oncogenes of the AEV virus, a
mutated epidermal growth factor receptor
(v-erbB) and a mutated nuclear thyroid-
hormone receptor (v-erbA) convert nor-,
mal erythroid progenitors into leukemic!
cells. In 1991, we have essentially con-
centrated on two questions. Firstly, we
have studied the relevance of erythrocyte
generepression by v-erbA forthe leukemic
phenotype, re-expressing v-erbA arrested
genes by means of retroviral vectors (H.
Beug and I. Leitner). And secondly, we
have sought (and in part succeeded) to
identify normal functions of the proto-
oncogenes c-erbB (EGF/TGFa receptor)
and c-erbA (thyroid hormone receptor a)
and releated receptors in the proliferation
and differentiation of nontransformed
erythroid progenitors (Christian Schroeder
and Leonie Gibson). In addition we have
collaborated with the group of Martin
Zenke with regard to the question, how c-
and v-erbA repress and activate genes and
how the activity of the c-erbA protein is
regulated by phosphorylation (see research
report Zenke).

Apart from this ongoing work on the
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Introduction:

AEV system, we are pursuing several
related and newly initiated projects. Firstly
we employ the conditional oncogene ap-
proach to express additional genes in
erythroid cells. This “conditional conco-
gene approach” consists of transforming
erythroid progenitors with a transforming
protein, the function of which can be
switched on and off, e. g. a thermo-sensi-
tive version of the tyrosine kinase onco-
protein v-sea (ts-v-sea). In its “on”-ver-
sion, (i. e. at the permissive temperature,
37°C) the ts-v-sea oncoprotein allows to
expand the transformed cells to suit-
able numbers. Normal red cell differen-
tiation can then be induced by “switch-
ing off” oncoprotein function by simple
shift to the nonpermissive temperature,
42°C.

Since a major drawback of the avian
system is the lack of molecularly cloned
hematopoietic growth factors (mamma-
lian factors are inactive on avian cells) we
are expressing mammalian receptors for
such growth factors (Erythropoietin-
(EPO)-receptor, GM-CSF-receptor) to
render the cells dependent on cloned mam-
malian growth factors. This approach has
been quite successful in case of the EPO
receptor (Peter Steinlein, Oliver Wessely).
Secondly, we are introducing ligand-de-
pendent transcription factors (Estrogen-

receptor, retinoic acid receptor) and fu-
sion proteins between nuclear oncogenes
(c-myc, c-myb, v-jun and v-rel) and the
estrogen-receptor hormone binding do-
main (ER) rendering these oncoproteins
functionally dependent on hormone into
conditional oncogene-transformed ery-
throblasts to learn how these transcription
factors might affect erythroid differentia-
tion.

Two such hormone-regulated onco-
gene-steroid receptor fusion proteins (c-
fos ER, c-myc ER) are turning out to be
very useful to analyse processes impor-
tant for carcinoma formation. Such proc-
esses are alterations in cell polarity, loss
of differentiated functions and changes in
epithelial/endothelial or cell-matrix inter-
actions. These are being studied in amam-
mary epithelial cell system which retains
many features of primary mammary gland
cells. (E. Reichmann).

Finally, we have sought to analyse
thyroid hormone receptor (c-erbA) func-
tionin neuronal cells, where this hormone
receptor plays a crucial role in vivo during
cell differentiation and cell function. C-
erbA and its oncogenic version v-erbA
were introduced into two neuronal cell
lines to study differentiation regulation by
these receptors at the molecular level
(Alberto Munoz).
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Significance of v-erbA-induced gene repression for the leukemic phenotype: Reintroduction
of the Band 3 and CA Il genes into v-erbA -expressing erythroblasts

Irene Leitner, Christian Schroeder, Hartmut Beug in collaboration with Heinz Schwarz, Tiibingen, and Sally Fuerstenberg

It is unclear how much the v-erbA
induced repression of three erythrocyte-
specific genes (CAII, band 3 and dALA-
S) contributes to the leukemic phenotype
induced by v-erbA. V-erbA affects ery-
throid cells in two ways. [t causes an arrest
in terminal differentiation and induces a
profound change in erythroblast growth
requirements, enabling v-erbA erythro-
blasts to grow in standard media. In con-
trast, cells lacking v-erbA require special
growth conditions (Kahn et al,1986). To
clearly define the role of band 3 and car-
bonic anhydrage gene repression in leuk-
emia we have constructed retroviruses
suitable for high expression of complete
avian band 3 and CAII cDNAs in cells
(see report 1990). The band 3 and CAII
genes were then introduced into v-erbA
expressing erythroblasts. While control
ts-v-sea-v-erbA erythroblasts failed to
express exogeneous Band 3, grew in stand-
ard tissue culture media and were tightly
arrested in differentiation, erythroblasts
expressing both v-erbA and exogenous
Band 3 behaved like cells lacking v-erbA.
They were unable to grow in standard
media, developing large vacuoles before
desintegrating under these conditions but

and Bjorn Vennstroem, Stockholm.

grew normally in media suitable for growth
of erythroblasts transformed by kinase
oncogenes only. The same result was ob-
tained with a v-erbA ts-v erbB expressing
cell line (HD3) after expression of exo-
genous Band 3. In this cell line, we could
show by immunofluorescence analysis of
semithin Lowicryl sections (H. Schwarz)
that the exogenously overexpressed band
3 protein was exclusively localized at the
plasma membrane but missing in the
vacuole membrane, ruling out toxic ef-
fects due to inappropriate localization. In
contrast, Band 3 re-expression was unable
to relieve the differentiation arrest caused
by v-erbA in cells after shut off of the
primary transforming kinase oncogene.
Our results thus indicate that repression of
the Band 3 gene by v-erbA is responsible
for part of the leukemic phenotype, i.e. the
v-erbA-induced change in growth require-
ments of the leukemic cells but not for
ahother aspect of leukemic transforma-
tion, that is, the arrest of differentiation.
Similar experiments were performed
with the carbonic anhydrase gene. Since
the activity of CA II is reduced but not
completely blocked in v-erbA-containing
erythroblasts, it was necessary to distin-

guish between endogenous and exogenous
CA II at the protein level. We therefore
fused the carbonic anhydrase cDNA to
viral gag sequences and inserted it in two
different retrovirus vectors that allowed
high level expression of the gag-CA 1I
protein in fibroblasts with an apparently
unchanged enzyme activity. Although tri-
als to introduce the gag-CA II gene in v-
erbA-containing erythroblasts were ham-
pered by its apparent toxicity in these
cells, two clones stably expressing gag
CAII at about 1/3 of the activity in eryth-
rocytes could be obtained. These cells
again were unable to proliferate in stand-
ard media, but grew with reduced rate in
special media used for growth of
erythroblasts without v-erbA. Further-
more, CAIl seemed to partially overcome
the v-erbA-induced differentiation arrest,
although it is possible that this is a trivial
effect due to seletive toxicity to immature
cells.

In conclusion, repression of Band
3 and CAll are clearly responsible for part
of the v-erbA-induced leukemic pheno-
type. Both genes, however, seem to play
only a minor role, if any, in the v-erbA
induced differentiation arrest.

Normal function of the thyroid hormone receptor a (c-erbA) and related receptors in
regulation of erythroid differentiation

Mechanisms of how v-erbA in-
hibits erythroid differentiation and consti-
tutively represses transcription of certain
erythrocyte genes have been elucidated to
some detail (see report 1990 and Zenke,
1991). Much lessis known, however, about
normal functions of the c-erbA proto-
oncogene (thyroid hormone receptor a;
TRa) in erythroid cell proliferation and
differentiation. Recently we have found
indications for such a normal pathway of
c-erbA/TRa function that may well be a
target for v-erbA oncogene action. We
demonstrated that c-erbA/TRa and, even
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more strikingly, the retinoic acid receptor
(RARa), modulated differentiation of vari-
ous normal or quasi-normal erythroid pro-
genitors if stimulated by the respective
ligands, thyroid hormone (T3) and retinoic
acid (RA). When RA was added pulsewise
to immature erythroid progenitors, differ-
entiation was accelerated while more
mature cells underwent premature cell
death. Thyroid hormone (T3) alone caused
similar, but weaker effects, most likely
due to the very low expression of this
receptor in the cells available in vitro.
Interestingly, T3 strongly enhanced the

action of RA, suggesting cooperative ac-
tion of the two receptors in modulating
erythroid differentiation.

Expression of the humanRARain
receptor-negative erythroblasts conferred
RA-induced regulation of differentiation
to the otherwise unresponsive cells, thus
showing that the RARa is essential for the
RA effect. Likewise, enhanced expres-
sion of exogenous c-erbA/TRa in
erythroblasts rendered them highly sus-
ceptible to modulation of differentiation
by T3, suggesting a similar function of
both receptors.
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Oncogene cooperation between kinase oncogenes and v-erbA is required to prevent
differentiation induction by normal, endogenous c-erbA/TRa and RARa

In a continuation of the work above
we have studied if and to what extent the
normal regulation of differentiation by
endogenous nuclear hormone receptors
may interfere with transformation of
erythroblasts by tyrosine kinases, by v-
erbA, or by a combination of these
oncogenes. The endogenous RARa effi-
ciently induced terminal differentiation in
erythroblasts transformed by several
tyrosine kinase oncogenes, thus abolish-
ing their main transforming effect, i.e.
self-renewal induction. The same is true
for c-erbA/TRa, if expressed at sufficient
levels by a c-erbA/TRa expressing retro-
virus. Both RARa and overexpressed c-
erbA/TRa can also revert the differentia-
tion arrest induced by v-erbA in the ab-

sence of asecond oncogene. However, the
same receptors are completely unable to
affect transformation and induce differen-
tiation in erythroblasts, doubly trans-
formed by tyrosine kinases and v-erbA.
These results suggest that oncogene coop-
eration between kinase oncogenes and v-
erbA is required to protect leukemic
erythroblasts from differentiation induc-
tion via endogenous, nuclear hormone
receptors.

Endogenous c-erbA/TRaand RARa
apparently co-operated in abolishing
erythroblast self-renewal and inducing
differentiation, since the respective ligands
acted in a synergistic fashion and over-
expressed, nonliganded c-erbA/TRa sup-
pressed endogenous RARa function in

differentiation induction. By studying
various c/v-erbA chimeric proteins for
their ability to quench the retinoic acid
response in erythroblasts, we could show
that the functional co-operation between
erbA/TRaandRARarequires the receptor
dimerization domain, suggesting that TRa/
RARa heterodimers play a role in the
regulation of erythroid differentiation.

Future analysis will focus on cells
expressing exogenous c-erbA/TRa and
RARa as well as on TR-v-erbA chimeras
and dominant negative RAR versions
(available from M. Karin, San Diego)
with the main aim to identify possible
oncogenic RAR versions.

Functional significance of c-erbA-phosphorylation

Hartmut Beug and Martin Zenke, in collaboration with Corinne Glineur and Jaques Ghysdael, Lille, France

IPrevious work by J. Ghysdael’s group
had established that both v-erbA and c-
erbA proteins exhibit phosphorylation on
serine (Ser 28, Ser 29) which is enhanced
by either cAMP dependent kinases or pro-
tein kinase C, both in vitro and in vivo
(Goldberg et al, 1988). In 1990, we com-
pleted the functional analysis of mutant v-
erbA proteins in which these phos-
phorylate serines had been converted to
alanines. We showed that lack of v-erbA-
phosphorylation essentially abolished all
biological activities of v-erbA i.e arrest of
erythroid differentiation, alterations of in-

vitro medium requirements and suppres-
sion of erythrocyte-specific gene trans-
cription. Similarly, inhibition of in-vivo
phosphorylation by the protein kinase
inhibitor H7 led to almost complete loss
of v-erbA function in all these para-
meters.

In 1991, we have initiated similar
studies to analyse the significance of
phosphorylation of the c-erbA/thyroid
hormone receptor a for its function in
erythroblasts, concentrating both on the
Ser 28/29 sites also present in v-erbA and
on ahighly conserved casein kinase II site

at Ser 12. The respective vectors contain-
ing c-erbA, both as fusion proteins with
viral gag and as bona fide c-erb A proteins
have been made and tested for their ability
to repress and transactivate via a thyroid
hormone response element (TRE) in tran-
sient transcription assays (using a trans-
fectable erythroblastline, see report Zenke
1991). All mutants were capable of
transactivation while the AL A 28/29 mu-
tant was probably somewhat defective in
repression. Work to characterize these
mutants in transformed erythroblasts is
currently in progress.

Function of thyroid hormone receptor a (c-erbA) and its oncogenic version v-erbA in
neuronal and chromaffiné differentiation of the adrenal gland progenitor cell line PC12

One of the most important in vivo

functions of the thyroid hormone receptor +

(c-erbA)isits involvement in differentia-
tion and function of neuronal cells. To
develop an in vitro cell system in which
these functions of c-erbA/TRa could be
studied at the molecular level, c-erbA and
its oncogenic variant v-erbA were intro-
duced into PC 12 cells, a cell line in which
aspects of neuronal and chromaffine cell
differentiation can be induced by nerve
growth factor (NGF) and dexamethasone
(DEX), resepctively. In the absence of a
ligand, c-erbA/TRa suppressed NGF-in-
duced neurite outgrowth and repressed
transcription of a number of NGF-induced
genes. Addition of T3 to the NGF-induced
c-erbA-PC-12 cellsrelieved this differen-
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tiation block, allowing normal NGF-de-
pendentdifferentiation and normal oreven
enhanced expression of NGF-dependent
genes. Interestingly the ligand-activated
c-erbA/TRa alsorendered the PC-12 cells
dependent on NGF for survival and growth,
perhaps mimicking the in vivo action of
NGF as a trophic factor.

In line with the idea, that c-erbA in-
duces “commitment” of PC 12 cells to the
neuronal pathway, c-erbA arrested chrom-
affine differentiation. It prevented the for-
mation of dense, epitheloid islands in-
duced by DEX in uninfected PC 12 cells
and suppressed or reduced expression of
chromaffine marker genes (such as tyro-
sine hydroxylase) as well as general
epithelial markers (cytokeratins, N-cad-

herin) These c-erbA/TRa effects occurred
both in presence and in absence of the
ligand (T3) but were somewhat more
prominent in absence of the ligand.
Asexpected, the effects caused by v-
erbA on PC 12 differentiation were inde-
pendent of ligand and somewhat aberrant.
V-erbA-expressing PC 12 cells failed to
efficiently differentiate in response to
NGF. Somebutnotall NGF-induced genes
were constitutively repressed by v-erbA.
Surprisingly, some chromaffine marker
genes were constitutively overexpressed
in the v-erbA-PC12 cells, consistent with
the notion that v-erbA causes an aberrant
“interlineage” phenotype in PC12 cells.
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B. Conditionally transformed avian hematopoietic cells as

models to functionally analyse mammalian hematopoietic

One of the main reasons, why avian
hematopoietic cells are largely useless as
a model to study the regulation of
hematopoiesis by cytokines is that mam-
malian growth factors do not function in
avian cells and that (with one exception)
avian growth factors or receptors are not
available in pure or even in a molecular

growth factor receptors

cloned form. On the other hand, primary
cell strains of hematopoietic cells trans-
formed by conditional oncogenes that can
be expanded in presence of a functional
oncogene but undergo normal terminal
differentiation and respond normally to
cytokines after switching off oncogene
function are so far only available in the

avian system. We therefore have initiated
studies, whether mammalian receptors for
hematopoietic growth factors would func-
tion normally in avian cells, hoping that
such a result would allow us to study
cytokine action in normal and leukemic
avian hematopoietic cells much more eas-
ily.

Functional expression of the mammalian erythropoietin receptor in differentiating avian

Transformation of avian erythroid
cells by tyrosine-kinase oncogenes com-
prises two major changes induced in
erythroid progenitors: induction of self-
renewal and abrogation of their depend-
ence on hematopoietic growth factors,
particularly erythropoietin (EPO). This
latter oncogene effect was practically re-
sistant to molecular analysis since avian
cells do not respond to mammalian EPO
or other hematopoietic growth factors.
Furthermore, avian EPO or its receptor
seem difficult if not impossible to clone.

We decided to circumvent this prob-
lem by introducing the murine EPO-
receptor (mMEPO-R) into avian hemato-
poietic cells. For this a suitable avian
retrovirus vector was constructed and used
to infect kinase oncogene-transformed
erythroblasts. The exogenously expressed
mEPO-R was present at physiological

erythroid cells
Peter Steinlein and Hartmut Beug

expression levels (200-1000 receptors/
cell) exhibiting a single class of high af-
finity binding sites (kD: 100-180 pM).
The mammalian mEPO-R was also fully
functional. When mEPO expressing
erythroblasts transformed by aconditional
kinase oncogene were induced to differ-
entiate after switching off oncogene func-
tion, human recombinant EPO (hrEPO)
was indistinguishable from partially puri-
fied chicken EPO in its effects on red cell
differentiation. This was true for prolif-
eration kinetics, viability, accumulation
of hemoglobin, ability to form CFU-E-
like colonies and morphological and
histochemical aspects of red cell differen-
tiation. As expected, control cells devoid
of the mammalian EPO-R showed no
detecable response to hrEPO.

The mEPO-R also co-operated with
endogenous avian tyrosine kinase recept-

+

ors such as the insulin receptor. In mEPO-
Rexpressing cells, insulin synergized with
both avian and mammalian EPO in en-
hancing cell viability and erythrocyte yield.
In contrast, insulin growth factor 1 (IGF-
1), reported to exert this effectin mamma-
lian erythroid cells had no etfect.

From these results, we conclude that
the ectopically expressed murine EPO-R
uses the signal transduction machinery of
avian erythroblasts the same way the na-
tive receptor does and co-operates with
endogenous avian growth factorreceptors.
We intend to use this approach to eluci-
date how signal transduction by tyrosine
kinase receptors and nonkinase receptors
(such as EPO-R) do interplay and how
oncogenic activation of the avian c-erbB/
TGFa receptor can bypass EPO receptor
function in kinase oncogene transformed
cells.

Expression of the GM-CSF receptor in avian hematopoietic cells

Oliver Wessely, Hartmut Beug and Peter Steinlein

1t is unclear, whether the chicken
hematopoietic systemutilizes multilineage
growth factors like GM-CSF and 1l 3,
since the respective mammalian factors
are inactive in the chicken and avian ac-
tivities with a similar target cell spectrum
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are unknown. We therefore constructed
an avian retrovirus expressing the a chain
of the murine GM-CSF receptor. The
receptor was successfully expressed in
fibroblasts. Trials tointroduce itinto avian
erythroid (ts -v-sea, TGFa dependent

erythroblasts) myeloid (ts myb trans-
formed myeloblasts) and lymphoid cells
(rel-ER-transformed lymphoblasts, see
report Zenke 1991) are currently in
progress.
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Significance of estrogen receptor expression and -function in normal erythroid progenitors.

Christian Schroeder, Leonic Gibson and Hartmut Beug

During a screen of differentiating ts-
oncogene transformed erythroblasts for
their possible response to steroid hor-
mones, estrogen was found to have an
unexpectedly strong activity, consisting

of stimulation proliferation of the differ-
entiating cells and delaying their terminal
maturation. We therefore tried to demon-
strate the presence of the estrogen receptor
(ER) in normal and transformed avian

erythroid cells and its possible role in
regulation of normal erythroid differen-
tiation. These studies are still in progress.

Conditional versions of nuclear oncogenes as tools to study epithelial cell transformation
in vitro

Emst Reichmann, Heinz Schwarz, Meinrad Busslinger and Hartmut Beug

In 1991, we introduced a novel in
vitro approach to study, how oncogenes
affect epithelial cell polarity and differen-
tiation. This approach consists of intro-
ducing conditional (“switch on or off™)
oncogenes into highly polarizing mam-
mary epithelial cells. With the oncogene
switched off, a fully polarized epithelial
cell layer is allowed to develop. Potential
oncogene effects on the epithelial cell
phenotype can then be studied after switch-
ing on oncogene function.

Hybrid c-fos- and c-myc-estrogen
receptor fusion proteins (c-fosER and c-
mycER, (Superti-Furgaetal., 1991; Eilers
et al., 1989)) were introduced into fibro-
blasts using suitable retroviral vectors and
shown to cause hormone-dependent trans-
formation. C-fosER and c-mycER were
then introduced into mammary epithelial
cell lines that highly polarize and exhibit
distinct mammary gland-specific differ-
entiation properties when cultivated on a
permeable support (Reichmann et al,
1989).1n 1991, we have analysed the bio-
logical properties of these c-mycER and c-
JfosER epithelial cells to some detail.

In their ligand-activated state, c-

JfosER and c-mycER caused oncogene-
specific alterations in the epithelial cell
clones. Estrogen (E2)-dependent c-mycER
activation caused the cells to grow to
abnormally high cell densities, but did not
detectably affect epithelial cell polarity.
In contrast, hormone-induced activation
of c-FosER had much more drastic ef-
fects. Activation of c-FosER for time pe-
riods shorter than 3 hours caused the re-
versible loss of cell polarity, as indicated

* by formation of irregular, sometimes multi-

layered cell sheets and decrease in trans-
epithelial resistance. We are currently try-
ing to determine if sorting of apical (ami-
nopeptidase, retroviruses) and baso-lat-
eral markers (Uvomorulin) is reversibly
affected by short-term activated c-fos ER.
Alsoultrastructural studies, (whichalready
indicate that activated c-fos ER abolishes
tight junctions, but does notdisrupt desmo-
somes)areinprogresstodetermineto what
extent the c-fosER disruption of an organ-
ized epithelial cell layer is reversible.
Ligand activation of the c-fosER
oncogene for longer time periods resulted
in the irreversible loss of polar organisa-
tion and in the formation of multilayered

cell sheets, consisting of cells which ex-
hibited a fibroblastic morphology. These
cellsno longer expressed epithelial marker
proteins such as uvomorulin, tight junc-
tion protein (ZO-1) or desmoplakin, but
instead expressed mesenchymal markers
such as vimentin and fibronectin. At least
some of these changes occur at the trans-
criptional level as shown by respective
northern blot analysis. The cells, how-
ever, also retained epthelial markers such
as cytokeratins and a dense layer of sur-
face microvilli typical for the apical sur-
faces of epithelial cells.

