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The IMP s bulging al the seams as the new group leaders who have foined us i recent years build up their
groups. Even our lates! recruits, Barry Dixon and Annetie Neubdser, have labs full of studanis beavering
away al all hours and on all days of the week. This has also been an exceplional year for imporfani
discoveries. Of thess, possibly the most unexpected were Stephen Nutl's finding thal pax5 daficient celis
relain the polential o differentiate inle many different hemalopodatic cell types and Frank Uhimann's finding
thal sisfer chromatid separation in yeast dapends on the prateolytic cleavage of a cohesin subunl,

The IMP's seientific repulation continues to grow and this has been recognized by the award of a large EU
grant for Postdocs fraining and a second Wittgenstein prize [Austria’s lop scientific award]. The faller will be
used fo sef up yet another young group leader, which will doubliess make Ihe fnstitule feel more crowded
than aver bafors.

Onea of the IMP's greal strengths has atways been our communal services. As usual, we are indebled

to Gotthold Shaffner’s group for chuming ouf DNA sequences and oligonucteolides al an ever accelevaling
rata, to Andreas Bichl's group for tending our mouse colony and canng far our chicken fock, fo Christian
Theuss! for the transgenic mouse senvice, fo Inis Kilisch for the EM facility, and lo Peter Steinlein for
BicOptics. This year has seen three major developments in these cruclal services, First, Paler Steinlein and
an expanded biooplics department have established microarray equipment thal will enabie the measurement
of exprassion profiles of thousands of genes simultaneously. Second, Kar! Mechiler has made greal strides
in using mass spectrometry to identily polypepiidas. Thanks fo our co-operation with the Universily of
Vienna, Karl will soon have access fo fop of the line MALD! and O-TOF mass spectrometers and will be in
charge of & mew peplide synihesis and identificalion senvice. Finally, we welcome Frank Esenhaber as a
group leader in charge of a considerably expanded bicinformatics department. Frank and his colleagues
will hopefully help us o make sense of the increased flow of information provided by microgrray oata and
access lo ever more complele genome sequences. Despite the defuge of biclogical information now fowing
out of databases, we siill see the IMP's rola not merely as thal of collecting data, which seems {o be the
mania of the mament, bul also as making sense of complex dala sets, by reducing them lo simple concepts
that can be grasped by the human mind. If fs only simple conceplts thal are easily falsifiable, which is the
erucial criterion that distinguishes innovalive science from fact finding.

AN these devalopmenis promise fo be dwarfad by our next challenge: fo establish a sisler instiftute on our
doorstep, to be flunded by the Austrian Academy. Through studying the molecular and celiular biology under-
Iying human disease, the new institute, whose provisional name is IMBA [institute of Molecular and Cellular
Bivinformatics] will complement the IMP's cument efforts to study fundamenial biological mechanisms.
IMBA wall hiave about dight groups and s career structure will be the same as the IMF. It will also share the
IMP’s scientific advisory board, administration, cafeteria, and scientific senvices. The goal will therefore be
to creale a pair of instilules thal feaf as i they are a single intefectual community. For the successiul
complation of our negotiations with the Academy and the Ministry of Science, the IMP is hugely indebled fo
our administrative director Nicholas Zacher!, Thal the Ausiran Academy, the Ministry of Science, and the
city of Vienna, who will pay for IMBA's construction, chosea the IMP as a partner in this joint ventura /5 8
greal ibule to our success in recent years, not anly in making major discoveries but also in providing
apportunities for young investigators of intemational calibre, We have become a major player on the Euro-
paan scana and now is the time lo expand our successiul formula,

Kim Nasmyth
\ienna, December 1993
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Developmental plasticity: deregulation in oncogenesis

Distinct tamilies of oncogenes and tumor suppressor genes affect the balance between proliferation, differentiation

and/or apoptosis of progenifor cells in many tissues, including our two experimental systems [erythroleukemia and

breast carcinoma]. Unmutaled members of the same gene families that are active in neoplasia regulate nomal

processes, such as expansion of erythroid progenitors during stress or disease and epitheliall mesenchymal

fransitions during embryonic development and wound healing.

Altered proliferation control of hematopoietic
progenitors in stress or disease:

an important process in leukemia?

