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The IMP is a basic research inslifute supported by the research oriented German phammaceutical
firm Boehringer Ingelheim (Bl). The IMP's goals are twofold: fo conduct innovalive basic research and
fo use this experience In advising BY about polential new drug discovery programmes. The inshitule
was conceived in 1985 and opened its doors in 1988, If was joined four years faler by five biotogical
institutes of the University of Vienna, with whom the IMP shares an intemational PhD programme and
bath library and lecture hall facifities, The IMP and these five university instilules now form what is
known as the Vienna Biocenler.

The IMP was founded, planned, and subsequently directed for ten years by Max Bimstiel, who retired
at the end of 1996. The institute contains a dozen research groups, four run by senior sclentists with
fongterm conlracts and eight run by young group leaders on shorter ongs. All research at the IMP is
driven by our group leaders' curiosity and not by Bl's requirements. Our progress and proposed future
diractions are assessed annually by an intemational Scientitic Advisory Board (SAB) whose chaiman
i presently Michael Bishap. The IMP has a staff of aboul 130, among them 25 technicians, 37 PhD
studants, and 31 posidocs (11 with external stipands). 20 different nationalities are represented at

the IMP, our working language is English, and our annual budget {including external grants) is aboul
US 8 15 million.

There have been several changes at the IMP this year: | fook over from Max Bimstial as ihe new
direcior, Erwin Wagner became deputy direcior, Iwo new group leaders (Michael Glotzer and

Jirgen Knoblich) joined us, and Andreas Weith left us for a post as head of a genomics grovp with BI,
Meanwhile, the constellabion of our SAB was changed in that Bob Weinberg, who had been with us
from the very beginning, retired from the board. In-house changes this year include the establishmant
of a new ‘hiooplics' service run by Peler Steinlein. This group will deal with cell sorting and fluores-
cence microscopy, whilst Iris Kilisch will run the newly-formed electron microscopy service. Both of
these addlitions reflect our increasing demana for stale of the art cell biological fechniques,

The molecular Biological sciences are currently at the crossroads between a past that was almost
gntirely ‘problem’ oriented and a future in which an increasing amount of information will be collected
by ‘systematic’ means. Genomic sequencing is a good example of the new ‘sysfematic’ approach fo
biology. It s fast being joined by the systematic description of gene expression patierns and by the
descriplion of phenolypes produced by syslematic gene ‘knock outs’. This does not mean, however,
that problem oriented research is on the way oul. Far from it! Just as the systemalic description of
species facitated axpenimental and evolutionary biology during the 18th centiny, so will the sequen-
cing of genomes and description of their expression pattems help but nof replace experimental
sludies in the 21st century. The ‘devil will r;aﬂmr'n in the delails’. | suspect therefore thal research al
the IMP will remain largely experimental in nature for some lime lo come.

One of the revelations of the last decade has been the realizafion of how conserved biological mecha-
hisms are within eukaryotic cells. For this reason, processes thal occur in human cefls can sometimes
best be studied by analysing mice, chicken, frogs, es, worms, or even yeasl. We now have groups
studying all these ‘modef” organisms. The IMP’s skills with major expenmental model systems there-
fore complement those of research programmes within BI, which are directly concemed with drug
discovery and the alleviation of human disease. The quest to unravel how human beings davelop
from fertilized eggs and fend off disease for thres score years and ten is still in its early phases, but
tools of wnparalleled power are now available to those curious fo discover how it all works. Excifing
times fie ahead,

Prof. Kim Nasmyth, FR.S, Vignna, Decamber 1897




Research Institute ol Molecular Pathology (1.M.P.)
Dr. Bohr-Gasse 7

A-1030 Vienna

Austria

Phone +43/1/797 30
Fax +43/1/798 71 53
hitp:/fwwaimp. univie.ac.at

For a copy of this report please contact
the IMP-Public Relations Department
e-mail hurti@nt.imp.univie.ac.at

Contents

Research Groups
Hartmut BEUG

Max L. BIRNSTIEL
Meinrad BUSSLINGER
Gerhard CHRISTOFOR]
Matt COTTEN

Michael GLOTZER
Lukas HUBER
Thomas JENUWEIN
Jirgen KNOBLIGH
Kim NASMYTH
Jan-Michael PETERS
Erwin WAGNER
Andreas WEITH

Computer and Service Department
Anton BEYER
Gotthold SCHAFFNER

Life at the IMP

Vienna | Austria

The Scientific Advisory Board
Publications 97

Seminar Speakers at the IMP 97

Impressum

10
12
4
16
18
20
22
24
26
28

32

36
38
40
42
46
47




Group Members

Cellular malfunction in oncogenesis
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In tumars, encoproteins cooperale to upsel the balance between cell proliferation, differentiation and‘or programmed

cell death. In awvian lsukemia, we analyse mechanisms how endogenous or oncogenic receplors for growth factors/
cylokines and steroid hormones cooperate 10 regulate or disturb this balance. In breast carcinoma, we Iy fo under-
stand, how co-signaling from wo different membrane receptor families alters epithelial cell polarity and -plasticily,

both in metastasis and normal mammary gland development.

Proliteration versus differenliation in
erythroleukemia and normal erythropoiesis

Twao oncoproteins (v-ErbB, v-ErbA) cooperate to
induce fatal erythroleukemia in chicks. V-ErbB repre-
sent a mutated, constitutively active receptor tyrosing
kinase (EGF-receptar). V-ErbA is a mutated, ligand-
Independent thyroid hormone réceptor (TRoe-ErbA)
that is "frozen’ in a constitutively repressing state.
Members of the same two gene families, 1.e. receptor
tyrosine kinases and nuclear hormone receplors,
regulate the balance batween proliferation and differ-
entiation in normal erythropoiesis. In human,

murine and avian erylhroblasts, the stem cell factor
(SCF) receptor (c-Kit) cooperates with the erythro-
poietin (Epo) receptor to enhance progenitor prolifer-
ation without alfecting differentiation, increasing the
number of erythrocytes produced per progenitor.
When c-Kit and EpoR cooperate with a member of
the nuclaar hormone receptor famity, the glucocoort-
coid receptor (GR), cells profiterate and are arrested
in differentiation {Figure 1).

In chicks, these ‘self-renewing’ normal proerythro-
blasts are simitar to leukemic cells, whan exposed to
all ligands (Epo, SCF and Dex), but differentiate (or
die) upon ligand removal, In contrast, the leukemic

calls are rendered factor independent by their consti-
tulively active oncoproteins. Both v-ErbA and overex-
pressed TReuc-ErbA in the absence of any ligand
substitute tor the GR to stimulate proliferation and
arrest differantiation. Both proteins also require co-
operation with c-Kit for biological activity (Figure 2).
We currently try 1o identily molecular mechanisms
relevant for this cooperation between receptor tyro-
sine kinases and nuclear hormone receptors, such as
relevant signal transduction pathways (Stat 5b 7),
differential cell cycle regulation in profiferating/
leukemic and differentiating primary erythroblasts
(e.g. Ioss or retainment of cdk4/D-cyclin function 7)
and target genes regulated by the GR, v-ErbA and
nonliganded c-ErbA (e.g. CAll. c-myb, screening

for unknown ones). We want to assess the in vio
relevance of the above [pratojoncogans coopéra-
tiong, preterably by using genstically modified mice.
Finally, we study the function and cooperation of
muring and human leukemia oncoproteins, using

primary avian cells as model systems.

Figura 1 53 -/- mouse erythroblasts
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Dominant negative TGFR receptar; inhitition af in vitro
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Moia colan carcinoma cells (CT3) vere infected with green fletrescent protiin
(GFP) expressing refrovituses containing no extra pens (emply vecton or dominant-
negative TGRL-recaptor 1 (TRRFdn) and sesded into coliagen gais (insets). Note that
Ihe: TPRIkdm expressing calls: fal fo invace the coltagen gel. The same coll prepanall-
ons ware sarbed for GFP lluorescence and 1109 calls mjectind mio mice. Contral
cells foam medasiases willidn 4 days (left pansf) whereas TRRHdn expressing celis
are nabie o form metatsiases even afler severdl months (fght paned)

Maolecules inducing loss of epithelial polarity
and causing epithelial-mesenchymal transition.
Carcinomas (=80% of all human neoplasms) are
solid epithelial cell lumors. Epithetial celis are stricty
polarized, accounting for the protective bamer func-
tion of epithelia. In tumors; epithelial cells may lose
polarity and show aspects of mesenchymal cells,

tor instance during metastasis. These complex
alterations are generated by cooperation of multiple
dominant oncogenes and tumor SUPPressor genes.
We focus on oncogene-induced epithelial-mesenchy-
mal transition (EMT) i.e polarized epithetial cells
aquinng behavioral and molecular aspects of motile,
mesenchymal cells.

In our mouse lumor model, activated Ras cooperates
with the endogenous TGFf3 receptar, inducing polar-
Ized mammary epithelial cells to lose epithelial polar-
ity and undergo EMT. After EMT, the fibroblastoid
tumor cells produce their own TGRS, maintaining
EMT via an autocrine loop. On its own, Ha-Ras has
little effect on epithelial polarity. The liganded TGFRR
s required for mammary gland development, but
causes growth arrest and apoptosis at high ligand
concentrations.

Using a dominant-negative. kinase-dead version of
tha TGFp-receptor subunit || (TRRIdN), we show
that TGFP-activated signals are requirad for EMT,
tumorigenesis and metastasis. Overexpression of
TpRIidn in various murine and human tumor celis
prevented invasivenass in vikro and caused reversion
of EMT. In vivo, expression of TRRIdn retarded
tumor growth and prevented metastasis (Figure 3),
Present and future studies in this system will con-
centrate on signal tranduction pathways utifized by
the TGFR to induce EMT and how such pathways
may interlock with Ras-Mapk-pathways. In addition,
wa plan to analyse the contribution of tlumor sup-
pressor genes and steroid hormone receptors to
mammary carcinogenesis, prafarentialty by using
penetically modilied mice.
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Chemically defined, cell-free, generic tumor vaccines

Nove! therapies are needed for cancer. It is estimalted thal in 1997 more than 560,000 patients will die from cancer

in the USA alone, Despile tremendous efforts fo improve cancer lreafment, the overall morality rate of cancer has

increased from 1373-1934 by 5.4% in the USA (SEER cancer report]. It is thus not surprising thal the National

Cancer Institute of the USA predicts thal cancer may very soon become the leading fatal liness in the USA.