Our experiments indicate that the c-
fosER oncogene can induce both revers-
ible and irreversible changes of epithelial
cell polarity. The irreversible changes
closely resemble those occurring during
epithelial-mesenchymal transformation, a
process occurring at certain steps of nor-
mal development. We expect this new in
vitro system to be useful to study both
normal biogenesis of epithelial cell polar-
ity and the importance of oncogene-in-
duced disruption of polarity and induction
of amesenchymal pattern of gene expres-
sion in carcinogenesis.
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I].) The role of the oncoprotein Fos in signal transduction

The proto-oncogene c-fos is thought
toplay acentral role in signal transduction
by coupling short-term stimulation of a
cell to long-term alterations in gene ex-
pression. The c-fos gene codes for a nu-
clear protein that is an important compo-
nent of the transcription factor AP-1. In
the AP-1 complex the Fos protein is bound
to the product of another proto-oncogene,
¢-jun, viaaspecific leucine zipper interac-
tion. The different domains of the Fos
protein which are responsible for AP-1
dependent transactivation and transfor-
mation of fibroblasts have been mapped
in great detail. In contrast, the relevant
endogenous Fos target genes, that are in-
volved in the control of proliferation and
transformation, are still largely unknown.
We have taken advantage of the highly
selective posttranslational Fos-ER
inductionsystem to search for such Fos
target genes (Superti-Furga et al., 1991,
see Figure 1). During the last year we have
identified and characterized three Fos-
regulated genes coding for Fit-1, Fra-1
and ornithine decarboxylase (ODC).
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Figure 1. The Fos-ER induction system. A) Mouse c-fos ¢cDNA was linked at the C-
terminuts to cDNA encoding the hormone-binding domain of the human estrogen receptor
(ER). This chimaeric gene was constitutively expressed from the Moloney murine sarcoma
virus long terminal repeat (MSV LTR) in stable transfectants of rat fibroblasts or PCI12
cells. B) Principle of the postiranslational induction system. The Fos-ER protein is
expressed to high levels withina given cell, but itis inactive in the absence of estrogen (E2).
C) Hormone-dependent transformation of rat fibroblasts (Rat-1A) by Fos-ER. Fos-ER
expressing cells are only able to grow in soft agar in the presence of estrogen. For details
see Superti-Furga et al. 1991,
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Characterization of Fos target genes

Gabriele Bergers, Sylvia Braselmann, Paula Graninger

The Fit-1 gene was isolated by dif-
ferential screening of a subtracted cDNA
library which was established from
estrogen-induced rat fibroblasts. Tran-
scription of the Fit-1 gene israpidly stimu-
lated by ligand-activated Fos-ER even in
the presence of protein synthesis inhibi-
tors suggesting that Fos activity directly
regulates the Fit-1 gene promoter. In agree-
ment with this finding, serum induction of
the Fit-1 gene is strictly dependent on the
synthesis of immediate early gene prod-
ucts such as c-Fos. The promoter of the
Fit-1 gene has been cloned and was shown
to contain regulatory elements that medi-
ate transcriptional induction by c-Fos and
by serum. Overexpression of the Fit-1
gene is apparently not sufficient for mor-

phological transformation of rat fibro-
blasts. The Fit-1 mRNA appears, how-
ever, to be the most abundant Fos-induc-
ible transcript in these cells, because it has
beenisolated as independent cDNA clones
many times from a subtracted cDNA li-
brary. Sequence comparisonrevealed that
the Fit-1 gene is the rat homologue of the
mouse T1 gene which has previously been
identified as a Ras-inducible gene in NTH
3T3 fibroblasts (Klemenz et al., 1989).
Both genes belong to the immunoglobulin
gene superfamily and their proteins show
the highest homology with the human
carcinoembryonic antigen.

Three Jun-related proteins (c-Jun,
JunB and JunD) and four Fos-related pro-
teins (c-Fos, FosB, Fra-1 and Fra-2) con-

tribute to the heterogeneous composition
of the transcription factor AP-1. We have
analyzed the expression of the genes cod-
ing for these AP-1 proteins in Fos-ER
expressing fibroblasts. Estrogen was able
to induce the transcription of only the fra-
1 gene. This crosstalk between c-Fos and
the fra-1 gene appears to be a general phe-
nomenon as it is also seen in other cell ty-
pes. Fra-1 was shown to be amore weakly
transforming oncoprotein than c-Fos, as
ectopic expression of the fra-1 gene in rat
fibroblasts promoted growth in soft agar,
but did not result in overt morphological
transformation. It is therefore conceiv-
able that Fos-induced expression of the
Jfra-1 geneisresponsible for part of the Fos
transformation phenotype of fibroblasts.

i

Uncoupled c-Fos activity in PC12 pheochromocytoma cells: short and long term effects

Constitutive expression of unlig-
anded Fos-ER fusion protein in a PC12
cell background has no apparent effect on
gene expression ineither growing or NGF-
treated cells. Addition of estrogen, how-
ever, rapidly increases the steady state
mRNA level of at least three genes, fra-1,
tyrosine hydroxylase and ornithine decar-
boxylase (ODC). In the latter case this in-
crease is clearly a direct effect of Fos-ER
involving DNA binding since it is cyclo-
heximide insensitive, depends on an in-
tact DNA binding domain of the Fos-ER
protein and is regulated at the level of
transcription initiation. Itis likely that Fos
induction of the ODC gene involves one
or both AP-1 sites present in the ODC
gene. However, the ODC gene is not in-
ducible in a Fos-ER expressing FR3T3
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fibroblast cell line and hence the activity
of Fos-ER is cell background specific
with interesting implications for possible
mechanisms underlying signal trans-
duction specificity (Wrighton and Buss-
linger, 1991).

In contrast to the above, prolonged
Fos-ER activation has been found to
strongly repress both basal and inducible
(NGF or dexamethasone) expression of
all genes so far analyzed. In the case of
NGF, this general repression effect corre-
ldtes well with an observed “block” of the
neuronal differentiation pathway. Most
notably, Fos-ER represses the putative
neuronal determination gene Mash-1.
However, Fos-ER activation in cycling
cells itself generates a differentiated phe-
notype that resembles morphologically

that induced by dexamethasone, an agent
that drives PC12 cells to a more mature
chromaffin phenotype.

Uncoupled c-Fos activity clearly has
dual effects in PC12 cells, in the short
term inducing expression of at least three
genes whilst in the long term generally
repressing gene expression. The link bet-
ween the latter effect and profound effects
on PC12 differentiation strongly suggests
that Fos-ER may interfere with key regu-
latory molecules involved in the neuron
versus chromaffin cell decision. We have
thus in effect a conditional PC12 mutant
that is a potentially powerful tool with
which to identify these important mol-
ecules.
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We have previously identified the B-
cell-specific transcription factor BSAP as
a mammalian homologue of the sea ur-
chin protein TSAP, which is responsible
for the developmental and tissue-specific
regulation of two non-allelic pairs of late
histone H2A-2and H2B-2 genes (Barberis
etal. 1989). The mammalian factor BSAP
interacts with the four TSAP-binding sites
present in these histone gene promoters in
a manner that is indistinguishable from
the sea urchin protein. BSAP is exclu-

Introduction

sively expressed in the B-lymphoid line-
age within the hematopoietic system.
Equal BSAP-binding activity is observed
in pro-B, pre-B and mature B cells, while
it is undetectable in terminally differenti-
ated plasma cells. BSAP was shown to act
as a positive transcription factor on an
artificial promoter containing a sea urchin
- TSAP-binding site. The strict B-cell line-
age fidelity of BSAP suggests an impor-
tant role of this transcription factor in B-
cell ontogeny. However, known regula-

tory regions of immunoglobulin and class
II MHC genes lack high affinity BSAP-
binding sites suggesting that BSAP regu-
lates a different set of B-lymphoid-spe-
cific genes (Barberis et al. 1990). During
the last year we have identified and char-
acterized the CD19 gene as one of the
BSAP target genes. Moreover, we have
biochemically purified BSAP to homoge-
neity followed by protein sequencing and
cDNA cloning.

The gene coding for the B-cell surface marker CDI19 is regulated by BSAP

Zbynek Kozmik, Shirley Wang, Petra Dorfler

The CD19 protein is expressed on
the surface of all B-lymphoid cells with
the exception of terminally differentiated
plasma cells and has been implicated as a
signal-transducing receptor in the control
of proliferation and differentiation (Nadler
etal, 1983). We have demonstrated com-
plete correlation between the expression
pattern of the CD19 gene and the B-cell-
specific transcription factor BSAP in a
large panel of B-lymphoid cell lines. The
human CD19 gene has been cloned and

several BSAP-binding sites have been
mapped to 5' and 3' flanking sequences
and to the fourth intron by in vitro protein-
DNA binding studies. In particular, a high
affinity BSAP-binding site instead of a
TATA sequence was located in the —30
promoter region upstream of a cluster of
heterogeneous transcription start sites. In
vivo footprinting experiments demon-
strated that this site is occupied by BSAP
in a CD19 expressing B-cell line, but not
inplasmaor HeLa cells. This high affinity

site has been conserved in the CD19 pro-
moter between human and mouse and was
furthermore shown to confer B-cell
specificity to a B-globin reporter gene in
transient transfection experiments. In ad-
dition, BSAP was shown to be the only
abundant DNA-binding activity of B-cell
nuclear extracts that interacts with the
CD19 promoter. Taken together all this
evidence strongly implicates BSAP in the
regulation of the CD19 gene (Kozmik et
al., 1991).

c¢DNA cloning of the B-cell-specific transcription factor BSAP

BSAP consists of a single 50 kDa
polypeptide which was purified to homo-
geneity from human BJA-B cells by wheat
germ lectin and DNA affinity chromatog-
raphy followed by HPLC fractionation
and protein sequencing (in collaboration
with Dr.I. Maurer-Fogy, Bender, Vienna).
Two reliable peptide sequences were ob-
tained and subsequently used to design
specific primers for PCR cloning of BSAP
c¢DNA from BJA-B cells. Northern blot
analysis with this cDNA probe revealed
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that BSAP transcripts are present in pro-
B, pre-B and mature B cells, but not in
plasma cells suggesting that BSAP gene
expression is mainly regulated at the tran-
scriptional level. A 3.3 kb cDNA clone
was subsequently isolated which gaverise
to intact BSAP binding activity in
transiently transfected NIH 3T3 cells and
hence contained the entire coding region
for the BSAP protein. DNA sequencing
and in vitro mutagenesis of the BSAP
cDNA are in progress to define the func-

tional protein domains involved in DNA
binding and transcriptional activation. The
chromosomal BSAP gene has been cloned
and will be used to disrupt the endogenous
BSAP gene by homologous recombina-
tion in transgenic mice. These loss-of-
function experiments should allow us to
address the question of how important
BSAP is for B-cell differentiation and
possibly other developmental processes.
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The function of SWI4 and SWI6 in the entry of yeast cells into the cell cycle

Léon Dirick, Thomas Moll, Rita Taba, Herbert Auer and Kim Nasmyth

In the yeast Saccharomyces cere-
visiae, the decision to undergo cell divi-
sion is made during G1 at a point called
START. Haploid yeast cells in early G1
have three possible developmental fates:
1) Entry into a quiescent state known as
stationary phase if there are insufficient
nutrients in the medium. 2) Differentia-
tion into gametes capable of conjugation,
a process that is induced by pheromones
secreted by cells of the opposite mating
type. 3) Entry into the mitotic cycle by
initiating DNA replication. Once a cell
reaches a certain stage in late G1 called
START, it becomes commmitted to the
last of these options, mitosis, and will
complete cell division even if starved of
essential nutrients and even in the pres-
ence of sex pheromones. Genetic analy-
ses have identified two types of proteins
required for START: a protein kinase en-
coded by the CDC28 gene and a set of
proteins with limited but significant ho-
mology to mitotic cyclins which are en-
coded by CLNI, 2, and 3. CD(C28 is an
essential gene but CLN1, 2, 3 have redun-
dant functions; any one of these three
genes is sufficient for viability. Itis pres-
ently thought that the CLN proteins asso-
ciate with the CDC28 catalytic subunit to
form an active kinase which is capable of
phosphorylating (and thereby activating?)
proteins involved in the initiation of DN A
replication.

We are interested in the control of
START: why it only takes place once cells
reach a certain cell size and how it is
repressed by pheromones. The observa-
tion that it is possible to isolate mutations
in CLN genes (but so far not in CDC28
itself) which cause START to take place
at a smaller cell size than normal or in the
presence of pheromones suggests that it is
normally regulated by the activity of the
CLN proteins rather than the state of the
CDC28 catalytic subunit. CLNI and CLN2
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transcripts appear only transiently as cells
undergo START. What thenregulates the
activity of these CLN genes?

The SWI4 and SWI6 genes were origi-
nally identified as regulators of the HO
endonuclease gene which initiates mating
type switching. They bind to a repeated
motif in the HO promoter (called
CACGA4) which causes HO to be acti-
vated only transiently during the cell cy-
cle as cells undergo START. Neither
SWI4 nor SWI6 are essential genes but
double mutants are lethal, suggesting that
together they fulfill an essential function
for the cell. Several lines of evidence
suggest that the essential role of SWI4

and SWI6 is to activate G cyclin genes: 1)
CLN1 and CLN2 transcripts are not present
in swi4 swi6 double mutants; 2) A com-
plex containing SWI4 and SWI6 proteins
binds to CACGA, sequences within the
CLN2 promoter, 3) moderate ectopic ex-
pression of CLN2 from the s. pombe ADH
promoter restores the growth of swi4 swi6
double mutants. Surprisingly, CLN3 tran-
scription is not dependent on SWI4 or
SWI6 and yet its function is (see fig. 1). To
explain this paradox we propose that in
the absence of CLNI and CLN2, CLN3
needs an unknown factor (marked X in
fig. 1) and that the transcription of X may
be dependent on SWI4 and SWI6.

" AParadox: CLN3 function is dependent on SWI 4,6
though its transcription is not.
Genotype phenolype Conclusion

cin1A cin2A CLN3
cin1A cin2A cin3A

G1 cyclin CLN3
has a START function

SWi4A swibA

SwidA swibA pADH - CLN2

insufficient

G1 cyclins

are active in

swi4 swi6 double mutants

clniA cin2a CLN3 swidA

The START function
of CLN3 is

cin1A cin2h CLN3 swieA gﬁgeslw&igt on SWi4
Hypothesis:
SWI46—> CLN1,2 —>
CLN3 CLN/CDC 28 kinase
X

Figure 1
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To explain how SWI4 and SWI6
function can be dependent upon the
CDC28 kinase (as in the case of HO) even
though they are activators (via the CLN
genes) of CDC28, we propose that the full

activation of the G1 form of the CDC28
kinase involves a positive feedback loop
(see fig. 2). We have confirmed two cru-
cial predictions of this hypothesis: first
that the cell cycle dependent appearance

CLNs may promote their synthesis via SW14,6

SWi4 | sWis

i “CiNgens
-

M./\Aﬁ)
i B

L Ciigens
Active kinase

<
@

(+)ve feedback may facilitate all or none CLN/CDC28

CLN
CLN cDC28
kinase

of CLNI and CLN2 RNAs should be
CDC28 dependent and then that the acti-
vation of one cyclin should cause the
activation of others,

kinase activation and hence irreversibility of START

Figure 2

Another early consequence of the
passage of cglls through START is the
transcriptional activation of several genes
required for DNA synthesis. In most of
these genes, one or several copies of the
sequence ACGCGT (the recognition site

in their promoter regions (see fig. 3). In
the cases of the TM P/ gene (encoding the
enzyme thymidylate synthase) and POLI
(coding for DNA polymerase) the Mlul
motif has been shown to be responsible
for cell cycle dependent transcription. We

cell size

How the switch from Low to high CLN expression is triggered
by cell size is unknown.

taining SWI6 and another protein of 120
kd distinct from SWI14 may bind the Mlul
rhotif. Thus, SWI6 may be a component of
two different START dependent tran-
scription complexes (see fig. 4)

for the Mlul restriction enzyme) is present now have evidence that a complex con-

START specific gene transcription

G REGULATORY
enes ELEMENT
HO endonuclease
CACGAAAA

CLN2 G1 cyclin
SCB (SWI4,6 Cell cycle Box)

HCS26 cyclin Transcriptional controls at START
+
CDC21 Thymidylate synthase
POLI DNA polymerase | @ A /—\ @
PRI DNA primase @ @
CDC8 Thymidine kinase ACGCGTNA ] CLN/CDC28 ]
kinase MCB
RNR1 Ribonucleotide reductase MCB (MiuI Cell cycle Box) scB
CcDCY DNA ligase /4
{(+Many others) ‘ oLk
SCB  MCB HO S phase proteins

Figure 3 Figure 4
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The role of the CDC28 protein kinase in regulating the entry of the HO transcription factor

Thomas Moll, Graham Tebb and Kim Nasmyth

The yeast HO gene encodes a site
specific endonuclease which initiates
mating type switching in haploid homo-
thallic S. cerevisiae strains. Activation of
the HO endonuclease is dependent on at
least six different genes, SWI/—6. One of
these genes, SWI5, codes for asite specific
DNA-binding protein. This protein is ex-
pressed in a cell cycle dependent manner
in S, G2 and M phases, during which it
accumulates in the cytoplasm. Upon entry
of cells into G1, the SWI5 protein is
translocated into the nucleus. '

Deletion analysis of the SWI5 gene
has identified a short portion of SWI5
which is both necessary and sufficient to
translocate the protein into the nucleus in
acell cycle dependent manner. In addition
to a positively charged karyophilic se-

SWIS into the nucleus

quence this domain contains three con-
sensus sequences potentially recognized
by the ¢dc2/CDC28 protein kinase. De-
struction of any of these kinase sites by
site-directed mutagenesis results in par-
tial deregulation of subcellular localiza-
tion and leads to premature entry of the
SWIS protein into the nucleus. When all
three sites are mutated, the protein enters
the nucleus constitutively as monitored
by both in situ indirect immunofluores-
cence and activation of a SWI5 dependent
gene. Biochemical analysis has shown
that these sites are phosphorylated by pu-
rified CDC28 kinase in vitro and that they
are phosphorylated ina cell cycle depend-
entmanner in vivo. In vivo phosphorylation
or dephosphorylation of these residues
correlates with either cytoplasmic or nu-

clear localization of the protein respec-
tively. SWI5 from cells carrying a (s-
allele of CDC28, which is defective in
kinase activity at the non-permissive tem-
perature, is not phosphorylated at these
residues and is located in the nucleus in
cells arrested at the restrictive tempera-
ture.

The cumulative evidence thus sug-
gests that SWIS is phosphorylated by
CDC28 kinase activity during most of the
cell cycle, thereby causing its retention in
the cytoplasm. Upon destruction of the
kinase activity at the end of mitosis,
dephosphorylation of the SWI5 protein
would subsequently lead to its transloc-
ation to the nuclear compartment.

Genes required for G, cyclin activity in yeast

Inbudding yeast, commitment to the
mitotic cell cycle (START) is regulated
by the Cdc28 protein kinase (see fig. 4).
Putative regulatory subunits of this kinase,
G, cyclins, are encoded by three function-
ally redundant genes CLN1, CLN2, CLN3.
Al least one of these genes has to be
present to keep the cell alive and mutants
lacking any two of them are viable in most
genetic backgrounds. However, we have
found that cinlD cIn2D double mutants |
are inviable in the “wild type” W303 ge- |
netic background. Viability of ciniD
¢In2D cells depends on the allelic state of

Fatima Cvrckova

a single chromosomal gene (CLAI = Cln
activator). The death of cIniD cIn2D clal
cells seems to be caused by absence of
active G, cyclins. This is consistent with
the finding that these cells can be rescued
by low-level constitutive expression of
Cln2, but not by mild overexpression of
CIn3 or its hyperactive form Cln3-1.
Recently polymorphismofthe SSD1/
SRK1 gene has been reported to be re-
sponsible for some G -related phenotypes
observed in W303. SSDJ/SRKI is be-
lieved to be involved in protein phos-
phatase function and in the cAMP-medi-

ated signal transduction presumably at
the level of protein kinase A or down-
stream. We have now shown that CLAJ is
allelic to SSDJ. Our finding that the SSDJ
gene (= SRK1 = CLAT) may be involved
also in activation of Cln3 might provide a
link between the cAMP-signalling path-
way and START regulation.

Further studies on the interaction of
SSDI/SRK1/CLAI with the Cdc28/Cln
complex as well as a search for other
genes required for Cln3 activity are in
progress.

Control of mitosis in Saccharomyces cerevisiae: the regulation of CDC28 kinase activity

during progression through mitosis

In the budding yeast S. cerevisiae
passage through cell cycle is regulated at
the G1/S and G2/M transitions. Both
transitions require the CDC28 protein
kinase. We have previously reported the
isolation of genes (CLB) encoding mitotic
cyclins and have shown that the CDC28
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Angelika Amon and Uttam Surana

activity presumably required for progres-
sion through the M-phase is dependent on
the CLB gene products (Surana et al. Cell
65, 145-161; 1991). In Xenopus oocytes
and S. pombe the activation of a similar
mitotic kinase (MPF) containing the ho-
mologous protein cde2 is achieved via

dephosphorylation of a highly conserved
Tyrl5residue. Substitution of the tyrosine
residue by phenylalanine causes prema-
ture entry into mitosis suggesting that the
phosphorylation state of Tyr15 is impor-
tant for the regulated entry into mitosis.
The activity of cdc2 kinase peaks at
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metaphase and then sharply declines cor-
relating with the transition to anaphase.
Preventing the destruction of kinase ac-
tivity leads to arrest in metaphase. This
model for cdc 2 is shown in fig. 5.