Proliferation control of many types of hematopoietic
progenitors is regulated by the cooperation of plasma
membrane- and nuclear receptors. The first receptor
family comprises receplor tyrosine kinases [RTKs],
receptor serine kinases [TGFRR family] and cyloking
receptars, while the second includes steroid receptors
as well as the thyroid/retinoid acid receptor family.
Mutated receptor versions, as well as associated
corepressors and chromatin regulators, function as
oncoproteins in avian, muring and human leukemias,
In primary murine and human erythroblasts, sustained
proliferation is induced upon activation of the erythro-
poietin receptor [EpoR], the RTK c-Kit and the gluco-
corticoid receptor [GR] by their respective ligands
[Epo, stem cell factor/SCF and dexamethasone/Dex].
Normal or oncogenic versions of the epidermal growth
factor [EGF] receptor [c- / v-ErbB] can substitute for
the signals provided by EpoR plus c-Kit. Using gene-
tically modified mice, we showed that the GR is
dispensable for standard erythropoiesis, but required
for enhanced erythroid progenitor proliferation in stress
erythropoiesis [anemiahypoxia). The same approach
[see Report 1998] revealed that STATS and complete
EpoR signalling are dispensable for steady stale
erythropoiesis, but required for erythrold progenitor

proliferation in culture. Mortal and immortalized, but
otherwise normal erythroid progenitors [from wt and
p53-- mice, respectively; sea Report 1997] are currently
used to analyse signal transduction downstream of
the EpoR and c-Kit and the involvement of STATS in
signalling and target gene transcription. We already
found that pathways used by the EpoR and ¢-Kit ara
distinct and that ¢-ErbB acts by combined signalling
along EpoR and ¢-Kit pathways [Figure 1].

Gene expression profiling of translated genes using
polysome=bound versus free mRNA was initiated in
the erythroid system, showing that a surprisingly
large proportion of genes regulated during erythroid
differentiation are also subject to translational contral.
Applying this approach to Affymetrix chips, we will
analyse the cooperation between the EpoR and c-Kit,
their cooperation with the GR and their replacemeant
by ¢- and v-ErbB. In addition, avian and human leu-
kemia oncogenes [v-Ski, MLL/ENL] cooperating with
c-Kit in avian multipotent cells will yield further inte-
resting systems for geng expression profiling, after
establishing these systems in mouse cells.

Signal transduction by the TGFf3-receptor:
required for tumor cell invasiveness and metaslasis
In carcinomas, epithelial cells lose the strict polarity
required for the protective barrier function of epithelia
and progress to cells with mesenchymal charactistics,



Figure 1: Erythroid progenitor renewal: signalling
through plasma membrane- and nuclear receptors
Disgrasm depicting oar cusment view ol which molecular playors are essealial
far erythroid progensor renewal and how they may communicale with gach
odteer. Data from genetically modifiad mice imply the Epoft, ¢-Kit, S1a15 and
the GR in enythroid proffecation control during [steady state and/or siress)
orythropoiesis. Epof and c-Kit confribute to renewal via disting palheeays
[red and blue arrows]. chv-Eib sigral along pativiays employed by thi Epolt
and c-Ki{ [green arrows]. GR-function can be substituted by corepretsors!
chromalin regulslor ancogenss [v-5ki / MLLENL: black] interacting with
nucdear receptars, a role atso proposad for S1a85

Figure 2
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Growth factors implicated in human carcinogenesis:

Scattering versus EMT

A new technigue, & gily artihody s1aining of three dimensional structures
tormed by epathelial cells in coltagen gets iolivwed by confocal microscopy,
allows us Lo distinguish between bona Tide EMT and roversible scatbering.
Control Ras-transformad mammary epithefial cefls farm lubular struclures
with basolatoral expression of epithelial markers [E-cadhernZ0-1, top let)
TGFP addition induces the cell to irvade tha gel, 1ose E cadhenn [nol shawn]
and gain e mesenchymal marker 'nn')ﬁl'l!m [bop right]. in contrast, treatmend
with HGF/SF cawsos invasion of he el but no upreguiation of vimentin [sat-
lom kefl]. When HGR/SF is remaved, the celis again form tobular stroctures
expressing epitheizl markers [bottom night], white stnectures formed in
TGFp do not change atter TGF] remaval [nod shovm),

particularly during metastasis, This process of epithelial-
mesenchymal transition [EMT] also occurs when
epithelial cells acquire migratory and mesenchymal
properties during embryogenesis, tissue remodaling
and wound healing.