Recent molecular and immunological investigations
have revealed the existence of lumor antigens in
several Lumor types and this has lead to the conclu-
sion, that perhaps all. but at least most, tumors are
indeed immunoganic, but thal the response of the
immune system 1o tumor antigens is inadequate and
in need of enhancement if immunotherapy of cancer

is to:be atlempled,

We and others have shown that first generation

tumor vaccines consisting of cytokine gene-modified,

autologous whole tumor cells are exceptionally effec-
tive In relevant animal models. Here, the autologous
calls serve as the source of tumaor antigens whergas
the cyfokine locally secreted after transtection indu-
ces potent immune responses. Such a first genera-
tion vaccing was used in a Boehringer Ingeltheim
phase | clinical trial lead by Professor G, Stingl,
Vienna and Professor G. Brdcker, Wiirzburg. Despite
the very much advanced disease of the patienis trea-
ted, it appeared that encouraging immung responses
against parental cancer cells or in a few cases even
transient stabilization of the disease was observed
The major drawhack of this type of vaccine, how-

aver, was that amologous (the palient's own cells)

neaded to be prepared and gene modified. It soan
became evident that for several reasons functional
vaceine could only be produced for 2/3 of the pa-
lients and that vaccine production was cumbersome,

expensive and virtually impossible o standardize.

To circumvent the problems associated with first
generation cancer vactings we sought 1o identity
potent immung modulators (adjuvants) allowing vac-
cination with synthetic temor anfigen derived pepti-
des or recombinant tumor anfigan{s) thamseives.
The steadily increasing number of newly discovered
tumor antigens, and the short petides recognized by
CTLs contained within the tumor anfigen protein
sequence, has made chemically defined, peptide-
based ceil-free vaccines a possible alternative to
cellular vaccines, However, these shori peplides
administerad on their own do not induce adequate
immune responses and standard adjuvants
commaonly used in vaccination procedures are

not effective,

Figure 1
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Peptide vdccination protects animals from tumor growth,

Qur current research led to the discovery of very
potent polyeationic adjuvants including polyargining
and polylysine which in conjunction with tumaor anti-
gen darived peplides induce very potent immuna
responses iading to tumaor rejection in rélavant an:-
mal models, such as the PE15 mastocytoma model
(Figlire 1), Injection of the peptides alone or topether
with standard adjuvants was ineffective. Qur rasults
indicate that by means of the new polycationic com-
pounds a deposit of peptide or protein antigens is
created at tha vaccination site when injected subcuta-
neoushy and that these antigens are finally taken up
at enhanced rates by a very impartant cell type of the
Immune system, the antigen presenting cell (APC)
(Figure 2). APCs in turn activate cytoloxic T lym-
phocyles which desiroy tumeor cells expressing the
peptidesprotetn.

Fulure experiments will address in more detal the
mechanisms ol how anti-cancer immunity following
vaccination with lwmor antigen peplides is generated.
We will also modily the adjuvants in order 1o hurther
Improve vaceing efficiency, because in some, bul not
all models, tha peptide vaccing is not yet guite as
effective as cytokine transtected cellular vaccines.
One potential disativantage of peptide vaccines is
their HLA restriction, We will address this problem
by vaccinating with multiple peptides or tumor anti-
gen proteins themselves together with the above ad-
juvants, The ultimate goal is 10 develop Qaneric,
chemically defined, cell-Iree vaccines for the freaf-

ment of human cancer,
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Antigen presenting cells heavily infiltrate the peptide vaccine following vaccination.
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The role of Pax transcription factors in midbrain development,

B cell differentiation and human disease

The mammalian Pax genes code for transeription factors with important functions in embryonic patteming and
differantiafion processes. A hallmark of these developmental regulalors is the conserved paired box which harbours

a polent and versatile DNA-binding function. In our group we are

studying the role of Pax-5 (BSAF) and ils related

family members Pax-2 and Pax-8 in early development, B-lymphopoiesis and human disease by using a combination

of transgenic, cell biclogical and biochemical approaches. The aim of our research is fo contribute to the elucidation
of the reguiatory cascades underdying midbrain and B cell development.

The midbrain and cerebellum develops from an

‘organzing center which is located at the midbraim-

hindbrain boundary (mhi) of the vertebrate embryo
Pax-2 and Pax-5 are expressed in an overlapping
manner in this brain region and are both required
for the formation of the organizing center, as their
combined inactivation in the mouse germiing resuits
in the loss of midbrain and cerebelium development
(Figure 1). Similar phenotypes are observed in mice
lacking the Wnt-1, Fgi-8 or En genes, indicating a
role for all of these genes in the same regulatory
pathway. To define the position of Pax-2 and Pax-5
in this regulatory cascade, we are characterizing the
midbrain-specific enhancers of these genes and
complement the transgenic experiments by establish-
ing in vitro culture conditions for the propagation

of neuroepithelial precursor cells derived from the
mhb region. The loss-of-function, transgenic and call
culture experiments should allow the identification

of upstream regulators and downstream targets of

Pax-2 and Pax-5 in midorain development.

B-lymphopolesis Is an ideal experimental system for
studying the molecular mechanisms underlying difter-
entiation processes, as the developmental pathway
leading to mature B cells and ultimately to Immuno-
globulin-secrating plasma cells has been dissected
into several distingt stages according to the differen-
tial expression of cell surface markers and the
sequential rearrangements of immunoglobulin genes.
The Pax-5 gene is expressed throughout B cell
development and codes for the transcription factor
BSAP which is reguired for B-lineage commitment in
the fetal liver and for progression beyond the early
pro-B cell stage in adult bone marrow (Figure 2},

Al
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monoallelic expression

Importantly, the pro-B ceils from Pax-5 (/) bone
marow can be cultured in vitro, thus providing a
conveniant system for the identification of BSAP
target genes. To gain insight into the role of Pax-5
in pro-B cell development, we have therefore initiated
a systematic screen for BSAP-regulated genes by
using Pax-5 (-/-) pro-B cells expressing a BSAP in-
tuction system. Pax-5 is likely 1o play an important
roke alsa in late B cell differenbiation. To study these
late functions, we have used the Cre-loxP system to
penerate a novel mouse strain in which the Pax-5
gene can be conditionally inactivated by Cre-media-

ted delation at fate stages of 8 cell development.

An unusual feature of mammalian Pax genes & their
haploinsutficlency which results in the treguent
assoclation of heterozygous Pax gene midations with
human disease syndromes and mouse develop-
mental mulants, Our recent observation that Pax-5
i5 predominantly transcribed from anly one of ils
two allgles in individoal B-lemphacytes {Figura 3)
suggests that monoallelic expression of Pax genes
may cause their haploinsufficient phenotypes. PAX-5
has also been implicated as an oncogene in the
penesis of a subsat of non-Hodgkin lymphoma by
gain-of-function mutations wheraby the translocated
PAX-5 gene has been brought undear the transcriptio-
nal control of the immunoglobulin heavy-chaim (IgH)
locus (Figure 2). Transgenic mice containing a Pas-5
gane insertion in the lgH locus are currently being
genarated to lest the hypothesis that the gH-PAXS
translocation prevents plasma cell ditferentiation and
may bz causally involved in tumar lormation,
Togethar these experiments should help 1o provide
insight into the mechanisms underfying midbrain
and B cell development under normal and patho-
logical conditions.,
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Molecular Mechanisms of Multistage Tumor Development

The major objective of our research is the identification and characterization of molecular evenls involved in muti-

stage tumorigenesis. In addition fo tumor cell lines in vilro, we employ transgenic mouse models of tumongenesis to

prove causal connections between the expression of a particular gene and lumor progression in vive, One of the

mouse models (Rip1Tag2) expresses SV40 large T antigen under the control of the ral insulin promoter and develops

pancraalic B cell tumors in a mullistage fumor progression pathway.

Tumaor Cell Proliferation

It is thought that SY40 large T antigen translorms
cells by sequestration and inactivation of the tumor
suppressor proteins pS3 and retinoblastoma (pRb).
Howeever, in contrast to the expected acceleration of
tumor development, lumer volumes were signifi-
cantly reduced when Rip1Tag2 transgenic mice were
intercrossed with p&3-deficient mice. The mitotic
index was signilicantly reduced in p53-deficiant
tumor celis, whereas the incidence ol tumor cgll
apoptosis was unaffected. Notably, in the abisence

of p53. a raduction in steady state levels of T antigen
coincided with decreased E2F activity. Biochemical
analysis revealed that T antigen was stabilized by p53
to quantitatively sequester and inactivate members
of the retinoblastoma gene family resulting in unre-
stricted E2F activity and high tumor cell proliferation.
Thus. in Rip1Tag? mice the oncogenic potential of
SV40 T antigen s higher in the presence of p53 than
in the abzence of ph3.

Tumor Cell Survival

Recently, we have shown that In the absence of
survival factors, such as insulin-like growth factor Il
{IGE-11}, & tumar cells profiferate at a high rate. yet at
the same lime Iney undergo programmed cell death

{Christotor et al. 1894; Nature 369, 414-418).

We have now demonstrated that IGF-1l acts as &
survival factor for B tumor cells by counteracting
apoptosis that has been induced, for example. by
staurosporine (Figure 1). Thereby, communication
of the survival factar IGF-11 with the apoptotic
machinery appears 1o involve distinet, tumor cell-
specific signaling pathways. Finally, we have charag-
terized some of the factors that are invelved in the
execution of f wumor cell apoptosis. We have cloned
novel isaforms of the cysteine protease caspase 2
which appear to axhibit differential activity in tumor

cells versus non-transformed cells,

Tumor Angiogenesis

Another apparent secondary event in the develop-
ment of B cell tumors is the control of tumar angio-
genesis. Several angiogenic factors are released
by the tumar celis in order to induce the lormation
of new blood vessels, One of these factors, acidic
fibroblast growth factor (FGF-1), Is expressed in all
stages of tumor developmant. However, although
FGF-1 does not have a classical signal sequence
for secretion, it is nevertheless reteased by a navel
export pathway trom B tumor cells. Gur current

studies attempt to unravel the mechanism of FGF

Recombinant IGF-Il blocks staurosporing-induced
apoptosis of IGF-ll-deficient [} tumor cells.