To further our understanding of mi-
tosis, we have asked if the budding yeast
CDC28/CLB kinase is similarly regulated.
We have examined the state of CDC28
phosphorylation and show that the Tyr19
residue of CDC28 (corresponding to Tyr15
of cdc2) is phosphorylated not only dur-

Cyclins and CDC28 phosphorylation determine
Kkinase activity and mitotic progression.

S\

CLB/CDC28
Hi kinase

G1-+5~G2 — M —> A—>Gl

d
Sl

- - +

cdegy— CLB . CLB _, qqcoy
cdc2Y-P cdc2Y

L

cde25 CLB
phosphatase  destruction

Figure 5

and not the metaphase to anaphase transi-
tion which is marked by the catastrophic
destruction of the CDC28/CLB kinase
activity. Our observation that lethal over-
production of CLB2 causes arrest in a late
stage of anaphase not metaphase (see fig.
7) is consistent with this interpretation.

Figure 7
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kinase aclivily

ing G2 but also in S phase and undergoes
dephosphorylation during mitosis. Sur-
prisingly, however, its substitution by
phenylalanine does not have any discern-
able phenotype with regard to the cell
cycle progression implying that the
dephosphorylation of Tyr19 may not be
the prime regulatory event for the initia-
tion of mitosis in budding yeast. We have
also measured the CDC28/CLB2 kinase
activity in cdcl5 mutants which undergo
anaphase but are unable to complete mito-

sis at the restrictive temperature (37°C).
In these mutants the CDC28/CLB2 de-
pendent histone H1 kinase activity rises as
cells reach metaphase but there is no dras-
tic drop in the level of this activity as cells
undergo anaphase indicating that in the
budding yeast transition to anaphase oc-
curs despite the presence of high H1 kinase
activity (see fig. 6). The kinase activity
does, however, decline rapidly when cells
are released from the anaphase arrest.
Therefore, it is the final exit from mitosis

A
G2-M—-A-G1
1 1l
WT
= [0 H1 kinase
1 @ CLB2 protin
§ &
/ °
’
B
G2~-M—-A |
4 cde1s
O H1 kinase
@ CLB2 protein
PR e e
Figure 6 '

Our data suggest that while the broad
regulatory scheme for cell cycle controlin
S. cerevisiae is similar to the one found in
organisms as diverse as human, Xenopus
and S. pombe, the details may differ sub-
stantially; fig. 8 summarizes the evidence
fdr and against the model shown in fig. 5.

We are currently exploring the role of
CDC15 gene product in the destruction of
CDC28/CLB2 kinase. Investigations of
the putative regulatory pathways which
may intersect with the control of the
phosphorylation state of CDC28 are also
underway.
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FOR

1)  CLB’s are required for the formation of a mitotic spindle.
2) CDC28 kinase is associated with CLB2
3) CDGC28 Y19 phosphorylation is cell cycle regulated.

eg. GI 8§ G2 M A

- + + - =

AGAINST

1) Y19 — F19 mutation
2) CLB2/CDC28 kinase is high in G2.
3) M -—> Acan take place without CLB / CDC28 kinase

destruction and overproduction of CLB2 leads to an
anaphase not a metaphase arrest.

NO phenotype

Figure 8.

A new role for MCM1: cell cycle regulation of SWIS transcription

As cells of the budding yeast Sac-
charomyces cerevisiae proceed through
the cell cycle they transiently activate the
transcription of several genes. For exam-
ple, in late Gl at START when cells
become committed to enter S phase, many
of the genes involved in DNA replication
become transcriptionally activated. How-
ever, other genesrespondto different types
of cell cycle control. SWIS5, which en-
codes a transcription factor for the HO
endonuclease gene, and CLBI and CLB2
, which encode B type cyclins, are only
transcribed at later stages of the cell cycle
during S, G2 and M phases.

SWIS is required for mating typk
switching in S. cerevisiae. Mating type
switching is induced when the HO
endonuclease introduces a double strand
break to the MAT locus of a haploid yeast
cell. The process is tightly regulated due
to control over HO gene transcription and
SWIS is just one of several genetically
identified regulators of HO transcription.
S. cerevisiae cells divide asymmetrically
to produce a mother cell which transcribes
HO and switches, and a smaller daughter
cell which does not transcribe HO and
which therefore does not switch. Mother
cells only transcribe HO in a brief post-
START window of their cell cycle i. e.
after they are committed to cell division
but before they have replicated their DNA
and thus HO is one of the large class of
yeast genes which are only transcribed in
late G1 as cells become committed to
enter S phase. One of the reasons why
mother but not daughter cells express HO

28

-

David Lydall :

is that SWI5 gene expression is cell cycle
regulated. SWI5 RNA begins to accumu-
late at some point appreciably later than
START, probably in middle or late S
phase, and declines as cells complete mi-
tosis and enter G1. If SWI5 is expressed
ectopically during G1 then daughter cells
are able to switch mating type.

We have identified a 55bp promoter
sequence that appears to be responsible
for restricting SWI5 transcription to the
late S, G2 dnd M phases of the cell cycle.
Two proteins, MCM1, a previously de-
scribed transcription factor, and SFF (SWI
Five Factor, a newly identified factor)
bind this sequence in vitro. MCM1 binds
the DNA tightly on its own but SFF will
only bind as part of aternary complex with
MCMI1. We observe a strong correlation
between the ability of mutated SWI5 pro-
moter sequences to forma ternary MCM 1-
SFF containing complex in vitro and to
activate transcription in vivo which sug-
gests that efficient transcription requires
that both proteins bind DNA. Through its
interactions with cell type specific co-
activators and co-repressors MCM1 con-
trols cell type specific expression of
pheromone and receptor genes. By anal-
ogy we propose that it is SFF that enables
MCM1 to function as a part of acell cycle
regulated transcription complex.
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Our research programme continues
to focus on the function of genes in stem
cell differentiation, development and dis-
ease. We are specifically interested in
analyzing the function of growth control
genes, in studying the molecular events
leading to tumour formation and in gener-
ating mouse models for human genetic
diseases. For these studies we are using:

(i) Transgenic mice produced by intro-
ducing recombinant genes into the germ
line by microinjection of DNA into ferti-
lized eggs. (ii) Embryonic stem (ES) cells
as target cells for gene transfer to
ectopically express foreign genes as well
as to inactivate gene function by homolo-
gous recombination. Genetically altered
ES cells are introduced into mouse em-

bryosin order to analyze the consequences
of the altered genotype in chimeras and
their transgenic offspring. (iii) Retroviral
gene transfer to express growth factor
receptor genes in murine bone marrow
cells in vitro and in vivo to study their
function during hematopoictic develop-
ment.

I. Effects of c-fos on bone and cartilage differentiation in
transgenic and chimaeric mice

A novel target cell for c-fos -induced oncogenesis: Development of chondrogenic tumours

in ES cell chimaeras

Zhao-Qi Wang, Agi Grigoriadis and Uta Mohle-Steinlein

Embryonic stem (ES) cells were used
to investigate the target cell specificity
and consequences of ectopic c-fos ex-
pression during embryonic development.
We have previously shown that chimaeric
mice generated with different ES cell
clones selected for high exogenous c-fos
expression were not affected during em-
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bryonic development, however, a high
frequency of cartilage tumours developed
as early as 3-4 weeks of age. Expression
of exo-genous c-fos RNA and Fos protein
was observed during development but was
highest in tumour tissues, predominantly
in differentiating chondrocytes (Wang et
al., 1991).

Clonal tumour-derived cell lines were
established which express high levels of
c-fos as well as the cartilage-specific gene
type I collagen. Allcell lines give rise to
cartilage tumours in vivo, some of which
also contain bone. These data suggest that
chondrogenic cells and earlier progeni-
tors are specifically transformed by Fos
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and therefore represent a novel mesen-
chymal targetcell for c-fos overexpression.
Interestingly, high levels of exogenous c-
JSos did not interfere with endogenous c-
Jos expression suggesting that trans-re-
pression of the endogenous c-fos gene does
not occur in the chondrogenic cells.
Analysis of other AP-1 genes showed that

c-jun and fra-1 were co-expressed with
exogenous c-fos in the chondrogenic cell
lines. Thus, these data suggest that selec-
tive transcriptional activation of some AP-
1 genes may be responsible for cartilage
tumour formation in the fos chimaeras.
We are currently investigating
whether c-jun and fra-1 are cooperating

genes in cartilage tumour development,
and which target genes are responsible for
c-Fos action. More importantly, generat-
ing mouse mutants with inactivated c-fos
would offer an opportunity for dissecting
the biological functions of c-Fos.

Expression of AP-1 and osteoblast-associated genes in cell lines from c-fos transgenic

osteosarcomas

Agi Grigoriadis, Zheo-Qi Wang and Karl Schellander

We have previously generated trans-
genic mice expressing c-fos under the
control of the murine H2-K® class Il MHC
promoter which develop osteosarcomas
with 100% penetrance. To investigate the
potential target cells and genes which may
be affected by Fos we have analyzed by in
situ hybridization and Northern analyses
the eXpression patterns of AP-1- and bone-
associated genes in developing bones, tu-
mours and tumour-derived cell lines.

The onset of exogenous c-fos ex-
pression in transgenic bones occurs be-
tween 2-3 weeks of age. In situ hybridi-
zation for exogenous c-fos at this stage
demonstrated that the transgene was ex-

cHfos TRANSGENICS

c-fos expression

mpc - mesenchymal progenitor cell

pressed at high levels in osteoblasts (OBs)
and osteocytes and to a lesser extent in
pre-OBs. Interestingly, some cells within
the chondrogenic lineage also expressed
c-fos. Thus, these results suggest that while
both bone and cartilage cells are targets
for ectopic c-fos expression in transgenic
mice, only OBs are affected and give rise
to osteogenic tumours, i

Eleven cell lines isolated from these
osteosarcomas express high levels of
exogenous c-fos with little or no endog-
enous c-fos. 8/9 cell lines tested were
tumorigenic in nude mice and the tumours
are currently being characterized. Analy-
sis of AP-1-associated genes showed that

BIRTH

while jun genes were expressed at moder-
ate to high levels, only fra-1 levels ap-
peared to be correlated with levels of
exogenous c-fos. OB marker genes were
expressed at various levels, however, in
contrast to tumor tissues, expression of
osteocalcin was notdetectable in cell lines
expressing high exogenous c-fos. These
data suggest that specific AP-1 genes may
be involved in c-fos-induced bone tumour
formation and that some OB-associated
genes may be targets for Fos action. A
model for the different specificity of c-
Fos in mesenchymal cells in transgenic
versus fos ES cell chimaeras is shown in
Fig. 1.

osteogenic
lineage

c/opc - chondro-osteoprogenitor cell

Figure 1. A model for explaining the different phenotypes observed between c-fos chimaeras (cartilage tumours) and c-fos transgenic

mice (bone tumours).
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To investigate the role of c-jun dur-
ing early mouse development we are gen-
erating mouse strains with either ectopic
expression of the c-jun gene (gain of func-
tion) and/or with inactivated c-jun genes
(loss of function).

Inorder to study the consequences of
overexpression of c-jun in vivo we placed
the coding region of both the mouse and
the human genes under the control of
strong constitutively expressed enhancer/
promoter sequences. Several transgenic
lines expressing the exogenous c-jun gene
were established, which did not exhibit
any obvious phenotype.

Introduction of jun constructs into
ES cells by electroporation led (o the iso-
lation of high expressing ES cell clones.

®

Frank Hilberg and Karl Schellander

High jun expression did neither alter the
growth parameters nor did it change the
undifferentiated ES cell morphology.
These ES clones were used for blastocyst
injection and the generation of chimaeric
mice. No significant ES cell contribution
was detected in the adult chimaeras but a
highrate of fetal resorptions was observed,
suggesting a possible interference of c-
Jjun overexpression with normal develop-
ment. Histological analysis of the
chimaeric fetuses at different time points
during development are presently being
performed.

In an attempt to inactivate the c-jun
gene through homologous recombination
we have used a promoterless jun/neo fu-
sion construct to successfully inactivate

one c-jun allele in various ES cell lines.
Consecutive inactivation of the second c-
Jjun allele with a promoterless jun/hygro
fusion construct was also achieved (Fig.
2). These ES cells lack functional c-jun
protein and do not exhibit any altered
growth and differentiation properties in
vitro. Furthermore, TPA induction of genes
such as c-fos and junB, which are thought
to be regulated by c-Jun as well as trans-
activation of AP-1 responsive reporter
constructs are not affected in these cells.
The potential to differentiate in vivo is
currently under investigation and we are
also testing several chimaeras for germline
transmission to obtain c-jundeficient mice.

Inactivation of both c-jun alleles by gene targeting
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Figure 2. Strategy and DNA analysis of single (+/-) and double (—/-) inactivated c-jun alleles in ES cells.

Animal models for specific diseases
are important for basic and applied re-
search since an understanding of the mo-
lecular basis of disease and of novel
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therapeutical strategies can only be partly
obtained in a clinical setting. Gene trans-
fer methodologies in reconstituted organs
and in transgenic mice are particularly

useful for dissecting the individual steps
of altered gene expression that underly
many diseases.
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Human foamy virus: an underestimated neuropathogen?

Human foamy virus (HFV) is a re-
cently characterized retrovirus which was
isolated from patients with various
neoplastic and degenerative diseases. Lit-
tle is known about the prevalence of HFV
in the population, and it has not yet been
possible to establish causal links between
HFV and any human disease. Like HTLV
and HIV, HFV encodes the structural
retroviral genes and an additional region
containing three open reading frames, bel-
1to bel-3. 1t was shown that bel-1 encodes
a transactivating protein.

We have analyzed in close collabo-
ration with the groups of Ivan Horak and
Axel Rethwilm in Wiirzburg, Germany,
transgenic mice expressing parts of the
HFV genome. We found that the HFV
transgene is transiently transcribed be-
tween midgestation and birth at moderate
levels in various tissues. Expression is
turned off around birth, and the transgene

I
Figure 3. A: RNA in situ hybridization of the hippocampus
the transgene.
B: A fraction of cortical neurons in a HFV transgenic mouse reacts strongly with a gag antiserum. Note that immunoreactive
material extends into axons and dendritic processes.

The neu (c-erbB-2) oncogene, a
receptor-like tyrosine kinase with consid-
erable homology to the EGF receptor, has
been found to be frequently amplified and
overexpressed in human mammary carci-
nomas. In addition, an activating muta-
tion of new is found in virtually all cases of
peripheral neuroectodermal tumours
(Schwannomas) induced perinatally inrats
by chemical carcinogens, but not in con-
comitant tumours of different histological
type. This observation points to a selec-
tive sensitivity of Schwann cells for the
action of neu.
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remains dormant for several weeks. After
the 5th week of age, expression resumes
in a restricted range of tissues (Aguzzi et
al., 1992). This second wave of expres-
sion leads to extensive accumulation of
HFV transcripts in single celis, mainly in
the CNS and striated muscle, and is asso-
ciated with a progressive degenerative
disease of these tissues (Bothe etal., 1991,
Fig. 3a). These findings raise the question
as to whether natural infection with HFV
may also lead to similar pathologies and
prompt a critical re-evaluation of its pos-
sible role as a human pathogen, particu-
larly in neurological diseases. In addition,
the HEV transgenic mouse model may
prove useful for studying the molecular
basis of the HFV-associated neurotoxicity,
the role of individual disease-associated
HFV genes and the regulation of retroviral
latency.

The primary research goal will be the

Studies with the neu oncogene

In one approach, we have set out to
target expression of neu to the mouse
myelination apparatus. Transgenic mice
have been generated in which the acti-
vated neu oncogene was linked to a frag-
ment of the myelin basic protein pro-
moter. However, expression analysis of
these mice showed that efficient expres-
sion of neu in the central and peripheral
nervous system was not achieved, and a
neoplastic or myelinopathic phenotype
was not observed. Therefore, as an alter-
native approach we have constructed two
replication-defective retroviral vectors
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unequivocal identification of neurotoxic
genes transduced by HFV. This aim will
be pursued by i) the generation of trans-
genic mice carrying mutated HFV con-
structs and ii) by intrathecal administra-
tion of recombinant HFV proteins to wild
type and HFV transgenic mice. In addi-
tion, HFV transgenes carrying deletions
in the ancillary bel genes will be intro-
duced into mice, and their expression pat-
tern during development and in adult mice
will be studied.

In order to follow up the accumula-
tion of HFV gene products in target or-
gans, we have raised rabbit antisera to
bacterially expressed portions of the gag
and env genes. These antisera recognize
formaldehyde and paraffin stable epitopes
(Fig. 3b) and can therefore be used for
retrospective surveys on human neuro-
pathological material.

T
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of ayoung HFV transgenic mouse. Many neurons in the CA3 sublayer express

allowing expression of the neu cDNA
from either the retroviral long terminal
repeat (LneuT) or from an internal
thymidine kinase promoter (NTKneuT).
The LneuT vector was shown to efficiently
express neu and is currently being used for
injection of midgestation mouse embryos.
These experiments will allow us to analyze
the consequences of neu expression in a
broad spectrum of tissues.
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The middle T antigen of polyoma-
virus (mT) rapidly transforms endothelial
cells in vivo, leading to the formation of
endothelial tumours called heman-giomas.
We have shown that mT-transformed
endothelial cells (End cells) upre-gulate
expression of urokinase plasmino-gen
activator (uPA) and uPA receptor (uPA-
R) while plasminogen activator inhibitor
(PAI-1) expression is drastically reduced.
End cells form morphologically aberrant
cyst-like structures in fibrin gels whichby
addition of protease inhibitors can be cor-
rected into tubular structures like those
formed by normal endothelial cells.

In order to assess the importance of
deregulated proteolytic activity for heman-
gioma formation in vivo, we have co-
injected protease inhibitors and End cells
into mice, which lead to a reduction of
hemangioma formation. We currently
pursue several other experimental ap-
proaches in order to better define the causal
role of uPA/PAI-1 activity for this proc-
ess: (i) overexpression of uPA in primary
endothelial cells via a retroviral expres-
sion-vector, (ii) overexpression of PAI-1
in End cells and (iii) expression analysis
of uPA,uPA-R and PAI-1inhemangiomas
by RNA in situ hybridization.

A recently characterized polyo-
mavirus of hamster origin does not associ-
ate with pp60°*<, but rather with another
tyrosine kinase, p59%". Using a retrovirus
carrying the hamster mT we also observed
hemangioma formation after infection of
newborn mice, suggesting that activation
of pp60=* is not required for this pathol-
ogy. Furthermore, we recently found that
hemangiomas can also be induced in c-src
deficient mice. This work is done in col-
laboration with W. Risau’s group in Mu-
nich and S. Courtneidge (EMBL), R.
Montesano (Geneva) and P. Soriano (Hou-
ston).

The potential of ES cells to differen-
tiate into hematopoietic cells in vifro was
investigated. When cultured in semi-solid
medium four of seven ES cell lines (E14,
MBL-5, CCE and D3) efficiently gener-
ated embryoid bodies (EBs) containing
red blood islands. We have studied the
effects of various growth factors on these
early stages of hematopoietic differentia-
tion, demonstrating that only erythro-
poietin modulates development of the first
erythroid progenitors. In EB’s derived
from D3 and CCE ES cells hematopoietic
cells from all six myeloid lincages were
reproducibly identified. Dissociated EBs
were analysed for the presence of pro-
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;
genitors using the in vitro colony forming
cell (CFC) assay. All colony forming pro-
genitors normally found in the hemato-
poietic organs of the developing mouse,
including the ,,mixed* colony type, were
readily detected. Detailed temporal stud-
ies showed that the various progenitors
developed repro-ducibly at specific time
points during ES cell differentiation.
Moreover, we have tested the in vivo ca-
pacities of EB-derived progenitors. De-
spite a high frequency of CFC-Mix in
vitro, CFU-S activity of such precursors
was not observed (Burkert et al., 1991).
We conclude that hematopoietic differen-
tiation of ES cells under these in vitro

conditions reflects complete blood cell
formation in the yolk sac of the early fetus
which has not progressed to the fetal liver
stage. Therefore in vitro differentiation of
ES cells provides a powerful system to
study the earliest events of hematopoietic
development under defined conditions.

Toinvestigate the effect of oncogene
expression on early murine hematopoiesis,
ES cells were infected with a retrovirus
expressing the v-erbB oncogene. We are
currently analyzing the effects of ectopic
v-erbB expression on ES cell differentia-
tion in vitro and in vivo.
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Growth factor receptors and onco-
genes play a critical role in the regulation
of normal cell proliferation and differen-
tiation, and in cellular deregulation during
tumourigenesis. To understand the func-
tion of growth factor receptors during
development both in vitro and in vivo, we
are attempting to ectopically express nor-
mal and mutant receptor proteins in ES
cells and in transgenic mice. Specifically,
the chimaeric receptors HERerbB and
HER kit (EKR) were chosen for these
studies. In these chimaeric molecules, the
highly transforming capacity of v-erbB
and the intracellular signal transducing
domain of the developmental growth fac-
tor receptor c-Kit are controlled by the
extracellular EGF receptor ligand-bind-
ing domain. Three classes of vectors were
analyzed for their capacity to allow ex-
pression in ES cells: an inducible metallo-
thionine promoter (MT), a constitutive
promoter (PGK-1), and a LTR-based

retroviral vector (LEN). Although all vec-
tor constructs conferred high level receptor
expression in fibroblastic cells, no cell
surface protein expression was detected
in ES cells. Whether this ES cell-specific
block in receptor protein expression is
transcriptional or translational is currently
being investigated.