We demonstrated that the cooperation of TGFp-re-
ceplor [TRR] signalling with RTKs [HER2] or down-
stream signal transduction Intermediates [Ras; Mapk
pathway] is required for normal mammary gland
morphogenesis and is subverted in EMT, as well as
in late procasses during carcinogenesis. Interfgrence

-
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" w-8ki, MLLJENL

with TRR signalling reverts EMT and prevents in wiro
Invasiveness and metastasis in numerous muring and
human tumor models [see Report 1998], Furthermore,
Ras- or Mek-1 inhibitors abolished EMT, reverting the
cells to an epithelial phenotype and restoring sensitivity
to TGFp-induced cell cycle arrest and apoptosis. Thus,
EMT requires the sustained activity of two coopera-
ting pathways, Ras- and TGF receptor signalling.
EMT has been postulated te occur in other systems,
particularly after ligand activation of the receptors for
fibroblast growth factors [FGFs) or hepatocyte growth
factor/scatter factor [HGF/SF], These factors have
been strongly implicated in human carcinogenesis.
However, FGF-R and HGF-R fail to induce EMT in
Ras-transfarmed epithelial cells, instead inducing
reversible morphological and migratory changes

not accompanied by gene expression changes

typical for EMT [loss of epithelial markers, gain of
mesenchymal markers; Figure 2].

Analysis of signal transduction pathways downstream
of Ras, using specific inhibitors and Ras effector-
specific mutants selectively activating the Mek/Mapk
or PI3K/AKE pathways, revealed that Mek-1/MapK
signalling is required for EMT, while the PI3K path-
way 15 required Tor protection from TGFR-induced
apoptosis. We are now analysing whether both pathways
are also required during tumarigenesis and metastasis in
vive, Furthermore, we have initiated gene expression
profiling of transiated genes on Affymetrix chips to
find markers and key players involved in EMT, Basides
analysing the firsl, imteresting candidates, we will
investigate the role of TGFRR signalling in EMT,
focussing on the role of SMADZ and SMAD3 in EMT

in combination with Mek-1 signalling. 7
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Pax gene function in brain development, hematopoiesis and disease

The development and organogenesis of the mammalian embryo is controlled by a network of differentially expressed

transcription factors which include the regulators of the paired box-containing [Pax] protein family. By using a

combination of mouse fransgenic, cell biological and molecular approaches, we investigate the mechanisms by which
Pax transcription factors regulate brain patterning, B-lymphopoiesis and, under pathological conditions,

the development of disease.

Midbrain development

The midbrain and cerebellum develop from an orga-
nizing center which is located at the midbrain-hind-
brain boundary [mhb] of the vertebrate embryo. We
have previously demonstrated that the transcription
factors Pax2 and Pax5 are critically imvolved in the
development of this midbrain-hindbrain boundary
region. One goal of our laboratory is to unravel the
molecular mechanism by which Pax2 and Pax5
regulate midbrain and cerebellum development. Gene
targeting and transgenic analysis [Figure 1] have
indicated that Pax2 is essential for the initiation of Pax5
expression at the mhb of the mouse embryo in agree-
ment with the fact that Pax2 expression precedes
that of Fax5 in this brain ragion. Apart from this
cross-regulatory interaction, Pax2 and Pax5 have
partially redundant functions in mhb development,

as suggested by the analysis of heterozygous Pax2/
Pax5 double-mutant embryos. This hypothesis has
been directly tested by replacing the coding sequences
of Pax2 with those of Pax5 in the mouse germling.
The brain phenotype [loss of midbrain and cerebellum]
of the Pax2 mutation is indeed rescued in these
knock-in mice, indicating that Pax5 can compensate
for the loss of Pax2 function. To date, relatively

few genes are known which are expressed in the

embryonic mhb region. To search for novel genes ex-
pressed in this brain area, we are currently screening
mouse cONA microarrays [containing 9 000 ditferent
genes] by hybridization with probes prepared from
micro-dissected mhb regions of mouse embryos.
Several new genes could be identified which are now
being characterized also with regard to their regula-
tion by Pax2 and Pax5. Hence, different experimental
approaches are being used to identity upstream
regulators and downstream targets of Pax2 and Pax5
in midbrain development.

B-lymphopoiesis

Pax5 plays an essential role in early B-lymphopolesis,
as it is required for progression beyond an early
progenitor [pro-B] cell stage. Tha pro-B cells from
the bone marrow of Pax5 [-/-] mice can be cultured
ax wivo on stromal cells in the presence of IL-7, in vilro
differentiation experiments demonsirated that these
garly pro-B cells are in fact uncommitted hemate-
poigtic progenitor cells which can differgntiate, upon
stimulation with appropriate cytokines, to natural
killer [NK] cells, T-lymphocytes and different cell
types of the myelold lineage [Figure 2]. However, B
cell development is observed only if Pax5 expression
i restored by retrovirus-mediated gene transfer,



Figure 1

Reguirement of a functionsl Pax-binding site in the midbrain-speciiic
enhancer of Paxs [i-Galactosidase staining of mouss E11.5 embryas
carrying a PaxS-lac? transgens. Mut: mutation of the Pax-binding site
identifiad in the 435-bp Paes enhancer.
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B-linsage comamitment by Paxs. Pas |--] pro-B cells represant
hematopodstic progenitor celts which can difleventiate along the
indicatled hematopoistic lineages with the axception of the 1 cefl
patiway, DG, dendritic eedl; MO, macrophage.