Transition from # cell adenoma to A cell carcinoma in
Rip1Tag2 transgenic mice.

Figura 1
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export and its regulation, In addition, we amploy
fransgenic complementation experiments to study

the functional role of FGFs in lumorigenesis in vivo,

Tumor Cell Invasion and Metastasis

{in colaboration with H. Semb and L. Dahl.

Umed University, Umes. Sweden)

During the terminal stages of carcinogenesis, the
transition of well-differentiated adenoma to invasive
carcinoma and metastasis is frequently accompanied
by the loss of E-cadherin expression. To assess
whether loss of E-cadherin-mediated cell adhesion

i @ cause or & consequence of tumor progression
invivo wie have intercrossed Rip1Tag2 mice with
transganic mice that express (n the pancreatic B cells
gither wildlype E-cadherin or a dominant-negative
farm of E-cadherin. Maintenance of E-cadherin ex-
pression during B cell lumorigenesis results in arrest
of tumor developmeant at the adenoma stage. In con-
trast, expression of dominant-negative E-cadherin
induces early invasion and metastasis. The results
demonstrate thal loss of E-cadherin-mediated ceil
adhesion is required and sufficient for the progres- 13
sion from adenoma to carcinama in vivg,
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of viral entry and host responses fo viral entry, and more recently with the analysis of CELO early gene functions,

virus interactions with the pRE/E2F and apoptosis pathways. A second area of research involves the practical devel-
opment of gene transfer systems, with a special emphasis on large DNA delivery.

Further studies on Gam-1

Qur studies on the inflammatory and apoptotic re-
spanses of adenovirus entry and our characterization
of the chicken adenovirus GELO led to the identifica-
tion of GAM-1, & nowel anti-apoptotic gene. GAM-1
probably fulfils the function of the E18-19K gene

in slowing the host cell response Lo virus infection,
blocking both apoptosis and interfering with NF-x8
signalling (Chiocca et al.. 1957). Gam-1 functions
by-a mechanism distinct from Bel-2 lamily members,
\t is now clear that Gam-1 activates transcription
from a variety of promoters, probably through
interactions with the ceflutar factars such as YY1

as well as with proteins thal interact with the TATA
box elemant

Activation of E2F by CELD

Further studies are in progress to identily the early
genes of CELD. A function screen has identified a
CELO gene {orl 8) that can activate the cellular tran-
seription factor E2F, by directly interacting with pRb.
0rf 8 comains the motit LxCxD similar te many virat
and cellular proteing that bind pRE yet shares no

further homology with these proteins,

Orf 8 activation of the E2F pathway is further stimu-
lated by other CELO genes and expariments are
underway 1o characterize the complete mechanism,

CELD vectors

The charackerization of CELD early genes has been
aided by our development of technology to generate
recombinant CELO virus vectors and to introduce
modifications in the genome. These methods use an
infectious, plasmid-borne copy of the CELD genome
which can be manipulated by homologous recomibi-
nation in the appropriate bactenal strains, We are
currently identifying regions of the CELO genome
that are dispensable for tissue culture growth of the
virus and can be raplaced with marker or therapautic
genes.

Cellular responses to PARS

With the arrival of Professor Michael Murtaugh we
have imitated a study of the pathogen PRRS virus
{porcine respiratory and reproductive syndrome

Figure 1
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The organization of open reading frames in the genome of the vian adenovirus CELOQ.

Figure 2

Electran microscopy image (from ins Kilsch) of
an adenovirus!PENOMA lranstection cormplex
shiowing the assocalon of condersad ONA with
the winon. See Baker et a., 1997 for delais.

Adenovirus/PEIDNA complex

i
virus), This vinis emerged as a novel pathogen of
the pork industry in 1987 and very little information
i5 avallable about this arterivirus.

In particular, the cellular apoptotic and Inflammatary
responses to individual PRRS open reading frames
will be examingd.

Big DNA delivery

We have tested the DNA size limil for gene transier
systems using a series of bacterial artificial chromo-
somes (BACs) and have obtained efficient delivery of

170kb BACs using a modified adenovirus/poly-
ethylenirming (PEI) system (Baker and Cotten, 1597).
Transfected large ONA molecules provide a surpris-

ing) stability of gene axpression in the absence of
sefection and vectors hased on these large DHA
maolecules have been developed as molecular biology
lools, Furthermore, this efficiant large DNA delivery
Is now being exploited o characterize large sequence
glements important for centromere tunction and

chromosome stability,
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The Mechanism of Cytokinesis

Michael GLOTZER | Group Leader (from September 1987)

Manual MENDOZA | PhD Student (from October 1927)
Susanne KAITNA | PhD Student {from January 1998
Verena JANTSCH-PLUNGER | Technician (from January 1988)

Cylokinesis leads o the formation of two daughter cells from a single progenitor. The division process is spatially

and temporally regulated so that each daugher cell receives a receives a full complement of chromosomes and

other essential organelies.

In animal cells. cytokinesis can be subdivided into
five subprocesses: cleavage plane specification, tur-
row assembly, furrow ingression, midbody forma-
fion, and cell separation (Figure 1). In anaphase, the
milotic spindle specifies the site at which the claav-
age furrow will form. A contractile ring containing
aclin and myosin assembles, The ring contracts, fur-
rowing the overlying plasma membrane. A transient
structure, the midbody, forms when the furrow res-
ches the remnants of the mitotic spindle. Finally, the
common membrane that surrounds the two nascant

cells is divided so that the cells may separate.

All of these subprocesses are poorly understood,
mareover, it is likely that much of the machinery that
participates in cylokinesis remains to be identified.
Although several proteins are known to be required
for cytokinesis (tubulin, actin, myosin, and various
actin-binding proteins), most of these proteins are
required for a diverse variety of celular tunctions and
it 15 tikely that there are specific reguiatory moleculas
that coordinate them during cytokinesis.

Few proteins of this category have been identified.
Naturally, our understanding of the molecular mecha-
nisms of cytokinesis lags behind the inventory of the

molecules involved.

Thus, a major goal will be to identily proteins that
control and participate in cytokinesis. Genetic analy-
sis is needed 1o identity such molecules. As we are
particularly interested in animal cell cytokinesis, the
model organism that we have selected far this analy-
sis is the nematode C, elegans: This organism is par-
ficutarly well-sulted for this analysis because one can
easily follow the progress of the early divisions by
high resolition microseopy. The C. élegans genome
project is ngarly completed and this wealth of se-
guence data will greatly facilitats both farward and
reverse genetics We will identily and characterize
mutations in which cytokinesis is impaired but in
which other events such as pronuclear migration,
spindle assembly, spindle orientation, and anaphase
appaar normal. We already have identified several
mutants with these properties, by screening a mutant
collection assemblad by the Schnabel laboratory. One
mutant has a defect in the earfy stages of cytoking-
sis, prior to furrow ingression while others fail at
later stages. The mutant phenotypes will be charac-
terizad genetically and cytologically and some of the
corresponding genes will be cloned. We will then
study the localization and biochemical properties of
the encoded profeins.

A schematic view of cytokinesis

We are already in the process of studying, on the
hiochamical level, a family of proteins that are re-
quired for cytokinesis in budding yeast and in Droso-
phila, the septins. Using Xenopus embryos and ex-
tracts prepared Irom Xenopus &ggs, we have shown
that the septins are raquired for furrow ingression,
they bind to both actin lilaments and microtubules,
and they can be purified from Xenopus extracts in a
fitamentous state. We will be concerned primarily
with three guestions, which will be addressed bio-

chemically using Xenopus extracts.

How do septins assemble inte hlaments?

Da seplins aslsuciate diractly wilh actin filaments and
with microtubules? How does septin binding affect
the organization of actin filaments and microtubutes?

How do seplins promole furrow ingression? is their

ability 10 associate with actin filaments and with micra-

lubisle essantial for their function in cytokinesis?

One othier project is to explore the role of membrane
insertion in cylokinesis. During the course of cytoki-
nesis of Kenopus émbryos, membrane is inserted
specifically into the furrow region. Interestingly, infi-
bition of cytokinesis by pertubing actm*l:l:mtaming.
slructures does not affect insertion of these membra-
nes. Thus insertion of cleavage membranes is inde-
pendent of the contractile events that ocour during +
furrow ingression. Imerestingly. one of the few simi-
larkies between cytokinesis in plant and animal cells
Is the insertion of membranes. Thus charactenzation
of cleavage membrane insertion may provide insight
into an evolutionarily conserved, and hence funida-
mental, feature of cytokingsis. This project would
initially focus on identifying the machinery that
metliates this fusion avent. Once the machinery

15 known, it would ba possible to inactivate this
process 5o that we could assess the rofe of mem-

brane insertion In cytokinesis,

Figure 1 The Stages of Cytokinesis
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The first cytokinesis of a C. elegans embryo

Figure 3

The distibution of septins in a dividing cell
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Epithelial polarity and cancer

Cell polarity is the ultimate reflection of complex mechanisms that establish and maintain functionally specialized
domains in the plasma membrane and the cytoplasm. To understand how the complex three-dimensional arganization

of polarized epithelial cells is established and maintained is the central question in our laboratory.

Whereas normal cells form highly polarized mone-
layers. oncogene transformed cells display an unpolar-
izad phenotype, detaching from the substratum and
developing multilayers. If the cells are derived from
malignant transformations they break through the
tiasement membrang, invade the underlying mesen-
chyme and metastasize to different sites of the body,
0f the many companents involved In these proces-

ges, only a few molecules have been identified so tar.

We are using a well established mouse mammary
epithealial cell system, expressing an estrogen-
inducible c-JunER fusion protein (Fialka et al,, 1996),
These cells form three-dimensional and branching
tubular structures in collagen-1 gels. which closely
rasemble the ducts of mammary glands in vivo. After
treatment with estrogen, however, the cells change
their behaviour and grow in unpolarized multilayers,
Upon withdrawal of the hormone, epithelial polarity
and junctional inteqrily can be fully restored within

a few days.