To further study the role of growth
factor receptors in hematopoietic devel-
opment, several growth factor receptors
including GM-CSFR, CSF-R, EGFR and
the chimaeric receptors HERerbB and
HER kit (EKR) were introduced into
hematopoietic cells (FDC-PI) by gene
transfer. In all cases, we found that selec-
tion in the presence of ligand was a prereq-
uisite both for efficient ectopic receptor
expression as well as for proliferative sig-
nalling in these cells. Furthermore, long-

term high-level receptor expression ap-

pears to be regulated in a ligand-depend-
ent manner. In the absence of ligand, cell

surface receptor expression declines to
minimal levels within 10 days in mixed
cell populations and within 4 weeks in
clonal cultures. Whether this phenom-
enon is restricted to hematopoietic cells is
not clear. Highly permissive cells such as
fibroblasts readily express functional
ectopic receptors in the absence of ligand,
whereas the presence of ligand does not
appear to induce receptor expression in
ES cells.

In adifferent experimental approach
we are (rying to interfere with growth
Tactor receptor expression through domi-
nant-negative mutations using the EGF-
receptor as a model system. Various mu-
tant EGF-R molecules were first tested for
their inhibitory function in tissue culture
cells (Redemann et al., 1992) and are
presently being introduced into mid-ges-
tation embryos as-well as into ES cells and
preimplantation embryos.

Mutations at the mouse W locus in-
duce pigmentation defects, sterility and
abnormal hematopoiesis. W lesions char-
acteristically affect primitive cellsin these
lineages as well as specific differentiated
progeny: in hematopoiesis W mutants ex-
hibit stem cell and spleen colony forming
cell (CFU-S) defects in addition to an
abnormal profile of committed cells most
severely affecting the erythroid and mast
cell lineages. The Kit tyrosine kinase
receptor, a product of the W locus, exhib-
its loss-of-function mutations in a range
of independent W mutants suggesting a
critical role in mouse development and
the generation of this mutant phenotype
(Wagner and Alexander, 1991).

We have established a retrovirus-
based gene transfer system for the normal
murine c-kit gene. The efficiency of c-kir
expression in retroviral vectors was sig-
nificantly greater from the retroviral 5'
LTR than the internal thymidine kinase or
cytomegalovirus early region promoters.
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Ectopic expression of c-kit transduced a
functional growth stimulus in cells which
normally lack thisreceptor: DA-1myeloid
cells acquired the capacity to respond to
Steel factor (the Kit ligand) and fibroblasts
were transformed in a ligand-dependent
manner. The relationship between func-
tional c-kit expression and the W pheno-
type was examined by direct gene transfer
of normal Kit receptors into W mutant
cells. In primary mast cells from mice of
both the viable W/W" and perinatal lethal
W/W genotypes, exogenous c-kit expres-
sion was sufficient to rescue the response
to Steel factor in vitro. Moreover, the
capacity of W/W”mast cells to survive and
differentiate in vivo was also recovered.
Thisresultdirectly demonstrates the causal
role of c-kirmutation in the W mutant mast
cell deficiency (Alexander et al., 1991).
We are currently investigating whether
this conclusion extends to more primitive
hematopoietic cells and to cells of the
other affected lineages via kit virus infec-

tion of developing embryos or explanted
hematopoietic tissue. Preliminary results
suggest that the CFU-S capacity of W
mutant bone marrow or fetal liver can also
be recovered through c-kir gene transfer.

We are further studying the role of c-
kitby attempting to constitutively express
the receptor during mouse development.
We have introduced several expression
vectors into ES cells as a means to gener-
ate mice expressing c-kif exogenously.
However, constructs driven by the herpes
simplex thymidine kinase, chicken B-actin,
human metallothionine or cytomegalo-
virus early region promoters failed to ex-
press, despite functioning efficiently in
fibroblasts. Presently we are investigating
several new c-kit vectors in ES cells in
addition to producing transgenic animals
through conventional DNA microinjection
orinfection of mid-gestation embryos with
kit retroviruses.
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We have reported earlier the expres-
sion of the normal human EGF receptor
(HERCc), the oncogenic viral homologue
v-erbB and a chimaeric EGF-R/v-erbB
(HERerbB) receptor on murine bone mar-
row cells (BMC) utilizing retroviral gene
transfer. All three receptor molecules act
synergistically with IL-3 in stimulating
the proliferation of primary mast cells.
However, only the mutant receptors,
HERerbB and v-erbB, were able to main-
tain cell proliferation also in the absence
of IL-3. As expected, the mitogenic sig-
nals of wild-type and chimaeric receptors
were ligand-dependent, while v-erbB acts
in a ligand-independent fashion. How-
ever, quite unexpected was our recent
observation that not only the mitogenic
effects of HERc and HERerbB, but also
their efficient ectopic expression was de-
pendent on the presence of EGF or TGFa.

In order to study the biological con-
sequences of ectopic EGF-R expression
on hematopoietic development in vivo,
we havereconstituted mice first with BMC
expressing HERc. No effects on hemato-
poietic development were observed, how-
ever, we were not able to demonstrate
HERCc expression in long-term reconsti-
tuted mice despite the presence of intact
proviral DNA. Currently we believe that
this might be due to insufficient serum
levels of EGF or TGFaq, allowing efficient
cell surface expression.

To circumvent this problem, we ex-
pressed the ligand-independent v-erbB
protein in reconstituted mice. All mice
(10/10) developed severe myeloprolif-
erative disorders within eight to twelve
weeks after transplantation. They suffered
from a systemic mast cell disease, remi-
niscent of Malignant Mastocytosis and
three of them developed symptoms of an
acute leukemia. Transplantation of BMC
or spleen cells of four primary recipients
into secondary recipients led to the devel-
opment of acute leukemias, independent
of whether the primary recipient already
exhibited aleukemic phenotype. Leukemic
cells isolated from such animals showed
anundifferentiated morphology, expressed
various myeloid marker antigens but also
high levels of the B220 antigen, normally
found on B- and pre-B-cells. However,
the immunoglobulin genes were not yet
rearranged, suggesting that these cells are
of early myeloid origin. Genetic analysis
demonstrated (i) the presence of intact as
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well as rearranged proviral DNA in all
tissues analyzed, (ii) the clonality of the
leukemias and (iii) a different clonal ori-
gin in the leukemic cells compared to the
malignant mast cells. Expression of the v-
erbB protein was confirmed by in situ
immunohistochemical analysis.

Mostrecently, we have reconstituted
mice with BMC co-infected with the
HERerbB retroviral vector and a vector
expressing TGFa. Preliminary analysis of
three animals revealed that all mice had
developed the symptoms of Malignant
Mastocytosis, although the HERerbB pro-
tein was expressed on BMC of only two
out of three mice. To test whether again
acute leukemias would develop BMC were
transplanted into secondary recipients and
they are currently being analyzed.

This work was carried outin collabo-
ration with Thaddus Radaszkewicz, Insti-
tute for Pathology, University Hospital,
Vienna and Axel Ullrich, MPI for Bio-
chemistry, Munich
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A phosphorylation cascade is involved in pheromone dependent signal transduction

of S. cerevisiae

Anton Gartner, Gustav Ammerer (in collaboration with Kim Nasmyth, IMP and Beverly Errede, Ur_1iversity of North

Yeast mating pheromones cause a
receptive cell to stop proliferation and to
differentiate into a gamete. Binding of the
pheromone to its receptor activates a
signaling cascade via the dissociation of a
trimeric G-protein. The nature of the G-
protein’s effector is so far unknown al-
though several gene products have been
identified that function after the G-pro-
tein. Four of them called STE7, STE11,
FUS3 and KSS1 are proteins with similar-
ity to Ser/Thr protein kinases. FUS3 and
KSS1 share an overlapping functionin the
induction of transcriptional events and are
structurally related. They belong to a fam-
ily of kinases whose most prominent mem-
bers include mitogen activated protein
kinases of vertebrate origin (MAPkinases).

Carolina)

We have started genetic and bio-
chemical approaches to study the function
of the FUS3 kinase. Using in vivo labeling
procedures we have shown that similar to
MAP kinases, FUS3 and KSS1 are modi-
fied by phosphorylation at threonine and
tyrosine. An increase in phosphorylated
protein correlates with the activation of
the signal pathway. In response to the
extracellular signal, the same amino acid
residues are modified in FUS3 as in MAP
kinases. Substitution mutations at the two
potential target amino acids resulted in a
biologically inactive product indicating
that both threonine and tyrosine phos-
phorylation is essential for signal trans-
mission. Since catalytically inactive fits3
products still get modified at tyrosine and

threonine, we can rule out that an auto-
catalytic mechanismis necessary for FUS3
activation. Theresultimplies thatakinase
with tyrosine specificity must exist as a
signaling component. In search of this
kinase we first studied the order of STE
gene function with respect to FUS3
phosphorylation. Our results show that
FUS3 activation depends on the STE11
kinase and is perhaps interdependent with
the STE7 kinase. Therefore, either of these
kinases is a candidate for the FUS3 kinase
kinase. Currently, we are developing in
vitro systems (o address the question how
these different kinases interact. Such in
vitro systems should also help identifying
important targets modified by the acti-
vated FUS3 kinase.

Cell'type specific transcription in yeast

Michael Primig, Hans Winkler, Elisabeth Petfalsky, Gustav Ammerer

In haploid yeast cells, mating speci-
ficity is determined by the expression of
either a- or a-specific peptide pheromones
and receptors. The decision which set is
expressed depends on the genetic infor-
mation present at the mating type locus
(either MATa or MAT ). Thereby, only
the two proteins encoded by MAT @ con-
tribute to this regulatory process. ol is a
positive factor required for o-specific ac-
tivation and o2 a repressor inactivating
the otherwise constitutive transcription of
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a-specific genes. Both regulatory proteins
function by co-operation with a cell type
independent DNA binding factor called
MCMLI. It has been shown that cell-type
specific transcription correlates with the
combinatorial interactions of MCM1, a1
and o2 on their respective target promot-
ers. MCM1 belongs to a family of DNA
binding proteins (called MADS box pro-
teins) that include serum response factor
(SRF), a mammalian transactivator in-
volved in cellular responses to growth

factors. Although MCM is central to the
cell type specific activation of both a- and
o- specific genes, the promoter function
of these genes is more complex. A second
layer of transcriptional control links
receptor and pheromone production to the
activity of their own signal transduction
pathway. A defective or absent signal
pathway results in severe reduction of
basal levels of pheromone and receptor
gene transcription. In contrast, a pathway
induced by pheromone raises the expres-

Scientific-Report 1991



sion of pheromone and receptor genes two
to five fold above the basal level. The
transcription factor STE12 is essential in
mediating these effects. Several observa-
tions suggest that STE12 is the nuclear
recipient of the transduced signal. Over-
expression of STE12 suppresses the tran-
scriptional defects caused by mutations in
all other identified signal transduction
components. Phosphorylation of STE12
changes in a pheromone dependent man-
ner. STE12 recognizes a DNA sequence
called pheromone response element (PRE)
which has been implicated in pheromone
inducible transcription. When assayed in
an in vitro system, STE12 binds only
weakly to a single binding site. However,
in cooperation with MCM1 its affinity is
greatly increased. Since the interaction
between MCM1 and STE12 provides a
physical link between cell type control
and signal transduction we became inter-
ested in identifying those regions in both
proteins that are necessary for their physi-
cal interaction.

STE12 is a factor without an appar-
entsequence similarity to any otherknown
protein. A deletion analysis of STE12
allowed us to assign certain functions to
the different regions of the protein. We
were able to map the DNA binding func-
tions to the amino terminal domain,
whereas activation functions correlate with
the presence of the proline and serine rich
internal part of the protein. A site essential
for MCM 1 interaction was found close to
the C-terminus of the protein. Thisregion
of about 50 amino acids is embedded
within a large negative regulatory do-
main, which restricts DNA binding and
transcriptional activation of STE12. Ex-
tensive deletions in this repressor domain
have the following effects. They make
STEI2 binding independent of MCM1
while increasing the basal transcription
rate of pheromone inducible promoters.
A small deletion, destroying only the
MCMI interaction site, just leads to low
receptor and pheromone production. Thus
STE12’s C-terminal domain may ensure

high differential expression of genes that
are required only for conjugation while
concurrently allowing a relatively high
basal activity of receptor and pheromone
synthesis.

Binding assays were also used to
identify STE12 reciprocating regions in
MCM1. Crude deletion analyses showed
that important contact sites are located
just within the so-called MCM 1 core do-
main. This is an 80 amino acid region
essential for dimerization and DNA rec-
ognition. It is also the only part of the
protein that shows extensive conservation
between SRF and MCM1. Construction
of MCM1/SRF chimaeric molecules al-
lowed us to narrow down the region im-
portant for MCM1-STE12 co-operativity
even further. Using site directed muta-
genesis we are currently trying to identify
amino acids that are directly involved in
the physical interaction between STE12
and MCML.

DNA binding of regulatory proteins and transcription regulation

Mating specificity and conjugation
areregulated by transcriptional processes.
We investigated by in vivo footprinting
methods whether any of these regulatory
phenomena are due to differential DNA
binding of transcriptional activators. Three
questions were addressed. The first con-
cerned al’s function in cell specializa-
tion. In the second and third we tried to
relate STE12 binding to the activity of the
signal transduction pathway.

(1) The activation of o-specific genes
depends on the function of the ubiqui-
tously expressed MCM1 and the cell type
specific a1 protein. Since MCMI1 has
been proposed to function as the main
transcriptional activator two hypotheses
have been advanced to explain ol de-
pendent transcription. The first suggests
that MCM1 cannot bind to the slightly
degenerate o-specitic binding sites unless
it forms a complex with a1 (co-operative
binding model). The second hypothesis
emphasizes conformational effects. Al-
though MCM 1 can bind to a-specific sites
in vitro, this site does not induce a con-
formational change in MCM 1 that may be
necessary to convert it into an activator
(conformational model). We tested the
different models by looking at MCM1
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binding to the MFal promoter. This o~
specific promoter contains two function-
ally independent upstream activation ele-
ments. In ¢ cells both elements are occu-
pied by MCM1. However, in the absence
of al (e.g. in a cells), only one of the sites
remains occupied by MCM I, whereas the
second one does not. These results indi-
cate that both hypotheses may be biologi-
cally relevant. Although differential
binding is clearly one mode by which o~
specific elements are regulated, we have
to assume that o1 provides functions be-
yond the recruitement of MCM 1.

(2) Co-operative binding of STE12
and MCML1 is important for high level
transcription of a-specific genes. In vitro,
the interaction of MCM1 and STEI2 is
prevented by dephosphorylationof STE12.
In vivo a defective signal transduction
pathway severely reduces transcription
of a-specific genes. Since it is thought
that STE12 is activated in vivo by a
phosphorylation event elicited by the
pheromone dependent signal tranduction
pathway one may try to correlate both
observations. Therefore, we asked whether
STE12 dependent footprints are absent in
strains with a defective signal pathway.
We found that STE12 binding is not de-

pendent on an active pathway. Thus,
STE12’s interaction with MCM1 is not a
target for the peromone response. Addi-
tionally, pheromone pathway independ-
ent phosphorylation events may be im-
portant for STE12 function.

(3) Upstream activating sequences
thatcontain multiple pheromone response
elements (as in the FUS! promoter) in-
crease their activity up to several hundred
fold upon pheromone induction. So far,
STE12 is the only transcription factor
shown to recognize the PRE sequence.
We tried to confirm this exclusive role of
STE12 by in vivo footprint ing analysis.
Additionally, we investigated whether
phero-mone dependent changes in STE12
binding can be observed in vivo. Our re-
sults show that all PRE elements of the
FUS1 promoter are occupied in uninduced
wild type cells. No major changes are
noticeable after pheromone induction, and
all relevant footprints are missing in stel2
deletion strains. Therefore, we conclude
that pheromone dependent activation
mechanisms operate on the already bound
transcription factor, adjusting its interac-
tion with adaptors or components of the
basic transcription machinery.
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Addition of growth factors or ex-
pression of oncogenes in quiescent
fibroblasts leads to an increase in
phosphorylation of proteins on serine (S)
and threonine (T) residues. This is medi-
ated by the activation of S/T-specific
kinases and/or inhibition of S/T-specific
phosphatases. Several mitogen-activated
kinases have been found in fibroblasts,
including S6 kinases and MAP kinases.
S6 kinases were originally identified by
their ability to phosphorylate the S6 pro-
tein of 408 ribosomal subunits. Pho-
sphorylation of this protein in vivo is as-

Najwa CHERRADI Postdoc
Claudia PETRITSCH PhD-student
Introduction

sociated with an increased rate of transla-
tion thatis required for progression through
S phase. The major S6 kinase in fibroblasts
has aM, of 70,000. Comparison of cDNA
sequences shows that this enzyme is dis-
tinct from S6 kinase 11 (M =92,000), found
in Xenopus eggs as well as fibroblasts.
Both enzymes are activated in vivo by
phosphorylation of S/T residues and can
be inactivated in virro by treatment with
protein phosphatases 1 or 2A. Thus, it
appears that S6 kinases participate in a
phosphorylation cascade with at least one
S/T kinase linking receptor tyrosine

kinases with S6 kinases. A candidate for
this link is MAP kinase, which is rapidly
activated by tyrosine and T
phosphorylation following mitogenic
stimulation. AMAPkinase has been shown
to phosphorylate and activate S6 kinase IT
in vitro, but it has no effect on the
M =70,000 enzyme. We would like to
understand how activation of the
M =70,000 S6 kinase contributes to the
mitogenic response and are interested in
identifying the cellular mechanisms that
control the activity of the enzyme.

Identification of the S6 kinase activator

To search for the activator of the
M =70,000 S6 kinase, I am using an in
vitro biochemical assay that should detect
an S6 kinase kinase that phosphorylates
and reactivates S6 kinase. Although my
working hypothesis is that the S6 kinase
activator is a kinase kinase, this assay
would also detect an S6 kinase regulatory
subunit that would bind to the enzyme and
allow it to activate itself by autophos-
phorylation. Active S6 kinase purified
from rat liver is dephosphorylated and
inactivated with phosphatase 2A. Then
the protein is incubated with ATP and cell
fractions and reappearance of S6 kinase

Anincreased level of cAMP early in
G, antagonizes the growth of fibroblasts.
Resting cells treated with cAMP analogs
or prostaglandin E (PGE)) show a slight
increase in S6 phosphorylation, due to
activation of cAMP-dependent protein
kinase, but no increase in DNA synthesis.
Interestingly, pretreatment of cells with
certain phosphodiesterase (PDE) inhibi-
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activity is assayed. In designing this as-
say, several assumptions have been made
about the putative S6 kinase kinase. First,
[ assume that the enzyme will be more
active in stimulated cells than in resting
cells. Second, it may be activated by
phosphorylation, and third, its kinetics of
activation are probably faster than for the
M.:70’000 S6 kinase. Some conditions
that have been tried so far are: (1) Use of
whole cell homogenates or low speed
supernatants from resting cells or cells
treated for 1, 2.5, 5, or 10 minutes with
10% serum; (2) Reactivation in the pres-
ence of Ca’, Mn* or Mg?"; and (3) Use of

Inhibitors of S6 kinase activation

Claudia Petritsch

tors such as theophylline or SQ20006
almost completely blocks the EGF-in-
duced activation of S6 kinase without
affecting MAP kinase activation. PGE,
does not have this effect. These results
suggest that the block in kinase activation
is not mediated by cAMP-dependent pro-
teinkinase, but may be due to inhibition of
a participant in the S6 kinase cascade by

different cocktails of phosphatase and
protease inhibitors. No reactivation was
seen under any of these conditions. One
reason for this may be that the S6 kinase
activator in extracts is too dilute to be
detected. I am now using various resins
(Blue Sepharose, anion and cation ex-
changers, phosphocellulose, etc.) to con-
centrate proteins from stimulated cells
and the flow-through and eluted fractions
will be assayed for a kinase activator as
described above. In addition, purified or
immunoprecipitated kinases that are
known to be activated early in G, will be
tested.

the PDE inhibitors. To further test this
idea, I am measuring cAMP and cAMP-
dependent protein kinase activity in cells
to see if high levels always correlate with
loss of S6 kinase activation. These PDE
inhibitors and other related compounds
may be useful tools for identifying mem-
bers in the pathway leading to S6 kinase
activation.
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The EGF-induced increase in S6
kinase activity measured in cell extracts
exhibits biphasic kinetics, with one maxi-
mum appearing after 10 minutes of stimu-
lation and a second after 40 minutes. It has
been suggested by others that this is due to
activation of two distinct S6 kinases at
different times: S6 kinase II is activated
early and contributes most of the activity
at 10 minutes, then it is down-regulated
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Najwa Cherradi

and the M =70,000 S6 kinase is activated.
Thave developed chromatographic condi-
tions that separate S6 kinase II and
M =70,000 S6 kinase so that I can look at
the kinetics of activation of each enzyme
separately. Preliminary results show that
S6 kinase II contributes a small percent-
age of the total S6 kinase activity at early
times and that its loss after 10 minutes
probably cannot explain the biphasic acti-

vation kinetics. Alternative models to ex-
plain this phenomenon, such as transient
activation of phosphatase 2A between 10
and 40 minutes, will be explored.
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Introduction

Developmental processes such as
growth, differentiation, senescence and
cell death, and processes specific to the
mammalian embryo such as the control-
led invasion of maternal tissue by the
fetus, all involve genes that have the po-
tential to cause severe disturbance to adult
biological systems when inappropriately
expressed. Thus the study of genes which
control mammalian development —aproc-
ess whereby cells acquire and maintain
their normal adult function, has great po-
tential to identify genes involved in ab-
normal pathology — a process whereby
cells escape from their correct controls
and become abnormal. The goal of our
research is to clone genes that regulate
events in normal mammalian embryo-

genesis and to characterize the function of
these genes in development and disease.