Figure 3

constitutive reprussed

Bdentification of Pax-regulated genes by cDNA microarray analysis
9000 moasz ESTs, spotted on glass shides, were simultaneously
Pybridized with Cy3 [grean]-iabeled cOMA from wild-type pro-B
calls and Cy5 [red]-labelted cONA from Pax5 {-/-] pro-B cefls, Green
and red signals identify penes which are activated or repressed by
Pax5, respectively

Hence, these experiments identified Pax5 as the criti-
cal B-lineage commitment factor which restricts the
development potential of progenitor cells to the B cell
pathway. Moreover, Pax5 also plays an essential role
at late stages of B-lymphopoiesis, as shown by con-
ditional gene inactivation experiments. At the mole-
cular level, Pax5 exerts iis function either as a trans-
criptional activator or as a repressor, depending on the
specific regulatory sequence context. In order to gain
insight into the early and late function of Pax5, we
identify target genes by DNA microarray hybridization
using cONA probes from wild-type and Pax5 [+/-]
pro-B cells [Figure 3], Yeast 2-hybrid screens have
furthermore led to the isolation of interacting proteins
which function either as co-activators or as a co-
repressor of Paxs. Together, these experiments will
lead to a better understanding of the transcriptional
control of B-lymphopoiesis.

Human disease

An unusual feature of mammalian Pax genes is their
haploinsufficiency, which results in the frequent as-
sociation of heterazygous Pax gene mutations with
human disease syndromes and mouse development
mutants. Qur recent finding that Pax5 is predomi-
nantly transcribed from only one of its two alleles in
individual B-lymphoeyles suggests that the haplo-
insufficient phenotypes of Pax genes may be caused
by their monoallelic expression pattern, PAX genes
can also be recruited as oncogenes by gain-of-func-
tion mutations in human tumors. PAXS has thus
bean implicated as an oncogene in the genesis of
medulioblastoma and in non-Hodgkin's lymphomas
carrying a specific translocation which brings the
PAXS5 gene under the transcriptional control of the
immunoglobulin heavy-chain locus. We are currently
targeting Pax5 expression in transgenic mice to

the developing cerebellum [medulioblastoma] or to
terminally differentiated plasma cells [non-Hodgkin's
lymphoma] in order to gain further insight into the
oncogenic role of Paxs,
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Molecular mechanisms of multistage tumor development

The major objective of our research is the identification and characterization of molecular events involved in multi-

stage tumorigenesis. In addition to fumor cell fines in vitro, we employ fransgenic mouse models of lumorigenesis to

determine causal connections between the expression of a particular gene and tumor progression in vivo. One of the

mouse models [Rip1 Tag2) expresses SV40 large T antigen under the control of the rat insulin promoter leading lo

pancreatic 3 cell lumors in a multistage fumor progression pathway.

Tumor cell survival

Qur recent work has demonstrated that insulin-like
growth factors [IGFs] and their receplor exert a critical
survival function for tumor cells, Recenlly, we have
investigated the communication pathway between
IGF survival factors and the apoptotic machinery, L.a.
the signalling pathway that suppresses the execution
of tumor cell apoptosis. Our results indicate that, in
tumaor cells, IGF-mediated signal transduction can
differ from the pathway described in non-transformed
cells, such as fibroblasts and neurons. In particular,
IGF-mediated survival signalling in tumor cells may
not imvolve the activation of PI3-kinase and protein
kinase Bfc-Akt [Burtscher et al., 1999].

Tumor angiogenasis

Members of the fibroblast growth factor family
[FGFs], in particular FGF-1 and FGF-2, are known

to be highly angiogenic growth factors. However,
their contribution to angiogenesis and tumor angio-
penesis in vivo remains elusive. To interfere with FGF
activity, we have generated recombinant adenoviruses
that express soluble versions of FGF receptors.
Expression of soluble FGF receptors inhibited angio-
genesis in various bioassays i vitro a3 well as tumor-

associated angiogenesis in viva.