Lukas HUBER | Group Leader

Thoemas BADER | Postdoc

Irene FIALKA | Postdoc

llja VIETOR | Postdoc

Snazhana OLIFERENKO | PhD Studen

Winfried WUNDERLICH | PhD Student
Johannes BISCHOF | Diplorna Student
Martin BRUNNINGER | Diploma Stud

Christian PASQUALI | Techinical ﬁ-sﬂscl'!

[riz KILLISCH | Elactron Microscopy

One major strategy we follow Is the molacular
charactarization of protein traffic in c-JunER cells r
We postutate that intraceliular protein transport and
sorting is an early target of transtormation, We have
identified differentially expressed protems of the
Intraceiular protein transport and sorting machingry
in purified subceilular organelies derived from nor-
mal versus oncogenic transformed epithetial catls
(for an example see Figure 1). We are also interested
in the molecular organization of polarized microdo-
maing in the plasma membrane, We are studying the
role and molecular interactions of Z0-1. a member of
the membrane-associated guanylate kinase protein
family (MAGUK), during the disassambly of tight
junctions. This protein Is extracted from junctions in
c-JunER induced cells and redistributes to the cyip-
50l where it is found In @ protein complax. In a col-
laboration with Ursula Guenther (Basel Institute tor
Immunology, Switzerland) we are investigating the
altered exprassion and redistribution of CD44 and
€044 variants. We found thal CD44 can acl as an
integral transmembrane in cholasterol-enriched
microdomains of the basolateral plasma membrane.
These CD44 complexes are kept in the plane of the
hasolateral membrane by an interaction of annexin |l

with the underlying actin cyloskeleton.

Figure 1

Affer subceliwar fractionalion and two-oimen-
sional gel analysis of organsle-associed pro-
teins we Icentified and microsaguenced & profein
whose cONA sequence was subsequently found
as EST-sequence in the databases on WWW
Peptide anfibodies eayams&fhe highly conserved
proteln were mised and used for mdirect Inrne-
fMuorescence (green). Sparsely grown manmary
apithafial celts (EpH4) were co-staned for fubulin
fracll, Thie nove! protein of unknown funclon loca-

lizas o the Golgi which fragments dunng mitosis
{inchicated by the mifohc spindlal. Nuciel were
counterstaimed with DAPT fhive),

A newly identified protein associates with the Golgi

Figure 2
EpHil g-JnER mouse mammary gland epithelal
celfs were grown on fitter inserls and transtently
ransfected with the poDNA 3. 1(-) HisMyc TIST
HEsTNG construct

5 days fater TIS7 protein expression was delected
Ly mairect mmunoifuorescance with a confocal
lBser SCaning micrescope, Aeprasentative opti-
cal sechons | pm) vertical sliices. 3 dimeansional
reconstruction as sfrown i the bottom right pan-
nel was made by the fmans soflware,

.n

Ectopic TIS 7 Expression

In a second screen that complemants our biochemi-
cal approaches described above, we have applied
PCR-based differential display (DD) to enrich for
genes that are altered In polarized versus unpolarized
cefls from the same cell Lype.

This screen has independently lead to the identifica-
tion of several DD RT-PCR products which were
known to be involved in regulation of organella
movement, gene expression, and signal transduction,
respectively, during oncogenic transtormation.

One particular interesting protein that we found is
the immediate early gene product TIST . The protein
Iocalizes at the inner leafiet of the basolateral plasma
membrane in the vincinity of adherens junctions,
Upen induced loss of polarity the protein is upregu-
lated and translocates the cytoplasm and is then ac-
cumulating in the nucleus. Transient overexprassion
of TIST in confluent monolayers leads to a disruption
of epithelial polarity and cells develop irragularhy out-
growing processes (Figure 2).

These tindings suggest a possible role for TIST in

a signal transduction pathway linking the junctional
region of the basolateral plasma membrane of epi-

tielial caiks with their nuclaus.
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Transcriptional memory in mammalian chromatin

Thomas JENUWEIN | Group Leader

Louize AAGAARD | PhD Student

Michael DOYLE | PhD Student

Danal ©'CARROLL | PhD Student

Andrea WOLF | PhD Student

Philipp SELENKO | Diploma Studen

Angelika LEBERSORGER | Technical Assistamt

The maintenance of gene expression patterns (transcriptional memory’) is fundamental for inheniting cell type ioenti-

ties in eukaryotes and has been correlated with the organization of chromalin domains that modulate gene activitfes.

Paradigms in Drosophila for stabilizing repressed transcriptional states — presumably by regulating higher order chro-

matin - include Polycomb-dependent restriction of expression boundaries of the homeotic selector genes (HOM-C)

and Sufvar)-dependent suppression of gene silencing at heterochromatic rearrangements (so-called position-gffect-

variegation {PEV]). To start analyzing components and mechanisms of transcriptional memory in mammatian chroma-

tin, we have recently isolated mouse and human homoiogues of the Drosophila Polycomb-group gene Enhancer of

zeste (designated Ezh1 and EZH2) and of the strongest PEV suppressor gene Su(var)3-9 (designated Suv3ah,

Suv39h2 and SUVIGH.).

EZH2 and repressive chromatin domains
Condansed chromatin regions (heterochromating for
example at centromeric positions in Drosophiia or &t
S.corovisiae telomeres repress transcriptional activity
in & gene non-specific manner. To demonstrate func-
tion of the mammalian Efz) and Sufvar)3-2 homo-
logues, we examined their potential to silence gene
activity in both of these model systems. Extra gena
copies of human EZH2 in transgenic flies enhance
suppression of pericentromeric PEV alleles of e.g. the
whita gene, and over-axpression of EZH2 or Ezh1 re-
stores gene repression in S.cerevisiae mutants that are
impaired (n telomeric silencing [2]. These data provide
a direct functional link between Po-G (EZH2)-depen-
dent gene repression and inactive chromatin domains,
and indicate that silencing mechanism{s) may be
broadly conserved in eukaryotes. A similar modifica-
tion of PEV has also bean shown with transgenic flies
that carry an extra gena copy of human SUVISH [4]

Suv3sh is a milotically stable chromatin regulator
To analyze chromatin association of the endogenous
Suv3%h and EZHZ proteins, we generated affinity-puri-

fied, rabbit polyclonal anti-sera. Whereas the two
anti-sera detect nuclear inlerphase staining for both
proteins, Suv3sh (but not EZH2) remains stably
associated with mitotic chromatin and displays
enriched binding sites at heterochromalic regions
(Figure 1). Together with the ubiquitous expression
profite of Suvdh during mouse development |4],
these data implicate a role for Suvd9h in the struc-
tural erganization of mammatian chromatin and
provide a paradigm for a chromatin regulator to prop-
apate distinct transcriptional states during cell divisi-
ong [4]. Using stably transtected cell lines, we also
identified several interacting proteins that specifically
co-precipitate with overexpressed (myc)s-tagged
SUV3EH. Based on these interactions, we started to
purify the first mammalian SUVAR complax,

Modulation of higher order chramatin in vivo
To generate gain-of-function mutations i vivo, we
established transgenic mice for human EZH2 and
SUV30H. Whereas several of the EZH2 lines display
only low to moderate axpression levels, three mouse

lines were identified that overexpress {myc)s-tagoed

{ ] Putilications page 44
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SUVAgH and which, surprisingly, exhibit posterior
transiormations of vertebral identities (Figure 2).
Although the transformations are subject to variable
degrees of penetrance (10-30%), these data suggest
that the mammalian Sufvar)3-3 homologue partici
pates in specifying the antero-posterior body axis.
This interpretation is supported by distupting the
¥-finked Suv3%h locus in the mouse (in collaboration
I with Maria Sibilia and Erwin F. Wagner). 129/5v male
chimeric mice carmying a Suv38f null allele exhibit

aton, Together, these complementary phenotypes are
reminiscent of defects ohserved upon misregulation
of several Hox genes and suggest a madel In which-
gene expression wilhin ‘complex leci’ (1.8, the Hox
gene clusters) is parficularly sensitive to the modu-

tation of chromatin domaing [3]. However, since
Suv3h null F2 males (predominantly of C57/BI6
origing do Aot display skeletal abnormalities, Suv3sh
function appears to severely depend upon genelic
background eftects or may be rescued by maternal
Suv3h transcripts.

Finalty, we have also generated gene disruplions for
r Ezht and Ezh2, and are in the process of targeting
the second Suw3@h2 locus. Together, these studies
aim at the generation of double null mice that contain

i compramised higher arder chromatin.

pronounced anterior transformations of the dxial skel-
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Immunolocalization of endogenous Suvdgh at
mouse metaphase spreads

Figure 1

Mouse PO3T pra-B cells were treated with
colcamid, resulling in metaphase arrest of
approximately 20% of the cells. Cells were Nypo-
fonically swelled, broken up by centrifugation and
stained prior to fixation with an affinily-purified
rabbit anti-Suv39h polyclonal antibody, folfowed
by & secondary goal anti-rabbil antibody thal
had been conjugated to CY-3. The DNA has been
stained with DAPL.