Our approach rests on the isolation
of genes which control events in mamma-
lian development. For this purpose we use
existing mouse mutant strains whose phe-
notype demonstrates a developmental ab-
normality. The gene responsible for the
developmental mutation is cloned by a
“positional cloning” approach that uses
the chromosomal position of the mutant
locus, and flanking DNA markers, as a
starting pointtoisolate the gene. At present
we are concentrating on a collection of
developmental mutants that lie within the
proximal part of mouse chromosome 17
in a region known as the f complex. This
region of the mouse genome is densely

Molecular Basis of Mouse
Developmental Mutants

mapped containing more than 70 DNA
markers and 40 developmental mutants'. In
the last decade the t complex has been the
subject of an intensive molecular charac-
terization which has greatly simplified
our understanding of this system, and of
the ways in which molecular genetic tech-
niques can be used to isolate the develop-
mental mutants mapped to thisregion. We
have focussed on a4 Megabasepairregion
of the f complex and three lines of research
based on developmental mutants contained
within this region are currently under in-
vestigation. These are — the function of
genomic imprinting in development and
disease, the molecular basis of embryo-
nic implantation and the molecular basis
of male-specific segregation distortion.

1. The Function of Genomic Imprinting in Development and Disease

The expression of a number of genes
that act in mammalian development and
in some human diseases has been shown
to be dependent on their parental origin —
a phenomenon known as genomic im-
printing. The role of genomic imprinting
in mammalian development has been
clearly demonstrated by nuclear trans-
plantation and other experiments that
showed that both parental genomes were
essential to complete development? In
contrast, the role of genomic imprinting in
human disease is only recently being ap-
preciated as diseases are subject to close
genetic analysis. Imprinting has been
clearly implicated in a number of human
genetic syndromes most notably the
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Beckwith-Weideman syndrome associ-
ated with fetal overgrowth®. We have
chosen to approach the problem of the
function of genomic imprinting in devel-
opment and disease by molecular cloning
of Tme (T-associated maternal effect), a
genomically-imprinted mutation in the
mouse*. Embryos that inherit a deletion of
the Tme locus from their mother die at day
15 of development in contrast to viable
embryos that inherit the same deletion
from their father. The Tme defect was
shown by nuclear transplantation experi-
ments to be encoded within the embryonic
genome and not caused by uterine oroocyte
cytoplasmic defects®. Our approach to
cloning Tme involved a combination of

physical mapping and cloning techniques
based on a chromosome 17 variant that
contained a deletion of approximately 1
Mb including the Tme gene. This work
resulted in the identification of the insu-
lin-like growth factor-type 2 receptor
(Igf2r) as a candidate gene for Tme and
showed that this gene is only expressed
from the maternally inherited chromo-
some in the embryo® . Our present goals
for this project are to understand the mo-
lecular basis of parental-specific gene
expression at the Igf2r locus and to corre-
late lack of expression of this gene with
the Tme mutant phenotype.
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L. Isolation and mapping of the mouse Igf2r genomic locus

Reinhard Stoger, Pavel Kubicka and Denise P. Barlow

In order to understand the structure
of the Igf2r locus and the possible ways in
which the gene can be inactivated on the
paternal chromosome we have character-
ized the mouse genomic locus. 170 kb

from the mouse Igf2r locus have been
isolated on five overlapping cosmid clones
and the 5' and 3' limits of the gene have
been shown to span 100 kb. Restriction
enzymeanalyses and sequencing have been

used to identify a CpG island surrounding
the 5' part of the gene and transcription
starts at multiple points within the island.

I1. Molecular basis of genomic imprinting at the Igf2r locus

Reinhard Stoger, Chang-Gong Liu and Denise Barlow

We are proposing a model whereby
Igf2r expression is limited to the mater-
nally-inherited chromosome because of
an epigenetic moditication at a sequence-
specific element which could be termed
an “imprinting box”. The location of the
putative imprinting box is not clear, such
a sequence by analogy to other mamma-
lianregulatory regions, could lie within or
outside the coding region of the gene. An
epigenetic modification is however as-

sumed because of the reversible nature of
imprinting, i.e., a chromosome imprinted
in one sex may be passed on to an indi-
vidual of the opposite sex in the next
generation. To test this model we have
examined the entire 170 kb including and
surrounding the Igf2r locus for the pres-
ence of CpG methylation sites on the
maternal or paternal chromosome. Our
results, using a number of methylation
sensitive enzymes, have identified two

sequences showing parental-specific dif-
ferences in CpG methylation. We intend
to examine these sequences further using
genomic sequencing to characterize the
full extent of these methylation differ-
ences and then to use a functional assay
involving transgenic mice to ask if these
sequences can confer maternal-specific
expression on linked reporter genes.

II1. Identification of genes causative in the imprinting process

Genomic imprinting allows chromo- :
somes from one parent to be distinguished
from the other parent. Current models
would suggest gametogenesis as the stage
during which chromosomes can be marked

Denise Barlow

to denote their parent of origin. Identifica-
tion of the exact developmental stage when
these changes occur will ultimately allow
us to isolate the genes involved in paren-
tal-specific “chromosomal marking”. To

this end we are following changes in the
patterns of CpG methylation, in the Igf2r
gene, during gametogenesis. Our results
suggest these changes occur before the
haploid stages of gametogenesis.

I'V. Imprinting of the human IGF2R locus

The existence of genomic imprinting
in humans is suggested by genetic analy-
sis of some human diseases such as the
Beckwith-Wiedeman syndrome, but so
far no imprinted genes have been identi-
fied. We are examining the human IGF2R
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Reinhard Stoger

locus for the presence of imprinting in two
ways. Firstly, by searching for an exon
polymorphism and then to use this to
examine parental-specific expression in
heterozygote individuals. And, secondly
by asking if the epigenetic changes iden-

tified in the mouse genomic locus also
occur in the human. To this end the 5' part
of the human genomic locus has been
isolated and its structure analyzed.
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The mouse embryo attaches and im-
plants into the uterine wall 4.5 days after
fertilization. This process of attachment
and unidirectional invasive implantation
is a key step for the organization of the
embryo. One of the developmental mu-
tants that map to the 7 complex region on
mouse chromosome 17 has been shown to
be essential for the invasive step of im-
plantation. The mutant gene has been
named 7. Embryos homozygous for *7?
can attach but are unable to invade and
implant into the uterine wall'. The poten-
tial importance of a gene that is essential
for invasive implantation lies in the possi-
bility that it could elucidate other biologi-
cal processes that use tissue invasion such
as tumor metastases.

There are two known mutant chro-
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Norbert Schwelfer

mosomes that contain aninactive t*7 gene,
one is named 7 after the gene, and the
other is #*? which contains a 1 Mbp dele-
tion. Our strategy for cloning the 7% gene
is based on positional cloning using the
deletion of the 4 chromosome as a guide
to the maximum limits that could contain
the gene, exactly the same strategy as
pursued for Trme. We have recently shown
that plasminogen maps close to the proxi-
mal breakpoint of the #2*? deletion.
Plasminogen is the precursor of plasmin,
aserine protease that could be predicted to
be involved in tissue invasive processes.
However, we have shown by DNA analy-
sis that the plasminogen locus is complete
in the %2 chromosome and lies 30 kb
outside the deletion. Furthermore, analy-
sis of mRNA levels in both mutant chro-

mosomes 77 and #*? shows that these
mutants express wild type levels of
plasminogen. These results obtained from
two different chromosomes carrying mu-
tations in the r”? gene suggest that
plasminogen does not li¢ at the " locus.
This project is being continued by using
YACs (yeast artificial chromosomes),
that can contain genomic inserts up to 1
Mb in length, to isolate in a few clones the
entire 1 Mb region defined by the r-*?
deletion. In collaboration with Hans
Lehrach (ICRF, London), we have iso-
lated a YAC clone from this region and it
isunder analysis for the presence of novel
genes. Candidate genes will be tested by
analyzing expression patterns in embryos
containing either of the two mutant chro-
mosomes.

Attila Aszodi*, Ryoma Ohi* and Denise P. Barlow (* visiting students)

thaplotypes are anatural variant form
of chromosome 17 in which the t complex
region is structurally rearranged. Male
mice heterozygous for the t haplotype and
wild type forms of chromosome 17 pro-
duce gametes that carry either chromo-
somal variant. Despite this, up to 99% of
the progeny are derived from t-carrying
gametes. This drastic distortion of the
expected Mendelian segregation ratio is
regulated by a number of interacting loci,
tightly linked within the t complex region
of chromosome 17'. These loci include at
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least four distorter loci which can act in
cis upon a responder locus on the same
chromosome or in trans upon the re-
sponder locus on the homologous chro-
mosome. An understanding of the basis of
this phenomenon will clearly elucidate
novel mechanisms of molecular interac-
tions.

We have used positional cloning to
identify a gene expressed only in testicu-
lar germ cells during the onset of meiosis.
The gene named Tcte-2 (t complex testes
expressed-2) shows tight genetic and

the Proximal Breakpoint of the t?
Deletion but is not ar the t*7 locus.
Mammalian Genome, in press.

4. Artzt, K., Barlow, D., Dove, W., Fischer-
Lindahl, K., Lyon, M. F., Klein, J., and
Silver, LM. (1991): Mouse Chromo-
some 17. Mammalian Genome 1, 5280~
5300.
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During cell differentiation and the
cell cycle, specific extracellular signals
cause irreversible alterations in cell me-
tabolism. This in turn requires sustained
changes in gene expression. One simple,
currently held model forhow these changes
might be produced is as follows. A spe-
cific molecular signal elicits a subtly par-
ticular set of changes in the intracellular
signalling machinery. This has two ef-
fects, it elicits the induction of a subset of
a relatively small group of transcription
factors and also determines how these
factors should be modified, and thus per-
haps fegulates their activity. The tran-
scription factors interact combinatorially
to activate the promoters of the appropri-
ate target genes. Expression of certain
target genes may result in the cell becom-
ing irreversibly changed, or to the expres-
sion of other transcription factors that in
turn result in commitment to change.
Different responses might thus be pro-
duced by the expression of certain combi-
nations of the same set of transcription
factors.

One set of transcription factors that
is widely supposed to be involved both in
the commitment of cells to enter the cell
cycle and to differentiate is the AP-1 com-
plex, which binds to the consensus DNA
element TGA®/ TCA. AP-1 consists of
two families of proteins of which the pro-
totypes are the products of the oncogenes
fos and jun. Both groups of proteins in-
clude a long alpha-helical region contain-
ing heptad repeats of leucine residues
which has been dubbed the “leucine zip-

We reported last year that a fusion
between dihydrofolate reductase (DHFR)
and 86 amino acids of the human Jun
protein (DBZj) could block AP-1 depend-
ent transcription of a reporter gene (from
a synthetic promoter conlaining a
multimerized AP-1 site). We also had data
suggesting that the protein could not be
stably expressed in fibroblasts. Recently
(in collaboration with Kurt Zatloukal) we
have been using beta-galactosidase ex-
pression to follow the fate of individual
transiently transfected cells. The results
are still preliminary, but seem to confirm
our view that expression of DBZ;j blocks
cell division. We are currently testing
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per”, because it is through this region that
the AP-1 monomers interact to form
dimers. Fos and Fos-like proteins do not
form homodimers, whereas Jun and Jun-
like proteins do. Jun homodimers can be
readily disrupted by Fos monomer, to
form very stable Fos-Jun heterodimers.
Thus AP-1 sites can act as the targets for
alarge number of different molecular spe-
cies, especially when one takes into ac-
count the variety of phosphorylation sites
that have been identified in these proteins.

There is abundant circumstantial
evidence linking AP-1 with growth con-
trol. Both fos and jun are oncogenes, that
is, they interfere with growth control when
overexpressed. Almost all of the genes
encoding AP-1 components are highly
and transiently expressed when quiescent
fibroblasts are stimulated with mitogens.
More direct experiments, with the expres-
sion of fos anti-sense RNA or with the
microinjection of antibodies directed
against the components of AP-1 have also
suggested that AP-1 is required in order to
re-enter the cell cycle.

There is also circumstantial evidence
that the strong but slow increase in AP-1
activity during the differentiation of em-
bryonic carcinoma cells (the stem cells
of teratocarcinomas) is intimately tied to
the process of commitment to differenti-
ate.

We are investigating the role of AP-
1 in the growth of fibroblastic cells and in
the differentiation of embryonic carci-
noma cells. First and most simply, we
would like to know if AP-1is required for

whether this effect can be rescued by
over-expressing Fos and Jun proteins, and
whether there is a specific stage in the cell
cycle where the block occurs.

Clearly, further investigation of the
importance of AP-1 activity in the cell
cycle will require the expression of the
AP-1 antagonist under control of a
regulatable promoter in stable cell lines.
To this end we have established rodent
fibroblast lines that express the hybrid
activator protein Gal/ER (from Sylvia
Braselmann and Meinrad Busslinger). This
protein contains the hormone regulated
transcriptional activator domain of the
human estrogen receptor fused to the

Antagonizing AP-1 in Fibroblasts

the activation of genes that are essential
for a given biological process (which we
assay by the failure of that process) and
then, what those essential genes are. To do
this we want to achieve a controllable
“knock-out” of AP-1 activity. This we are
approaching by designing and expressing
non-activating proteins that are able to
bind and block AP-1 sites. Expression of
these synthetic genes is then placed under
the control of an inducible promoter in
stable cell-lines. Our second approach is
based on the assumption that certain bio-
logical processes that need transcriptional
control through AP-1 sites may also re-
quire specific components of the com-
plex. In order to investigate how a given
component is involved, we would need to
have the activity of that component under
experimental control. For this reason we
are attempting to design conditional (tem-
perature sensitive) mutations of the Fos
protein, based on our understanding of its
structure and interaction with molecules
of the Jun family of proteins. We believe
that developing a general approach will
allow us to make conditional mutations in
other members of the B-Zip class of pro-
teins. Efforts are being made in a number
of laboratories to delete genes that encode
AP-1 member proteins. A temperature
sensitive mutant gene could be used to
replace the missing gene, thus rescuing
the phenotype of the deletion, but in a
conditional manner. Initially, however,
we are testing our mutated fos genes in the
simple biological assay of transforma-
tion.

DNA-binding domain of the yeast tran-
scription factor Gal4. When constitutively
expressed in cells, the Gal/ER protein
activates gene expression from promoters
that contain Gal4-binding elements (GBE)
only in the presence of estrogen. We have
thus constructed DBZj and control
(DHFR) expression vectors containing
GBE-dependent promoters and we are
currently establishing stable lines from
Gal/ER-expressing fibroblasts. These lines
will enable us to identify specific stagesin
the cell-cycle where AP-1 activity might
be required, and eventually to identify
AP-1 regulated genes that are required in
the regulation of cell growth.
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Antagonizing AP-1 in Embryonic Carcinoma Cells

F9 and P19 are embryonic carci-
noma lines used frequently in the labora-
tory as models for studying cellular differ-
entiation. F9 differentiates only in the
presence of chemical inducers. Normally
oneusesretinoic acid (RA). F9 then yields
only cells that resemble extracmbryonic
endodermal cells. The advantage of F9 is
the uniform nature of its differentiated
products. P19, by contrast, is a pluripotent
cell-line which will differentiate along a
variety of lineages upon aggregation.
Chemical inducers may be used to direct
the path of differentiation and render it
more efficient and synchronous. It is also
possible to culture P19 as monolayers and
to cause them to differentiate into fib-
roblast-like cells when treated with retinoic
acid. We would like to know whether
antagonizing AP-1 in embryonic carci-
noma cells may block the cell cycle, in-
hibit differentiation or perhaps block spe-
cific pathways of differentiation. We have
succeeded in establishing Gal/ER ex-
pressing derivatives of the EC line F9.
One such line, IEC-I gives a 50-fold in-
duction of a GBE-dependentreporter gene
in the presepce of estrogen. The DBZj-

expressing derivative (IEC-I/8) shows a
20-fold induction of DBZj message on
estrogen stimulation. We have been able
to detect the DBZj protein in estrogen
stimulated 1EC-1/8 cell extracts by
immunoblotting with anti-DHFR anti-
bodies and by virtue of its affinity for an
AP-1site oligonucleotide in a gel-retarda-
tion assay. By incubating nuclear extracts
with Fos protein (translated in vitro) and
gel-retardation assay, we have shown that
DBZj is present (on induction with
estrogen) at levels greatly in excess of the
endogenous Jun protein. We expect,
therefore, that there is a sufficiently high
concentration of DBZj within the induced
cells to swamp the endogenous Jun con-
centration, thus inactivating AP-1. To
verify that the level of expression of DBZjj
upon induction is really high enough in
IEC-1/8 to repress transcription that de-
pends on AP-1 sites, we are currently
differentiating IEC-1/8 and IEC-I to
analyze the expression of endogenous AP-
1 dependent genes.

So far, and in contrast to our results
with fibroblasts, we have observed no
gross change in the rate of cell division in

IEC-I/8 upon expression of DBZj, sug-
gesting that in these cells, AP-1 has little
role in the control of cell division. Simi-
larly, we have observed no difference in
the rate of differentiation, nor in the mor-
phology of the differentiated IEC/I-8 cells
on induction of DBZj expression. Our
preliminary findings do not support the
view that the induction of AP-1 activity is
a required primary event in the repro-
gramming of F9 cells to differentiate along
the endodermal pathway. We are also
investigating the expression of the char-
acteristic markers of differentiated F9 cells,
to determine whether AP-1 is involved in
the the expression of effector genes of the
final differentiated phenotype.

In order to analyse whether AP-1 is
involvedindifferentiation along pathways
other than that leading to extraembryonic
endoderm-like cells, we have recently
begun to construct derivatives of the
pluripotent EC line P19 that will express
the Gal/ER inducer protein. A further ad-
vantage of P19 is that its differentiated
products can be passaged and cloned,
hence one could derive a variety of cell
types from a given P19 line.

Rational Design of Temperature Sensitive Mutants of the Fos Protein

The alpha-helix is a unit of protein
structure which is stabilized by internal
hydrogen bonds withinits main chain. Itis
known to be highly co-operative in its
assembly. The leucine zipper portions of
Fos and Jun are unusual in that they are
long alpha-helices which for most of their
length appear to be exposed to the solvent
on one side. The other surface makes
specific contacts with the dimerizing part-
ner. A number of studies have indicated
that the zipper helices are sufficient for
stable protein-protein interaction, and for
orientating the DNA-binding regions. We
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are currently testing the effect of making
and accumulating helix-destabilizing
mutations within the leucine zipper of
Fos, as a means to obtain a temperature
sensitive mutation. Since we are working
with a relatively small number of muta-
tions, and it is highly unlikely that all of
the mutations together will yield a normal
phenotype, we are able to examine indi-
vidual mutants in biological assays. How-
ever, we are also establishing a system for
testing in vitro the stability to the denaturant
urea of the ternary complex of mutated
Fos, Jun and DNA. Stability to urea dena-

turation should correlate with stability to
thermal denaturation.

To test for biological activity, we are
transferring mutated fos sequences to
retrovirus expression vectors. Cell po-
pulations expressing the mutant Fos con-
structs are then compared with those ex-
pressing the wild-type protein (and to those
expressing the empty retroviral vector).
We are characterizing the infected cells
for transformed phenotype at 34°,37° and
40°C, by examining morphology (round
versus flat) and (when promising) by their
ability to grow in soft agar.
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The investigation of the cell cycle
has led to a general concept of how a cell
regulates its progression through the cell
cycle. Currently, itis thought that a serine/
threonine kinase, p34<*?, plays a central
role in the regulation of mitotic events.
From the work with Saccharomyces
cerevistae there is evidence that the gene
product of CDC28, which is the cdc2
homologue of fission yeast Schizo-
saccharomyces pombe, forms a complex
with any one of the G1 cyclins, CLN]1,
CLN2, and CLN3, in the G1 stage of the
cell cycle. The CDC28-cyclin complex
constitutes an active kinase with a specific
function in cell cycle progression. This

active kinase is able to drive a cell through
apointin G called ‘Start’, beyond which
acellisirreversibly committed to the next
cell cycle. As a result of this event, the
cyclinsubunits are thought to be destroyed
or at least released from the complex.
Experiments in S. pombe, marine inverte-
brates and now also in S. cerevisiae gave
evidence thatin G2, before mitosis, 342
complexes with G2 cyclins to form an
active kinase of probably a different
specificity, whose activity then leads to
progression into M phase. Also here the
degradation of the cyclin subunits of the
kinase is necessary for completion of mi-
tosis. Central to this universal model for

cell cycle control are post-transcriptional
and post-translational events, namely pro-
tein modification and degradation. Our
group is interested in the question of
whether transcriptional activation of spe-
cific, yet unknown genes in yeast may
play a role in the correct ordering of the
discontinuous processes of the cell cycle.
In this conception certain genes would be
expressed only at specific points in the
cell cycle and their gene products would
interact with the already known post-trans-
lational events. The finding of such genes
could lead to homologous genes in higher
eucaryotes exhibiting homologous func-
tion.

Screening of an ordered phage library for new cell cycle regulated genes

To find novel cell cycle regulated
genes, that play a role in the control of the
yeast cell cycle our strategy was first to
search for all cell cycle regulated genes in
S. cerevisiae and then later to test each for
their function. We proceeded using North-
ern blot analysis as the most sensitive
method for identifying cell cycle regu-
lated genes. Our approach relies upon the
existence of an ordered yeast genomic
library provided by Maynard Olson which
encompasses 80 to 90% of the haploid
yeast genome in 855 overlapping phage.
In the primary screen, individual EcoRI/
HindIll DNA restriction fragments that
correspond to those which have been or-
deredinto a map of yeast chromosomes by
Maynard Olson, are isolated from the
recombinant phage. They are used as
probes in Northern blots against RNA
samples out of six different cell cycle
stages. Transcripts identified as being cell
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cycle-regulated in this screen are further
analysed by a secondary screen, which
consists of Northern blots of temporal
staged RNAs isolated from exponentially
growing synchronous cultures. It enables
+us to establish whether or not these tran-
scripts exhibit genuine periodicity.

This approach has the advantage that
we will detect all those genes which can-
not be found by standard genetic tech-
niques. It is known that many genes are
refractory to mutagenesis, while others
can be redundant in sequence or function.
Additionally, we can immediately map
the chromosomal location of every gene
of interest. This will help to discriminate
genes which have already been isolated.

Using the primary screen we exam-
ined nearly 60% of the library using more
than 4500 Northern hybridizations. In this
screen we detected approximately 2500
distinct transcripts so far. We have been

able to analyse the data derived from 300
phage (35% of the phage library), that
represent 60% of the total data collected in
our screen. The analysis identified ap-
proximaiely 160 transcripts that poten-
tially show cell cycle dependent regula-
tion. We tested 40 of them in the more
refined secondary screen which revealed
20 transcripts exhibiting real temporal
periodicity.

We began the characterization of
DNA segments, whose transcription
showed characteristic cell cycle depend-
ent fluctuation. We subcloned several in-
dividual DNA fragments and sequenced
them partially. The comparison of the
derived peptide sequences with databases
revealed whether this DNA represents a
geneor part of a gene that has already been
identified. The analysis helped us to iden-
tify and exclude from further research
several known genes.
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In our screen we were also able to
identify several unknown periodically ex-
pressed genes. Most of them exhibit ex-
pression at the late G1/S boundary. Two
genes, however, showed strong expres-
sion at the stage between mitosis and early
Gl (EGTI, EGT2 — early Gl transcript),
two other ones in mitosis (MST1, MST2 —

New cell cycle regulated genes

mitosis specific transcript). This is the
firsttime that genes could be detected in S.
cerevisiae which are expressed at these
two cell cycle points. Only one of the un-
known genes tested so far by disruption
experiments turned out to be essential for
life of the cell. This gene (LOW]) is lo-
cated in close proximity to MST/I. The

LOWI mRNA is a low abundance tran-
script and seems to fluctuate slightly with
the expression of MST1. Its terminal phe-
notype after gene disruption, however,
does not suggest a specific function in cell
cycle control.

EGTI and EGT2 are genes expressed in early G1

EGTI exhibits cell cycle regulated
expression peaking in very early G1. The
transcript reaches its maximum level im-
mediately after completion of mitosis. This
pattern of expression is consistent with
the possibility that this gene isinvolved in
some steps just after completion of mito-

A specific DNA fragment derived
from chromosome VII identified a gene
which encodes a protein with potential Zn
finger forming domains. This gene is con-
stitutively expressed at a very low level
and encodes a protein containing five Zn
fingers (FZF 1), three of which show close

sis and very early in G1. The disruption of
this gene, however, showed that it is not
essential for viability. EGT] has been
sequenced. Computer searches of the avail-
able databases did not reveal any close
similarity to a known gene, nor any hints
for a specific function.

similarity to the murine Krox20 gene. The
fourth and fifth finger follow after an
interruption of 60 and 66 amino acids,
respectively. Its similarity with known
transcription factors indicates that it may
serve as a transcription factor in yeast,
although in situimmuno fluorescence stud-

‘

EGT?2 shows a similar cell cycle de-
pendent expression pattern as EGT/. First
sequencing results suggest that these genes
arenot related. Further characterization of
these two genes are in progress.

FZF1 encodes a new Zn-finger protein

ies do not support this hypothesis. Anti-
bodies raised from peptides that were pro-
duced in E. coli do not localize the FZF]
gene product in the nucleus at any cell
stage.

MSTI and MST2 are highly related genes encoding membrane spanning proteins

Expression of MST] startsinlate S or
G2 and peaks in mitosis. Gene replace-
ment showed that it is not essential for
viability. Subsequent tests using Southern
blots under low stringency conditions in-
dicated the existence of a structural ana-
logue (MST2). The MST2 gene was iso-
lated by dot blot analysis of the ordered
phagelibrary supplied by Maynard Olson.
The DNA sequences revealed that they
are two previously uncharacterized genes
of over 70% identity. The predicted pro-
teins include seven hydrophobic domains
each with a length sufficient to span a
membrane. The high similarity the hydro-
phobic domains show to the light-driven
proton pump bacteriorhodopsin, suggests
the possibility that both genes encode
membrane proteins performing ion chan-
nel functions. However, since MST1 and
MST2 with their seven membrane do-
mains seem to belong to the same class of
membrane proteins as the yeast pheromone
receptors, it is also possible that they ex-
hibit receptor function. Yeast strains were
constructed to have deletions that inacti-
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vated both genes. The resulting strains are
viable showing that the MST7 and MST2
genes do not encode an essential function,
al least not under normal laboratory con-
ditions. Since homologous sequences have
been identified in DNA preparations of
Klyveromyces lactis and S. pombe by
Southern blot analysis these genes seem
to be conserved in evolution.

+ Localization of the MST proteins in
the yeast cell may help to determine the
function they have in the cell. One
possibility to achieve this is to raise anti-
bodies against peptide sequences which
are not enclosed by a membrane and use
them in indirect in situ immuno fluores-
cence studies. Since the hydrophilic N-
termini of both proteins share 90% iden-
tity we have generated polyclonal anti-
bodies against the N-terminus of MST1
expressed in E.coli. These antibodies
crossreact with MST2 protein on western
blots. In sitr immuno fluorescence studies
suggest that the MSTI1 and MST2 gene
products are localized in the plasma mem-
brane.
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In order to adapt the natural iron
transportsystem for DNA delivery tocells,
we have synthesized conjugates of the
iron transporter transferrin with various
polycatjons (1, 2; see Fig. 1). Complexes
of transferrin-polycation conjugate with

N
HA, i Ha

Introduction

DNA molecules are internalized by cells.
Uptake and expression of genes has been
shown to be based on transferrin-depend-
ent receptor-mediated endocytosis (3, 4).
In certain erythroleukemic cell lines a '
large proportion (up to 100%) of the cell

TRANSFERRIN -Nﬂj\/\‘_s,\/lr

POLYLYSINE

modified
TRANSFERRIN |- Asn— GARBOHYDRATE {b Stalic Acid
| .

Asn(413) Lys-Ser
Asn(611) Val-Thr

POLYLYSINE

Figure 1. Transferrin-polylysine conjugates. :

+

population are found to express the
transfected genes. A strong correlation
between polylysine mediated DNA con-
densation into structures with a size of
approximately 100 nm and the DNA up-
take by endocytosis has been found (5).

DISULFIDE LINKER

CARBOHYDRATE LINKAGE

The use of synthetic and natural ligands for receptor-mediated gene delivery

The polycation conjugate ap-
proach has been extended to different
receptor ligands with new targeting
specificities (6). Polylysine conjugates
with monoclonal antibodies directed
against CD4, against CD7, or with re-
combinant HIV glycoprotein gp120 have
been successfully used for gene delivery
to T cell lines. For the purpose of hepato-
cyte targeting we designed a conjugate
with an artificial ligand containing four
galactosides on a branched carrier peptide.
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Using this completely synthetic, protein-
free compound, gene transfer mediated
through the hepatocyte-specific asialo-
glycoprotein receptor was demonstrat-
ed.

DNA delivered by the receptor-me-
diated endocytosis pathway is largely ac-
cumulated in intracellular vesicles. To
overcome this limitation, we have included
components that may effect endosomal or
lysosomal release. DNA complexes, ob-
tained from the combination of ligand-

conjugates with a fusogenic peptide-con-
jugate derived from influenza virus
haemagglutinin, showed considerably in-
creased gene expression (see below). An-
other approach (in collaboration with
David Curiel, Chapel Hill; see report group
Birnstiel) exploits the capacity of adeno-
virus to disrupt endosomes (7, 8). In the
presence of replication-defective virus
transfection of hepatocytes with the ga-
lactose containing conjugate resulted in a
particularly high gene transfer.
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Adenovirus-polylysine DNA combination complexes as gene transfer agents

In order to ensure co-localization of
the adenovirus and the DNA complex into
the same endosome (see Fig. 2), we have
constructed DNA-binding adenovirus-
polylysine conjugates. A linkage between
virus and polylysine was accomplished
by several different strategies including
direct chemical coupling, enzymatical
coupling with transglutaminase, the use
of an antibody bridge, or by using a
streptavidine-polylysine conjugate in com-
bination with biotinylated adenovirus. In
contrast to conventional recombinant vi-

Polylysine-
Adenovirus

ral vectors the delivered gene is carried on
the exterior of the virion, being therefore
far less restricted to a particular size or
sequence of the DNA (see report Stephen
Phillips, group M. L. Birnstiel).

With the adenovirus-bound DNA
complexes we could demonstrate gene
expression atlow concentrations (10 DNA
molecules and 1 virus per cell), where
both transferrin-polylysine alone or in
combination with uncoupled adenovirus
show zero expression. Combination com-
plexes containing DNA, adenovirus-

Adenovirus-DNA
Complex

* 0 s

Transferrin-Polylysine

Transferrin
Receptor

_
+4+++++ u

Condensed

DNA

polylysine and transferrin-polylysine al-
low efficient gene transfer to cells that do
nothave appropriate receptor numbers for
adenovirus. Furthermore, we were able to
show efficient gene transfer to cells that
are difficult to transfect, such as B-cells,
to chicken bone marrow (in collaboration
with Martin Zenke) as well as mouse bone
marrow or to embryonal stem cells (to-
gether with Kurt Zatloukal and Matt
Cotten).

1

Bound to Adenovirus

and

0 ' Transferrin

N

¢ytoplasm

Endosome

pH Drops

Endosome is Disrupted
by Adenovirus

]
rr
Material Enters
Nucleus @ =

ol A

+

Binds to Receptor

Internalized

Figure 2. Gene transfer using transferrin-adenovirus-polylysine DNA combination complexes.

Influenza virus haemagglutinin HA2 N-terminal fusogenic peptide promotes transferrin-

An alternative approach to produce
Iysosomal escape utilizes the well known
mechanism of influenza virus. Instead of
using a whole virus only the fusogenic
domain was selected as effective compo-
nent in a mixed complex with DNA and
transferrin-polylysine.

The viral haemagglutinin glyco-pro-
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mediated gene delivery

tein (HA), after the uptake of influenza
virus into the cell by receptor mediated
endocytosis, specifically mediates fusion
of the viral membrane and the host cell
endosomal membranes at the acidic pH of
the endosomes. The N-terminal sequence
of the HA,-subunitis known to be respon-
sible for this process. Peptide analogues

of the 20 amino acid N-terminal sequence
of HA, are able to fuse artificial mem-
branes and cause leakage of aqueous
liposomal contents (8). Such a peptide
was synthesized by solid phase peptide
synthesis and conjugated to polylysine.
The fusogenic properties of the peptide
and its conjugate were confirmed by a
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liposome leakage-assay which measures
the release of a fluorescent dye from
phosphatidylcholine-liposomes upon ad-
dition of the peptide. Combination DNA

TipL / InflupL+chloroquine

complexes containing these peptide con-
jugates and transferrin-polylysine show
considerably enhanced gene transfer
efficiencies in different cell types, such as

TIB 73 cells / 6ug pCMVLuc

Luciferase activity (light units)

3 5106 107

104 10

102 10

TipL
TipL+chloroquine

TipL / InflupL

TipL+adenovirus

inerythroleukemic cells (K562), epithelial
cells (HeLa), or hepatocytes (TIB73 cells;
see Fig. 3).

Figure 3. The effect of chloroquine, of influenza peptide-polylysine conjugate (InflupL), the combination of both agents, or of defective
adenovirus d1312 on transferrin-polylysine (TfpL) mediated gene delivery to TIB73 hepatocytes.
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Many diseases can be traced back to
the alteration and malfunction of specific
genes. Such genetic disorders may disrupt
the normal cell regulation mechanism ei-
therby loss of expression of essential gene
products, or by overexpression or expres-
sion of deleterious forms of mutated genes.
The accumulating information on the in-
volved genes and their nucleic acid se-
quences may be used for inhibition of
gene expression by artificial antisense
oligonucleotides that recognize and bind

Introduction

complementary single-stranded nucleic
acids like messenger-RNA with high
specificity. This purely sequence-based
masking of gene expression facilitates the
study of individual gene function and even-
tually may lead to a promising new mode
of cancer therapy, and to the treatment of
viral and other diseases (reviews: 1,2).
Small antisense oligonucleotides
(ON’s)and ribozymes may be useful tools
both for the study of gene regulation and
inhibition of genes. However, the ineffi-

cient uptake of the highly charged nucleic
acid molecules into cells presents a sub-
stantial limitation to their application, and
once imported, unmodified ON’s are sub-
jected to a rapid nuclease degradation
within the cell. Therefore modifications
of the ON’s, with the aim of obtaining a
more efficient intracellular transport and
protection against hydrolysis by nucleases,
but retaining a strong binding to the com-
plementary nucleic acid targets, may in-
crease the ONs’ inhibitory potential.

Thiocholesterol-modified 2'-O-methyl-oligoribonucleotides show enhanced affinity for

2'-0O-Methyl-oligoribonucleotides,
which have proven to be potent antisense
inhibitors in vitro (3,4), were provided
with a lipophilic anchor by linking an
organic-soluble amidinium salt of a
3'-(pyridyldithio)-modified 2'-OMe-RNA
to thiocholesterol in dichloromethane-
methanol solution. This bioreversible link-
age of a membrane-insertable cholesteryl
moiety via a disulfide bond, which is
likely to be cleaved in the reductive envi-
ronment of the cytoplasm, should facili-
tate uptake by cells.

To prove this hypothesis, cultured

Cell association

liposomes and cells

cells were incubated with thiocholesteryl-
modified 2'-OMe-RNA. The association
of these modified oligonucleotides to
TIB 73 liver-cells ( sec Fig. 4) was 100-
fold higher as compared to the unmodi-
fied 2'-OMe-RNA in serumfree medium
and about 10 to 30-fold higher in the
presence of 10 % calf serum. Analog re-
sults were obtained with non-adherent
HL-60 cells. During prolonged incuba-
tion release of the oligonucleotide from
the thiocholesteryl-moiety through cleav-
age of the disulfide bond could be demon-
strated (5).

Furthermore the lipophilic modifi-
cation of the 2'-OMe-RNA resulted in a
marked increase of incorporation-effi-
ciency into liposomes prepared by the re-
verse-phase evaporation method (Fig. 4).
As a consequence of the oligonucleotides
being inserted into both sides of the the
lipid-bilayer, half of the 5'-*2P-labelled
oligonucleotides was susceptible to alka-
line phosphatase which could only act on
the outside of the liposomes. These new
oligonucleotide-bearing liposomes may
be interesting candidates for the delivery
of antisense compounds into cells.

Liposome incorporation

100
«—— + 10% serum ——
m CHOL-SS-2'-OMe-RNA 80 + calcein
Hl 2-OMe-RNA ON
60 -
%
40 -+
20
0
025 025 24 48 CHOL-SS
time (h) STOMaRNA  2-OMeRNA

Figure 4. Special properties of 2'-O-methyloligoribonucleotides linked to thiocholesterol. Enhanced association to TIB73 cells (in the
absence of serum, or with 10 %serum), and increased incorporation into liposomes.
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RNA inactivation by antisense DNA and RNA in cellular biological systems

Antisense strategies can be divided
into two simple categories, inhibition from
without, in which in vifro synthesized
antisense molecules are supplied to cells,
or inhibition from within, which involves
the introducing DNA encoding an
antisense gene into the target cell.

One target system that is under in-
vestigation is the chronic myelocytic
leukemia (CML). More than 90% of CML
patients have structural alterations in their
leucocyte DNA caused by the translocation
of ¢-abl from chromosome 9 to the break-
point cluster region (bcr) on chromosome
22, resulting in the formation of bcr-abl
hybrid genes (6,7). It has been demon-
strated that normal antisense ON’s di-
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rected against c-abl can inhibit the growth
of normal hematopoietic progenitor cells
.

In order to identify the most efficient
approach for inhibition a model system
has been established (see report Walter
Schmidt, group Birnstiel). As target for
antisense inhibition a vector which carries
the ber-abl joining sequence upstream of
the coding region of the luciferase gene
hasbeen stably introduced into K562 cells.
After incubation with ber-abl antisense
oligonucleotides reduction of luciferase
activity has been observed.

So far, the best results have been
obtained with 2'-O-methyl-oligoribo-
nucleotide-phosphorothioates. This class
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Recessive genetic alterations of cer-
tain genes are suggested to be causally
involvedinthe process of tumourigenesis.
Loss of gene function due to homozygous
mutations which affect genes designated
as tumour suppressor genes have been
reported in a number of systems (for a
review see Green 1988). Initial evidence
for the location of such genes has often
been gained by cytogenetic analyses iden-
tifying a consistently rearranged chromo-
somal region.

Our group is concentrating on the
analysis of human chromosome 1p. Both
cytogenetic and genetic linkage analyses
suggest that genetic information contained
in this region is involved in different can-
cer types, including neuroblastoma and

Introduction

primary hepatoma. In initial experiments,
performed in the laboratory of M. Schwab
(DKFZ Heidelberg), we have generated a
panel of chromosome 1p-specific DNA
probes by microdissection and micro-
cloning (Martinsson et al. 1989). Using
loss of heterozygosity analyse we identi-
fied a neuroblastoma-specific consensus
deletion at [p36.2-p36.1 that spans ap-
proximately 7 to 8 Megabasepairs (Mbp)
of DNA (Weith et al. 1989). Subsequent
investigation of six primary hepatomas
(in collaboration with D. Simon and B. B.
Knowles, Wistar Institute, Philadelphia)
also revealed consistent allelic loss in the
1p36-p35 region, though precise borders
of a consensus deletion remained unde-
fined (Simon et al. 1991). In comparison,

analyses of colorectal tumours also re-
vealed consistent loss of alleles on 1p
(Leister et al. 1991) but in a clearly more
proximal region of the chromosome arm.
Hence atleast two loci that are involved in
tumourigenesis may reside on the short
arm of chromosome 1.

Further investigations of our group
on the chromosome 1p region aim I) to
define more precisely the borders of the
consensus deletion in primary liver tu-
mours, IT) to establish a linkage map of the
1p36 region as a basis for the positional
cloning of genetic elements and III) to
identify and molecularly clone genes map-
ping to the region of our interest,

Consensus Deletion in Primary Liver Tumours

Paula M. Stapleton, Elke Kleiner and Andreas Weith (in collaboration with D. Simon and B. B. Knowles, Wistar Inst.,
Philadelphia, and % Funovics, Franz-Josef-Spital, Vienna, Austria)

The initial hepatoma analysis was
extended by collecting tissue of patients
with primary liver tumours. At present
DNA and RNA has been isolated from
eight tumours and the corresponding nor-
mal liver tissue. In addition, tumour mate-
rial was used for in vitro cell culture.

Genomic DNA’s of six tumours and
the corresponding normal tissue so far
were used for a loss of heterozygosity
analysis. Five of them displayed allele
losses at 1p36 loci. Thus, a total of ten out
of the twelve tumours studied so far show
deletions in the 1p36 region. The high
incidence of deletions in this cancer type
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compares with the frequency observed in
neuroblastomas. We therefore suggest that
genetic information involved in liver tu-
mourigenesis maps to the distal 1p region.

One of the tumours, designated
HVA4T-E, could successfully be taken into
culture. The tumour was diagnosed as
cholangiocellular carcinoma, a carcinoma
of bile duct epithelium. Cholangiocarci-
nomas comprise about 10% of the pri-
mary liver tumours. Cultured cells re-
vealed atransformed phenotype since they
grew both, anchorage and serum inde-
pendent. When DNA was isolated from
early passage cells (p. 3) and analyzed for

loss of heterozygosity, allelic loss was
apparent at 1p36—p35 loci. Preliminary
karyotype analysis of HVAT-E cells re-
vealed a non-balanced translocation on
one of the chromosome 1 homologues
with the breakpoint mapping to 1p35. The
breakpoint in this tumour may delineate
the proximal border of a consensus dele-
tion in liver tumours. We therefore sug-
gest that the region consistently affected
by deletions may match in hepatomas and
in neuroblastomas. More detailed analy-
sis will discover whether the same genetic
information is involved in the tumour-
igenesis of both cancer types.
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Physical Linkage Analysis of Probes from the Chromosome Ipter—-p35 Region

Christoph M. Barnas, Christoph Brunner, Wilfried Ellmeier, Elke Kleiner and Andreas Weith

The localization and molecular cloning of
genes by means of positional cloning re-
quires detailed knowledge of the ge-nomic
environment of the locus and asuf-ficiently
high number of markers in the re-gion of
interest. We have therefore begun to es-
tablish a physical linkage map of the 1p36
region using pulsed field gel electro-
phoresis (PFGE). In addition to the probes
already present we generated three more
microclone libraries of subregions of the
Ipter—p34 area, one of which was meant
to cover the NB consensus deletion. At
present a total of 123 single copy probes
that map to 1pter—p35 have been isolated
from the libraries. 53 of them were physi-
cally linked to 13 individual linkage clus-
ters by comparing their hybridization pat-
terns on PFGE blots of normal human
DNA. Theindividual linkage clusters were
between 900 kbp and 5.6 Mbp in size and
each contained between three and nine

probes. Taken together the lengths of all
clusters when covered approx. 19.5 Mbp
of DNA. Since we estimate the entire
Ipter—p35 region to comprise less than 30
Mbp of DNA, we suggest that the linkage
clusters cover more than 60% of this re-
gion. Additional experiments employing
partial Not I digestion and PFGE separa-
tion of fragments up to approx. 6 Mbp are
presently in progress to link the different
clusters. In parallel, in-situ hybridization
of probes in the different clusters on
metaphase chromosomes will give infor-
mation on their location relative to one
another. Recently we have also included
probes of the CEPH genetic linkage
map (Dracopoli et al. 1991) in our

" PFGE analyses. The mapping of

such probes with respect to our micro-
cloned probes will provide a link
between the genetic and the physical
map.