Overexprossion of human {mycls-tagged
SUV3IAH in transgenic mice inducas posterior
transformations of vertebral identities

Figure 2

The skelatons of wild-type and transgenic day 18
ambryos were clearad and stafned for bone fallza-
rin red S) and cartilage (aician Blue BGS)L Shown
iz a lateral wiew' of the corvical and upper thoracke
regian, The characteristic carfilage extensions at
C6 and T2 and the attachment of the first mbs fs
schemabcally indicated al the bottorn
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Jiirgen KNOBLICH | Group Leader function of Inscuteable. When expressed by itself or

Grot Members tused to lacZ, these 350aa are sulficient for asym-

Silvia BULGHERESI | PhD Student
Matthias SCHAFER | PhD Student
Elke KLEINER | Technician

mietric localization and spindle reorfentation, while a
smaller 150aa fragment can localize to (he cell mem-
brane but fails 1o tocalize asymmatrically or reorient
the mitotic spindle. Preliminary results indicate that
the same 350aa of Inscuteable are aiso responsible
tor directing the asymmetric locallzation of Numb to

ns]rmmelrln cell division ﬂuring Dmsnpmia ﬂeualnpmant the opposite side of the cell. Thus, most functions of

While most cell divisions are symmetric and generate two fdentical daughter cells, some cells are capable of dividing Inscuteable map to the same domain of the protein.

asymmetrically into wo different daughter cells. One way to generate asymmelric cell diisions is the segregation of

; . i oot In-a two-hybrid scraen teins that associate
protain determinants into one of the two daughter celis, which make this cell different from its sister cell 4 bl diicad bl oo

with the central 35033 domain of Inscuteable we

Asymmetric localization of Numb during mitosis

i i i rstand the molecular mechamsms
We are using the fruitly Drosophila melanogaster as a model system lo inderstand have ideatified at loast one Interesting new.pratsin.

that generate and orient asymmetric cell divisions. The sequence of this protein predicis a domain with

Tha Byuars shows candocal cross-soctions through Drasophila newrobilasts in
warinus stages of muosis: DN i show in md. the Bumb prasein and the centro-
0mas (cen) are shown in green. Prophasa neareblasts [(A] show no signs of
,._r;-,,-;mngm: tocafization, but in meta- {B) and anephase cells (C). Numb localizes
aymmetncally. In lophaza (D). the proein segegaies iMo one of the wo

a high dagree of homology to ankyrin and therefore
suggests a cyloskeletal function. Consistent with a

role in asyrmmetric cell division, the corresponding
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taughier cels gene is expressed In cells that require the function of
Asymmetric cell divisions are imohved in the davel- Inscuteable. We are currently in the process of gen-
opment of both the central and peripheral nervous Figure 2 arating a mutant in this gene and creating antibodies

systems of Drosophila. In both tissues. the protein

Mumb plays an imporiant role during these asymmet-

ric cell divisions, Numb is 8 membrane associated
protein which localizes asymmetrically in mitolic
neural precursor cells and segregates into one of
their wa daughter cells (Figure 1), In the absence
of Numb, this gaughter cell is transformad inta its

raquired for the correct orientation of the mitotic
spindle, which determines the division plane. In the
absence of Inscuteable, Neuroblasts which normally
divide along the apical-basal axis divide with random

division planes. Conversely, actopic expression of

SOSJORIO)

Interphasg Maliphase Amaphase

wn:- (1 il
@O @@ |

{0 analyze its subcellutar distribution.

To better understand how cells orient their milotic
spindle and analyze the role of Inscuteabla in this
process, we want to produce time Lapse recordings
of mitotic spindles in vivo. For these experiments,

transgenic files will be generated thal express a tubu-

sister cell, whereas the overexpression of numb Inscuteable in epithelial cells which normally divide e lin-GFP fusion protein and therefore have fluorescent
leads 1o the opposite cell fate lransformation. Thus; paraflel to the epithelial surface leads to reerigntation G Gl nitopie mitotic spindles. In other organisms astral microtu-
Numb acts a5 a segregating determinant during the of the mitatic spindle and cell division perpendicu- — — Im = L i butes which exiend from the centrosome towards the
development of the Drosophila nervous system. larly to the surface (Figure 2C). Thus, Inscuteable - H'OOHH 00 miﬁ call cortex are thought to pull this centrosome to-

ap oails

Carrect asymmetric segregation of Numb requires
the protein Inscuteable. Like Numb, Inscuteable is
asymmetrically localized in dividing neural precursor
cells. However, Inscuteable localizes already in inter-
phase — before Numb — and it localizes to the oppo-
site side of the cell (Figure 24). In the absence of
Inscuteable, Numb either tails to localize asymmetri-
cally ar the Numb crescents form at random posi-

tions around the cell (Figure 28). Inscuteabls is also

directs and coordinates several evenis during asym-

metric cell divisions.

To identify domains in the Inscuteable protain that
mediate the differemt lunctions of the protein, we
have generated a series of deletion constructs and
expressed them in transgemic flies. Surprisingly, only
a central 350aa domain is required for asymmetric
localization and reorientation of the mitotic spindle,

while deletions outside this domain do nol affect the

@iz @ Nipnh @ DNA
Summary of Inscuteable localization and function

A Acymmedric localization of Mumb and inscuteable

B I wild-typo newrabiasts. e maoks spindhe i onemed slong
Ihe apical basal axis. Momb P 3 Basal crescent, whereas the
Inscutesbls cresoend B localed apically. In smecuhadde matants.
spandie arentation and Nomb localization becoms radoem and
ATE 10 WnEr coandnaiad

C Epithesial e2lls of The prosiecie apidermis nosmally divide
naratel 1o the epithehal Surtace. hut aflés eciope expressson
0l nscodeandy, clis reanent their nilotic spindds and divide
parpendicatarly 1o ihe surface. Nate. howewar, 1hat sxcufoadie
Is ot suficient to induce the asymmatog bocaliration of Namb.

wargds a cortical site and thus onent the mitotic
spindle. Inscuteable might be directly invalved in the
attachment of asiral microtubules to the cell cortex
or exer fts influence on spindie orentation in a more
indirect way. Analyzing astral microtubules and the
movermnent of the mitotic spindie in vivo In wild-typea
and inscutaable mutant Drasophila embryos will help
to distinguish between these possibilities.
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Cell division and differentiation in yeast

An unbroken series of call divisions connect us to the common ancestor of all life on this planet. Cell division is the

basis of all life, Furthermore, it plays an important part in many human diseases, A refusal of somatic cells to

continue dividing contributes to senescence while the unregulated proliferation of tumour celts is a cause of cancer,

Meiasis, a variation on the mitolic theme, generales progeny with different characteristics (sexual raproduction),

which enables multicellular organisms fo evade their parasites. Cell division involves two soris of processes:

those that duplicate the cell’s contents and those that segregate them equally between two daughler cells.

Sometimes, the unequal segregation of very specific constituents, known as ‘determinants, ensures that the two

daughter cells adopt different patterns of gene expression, which is the basis for cell differentiation and the develop-

ment of multicellular organisms. One of the revelations of the last decade of Cell Biology has been the recognition

that all existing eukaryotic cells use mechanisms that clearly existed in their common ancestor. This means that the

mechanisms used by human cells are remarkably similar to those used by invertebrate as well as fungal or plant

cells. Thus, much of our knowledge about the workings of human cells can be, and indeed has been, gleaned from

work on ‘model’ organisms, which are easier to study. One of the favorite models for studying cell division has been

the budlding yeast Saccharomyces cerevisiae, Most work in my laboratory is conducted on this organism on the

premiss that its powerful genetic and physiological techniques can be exploited to tell us about pursefves.

Because most canstituents of cells are synthesised
under instructions from their genomes, thay take
extraordinary care In duplicating and segregating
thair chromosomes, Chromosome duplication during
5 phase produces sister chromatid pairs, which are
held together by specific chromosomal proteins
called Gohesins, The subsequent separation of sisler
chromatids is mediated by microtubules that connect
sister kinetochores to opposite poles of the mitotic
spindie. A 'tug of war’ between the splitting force
exerted by microlubules and cohesive forces due 1o
Cohesins is responsible for the alignment of sister
chromatid pairs on the metaphase plate,

The eveniual segregation of sister chromatids to
opposite pales of the cell (anaphase) Is thought to be
due primarily to a loss of cohesion between sister
chromatids. The transition from metaphase to ana-
phase must be very tightly reguiated, because it Is
dificult or impossibie for cells to correct DNA
damage or misaligned chromosomes after the
commencement of anaphase.

The properties of the cohesin Scolp (also known as
Mcd1p) has recently shed insight into the mecha-
nism by which sister chromatid cohesion might be
fngt. Scolp binds to chromosomes as part of a com:
plex with proteins of the SMG family, it is required to

'_7

Figure 1

Asymmeiric localization of ASHT mRNA in yeast.
Tha massenger ANA of the transcriptional regula-
tor Ashi1p is Jocalized during mitosis 1o the tip of
the daughter cell, Shawn is a three-dimensional
image (shadow prajection) of ASH1 mANA (red
and the two nuckel (bua) derdfved from mENA in
sitis hpdsrigization and DAPI staining, respectively.
Insat: Reduced size bright hield image of the same
mothar/daughier cell patr.

Asymmetric ASHT mRNA localization

Flgure 2

+ Ezpip is required for separation of cenV sequen-
cas marked by GFF (grean) and for the dissocia-
tion from chromatin (bilue) of the cohesin Scclp
frecd). The picture shows Iwo separale espl-T muo-
fant=nuchel.

Cell oycle regulated association of Sccip with
chromosomes i

Metaphase Anaphasa

prevent premature separation of sister chromatids,
and il dissociates from chromosomes at the mata-
phase to anaphase transition. A key guestion is what
causes the sudden dissociation from chromaosomes
of Sccl1p. This event depends on inactivation of a
regulatory protein called Pds1p, which, like mitotic
cycling, is proteclysed as a conseguence of its prior
ubiquitination by a large ubiguitination maching
called the Anaphase promoting complex (APC).

Dur work suggests that Pds1p blocks the activity of
& protein called Espip, which is required Tor the dis-
sociation of Sccip and the loss of sister cohesion.
We are currently interested in what determines the
timing of Pdsip destruction by the APC, how survell-
lance mechanisms called Chackpoints regulate this
process, what in addition (o Pds1p controls the
activity of Esp1p, and how Espip causes the dis-
sociation of Scolp from chromosomes. Most il not
all of these yeast proteins have homologues in
human cells, suggesting that the mechanism by
which cells separate sister chromatids is conserved

in all eukaryotes,

In haploid yeast cells, cell division gives risetoa
mother cell that expesses the HO gene and switches
its mating type and a daughter cell that fails o do
50 hecause of the preferential accumulation within its
nucleus of a repressor protein called Aship.

ASH1's mRNA is made from bath sister chromatids
during anaphase and is transported by a type

V myosin (Myod) along actin cables to the distal tip
of buds, where it is anchared and transtated.