Since PFGE analysis provides the
possibility to visualize DNA segments in
the Mbp range we have begun to analyze
neuroblastoma genomes for cytogene-
tically invisible homozygous rearrange-
ments in 1p36. At present representative
probes of seven different linkage clusters
were hybridized to PFGE filters contain-
ing different normal and tumour DNA’s.
Whilst the probes of six clusters did not
show any rearrangement between normal
and tumour DNA’s, all four probes of one
particular cluster displayed extensive
changes of band mobilities in a few tu-
mours. We suggest that such aberrations
may pinpoint a DNA segment with a ge-
netic element that is inactivated in both
alleles. More detailed studies of this area
which according to the size of the linkage
cluster covers less than 900 kbp of DNA
are presently in progress.

Structural and Functional Analysis of CpG Islands in the Human Chromosome 1p36

Region

Wilfried Ellmeier, Elke Kleiner and Andreas Weith

Our search for genetic elements in
the chromosome 1p36region by positional
cloning involves identifying DNA seg-
ments of particular sequence composition
known as CpG islands. These islands are
characterized by a relatively high C+G
content (60-80% as compared to 40% in
bulk DNA) and high CpG dinucleotide
occurrence expected from base composi-
tion. They lack methylation at the cytosine
in CpG dinucleotides (Bird 1986). Char-
acteristically they are found in the 5' re-
gions of many genes. As a consequence of
their CpGrichness and lack of methylation,
islands are frequently cut by rare cutting
restriction enzymes. Therefore these is-
lands can be used as markers in hybridiza-
tion analyses for the presence of genes in
a chromosomal region.
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DNA probes derived from micro-
dissection and microcloning of chromo-
some 1pter—p36.1 were analyzed by PFGE
and Southern hybridization to see whether
they detected rare cutter sites in their
genomic vicinity. Probes detecting multi-
ple restriction sites were used for screen-
ing a cosmid library. Subcloned probes of
the isolated cosmids containing clusters
of rare cutter sites were further analyzed
by Northern hybridization on filters con-
taining RNA of (1) different tumourigenic
and non-tumourigenic cell lines and of (2)
neuro-blastoma cell lines. Employing this
approach, we have cloned four islands so
far. The corresponding transcripts have
been identified for all four island-associ-
ated genes. One of the genes was found to
be ubiquitously transcribedin all cell lines

frequency of deletions at chromosome
Ip35. Cancer Res. 50, 7232-7235.
Martinsson, T., Weith, A., Cziepluch, C.,
and Schwab, M. (1989): Chromosome 1
deletions in human neuroblastoma: gen-
eration and fine mapping of microclones
Jrom the distal Ip region. Genes, Chro-
mosomes and Cancer 1, 67-78.
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and Schwab, M. (1989): Neuroblastoma
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1p36.1-1p36.2. Genes, Chromosomes
and Cancer 1, 159-166.

tested, whereas the other three probes
identified more tissue-restricted tran-
scripts. All three were transcribed at de-
tectable levels in at least one neuro-
blastoma line tested. ,

In addition the four island-specific
DNA probes were analyzed for evolu-
tionarily conserved sequences by hybridi-
zation against zoo blots. Two probes dis-
played conservation in all vertebrate spe-
cies screened, the other two were con-
served at least in all mammalian species
tested. The high degree of evolutionary
sequence conservation suggests an im-
portant function of the respective gene
products. The isolation of the correspond-
ing cDNAs from ¢cDNA libraries and a
more detailed analysis of the genes is in
progress.
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Martin ZENKE

Group leader

Our group has an ongoing interest to
study oncogene function in leukemogen-
esisusing retrovirus-transformed, primary
chicken boneymarrow cells as an experi-
mental system. In addition, we investigate
if and how nuclear proto-oncoproteins,
nuclear hormone receptors and other tran-
scription factors involved in gene regula-
tion might affect hematopoietic cell dif-
ferentiation and/or contribute to leuk-
emogenesis if inappropriately or over-
expressed in such cells.

Ourresearch has over the last 2 years
mainly focused on elucidating the mo-
lecular mechanism of action in erythro-
leukemia of the v-erbA oncogene which
encodes a mutated thyroid hormone (T3/
T4) receptor (type a). Therefore we have
studied:
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— the genetic alterations which turn
the normal thyroid hormone receptor c-
erbA into an oncoprotein (Zenke et al.,
1990);

—v-erbA phosphorylation and its ef-
fects on v-erbA oncoprotein activity
(Glineur et al., 1990);

— the erbA target gene Carbonic
Anhydrase I1 (CAII; Diselaet al., 1991b);

— whether there is a normal function
of T3 and of the c-erbA/T3 receptor in red
cell differentiation (Schroederetal.,1991;
see Report of Hartmut Beug).

It has been hypothesized that v-erbA
acts as a dominant negative oncoprotein
which antagonizes normal endogenous c-
erbA/T3 receptor function in red cell dif-
ferentiation (Zenke et al., 1990; Damm et
al.,1989; Sap etal., 1989). To directly test

this hypothesis, we have now coexpressed
v-erbA and c-erbA in stably transformed
erythroid cells to investigate if and under
thich conditions the v-erbA oncoprotein
acts as adominant repressor of c-erbA and
whether this is important for its activity as
an oncoprotein (Disela et al., 1991b).

To study a potential function of other
oncoproteins in leukemia formation, vari-
ous conditional versions of v-myc, v-fos
and v-rel have been constructed by fusion
with the estrogen receptor hormone bind-
ing domain, thereby generating v-oncER
fusion proteins which place the oncopro-
tein activity under control of estradiol.' A
similar approach has been chosen to in-
vestigate the function of the GATA tran-
scription factors in hematopoietic cell dif-
ferentiation.

Christine Disela, Petr Bartunek and Martin Zenke, in collaboration with Henk Stunnenberg, Heidelberg, Hartmut Beug,
Vienna, and Bjérn Vennstrom, Stockholm

v-erbA is one of the two oncogenes
contained in the Avian Erythroblastosis
Virus (AEV) and encodes a mutated thy-
roid hormone (T3/T4) receptor (type a).

In AEV-induced erythroleukemia, v-
erbA contributes to leukemic cell trans-
formation by efficiently blocking differ-
entiation of red cell progenitors and by
suppressing transcription of erythrocyte-
specific genes (Zenke et al., 1990, and re-
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ferences therein). We have shown before
that a retrovirus-transduced c-erbA/T3
receptor when overexpressed in erythroid
cells, effectively regulates erythroid cell
differentiation in a hormone-responsive
fashion: differentiation is blocked in the
absence and induced in the presence of T3
(Zenke et al., 1990). Likewise, in these
cells transcription of a set of erythrocyte-
specific genes which are constitutively

suppressed by v-erbA, is modulated by
T3: suppressed in the absence and acti-
vated in the presence of T3.

This finding has led to the notion that
v-erbA contributes to leukemogenesis by
acting as a dominant repressor of c-erbA/
T3 receptor function in erythroid cell dif-
ferentiation (Damm et al., 1989; Sap et
al.,1989; Zenke et al., 1990). To directly
test the dominant repressor hypothesis in
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leukemic cells and on the erbA target gene
Carbonic Anhydrase IT (CAII), we stably
introduced c-erbA into v-erbA-express-
ing erythroblasts and studied the effects of
the coexpressed v-ertbA and c-erbA pro-
teins on:

(I) erythroid differentiation,

(1) erythrocyte-specific gene ex-
pression, and

(1I) on the activity of transiently
transfected reporter gene constructs con-
taining the CAll-specific erbA binding
site (Disela et al., 1991b).

These experiments demonstrated that
in stably transformed erythroblasts co-
expressing the v-erbA oncoprotein and
thec-erbA/T3receptoratan approximately
equimolar ratio, c-erbA activity is domi-
nant over v-erbA: T3 efficiently induced
erythroid differentiation in these cells thus
overcoming the v-erbA-mediated differ-
entiation arrest. Likewise, T3 activated
CAIl transcription as well as (ransient
expression of a T3-responsive reporter
gene containing the CAll-specific erbA
binding site. However, alarge excess of v-

_——1

erbA was able to extinguish the c-erbA-
dependent activation of the CAll reporter
gene.

These data suggest that in leukemic
cells overexpression of v-erbA is required
toefficiently suppress endogenousc-erbA/
T3 receptor function and that this appears
to be an essential feature for v-erbA activ-
ity in erythroid cell transformation (see
Disela et al., 1991b).

2 Searching for erbA-regulated genes.

So far 3 erythrocyte-specific genes
have been identified whose expression is
subject to regulation by erbA (suppres-
sion by v-erbA and hormone-dependent
regulation by the c-etbA/T3 receptor;
Zenke etal., 1990). These erbA-regulated
genes encode the erythrocyte-specific
anion transporter band3, the erythroid-
specific Carbonic Anhydrase II (CAII)
and the enzyme Aminolevulinate Synthase
(ALA-S, which catalyses the first and
rate-limiting step in heme biosynthesis).
Two of these genes (band3, CAIl) have
been reintroduced into v-erbA-express-
ing leukemic erythroblasts, showing that

Karoline Briegel and Martin Zenke

repression of these two genes is responsi-
ble for the v-erbA-induced changes in the
medium requirements of these cells (Fuer-
stenberg et al., 1990; see also research
report Hartmut Beug).

In addition, these studies demon-
strated that regulation of CAII and band3
expression cannot account for all of the
phenotypic changes induced by erbA. We
therefore set up experiments aiming at
identifying additional erbA-regulated
genes which by themselves might serve a
major regulatory function (eg. as trans-
cription factors) inred cell differentiation.
Preliminary experiments suggested to us

thatexpression of the GATA transcription
factors GATA-1, GATA-2, GATA-3 (see
below) was not affected by erbA.

This prompted us to search for erbA-
regulated genes using adifferential cDNA
cloning approach..Therefore transformed
erythroblasts expressing various condi-
tional T3-inducible erbA proteins were
treated with T3, or not treated, and rep-
resentative cDNA libraries were con-
structed. These were differentially screen-
ed with the respective cDNA probes and
potentially erbA-regulated cDNA clones
were isolated. These cDNA clones are
currently being analyzed.

3. Transformation of chicken bone marrow cells by

a conditional v-rel

Guido Boechmelt and Martin Zenke, in collaboration with Hartimut Beug, Vienna, and Paula Enrietto, New York

v-rel belongs to a family of related
DNA-binding proteins which encompass
e.g. the transcription factor NFkB and the
Drosophila embryonic polarity gene dor-
sal. Proteins of this gene family are in-
volved in such diverse functions as cell
proliferation and differentiation, immedi-
ate carly responses in inflammation, or
development (Gilmore, 1990).

A functional correlation between
cytoplasmic/nuclear translocation and
transcriptional activity has best been
demonstrated for the subunits of NFkB
(p50 and p65). The human c-rel protein
(p85) is believed to follow a similar
mechanism of activation, whereas in
transformed cells the v-rel oncoprotein
seems to be always located both in the
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- cytoplasm and the nucleus (Morrison et

al., 1991 and references therein). In ad-
dition, in vitro experiments demonstrated
that the p59*' can form a heterodimeric
complex with the p50 subunit of NFkB.
This finding and additional observations
(Ballard et al., 1990; Kieran et al., 1990),
led to the idea that the v-rel oncoprotein
might act as a dominant negative version
of one (or more) of the NFkB subunits
(like p65, p75 or p85/c-rel) and thereby
exerts its transforming activity.

To approach v-rel oncogene func-
tion in transformation of chicken bone
marrow cells, a conditional v-relER has
been constructed by fusion of v-rel to the
estrogen receptor hormone binding do-
main (ER).

We observed that in the presence of
estradiol, v-relER readily transforms bone
marrow cells in culture. Such v-re]JER
transformed cells grew only in the pres-
ence of estradiol and if kept in the pres-
ence of hormone exhibited the phenotype
and cell surface marker make-up of v-rel
transformed cells. Withdrawal of hormone
caused the cells to stop proliferating and
also induced changes in morphology and
expression of cell surface markers. Fur-
ther experiments shall address the ques-
tion whether in the absence of hormone
and therefore in the absence of an active v-
relER oncoprotein these cells will differ-
entiate and what the nature of such, possi-
bly more mature cells is.
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Karoline Briegel and Martin Zenke, in collaboration with Day Engel, Chicago)

GATA factors have been defined as
a class of sequence-specific DNA-bind-
ing proteins that recognize the common
consensus sequence WGATAR and func-
tion as transcriptional activators both in
vitro and in vivo (Orkin, S.H., 1990). In
chicken, GATA factors are encoded by a
multigene family (GATA-1, -2, -3) with
each family member exhibiting a unique
pattern of tissue-restricted expression
(Yamamoto et al., 1990).

GATA-1 was originally identified as
the firsterythrocyte-specific transcription
factor (Tsai et al., 1989) which is also
expressed in two related hematopoietic
lineages (megakaryocytes and mast cells).
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GATA-2 is transiently expressed at
high levels in immature erythroid cells,
however its expression decreases in the
course of cell maturation as soon as GATA-
1 and -3 become upregulated. GATA-2
expression is also found in embryonic
brain, liver and muscle whereas GATA-3
is highly expressed in T-lymphocytes and
in the brain. It is therefore tempting to
speculate that GATA-factors might play
an important role in erythropoiesis. This
has been clearly demonstrated for GATA-
1 (Pevny et al., 1991).

In order to study GATA-2 and -3
function in erythroid cell differentiation,
conditional GATA versions have been
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constructed by fusion with the estrogen
receptor hormone binding domain (in the
following refered to as GATA/ER). Such
hybrid GATA/ER proteins efficiently en-
hanced transcription of a reporter gene
construct in transient transfection experi-
ments in a hormone-responsive fashion
(K. B. and K.-C. L., unpublished). As a
next step, the GATA/ERs will be intro-
duced into primary chicken bone marrow
cells via recombinant retrovirus vectors.
We will then study the effects of GATA/
ER expression in the presence and ab-
sence of estradiol on red cell differentia-
tion.
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The animal house provides technical
support to the scientists and at present
holds various in and out-bred, as well as
hybrid strains of mice, random-bred rab-
bits, out-bred chickens and random-bred
Xenopus laevis toads. During the last year,
the demand for mice for experimental
studies has risen by 15%, subsequently,
we have intensified the breeding programs
and also introduced several more strains.
Current production of animals bred in-
house is as follows: approx. 275 mice/
week, 10 chicken embryos/week and 12
chickens/week. We have continued torear
our own Xenopus laevis toads (to date
170). These have been a useful addition
(despite their slow growth rate, i.e. 2-5
years to maturation) to those purchased

from external sources. Rabbits are still
purchased from external suppliers foreco-
nomic reasons. Essentially, the animals
listed above service the following studies:
various mouse projects (see Reports of
Erwin Wagner and Denise Barlow);
<hicken leukemia studies (see Reports of
Harmut Beug and Martin Zenke); and
Xenopus laevis studies (see Report of Max
Birnstiel).

Technical procedures offered by the
animal house are performed to a high
standard, thereby ensuring that any dis-

comfort to the animal is kept to a mini- .

mum. These include collection of rabbit
and chicken blood, administration of hor-
mones to mice, tumour implantations on

mice and chicks, hysterectomy and subse-
quentresuscitation of potential transgenic
and chimaeric mice, collection of tissue
such as skin, muscle, liver, spleen, etc.
and embryonic tissue for DNA and RNA
analysis by the scientists.

The introduction of a negative pres-
sure isolator has enabled us to facilitate
the use of mice for possible infective
murine virus studies and to receive mice
which may not be up to the required health
standard for our animal-house. In addi-
tion, we have recently acquired two
Scantainers-(mobile ventilated cabinets),
particularly for studies requiring more
protection, for example an immune-de-
pressed nude mice breeding colony.

Our main interest is the relationship
between amino acid sequence and tertiary
structure of globular proteins. There are
three main topics we are currently work-
ing on.

Using purely empirical data from
known crystal structures one can obtain a
potential of mean force. This method was
developed by Manfred Sippl in Salzburg
and extended and thourougly investigated
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by Georg Casari during his thesis which
he worked on during his stay at the IMP
from 1988 to 1991. Currently this work is
continued by Aron Bauer in collaboration
with Manfred Sippl and Georg Casari in
Salzburg.

In a different approach we are using
empirical energy functions for energy
minimization, molecular dynamics calcu-
lations and simulated annealing for confor-

PhD-student (January to April 1991)
Diploma student (January to May 1991)

mational calculations on phospholipase
A2 (Aron Bauer) and Lysozyme T4 (Eva
Silhavy).

Because the availability of all sorts
of structural data is a prerequisite for pro-
teinmodelling and structure prediction we
are using a relational database system for
storing these data in acompact and consis-
tent form. This information can then easi-
ly be used for protein modelling projects.
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Development of Optimization Methods for Protein Structure Prediction

Currently about 600 protein struc-
tures are knownindetail from x-ray analy-
sis of protein crystals or NMR-studies of
proteins in solution. One way of utiliza-
tion of all this information is constructing
a potential of mean force (PMF) from
statistical analysis of interatomic distances
via an inverse Boltzmann law. Manfred J.
Sippl outlined the method (1) and has
furthermore shown that the PMF allows a
clear discrimination between native pro-
tein structures and misfolded ones (2).

The quality of the PMF depends
strongly on the selection of an adequate
set of reference proteins. We found that it
is very sensitive to errors in the coordi-
nates and to the use of homologous struc-
tures. Furthermore proteins with very large
prosthetic groups tend to distort the PMF,
Therefore a limited set of about 100 struc-
tures was used for calculations.

Since the PMF can be used as a
criterion to identify native folds, we are
looking for methods to generate and
optimize structures from scratch, starting
with the protéin sequence alone, Currently

Aron Bauer

two strategies are under investigation:
Monte Carlo methods (MC) and Genetic
Algorithms (GA).

The monte carlo algorithm we use
differs from the classical Metropolis
scheme. It is a force-biased variant of the
socalled “Sintflut-Algorithmus” proposed
by G. Diick (ISAM, Heidelberg), which is
an analogy to simulated annealing. We
have modified the method to allow cross-
ing of small energy barriers and ensure a
more homogeneous distribution of energy
throughout the structure. This method
works fine on n-dimensional hypersurfaces
when there are n independent contribu-
tions to the potential function, but still
faces problems with the highly interde-
pendent PMF for protein chains.

The genetic algorithms we use so far
are very simple variants of the scheme
proposed by Holland (3). The main prob-
lem we encounter is that the efficiency of
selection is too high and leads to a sharp
distribution of fitness in the population,
therefore decreasing the size of the “gene-
pool”. This quickly creates a situation

where anincreaseinfitness can be achieved
by mutations only, whichis equal to a pure
random search.

Our main goals are the improvement
of these methods and the construction of a
more general constraint satisfaction algo-
rithm (4), which will use the PMF for
constraint generation and utilize further
information than the primary structure
(e.g. alibrary of possible supersecondary
structures).
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Conformational Calculations on Phospholipase A2

The known three-dimensional struc-
tures of bovine and porcine Phospholipase
A2 (PLA2) (1) provide a striking example
ofhow local protein structure may change
due to single amino acid mutations (2).
The enzymes are highly homologous and
almost identical in tertiary structure, but a
surface loop of 13 amino acids adopts
different conformations due to a substitu-
tion of VAL63 by PHE in the middle of
the loop.

Using a classical molecular force-
field (GROMOS) we perform molecular
dynamics simulations for a mutant pro-
tein with the structure of one and the
sequence of the other PLA2 molecule. To
reduce the size of the system, a spherical
shell was cut from the molecule that con-
tains the region of interest and a boundary
zone larger in diameter than the non-bon-
ded cutoff. The atoms in the boundary
zone are held in place by applying a re-
straining potential.
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' The molecular dynamics is per-
formed at variable temperatures, where
large mobility is observed at high tem-
peratures and a quick decrease in potential
energy occurs during cooling in a narrow
temperature range.

" The big variety of obtained confor-
mations focused our attention on the
size of the conformational space that is
accessible to this surface loop. Indeed
this part of the protein has been described
to be rather flexible (1). This flexibi-
lity might also play a central role in bind-
ing the enzyme to the surface of mi-
celles, where catalytic activity naturally
occurs.

Toexplorethe size of conformational
space we calculate molecular dynamics
trajectories of the system described above
at high temperatures (700-800 K). Every
10 picoseconds the intermediate structure
is minimized using a conjugate gradient
algorithm.

The obtained conformations are
compared to the native structures and
classified according to their backbone di-
hedral angles by a cluster analysis method.
After less than 2 ns simulation time all
newly generated conformations fall into
preliminary defined classes of structures.

REFERENCES
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The availibility of and easy access to
structural information of various kinds,
like cartesian coordinates, secondary struc-
ture assignment based on x ray data or
NMR experiments is very important for
protein modelling projects. Currently the
mainsource of these datais the Brookhaven
Protein Databank (1). The organization of
the data in more or less independent
datasets for each protein is not very con-
venient for questions concerning more
than one single protein. In the last years
several attempts have been made to use
the concept of a relational database for
addressing this sort of questions (2,3). We
decided to use a commercially available
database system (ORACLE) to build a
structural data base for proteins. The ben-

Different methodes are used for protein
structu¥e predictions which is the main
topic of our work. The following project
are ongoing efforts along these lines:

A. Beyer

Design and implementation of a struc-
tural database for proteins using the rela-
tional database concept.
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Structural Database for Proteins

Anton Beyer

efits of such a system are consistency of
the data, which indeed is very important
for statistical investigations, and an Eng-
lishlike query language for questions con-
cerning different aspects of the stored
information. In a relational database all
information iskept in tables. We are using
tables for general information of each
dataset, sequence information, secondary
structure tables and one table for cartesian
coordinates. Currently we are using all
datasets from the Protein Databank with a
resolution of less orequal two Angstroems.
We will use all available datasets in the
near future. Storing the information in a
consistent way and easy access by directly
-formulating questions is one of the most
important benefits of such a database.

Outlook

A. Bauer

Development of Optimization methods for
Protein Structure Prediction.