The asymmetric segregation of mBNA "determinants’
plays an important role in the development of multi-
cellutar organisms. My fab is interested in the
mechanism by which ASH1 mRNA is transported
along actin cables by Myod, how it is subseguentiy
anchored at the distal tip of buds, and how its
translation is regulated during this process.

Figura 3

The APC triggers sister separation by libarating
the ‘separin® Esp1 from inhibition by Pds1 25
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Cell Cycle Control by Ubiquitin-Dependent Proteolysis

The propagation of genetic information during cell proliferation requires the accurate replication and subsequent

segregation of chromosomal DNA. To ensure that genetic information is neither fost nor inappropriately multiphed

during this process, each part of the genome has 1o be replicated once and only once during S-phase, and each

pair of sister chromatids has to be segregated equally during mitosis. Defects in either of these processes could

lead fo the farmation of aneuploid daughter cells.

Depending on how genetic information had been
missegregated, such cells could gither be unviable,
or worse, they could gain a growth advantage and
hecome lumorigenic in a metazoan organism,
Therelore, both DNA replication and chromosome
segregation need to be tightly controlled. This i5.in
part achieved by ublguitin-dependent proteolysis,
amechanism by which proteins are targeted for
proteasome-mediated degradation by covalent
aftachmen! of poly-ubiguitin chains. The initiation
of DNA replication at S-phase and the onset of
chromosome segregation at anaphase are regulated
by distinct mutli-subunit ubiguitination complexes,
the S-phase promoting complex (SPC) and the
anaphase promoting complex (APC, also called
cyclosoma), respectively.

We are interested in understanding how the APC
controls the proper timing of anaphase and thus
ensures that chromosomes are equally segregated
The initiation of chromasome segregation is thought
to depend on the activation of the APC.

Once activated, this complex ubiquitinates proteins
such ag Pdsip in budding yeast and Cut2p in fission
yeas! whose proteolysis is essential for chromosome
searegation. Furthermore, the APC promaotes exit
from mitosis by causing the destruction of cyclin B,
the activating subunit of the mitotic protein kinase
Cde2, and is likely to ubiquitinate-a number of other

regulatory profeins.

How the activity of the APC pathway |s requlated

is poorly understood, We are using the embryonic
cell cycle of the frog Xenopus as one model System
to approach this question. We have found that

the Cde2-cyclin B kinase 1s able to phosphorylate
and stimulate the ublquitination activity of APG in
mitosis. In-addition, the difference between the
ubiquitination activity of interphase and mitotic APC
is further enhanced by an inhibitor thal suppresses
the low activity of inferphase APC but not the activity
of mitolic APC. These results suggest that dunng

IR

Figure 1

Micrdgrapty of RATT cails fn which the DNA s
stained in Hfse and microfubules ane slained 0
mxf (image by B. Petars). The cell in the center
has recently inlliated anaohase and 15 0 (e o
cess of saparating its siater chrorralias.

The anset of this even! appears o be confroffed
Ly the anaphase promoaling commex (see fax!
and Flgura 2).

Uhicsinin-gapendant protaolysis mediated by the
anaphase promobng compiax (APC) raguilales

l Figure 2

as Pdsip m bodding yeast and Cut2 i fisson
yeast meed 1o be degraded fo irtiate the separa-
thon of sister clhvomalids-at the metaphase (o ana
Phage transiiion, Destruction of cychin B hy the
Same pathway 1s an important mecharsm. gl in
activates the Cdc2 kinase, whch 15 a prereguisne
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garly emhryonic cell cycles, where no distingt G1 and
G2 phases exist. APC is regulated by mitosis-specific
phosphorylation. However, this model cannot explain
the obsarvation that in somatic cells APC-dependent
cyclin B proteclysis continues until the end of the
Gi1-phase where mitotic kinases are inactive.
WNevertheless, we find that the APC pathway is also
requiated af the level of APC in cultured somatic
mammalian cells, although the underlying mecha-

nigms are préesently unknown,

Proteolysis mediated by the APC pathway is subject
to an additional level of control in situations that re-
quire cells to arrest at metaphase, namely in the
cytostatic factor (CSFj-induced metaphasa 11 arrest
of vartebrate egas. and in the spindle assembly
checkpoint of somatic cells. The first arrest Is main-
tained until eggs are tertilized and thus allows syn-
chronisation of the egg and the sperm cell cycla.

The second mechanism delays entry into anaphase if
the mitohic spindle has not been properly assembled
and thus reduces the risk of unegual chromosoma
segregation. In both cases anaphase is thought to

be prevanted by inhibition of the APG pathiway,
although the precise mechanisms remain obscure.
We have found that activation of the MAP kinase
pathway inhibits APC-dependent protealysis in
Kenopus eggs. This inhibiton 1s likely to contribute to
the CSF arrest and i1s characlerization may therefore
provide important insight into melotic and mitotic

checkpoint mechanisms.

t m + 268 Proteasome
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Gene Function in Mammalian Development and Oncogenesis

Transgenic mouse models are being appiied for the analysis of gene function in normal and pathological develop-
ment. One major focus is the analysis of Fos and Jun proteins and their role as regulators of cell differentiation/
proliferation in bone and liver development. Furthermore, we are aiming fo define the specific function of the EGF-
recepor in neural and epithelial tissues and of VEGF/FIk-1 receptor signalling in endothefial cells.

Fos Proteins in bone cell differentiation

c-Fos is a key regulator of bone development. Trans-
genic mice expressing exogenous Fos develop bone
umors, whereas mice lacking c-Fos are ostéopetro-
tle due to a differentiation block in bone resorbing
ostenclasts: We are interestad in the molecular
mechanisms by which ¢-Fos and its related protein
Fra-1 control osteoblast transfarmation and osteo-
clast differentiation. We are employing an in vitro
co-culture system where osteoclast differentiation is
strictly dependent on the newly introduced Fos pro-
teins (Figure 13, This system will afllow us to identify
functional domains but also Fos-requlated target
genes which are critically involved in the normal ge-
netic program for the development of osleociasts.

Jun Proteins controlling cell proliteration

Both c-Jun and JunB play key roles in development
since inactivation of these genes in mice causes em-
Liryonic lethality. Mice lacking c-Jun most likely die
of liver dysfunction whereas mice lacking JunB exhib-
it extragmbryonic defects. Interestingly, JunB null
mice rescued by a JunB transgene develop chronic
myeloid leukemia probably due to lack of expression
of the transgene in thase cells. As these two proteins
are closely related, we are interested in determining
whether they have overapping lunctions. Transgenic

Erwin WAGNER | Senior Scientist and Deputy Director
Maria SIBILIA | Staff Sclentist

Kanaga SABAPATHY | Postdoc
Emmanuelle PASSEGUE | Postdoc  Marcus BAGHLER' | Diploma. Student

Jean-Pierre DAVID! | Postdoc
Axel BEHRENS | PhD Studant

Alexander FLEISCHMANNE | PhD Student
Jody HAIGH | PRD Studsnt |
Uirich MUHLNER | PhD Student (Bl Fondsg
Martin TONKO? | Diploma Student

Candace ELLIOTT | Technician
Laura STINGL | Technictan

Uts MOHLE-STEINLEIN | Technician (50%
Fginge Novermber: Tasineg Sy 7 untl June

complementation experiments demonstrate that only
JunB can partially substitute far c-Jun in wivo.
Fibroblasts lacking c-Jun have a proliferation defect,
which can also be rescued by JunB. Molecular analy-
5is reveals that c-Jun acts as a positive regulator of
cell cycle by suppressing p53 (in collaboration with
Peter Angel, Heidelberg) and that JunB in the ab-
sance of c-Jun can downregulate the p53 pathway
and therefore rescue the proliferation defect.

The activity of c-Jun is also requiated by phosphory-
lation, which is mediated by the ¢-Jun N-tarminal
kinases {JNKs). In order to define the function of
c-Jun phospharylation in vivo, we have generated
mice carrying null mutations of JNK-1 and -2 {in
tollaboration with Michael Karin, UCSD) as well as
mice harbouring a ¢c-jun allele mutated in the JNK
phosphoacceptor sites {Figure 2).

In parallel, conditional floxed’ c-Jun alleles have
been generated to study the role of c-Jun in adult
liver cell function (Figure 2},

Understanding signalling ol epidermal growth
lactor receptor (EGFR)

Depending on the genetic background EGFR mutant
mice die at midgestation (129/5v), at birth (CS7BL/G)
or can live up to postnatal day 20 (MF1 or C3H).

Figure 1

o-Fos dependen! osteoctas! formation (right, rd),
Mo osteoclasts differanliale without the c-fos
geie Lransfer fiaft].

Figura 2

Tissue-specifitc deteon of 4 Tlosed' c-un avak

and the ‘knock-in' of 2 phosphoaccepion mutant
af o=fun, Thess mutant alleles are used fo Uder
stand the mba of c-Jdurr and c-Jur phosphorpia-

[ (n vied,
< control viable mice
! F.:E,,,— phosphoaceaptor yiapaf
e mutant
"Hoopd” liver-specific deletion with
—- Mux-Cre and LAPITANet-0-Cra
Flgure 3

Mazsive apopifosiz in EGFR mulant brains al post-
natal day 5. (A. B) Dorsal view of the brain af Goh-
trol (Al and EGFR-/- mica (B) showing harrarra-
gic logions an the surface of the mutant forebrain
farows), (G, OV As evidenced by TUNEL staining,
i caraspondance o the hemardhages, the reglon
of the corlex betwean the arows iz undergolng
massiva gpoptosis in the mutanis (0, nsar),
whareas no apooptotic celfs can be getected in the
control (I, insef)

control

The multiple phenotypes are manifested in defects in
the placenta, the skin, the lung and also in the brain.
A neurodegenerative disease characlerised by
masshve apoptosis starts around postnatal day 5 in
vanous brain regions (Figure 3). To understand the
molecular mechanisms responsible for these defects.
we have generated various conditional mutant EGFR
atleles. The knock-in' of a wild-iype "floxed’ human
EGFR cDNA completely rescues the brain phenatype
and protongs the lifespan of the mutant mice. These
mice develop a heart disease which is most likety
caused by misexpression of the ‘floxed’ allele in

this argan.

Im an alternative approach we are performing a ge-
netic complementation test with the goal of identify-
ing downstream components of the EGFR pathway

in skin. Transgenic mice that express the human Son
of Savenless (hS0S) gene under the contral of the
keratin-5 promoter develop skin tumars. Genetic
axperiments reveal that overexpression of hS0S can
parfially rescue the skin defects of EGFR mutant
mice. We are currently in the process of investigating
which downstream pathways are responsible for
tumaor tormation

Signalling in endothelial cells by VEGF/Fik-1

and PymT

The specific activity of the Polyoma middle T (PymT)
oncogene 10 transform andothelial cells and {0 cause
vascular tumors is being exploited to analyse the
underfying growth control mechanisms. We have gen-
erated a conditional Mloxed' allele of the endothelial
specific growth factor receplor Fik-1 to 1es! whether
an autocrine growth stimulation loop Is causal 1o the

action of the PymT oncogene.
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Cancerogenesis involves a multistep genelic scenario that reveals two major types of gene rearrangemenis.

gain and loss of function. Genes that contribute to lumarigenesis Lpon their functional loss are generally referred 1o

as tumor suppressor genes. Most of these genes were shown to have essential functions either in cell cycle control

or in cellular differentiation. Many fumor suppressor genes have been identified by positional cloning, since their

location in the genome is offen pinpointed by significant chromosomal aberrations. Qur group has focused on the

cloning of a neuroblastoma susceptibility gene located in the chromasomal region 1p36, as this band is affected

by allelic defetions or translocations in a significant number of tumors.

Loss of heterozygosity studies have previously mar-
ked 4 consensts detetion of approximately 10 Mbp

in chromoesome 1p36.3. Subsequent mapping of long
insert clones (YACs, PACs, BACs) by fluorescent in
situ hybridisation (FISH) revealed very small inter-
stitial delelions in a subset of neuroblastomas leading
to the determination of a 2-3 Mbp consensus dele-
tion. We could also incalize the breakpoints.of trans-
locations tound in two independent tumaor cell lings
{NGP and SK-N-MC) 1o this consensus deletion.
These translocations appeared to be reciprocal,
hence we suspected that the translocation break-
points would directly point at the location of the
gene(s) of inferest. We, therefore, focused our efforts
towards mapping and cloning of the two breakpoints,

FISH mapping first revealed that the two transioca-
tion breakpaints were not matching. The two Dreak-
points are at least 600 kbp apart from each other.
This indicated either that ong or both breakpoints
miay be located in an jrrelevant genomic region or
that two independent important genes may be affec-

ted. Notably, one of the tumor cell lines, SK-N-MC,
has previously been re-characterized as a Ewing
sarcoma due to the presence of the Ewing-specific
EWS-FLI1 gene translocation, despite the clear neuro-
blastoma resembiance of this cell line,

We mapped and cloned the SK-N-MC breakpoint in

a contig of cosmid clones derived either from a ¢hrg-
mosome 1-specific cosmid library or from mapped
YAC clones. Long range genomic sequencing and
transcription analysis eventually led to the identifica-
tion of a gene located across the translocation break-
paint. A DNA sequence database search revealed a
high homotogy to a family of mouse and rat genes
involved in neuronal differentiation and maintenance.
Saguence determination at the SK-N-MC breakpoint
showed that the open reading frame of this gene is
disrupted between two functionally imporiant motifs.
Presently, further mutation analyses address (he ques-
tion of mutations in other neuroblastoma tumors as
well as in a number of other nevroectodarmal lumors.

Whilst the SK-N-MG translocation represents a

DIBVISH mapping of the NGP translocation breakpoint.

Figure 1

Dpuala cobar hybwidgization of 8 PAG tloneg cistal
af the breakpoinl [red label) @nd & PAC clone thal
reveals & tiphe signal in FISH expenments (grean
Iakal). Owing to its FISH pattarn the @tter clone
was praviously mapped aidher 1o tha tnsormic
region proximal of the breakpomt or directly

anto IL The overlap wilh & aistal clorse ivelow
dats) clearly localizes Whis Slone 1o the breakpoin!

Figure 2

Al ealls are devived fram (e SK-MN-AS neurgbia:

stoma caff ine and are shown aftar 14 day culture

int-sarum-fred medivm. Parallsl experiments using
the NGF cell line vield comparabie resulfs.

A mon-transfectad SK-N-AS colls.

8 SK-N-A5 call clone confainng the breakpom|
BAC. Calls have stopped cyching and cloary
dispiay meurie otlgrowh

G SK-N-AS call cone afler iransfection witl &
chromosame 10-specific BAC clone asa
Megative control, The celluiar phenatype
remained unchanged as cornpared [0 non-
fransfeacted calls

D immunocyfochemical characterization of cells
shiowr im 8. A monoclanal artipody agarnst
microtubide assocrated proteing (WMAFS, red
fabal] cleanly cismiays e reunte ianilily of the
prafrusions, Green fluorescence: GRP r'dﬁﬁ-'frr.'g
af BAC bearing ciones, bite fludresceice
ruthear staining with DAP!

Transfections using a BAC clone containing the NGP
breakpoint region and the beakpoint gens Induce
nauronal differantiation.

clearty reciprocal case, the NGP translocation

resembles a maore complex rearrangemeant. invohing
a partial trisomy immediately proximal of the con-
sensus deletion-specific treakpoint. This rendered
the mapping of the important breakpoint region
mare difficult. Applying DIRVISH (direct visualization
of in situ hybridization) with long insert clones we
aventually identified two overfapping PAC clones.
one of which was previously mapped procamal of the
breakpoint and one distal of it (Figure 1), Subcloning
and exon trapping methods led 1o the identitication
of a noviel gene which is located directly across the
breakpoint. We discoverad by hybridization mapping
that the open reading frame of this gene is disrupted
by the translocation in NGP. Furthermore we could
show that approximately 40% of neuroblastoma
tumor cell lines display structural rearrangaments in
the gene, some of the rearrangements being homo-
zygous. We could also show that a BAC clone con-
taining the breakpoint gene confers a post-mitotic,
terrminally differentiated neuronal phenotype to two
differant neuroblastoma tumor cell lings upon trans-
fection (Figures. 2). Further work will address ques-
tions such as the identity of this gene and its involve-

ment in neuronal differentiation and lumorigenesis.

This group will discontinue working by the end ol
1997, We wish to express our gratitude to Max L.
Birnstiel for the opportunity to work In this excep-
tionally inspiring environment and for his continuous
support throughout the seven years that we could
spend at the |.M.P. Thanks to the team leaders and to

all LM.P. members as well for the great time we hat.
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The main focus of our work concems profein siructure and struclure function relationship.

Electrostatic properties of proteins
Gomid Lofer, Anton Beyar

Gerald Loffler is mainly interested in describing
slectrostatic inferactions in proteins. The established
method to calculate the electrostatic potential of a
protein is based on solving the Poisson-Boltzmann
equation for a system consisting of a low dielectric
cavity (the protein) and a high-distectric environment
for the surrounding. Gerald Loffler has developed an
algarithm to calculate the dielectric constant based
on MO simulation results.

(Springer Verlag, Lecture Notes in Computer Science,
in press; J. Mol. Bial., in press).

Analysis of the Interaction Code

for C4-Zine Finger Proteins
Binca Habemmanr. Anon Beyer, Hartmud Beug

Specific interaction of a protein with DNA depends on
the physical properties of the side chaing invelved In
binding the DMA and the base pair sequence of the
DMA-glement recognisad by the protein.

Mast DNA-binding proteins have small domains that
are responsible for the binding to the nucleic acid,
several DNA-binding matifs have been characterised
ip to now, Examples are helix-turn-helix motits,
laucine zippers and three different classes of

fing finger proteins.

The superfamily of the nuclear hormone receplors
belongs to the class of C4-zinc finger proteins.

They are ligand indugible regulators of transcription
and are involved in the reguiation of tissue- and
developmentally- specific genes. They include the
steroid and thyroid hormone receptors, the retinoc
acid and retinoic X receptors, the vitamin D receptor
and a large number of receplors, whose ligands have
nat been found yet, which are called the orphan
receptors. Upon ligand binding, the nuclear hormaong
receplors bind to their response elements as dimers,
whereby formation of homo-, as well as hetero-
dimers Is possible and induce gene expression

The nature of their cognats DNA element, which

i generally referred 1o as Hormone Hespanse
Element (HRE), Is palindromic, whereby inverted,
everted and tandem repeats occur.

The DNA-binding domain of the nuclear harmang
receptors consists of two zinc fingers. Each zing i
is coordinated by four cysteines. The DNA-binding
helix. as seen in the grystal structure, lles at the

and of the first zing finger, including the last four
residiies of the first zine finger. the P-box.

Figure 1

The DNA-binding domaln of H1 protein is one of our modal systems for studying biophysical properties of

proteins by theoretical methods.

Correlated mutations are easiest to detect using
efatistics as a tool of analysis. One may for instance
partorm correlation analysis of the data, matching
each mutated position on the response element with
gach mutated position of the recognition helix:
There is, however, a major disadvantage using classi-
cal statistics to evaluate data like these, since they
are ot randam. There are two major constraints on
sequence data obtained from an approach !lite the
random mutagenesis. Randomised mutagenesis of
seven positions in the recognition heblx results in

a sequence space of 1,28 x 108 different possible
mutated proteins, One constraint results from the
structurd, since the resulting mutant proteins have
to adapt the comect fold, resiricting the availahie
senuence space, The second constraint comes from
the function. since the screening system 1S based on
a functional protein. At the end, a very small fraction
of the sequence space is left, Correlated mutations
will therefore be evaluated using Bayes Theoram,
which deals with conditional probabilities.

This project Is a joint cooperation with the group of
Harmut Beug at the IMP.

Figure 2

Sidle chains af the profejn involved in DNA bin
tling are shown in spaceill (vallow). Ths brse

pairs contacted by the protein arg coloured i

oaEnge

Threa dimensional structure of the glucocorticoid
receptor DMA-binding domain complexed with its
response element.
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The Service Department offers a variety of services 10 IMP scientists. The majority of our effort involves DNA

sequencing, oligonucleotide synthesis and peplide synthesis. These services confinue 10 be of high quality and rapid.