A. Bauer

Conformational Calculations on Phospho-
olipase A2

E. Silhavy

Conformational calculations and struc-
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tural predictions of point mutations of
lysozyme
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The Service Departmentis going into
its fifth year and the idea of providing a
variety of instant services is accepted more
than ever among the IMP scientists. Our
mostpopularservices are DNA sequencing
and oligonucleotide synthesis. In addition

This year we again synthesized
greater than 1200 oligonucleotides on the
APPLIED BIOSYSTEMS 380 B. The
demand for PCR primers increased,
whereas lessishort primers were synthe-
sized because of the change in our
sequencing strategy (EXO IIT deletion
clones instead of “primer walking”). A
small proportion of oligo-nucleotides were

The bulk of the 3000+ DNA probes
sequenced were crude double stranded
DNA’s isolated by either alkaline lysis or
the boiling preparation method. We have
made some studies with regard to primer
design and have found that in conven-
tional sequencing, using 32 P - dATP and
the SEQUENASE (USB) protocol with
T7 DNA POLYMERASE (PHARMA-
CIA) the amount of Adenosine in the
sequence immediately after the 3' end of
the primer has a major influence on the
signal and seems to be as important as the
amount of DNA used. On the other hand,
we found no simple rule for primers used
with the dye dideoxy terminator system
and TAQ polymerase for automated
sequencing with the APPLIED BIOSYS-
TEMS 373 A; the results being as good as
those obtained by conventional sequenc-
ing. In parallel experiments we have used
the ABI 373 A results to correct those read
from the autoradiograms and vice versa.
ABI 373 A data of GC-rich sequences are
easy to read in contrast to the correspond-
ing “strong stops” on the autoradiograms.
At the moment we are using the 373 A
mainly for sequencing DNA purified from
CsCl gradients, however, we have also
successfully used the ABI 373 A with
crude DNA as well. DNA synthesized by
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to these time consuming services, we also
test titers of antisera and discuss immuni-
zation protocols with the scientists and the
Animal House staff, in order to find the
optimal way of raising antibodies against
a particular protein or oligopeptide.

Oligonucleotide Synthesis

synthesized with modified 3' or 5' — ends
(e.g. an amino group for further coupling
to a solid support or to biotin).
Directcoupling of a biotin-phosphor-
amidite and phosphorothioate oligo-
nucleotidesynthesis were performed on
the PHARMACIA GENE-ASSEMBLER
because of lower valve-blocking risk.
These syntheses were performed by, or in

Sequencing

PCR and then isolated from agarose gels
has also been sequenced successfully
(“direct sequencing”). To improve this
procedure we have started to use biotin
labelled primers which allows us to iso-
late the DNA with streptavidine loaded
magnetic beads (DYNAL).

During late spring we started a
sequencing project with Jiri Doskar, from
BRNO, Tchechoslovakia, who was
awarded a UNESCO/TW AS felloship for
a 3 month-training period in our labora-
tory.

A 40 kbp phage of Staphylococcus
aurdus was subcloned, deletion clones of
a 4.6 kbp subclone were made and
sequenced.

As the capacity of the ABI 373 A is
far too low, we have only sequenced about
20 kbp with it, the bulk of sequencing still
beeing done the conventional way. We are
currently evaluating systems which can
read autoradiograms accurately so as to
reduce the time required to produce the
final sequence.

PUBLICATIONS SUBMITTED 1991

1. Cotten, M., Oberhauser, B., Brunar,

Technician (until June 1991)

Postdoc (since July 1991)

We also keep a stock of cloning
vectors, primers, bacterial strains, includ-
ing transformation competent E.coli
strains, and various selected reagents like
DNA molecular weight markers, enzymes
etc.

close collaboration with, Berndt Ober-
hauser.

Synthesis of methoxy- or ethoxy-
RNA oligonucleotides has now become
as easy as DNA oligonucleotide synthe-
sis. The coupling efficiency being de-
pendent upon the quality of the monomers
only and can be as high as in DNA synthe-
sis.

H., Holzner, A., Issakides, G., Noe, Ch.
R., Schaffner, G., Wagner, E., and
Birnstiel, M. L. (1991): 2'-0-Methyl, 2'-
0-ethyl oligoribonucleotides and phos-
phorothioate oligodeoxyribonucleo-
tides as inhibitors of the in vitro U7
snRNP-dependent mRNA process-
ing event. Nucl. Acids Res. 19, 2629—
2635.

2. Wagner, E., Oberhauser, B., Holzner,
A., Brunar, H., Issakides, G., Schaffner,
G., Cotten, M., Knollmiiller, M., and
Noe, Ch. R. (1991): A simple proce-
dure for the preparation of protected
2°0-methylor 2°0-ethyl ribonucleoside-
3"-0-phosphoramidites. Nucl. Acids
Res. 19, 5965-5971.

3. Smith, O., Tabiti, K., Schaffner, G.,
Soldati, D., Albrecht, U., and Birnstiel,
M. L. (1991): Two-step affinity purifi-
cation of U7 small nuclear ribonu-
cleoprotein particles using comple-
mentary biotinylated 2’ 0-methyl oligo-
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USA 88, 9784-9788.

4. Phillips, St., Cotten, M., Laengle-
Rouault, F., Schaffner, G., and Birnstiel,
M. L. (1991): Amphibian oocytes and
sphere organelles: are the U snRNA
genes amplified? Submitted to Chro-
mosoma,
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The PR-office has to fulfil a variety
of tasks required by the public. This year,
1991, was ruled by the slogan: “Austria
needs alaw on genetic engineering.” This
encouraged many people, private and pro-
fessional, to ask for appropriate informa-

Interviews and discussions with journalists

This year the discussion forum de-
veloped into a seriously working group of
people interested in informing the public.
After three general meetings on different
topics the group focused on the discussion
about the preliminary concept of a “gene-
technology-law”in March 1991. This ver-
sion, established by the Ministry of Health
showed a definite lack of scientific back-

In 1991, 28 groups came to visit
LM.P. 9 of them were high school stu-
dents and teachers with one student writ-
ing a scientific essay on basic cancer re-

Martina STEINHARDT, PR-speaker

tion. It is essential that the law rules be
communicated to the public and made
sure the context is understood. A ques-
tionnaire worked out by the PR-office
Hargitay & List indicated that in general
the public agrees to gene technological

ground and asked for more biologists to
participate in formulating the new law.
Apart from this, important work has
been done with the journalist Helmuth
Santler in the field of health education.
Every year the PHARMIG community '
donates a prize of AS 50,000.~ for the best
documentations on health education. Mr.
Santler was given advice and offered co-

Visiting groups

search for her-university entry examina-
tion. This year many medical specialists
either came for general information, for
advice or for co-operation with LM.P. The

work within defined limits, and that most
fears come from too little or false informa-
tion. In this field there is still much left to
be done in 1992 for scientists as well as
PR-speakers.

operation with the PR office on the topic,
how gene diagnostics could benefit to
individual health care. Health insurances
should be discouraged from discriminat-
ing people with genetic disorders by higher
fees but help them.increase their life qual-
ity by regular physical examinations.

PR-office organized guiding tours, con-
tacts with LM.P. scientists and provid-
ed the information required about our
work.

Representation of LM.P. in the public

As mentioned in the introduction,
much work is still to be done to communi-
cate the possibilities and risks of genetic
engineering to the public. According to
the questionnaire, most people (up to 92
%) feel too little informed, which should
be a challenge for any scientific PR office
to fill this gap. Not only was the L.M.P.
circular “InfoMedienPresse” established
but also several public seminars attended,
mainly about the new law on genetic engi-
neering:

— the genetech hearing at the Wil-
helminenberg;
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—the podium discussion with Jeremy
Rifkin (Renner-Institute, Vienna) about
potential risks of gene technology;

— regular PHARMIG - PR-meet-
ings, organized by the chairwoman of
PHARMIG, Mrs. Mayrhofer;

—the SANDOZ journalists’ seminar,
organized by PHARMIG about cancer
and AIDS.

PUBLICATIONS

Steinhardt, M.: Gentechnologie in der
Krebsforschung, CliniCum Mai 1991, pp.
24-25.

Steinhardt, M.: Erbkrankheiten — eine
heikle Frage, CliniCum Juli/August 1991,
pp. 24-26.

Steinhardt, M.: Menschen 2. Klasse durch
Gendiagnostik? CliniCum Oktober 1991,
pp. 22-24.

Steinhardt, M.: Schwerpunkte in der
Krebsforschung, OAZ 45/31-32 (1991),
pp. 650-651.

Steinhardt, M.: Gendiagnostik — 2 Sei-
ten eines Talers, OAZ 45/44 (1991),
p. 960.

Steinhardt, M.: Krebs-Lichtblicke, AUS-
TRIA INNOVATIV 2/1991, p. 33.
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Aron Bauer (Group A. Beyer)

Diploma thesis: “Punktmutation in Pro-
teinen. Konformationssuche mittels simu-
lated annealing und Molekulardynamik
am Beispiel der Phospholipase A2”, sub-
mitted to the University of Vienna.

Georg Casari (Group A. Beyer)
PhD-thesis: “Potentiale der mittleren
Krifte in Proteinen. Analyse und Ablei-
tung physikalischer Prinzipien”, submit-
ted to the University of Vienna.

Christine Disela (Group M. Zenke)
PhD-thesis: “Regulationder Erythrozyten-
spezifischen Carboanhydrase durch das
v-erbA Onkoprotein”, submitted to the
University of Marburg.

Richard Eckner (Group M. L. Birnstiel)
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PhD-thesis: “Nucleo-cytoplasmic trans-
port of mRNA: the formation of histone
RNA 3' ends and the export of histone
mRNA are interdependent events”, sub-
mitted to the University of Zurich.

Irene Leitner (Group H. Beug)
Diplomathesis: “Reexpression von Carbo-
anhydrase ITin v-erbA-enthaltenden Hiih-
ner-Erythroblasten”, submitted to the Uni-
versity of Vienna.

Claudia Petritsch (Group G. Ammerer)
Diploma thesis: “Modification of the tran-
scription factor STE12 in the pheromone
response pathway”, submitted to the Uni-
versity of Vienna.

Wilfried Rossol (Group T. Schuster)
Diploma thesis: “MST1 and MST2: Two

homologous genes encoding putative
membrane spanning proteins”.

Shantini Sockanathan (Group K. Nas-
myth)

PhD-thesis: “Characterization of SWI4: a
yeast cell-cycle specific transcriptional
activator”, submitted to the University of
Cambridge, UK.

Norbert Schweifer (Group T. Schuster)
Diploma thesis: “Molecular and genetic
analysis of the plasminogen locus in wild
type and t haplotype forms of mouse chro-
mosome 177, submitted to the University
of Vienna.

Alain Vasserot (Group M. L. Birnstiel)
PhD-thesis: “Biochemistry of histone
RNA 3' end formation”, submitted to the
University of Zurich.
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I
27.02.91

28.02.91
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: impromptu
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impromptu
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10.04.91:
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26.04.91:

16.05.91

05.06.91

06.06.91

07.06.91:
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impromptu

impromptu

impromptu

JAMES MANFREDI (Columbia Univ.):
“Role of p53 and pRB in SV40 large T antigen-mediated oncogenesis”

JEFF SCHATZ, (Biozentrum Basel): “The prolein import machinery of mitochondria”

CHRIS HIGGINS (ICRF, Oxford):
“Molecular mechanisms of membrane transport: from microorganisms to multidrug resistance
and cystic fibrosis”

AXEL RETHWILM (Wiirzburg): “Molecular biology of the human foamy virus”
MANFRED NEUBERG (Marburg): “Mechanisms of fos induced transformation”

DAVID PORTEOUS (Edinburgh): “Human genome analysis by targetted recombination
and coincident sequence cloning”

KURT WUTHRICH (Ziirich): “Protein-DNA interactions studied by NMR in solution:
Homeodomains and repressors”

THOMAS JENUWEIN (UCSF):
“Activation and expression of immunoglobulin m chain in transgenic mice”

MICHAEL FREISMUTH (Vienna): : -
“G proteins: structural determinants for GTP hydrolysis and receptor interactions”

ROBB KRUMLAUF (NIMR, London): “Homeobox genes and pattern formation in vertebrates”

KURT BALLMER-HOFER (FMI, Basel):
“Regulation of cellular tyrosine kinases by polyomavirus middle-T antigen”

UELI SCHIBLER (Geneva):
“Genes controlling transcription and proliferation during liver differentiation”

MICHAEL WILES (Basel I.for Immunol.):
“Haematopoietic lineages from ES cells in vitro and in vivo”

FRANCOIS CUZIN (Nice, France):
“Expression of polyoma large T in the testes of transgenic mice and the subsequent establishment
of "differentiated” cell lines”

FRANZFULRICH HARTL (Munich)
“The role of the chaperonin hsp60 in protein folding in mitochondria”

ANDRAS NAGY (Toronto): “Pluripotentiality of embryonic stem cells”

GUNTHER SCHUTZ (DKFZ, Heidelberg): -
“Extinction of gene activity by interference with cAMP signal transduction”

KARL-HEINZ KLEMPNAUER (Freiburg-Zihringen):
“Regulation of gene expression by myb- and myb-related genes”

KLAUS RAJEWSKI (Cologne) “Gene targeting in the analysis of B cell development”
DOUG ENGEL.(Illinois): “GATA transcription factor gene regulation in development”

CARL-HENRIK HELDIN (Uppsala, Sweden)
“Structural and functional properties of growth regulatory molecules from human platelets”

ELI GILBOA (New York): “Intracellular immunization against HIV using RNA decoys™
RICHARD TREISMAN (ICRF, London): “Structure and function of SRF”

DOUGLAS HANAHAN (UCSF):
“Characterizing the stages of multistep tumorigenesis pathways in transgenic mice”
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CHRIS MARSHALL (Chester Beatty, London):
“p21 ras signals for transformation and membrane localization”

MICHAEL NEUBERGER (MRC, Cambridge): “Immunoglobulin gene expression”

PROF. ANTON PREISINGER (TU, WIEN):
“Strukturchemische Aspekte der Hydrolyse von ras p21.GTP.Mg”

REGINE KAHMANN (IGF Berlin GmbH):
“A molecular analysis of pathogenicity in Ustilago maydis”

JOHN SKEHEL (NIMR, London): “Membrane fusion by influenza haemagglutinin”

DAVE BRAMHILL (Rahway, New Jersey):
“The mechanism of initiation of DNA replication at the E. coli chromosomal origin”

WIEBE KRUIJER (Utrecht): “jun/Ap1 and EC differentiation”

MARK DWORKIN (Vienna):
“Regulation of carbon metabolism during embryogenesis and tumorigenesis”

MICHELLE MILLER (Sydney):
“v-erb-B-mediated transformation as a model for leukaemia development”

MICHAEL KARIN (UCSD):
“Positive and negative regulation of AP-1 activity - the Ying-Yang of cell proliferation”

TADATSUGU TANIGUCHI (Osaka, Japan):
“Regulation of the type I interferon system by DNA binding factors, IRF-1 and IRF-2”

BRANKO STEFANOVIC (Tallahassee, Fl): ;
“Developmental regulation of the sea urchin U2 snRNA genes”

RICHARD GARDNER (ICRF, Oxford):
“Cell lineage and the stability of differentiation in mammalian development”

JOSEPH SCHLESSINGER (NYU Medical Center):
“Signal transduction by EGF-Receptor tyrosine kinase”

NICK HASTIE (Edinburgh): “Wilms tumour and aniridia —
human developmental mutations and mouse model systems”

UNA CHEN (Basel Inst. f. Immun.):
“Some evidence of lymphocyte development from mouse ES cells in vitro™”

LM.P WORKSHOP 1991

ROLF ZELLER (EMBL): “The role of formins in vertebrate pattern formation”

TOBY GIBSON (EMBL, Heidelberg):
“Structure modelling studies on DNA binding domains of transcription factors”

FRITZ PROPST (Ludwig Inst., London):
Phenotypes caused by the Mos oncogene in transgenic mice and transformed cells.

GUNNAR VON HEIJNE (Huddinge, Sweden): “How membrane proteins insert into membranes”
ROBERT MURPHY (Pittsburgh): “Endosomal pH regulation and lysosome biogenesis”

JOHN GURDON (Cambridge):
Muscle gene activation following embryonic induction in Xenopus embryos*

ROSA BEDDINGTON (Edinburgh):
The notochord: A central influence during early pattern formation in the mouse embryo™

PAOLO SASSONE-CORSI (Strasbourg):
“Transcription factors as final targets of signal transduction pathways”

LEWIS WOLPERT (London): “Pattern formation in development”
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21.11.91

28.11.91
05.12.91

12.12.91

19.12.91
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BERNHARD DOBBERSTEIN: (EMBL):
“Signals and receptors involved in protein insertion into the membrane of the endoplasmic reticulum”

ERNST HAFEN (Ziirich): “Specification of cell fate in the developing eye of Drosophila”
WALTER SCHAFFENER (Ziirich):

“Different factor domains stimulate transcription from a (remote) enhancer or a (proximal)
promoter position”

MARGARET BUCKINGHAM (Paris): “Myogenesis in the mouse.” Studies of Studies of
CLAUDIO BORDIGNON (Milan):

“Gene therapy for human immunodeficiencies. Reconstitution of immune specific functions and
T-cell repertoire.”
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CASE 12/117
“Olikonukleotide, die fiir ein modifiziertes aktives Zentrum der HRV?2 2A kodieren, wobei die Modifikationen die “Cisaktivitit” der
Proteinase beeinflussen, vorzugsweise inhibieren, sowie die von abgeleiteten Expressionsplasmide”

Meldung der Diensterfindung: 15. Oktober 1990 (Bender)
4. Janner 1991 (LM.P.)
Annahme vom IL.M.P.: 10. Jidnner 1991
Erfinder: G. Casari (D. Blaas, E. Kiichler, T. Skern, W. Sommergruber, M. Schreiber)
CASE 14/007
“Neue, liber Endozytose in hohere eukaryotische Zellen aufnehmbare, Nukleinsiure enthaltende Komplexe”
Meldung der Diensterfindung: 19. Mérz 1991
Annahme vom LM.P.: 19. Miérz 1991

Erfinder: M. L. Birnstiel, M. Cotten, E. Wagner

CASE 14/008
“2'-O-Alkyl-oligoribonukleotide, Verfahren zu derenHerstellung und deren Verwendung als Antisense-Oligonukleotide”
Meldung der Diensterfindung: 20. August 1991
Annahme vom I.M.P.: 21. August 1991
Erfinder: M. L. Birnstiel, M. Cotten, B. Oberhauser, G. Schaffner, E. Wagner
(H. Brunner, TU; A. Holzner, TU; G. Issakides, TU; M. Knolimiiller, TU; Ch. Noe, TU;)

CASE 14/009

“Neue Protein-Polykation-Konjugate™

Meldung der Diensterfindung: 4. Juni 1991 |
Annahme vom LM.P.: 5. Juni 1991

Erfinder: M. L. Birnstiel, M. Cotten, E. Wagner

CASE 14/010

“Neue Protein-Polykation-Konjugate”

Meldung der Diensterfindung: 4. Juni 1991

Annahme vom L.M.P. 5. Juni 1991

Erfinder: M. L. Birnstiel, M. Cotten, E. Wagner

CASE 14/011 ,
“Neue Konjugate, bestehend aus einem Glykoprotein und einer Nukleinsiure-bindenden Substanz”
Meldung der Diensterfindung: 7. August 1991

Annahme vom L.M.P, 8. August 1991

Erfinder: M. L. Birnstiel, M. Cotten, E. Wagner

CASE 14/012

“Steigerung der Transferrinfektion durch Beigabe von inaktivierten Viren”

Meldung der Diensterfindung: 7. November 1991

Annahme vom L.M.P. 25. November 1991

Erfinder: M. L. Birnstiel, M. Cotten, Ch. Plank, E. Wagner (D. Curiel, K. Zatloukal)

CASE 14/013

“Neue, Adenoviren enthaltende Konjugate fiir effizienten Gentransfer”

Meldung der Diensterfindung: 7. November 1991

Annahme vom LM.P. 25. November 1991

Erfinder: M. L. Birnstiel, M. Cotten, Ch. Plank, E. Wagner (D. Curiel, P. C. Hu, K. Zatloukal)

CASE 14/014

“Neue, Adenovieren enthaltende Konjugate fiir den Transfer von Nukleinséuren in eukaryotische Zellen”
Meldung der Diensterfindung: 7. November 1991

Annahme vom I.M.P. 25. November 1991

Erfinder: M. L. Birnstiel, M. Cotten, Ch. Plank, E. Wagner (D. Curiel, K. Zatloukal)

CASE 14/015

“New recombinant Baculoviruses”

Meldung der Diensterfindung: 29. November 1991
Annahme vom I.M.P. 2. Dezember 1991
Erfinder: K. Nasmyth, (Dr. N. Jones, Dr. G. Patel)
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PUBLICATIONS 1991

. Aguzzi, A., Kleihues, P., Heckl, K.,

and Wiestler, 0. D. (1991): Cell-type
specific tumor induction in neural
transplants by retrovirus-mediated
oncogene transfer. Oncogene 6, 113—
118.

. Alexander, W.,Lyman, S., and Wag-

ner, E. F. (1991): Expression of
functional c-kit receptors rescues the
genetic defect of W mutant mast cells.
EMBO J. 10, 3683-3691.

. Artzt, K., Barlow, D., Dove, W., Fi-

scher-Lindahl, K., Lyon, M. F.,Klein,
J., and Silver, L. M. (1991): Mouse
Chromosome 17. Mammalian Ge-
nome 1, 5280--5300.

. Ballou, L. M., Luther, H., and Tho-

mas, G. (1991); MAP2 kinase and
70K S6 kinase lie on distinct sig-
nalling pathways. Nature 349, 348—
350 (1991).

. Barlow, D. P, Stoger, R., Saito, K.,

Herrmann, B. G., and Schweifer, N.
(1991): The mouse Insulin-like
growth factor type-2 receptor is
imprinted and closely linked to the
Tme locus. Nature 349, 84-87.

Beug, H., and Vennstrom, B. (1991):
Avianerythroleukemia: Possible me-
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