In addition, we produce monocional antibodies in hybridoma cell ines and isolate the antibodies by HPLC. We also

provide assistance in designing immunization protocols, organize rabbi immunization and antisera production by

an outside company. Space used for preparing diverse reagents and cell culture media meets now the requirements

for the hugh quantities of various high quality solutions prepared by our Media Kitchen slaff. This is vital for the

continuous success of cell culture and other exacting work done in the institute. We also prepare many selected

reagents such as DNA mofecular weight markers, enzymes, a variety of transformation-competent E.coli strains and

we maintain a stock of cloning vectors, primers elc..

Oligonucleotide Synthesis

We started in 1988 with about 500 DNA oligonucled-
tides and last year we prepared about 2650+ with: an
average size of 25 bases. In this year we will again
reach this lavel, but we had a greater demand for oll-
gonuclaotides > 40 bases. 10% of all eligonucieoti-

des in the first & month 1997 were in this class.

Peptide Synthesis and production of manoclional
anfibodies

Synthetic peptides became important in IMP re-
search activities. We synthesized a large quantities
Yeast alpha-factor, a great variety of peptides cou-
pled to PEG or KLH for immunization purposes, and
many peptides altached to Biotin or FITC have been

gyninesized this year.

For the 'Tumour-Vactines-Project’ we synthesized sev-
eral peptides 10 be tested in peptide-'Transloading -
gxperiments (see report of Birnstiel group).

Last year we started to produce, and subsequently
purify by HPLC, & variety of monocional antibodies
fram hybridama cell-lines, Many of these antibodies
are essential for cell depletion studies in mice.
Others were used for in situ hybridization and immu-
noprecipitations to investigate subcellular processes.
This activities of our group has resulted in considera-
ble financial saving for the institute, but at the same
time we had to invest in new equipment fike an addi-
tional HPLC system (PerSeptive Vision Workstation)
and a peptide synthesis robot (SYRO I, MultiSyn-
Tech, Bochum, Germany), This robot enables us 10
intrease peptide synthesis capacity substantially

Sequencing and DNA isolation
Tha ABl PRISM 377 DNA sequencer accounts 1o

about B0% of the B200 samplas analyzed last year.
We begun to use sequencing kits with fluorescently
labetied didesoxynucleotides which have an altered
spectral emission and more homagenous incorpora-
tion with Tag polymerase. Thus, we can not use the
ABI 373N any longer because of its filter based de-
taction system. We invested therefore in a second
ABI PRISM 377 for next year. With the new kits we
will liave hatter "basecalling’ too: nstead of reading
up to 650 bases we obtain routinely 700 to 800.

At the same time we will increase the capacity, this
is necessary as we have already analyzed 6800 sam-
Pies in the first 8 month this year,

Dur robotic system for preparing DNA trom plasmids
grown in bacteria warks successiully since the end
of Aupost. The DNA prepared is of high quality as
jdged in a transfection assay. The robol starls with
the bacterial cultures shaking for a given timi& an

itz working area, and then transfers the bacteria to
24-well filterpiates, whare the bacteria are lysed.

In the following steps the DNA samples are isojated
with lon-exchange and activated glass lilter columns
arranged in a standard 96-well microtiterplate format

Flggure 1

Total numbers of samples sequenced in 1989 - 1997
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A sequencing run on ABI 37T prism sequencer
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Figura 2

The gray bars represent nurnber of sampas 56-
quanced with conventional Sanger protocol with
radicactive dATP (33 and 32 P The darker glay
bars represents mamiers of aulamated sequar:
cing reactions done on bath AR 373A (1931 to
1997) and 377 (1995 (o 1897) DNA Sequencers
with fiuorescently Ehalled dideoxyrivcleaioes

* Calctiaied from data to.énd of Oclober,
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The IMP 1 an open institute with a high turmaover rate among the scientific staff, inchieding the

group leaders, The IMP is therefore in a position to offer young cigntists just embarking on
an independent research career the unigue opportunity of setting up a lab without the admin-
istrative hurdies usually encountered at this stage of their careers. The IMP provides its group
leaders with salaries tor co-workers as well as generous budgets for consumables and male-
rial investmants. Group Leaders’ contracts ave initially for 5 years but they are usually xtand-
ed for a further 3 years (total of 8) following review by our Scientific Advisary Board which

meals annually.

Strong collaborative links habe been stabiished, both internationally and within Austria and
from the very beginning of the IMP's existence, links to the University of Vienna have been
especially close. Sinca 1992, five institutes of the Faculties of Science and Medicine have
peen located in a neighbouring bullding, Together with the IMP they constitute the "Vienna
Biocenter' which is a recognized centre of excellence in the biological sciences. The P
also shares some of its facilities, such as the lecture hall, the library and an electron micros-
cope with the University, A joint international PhD-program has been established, which
allows 10-15 students per year 10 participate and recelve a generous stipend. The purpose of
this PhD-program Is to equip the students with all the necessary skills required tor a career in
molecular biology. Emphasis is not only placed on academic and technical excellence but also
on communication. Students have organized thelr own journal club and once a year present
their data to the Institute at one of the weekly ‘Monday seminars . Presentation of research
outside the institute is also encouraged and students are given the cpportunity to participate
in international conferences. The PhD-program is advertised in a leading Journal each Autumn
and students who apply are required 1o undergo a selaction process.
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Adter a initial selection 20-30 candidates are invited for interview which
are held in Febuary. This selection process guarantees a high scientific
standard and optimum lraining conditions.

The IMP Is particularly interested in maintaining the international and
mutticuttural nature of the institute (20 nationalities are represented at
the IMP at this time).

Every year, the IMP arganises a large international conference which

. has already established itself as a highlight of the European scientific

calendar, In 1998 the '9h WP Spring Confarence’ will be held in a
magnificent location, the imperial patace. It will take place from 28 - 30
May, and will focus on ‘Cell Biology of Cancer’, Besides this intemational
conference which attracts around 500 scientists, the IMP hosls a serigs
of ‘Thursday seminars”and ‘impromptu seminars’ where lop-ranking
scientists are invited to present their latest data. These Seminars-
generate lively interactions as well as introduce the IMP-scientists

to other fields and stimulate their own research,

The scientific staff is supported by a highly professional team of admin-
istrative and technical personnel. The collaborative and imeractive nature
of the refations between IMP members has been encouraged and sup-
parted from the beginning and newcomers are rapidly integrated and be-
come part of the crowd. Popular events in the social calendar include the
hi-annual IMP ski-trip or “Wandertag'. A popular daily meeting place is
the cafeteria, where members of stafl meet gver lunch or coffee or in
‘Joe's Disco' where various social events take place. But as if the lab
work were not enough to keep the staff busy, a lot of joint sports, culty-
ral or other activities take place, after all Vienna and the beautiful Alps

offer oppriunities one can hardly resist
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i 14th
Vienha's golden years as the cultural centre of Europe were In the 18th and

=il
centuries when the city was the centre of the Hatsburg dynasty which had
trofled much of central Europe for over OO0 years, The dynasty had @ supt

| ire,
national identity and its capital gpitomized Ihe cosmopolitan nature of he M

he it
altracting great minds from all over central Europe. This was refiected n

ural sphere: the work of Freud, Klimt, Schiele and Schoenberg is as impressiv®
today as it was centuries ago. But in this century Vienna has had 2 toug? time.
deprived of its hinterland by Warld War |, then trapped on the edges of Wﬁ“’I"
Europe by the arbitrary divisions that followed the last war. Fortunately, he &0-
lapse of the iron curtain all of a sudden placed Austria back in the higart of ELOpE

Thera Is. however, more to Vianna than a glorious past: a strong, home-grod.
youthtul culture, coupled with new influgnces from previously lran cunain-hzlz
neighbours is making it once again a city right at the heart of conemporary J.
pean cultural life. Vienna is no longer a city dominated by old ladiss in FHM:
ping cofle in a ‘Kaffeshaus' — even though the latiar still constitutes an M

- tradition, cultire and

part of Viennese life. The city now has much more to offe
fy attractive estyle

vitatity make a heady combination and results in a increasing

o g rRS
with a high degree of social and moral freedom. Worth a mention. Vien

e ane of the safest metropolitan areas in the world.

—

Those who want to 1ake a rest from city life only have to drive less than an hour to find
themselves in the Wachau, a romantic stretch of Danube between vine-bearing hills.
Drive for a couple of hours and you are in the middle of Austrian Alps, where glacier-
carved lakes and craggy peaks offer a full range of summer and winter sports: the fakes
in offer swimming, fishing, sailing and windsurfmg. Thousands of km of well-signposted
hiking trails invite you to explore the Alps; paragliding and mounlain biking are both
popular. In winter, skiing and snowboarding are the order of the day, although

those with a distaste for crowds may find cross-country skiing more rewarding.
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The scientific advisory board

Once every year the research at the IMP is scrutinized.
This is when the scientific advisory board (SAB) meels.

It consists of interationally recognised scigntists, who are
themselves active in basic medical and biological research.
Together with the IMP resgarchers, they discuss the quality
and the significance of research findings as well'as the
main focus of future work. Thus, they exert a decisive
influence on the IMP's fats.

Members of the scientific advisory board

Prof. Michael Bishop
Dept. of Microbiology and Immunology; University of California

Prof. Nick Hastie
MAC Human Genelics Unit; Western General Hospital

Prof. Christoph Hohbach
Boghringer Ingelheim GmbH; Dept. Research and Developmant

Prof, Tim Hunt
ICRF Clare Hall Laboratories

Prof. Martin Raff
MRC Laboratory lor Molecular Cell Biology; University College London

Prof. Gottiriad Schalz
Biozentrum der Universital Basel; AbL Biochemia

Prof, Pater Swetly
Bender & Co., Vienna; Depl. HAFE

Prof. Tadatsugu Taniguchi
University of Tokyo: Depl. of Immunology, Facully of Medicine

Prof. Robert Wainberg
Whitehead Institute for Biomedical Research, Nine Gambridge Center

Taniguchi

Weinberg
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