Notably, tumor growth in xenograft tumor transplan-
tation experiments and the growth of B cell tumars in
Rip1Tag2 transgenic mice wera significantly repressed
by the inhibition of FGF function [Compagni et al.,
submitted).

Many cellular and molecular events that are involved
in the sprouting and branching of endothelial cells
during angiogenesis are shared by the sprouting and
branching of epithelial cells during Drosophila trachea
development. For exampie, Drosophila genetics have
revealed that FGFs and FGF receptor play an impor-
tant role in trachea development and, more racently,
an antagonist of FGF function has been (dentified,
named Sprouty. We subsequently isolated cDNAs
encoding for four different mouse Sprouty proteins
and investigated their role in the regulation of angio-
genesis. We found that Sprouty not only inhibits
FGF-induced and VEGF-induced endothelial call
proliferation and differentiation but is also a target
of the signalling cascade eficited by these growth
factors [Figure 1]. Currently, we are investigating the
mechanism by which Sprouty inhibits growth factor-
induced angiogenesis in particular and tyrosing
kinase receptor-mediated signal transduction in
general, [Impagnatiello et al., submitted)



serum-slarved

VEGF

VEGF + bFGF

Figure 1

Sprouty-1 15 recruited to the plasma membrane upon growth
tactor stimulation. Subcelubsr localmation of mouse Sprouty-1
was visualized by immunodlucsescent staining with aflinity-punitied
anlEhodses against mouse Sprouty-1. Endothelial colls were seume-
starved badore addition of either Bbroblast growth factar [FGF),
vascular endoihelial growth lactor [VEGF] o the combinatian af
bodh {FGF « VEGF]

E-catdharin

hFGF

Tumor cell invasion and metastasis

[in collaboration with the [aboratory of H. Semb,
Umed University, Umed, Sweden]

The maolecular avents involved in the transition from
benign tumaors to malignant tumors and metastasis
are a major focus of our faboratory. Previously,

we demonstrated that the loss of E-cadherin-
mediated cell-cell adhesion is causally invalved in
{he transition from well-differentiated adenoma to
invasive carcinoma [Perl et al., 1998]. A major com-
ponent of the E-cadherin cell adhesion complex, B-
catenin, is also a central plaver in the Wnt-signalling
pathway [Figure 2]. We have now investigated the
possibility that changes in E-cadherin-mediated cell-
cell adhesion modutate the Wnl-signalling pathway
and thus gene expression. Our results indicate thal
E-cadherin anfagonizes the-Wnt-signalling pathway
by sequestering B-catenin in the cell adhesion com-
plex. Hence, two events are simultaneously required
to modulate f-catenin/TCF-mediated transcription:
the loss of E-cadherin function and the activation of
the Wint-signalling cascade [Herzig et al., submitted).
During the development of many human cancers,
expression of neural cell adhesion molecule [N-CAM]
changes from the 120 kd isoform in normal tissue 1o
the 140/180 kd isoforms in tumor tissue. Racently,
we have demonstrated that a similar switch of N-GAM
isoforms occurs during lumor progression in Rip1Tag2
transgenic mice and that the loss of N-CAM function
results in the metastatic dissemination of B tumar
cells in Rip1Tag?2 transgenic mice [Perl et al,, 1999].
Currently, we are investigating the molecular mecha-
nisms that are responsible for the induction of tumaor

metastasis by the loss of N-CAM function.

Figure 2

Thie link betwaen E-cadharin-mediated cell-cell adhesion and the
Wit-signafling pattweay, Two major questions for future research
and indicated: [1] Does E-cadherin-mediated celi-ceR adhesion
direckly modutate the Wnd-signalling pathiway? [2] What are the
TCF/P-catensn targal genes 1hat ane relevant for tusmos
progression lrom adengma 10 carcinoma’

11
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Adenovirus and CELO virus biology
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The fopics in our research group center around understanding how adenovirus and the related CELQ virus interact
with their host cells, both during productive infection and during transformation. These studies are important for

unravelling cell growth control mechanisms, as these viruses must usurp important cell control pathways in order

to replicate, and for developing gene delivery and vaccine reagents, as these viruses can be readily manipulated

for these lasks.

Recombinant vectors based on the avian
adenovirus CELD

The avian adenovirus GELD is being developed as a
recambinant viral gene transfer tool. Transduction of
avian celts occurs at 10-100 fold greater efficiency
[per virus particle] than with an AdS-based vector
carrying the same expression cassette. Most
important for gene transfer applications, the CELD
vector transduces mammalian cells as efficiently as
an AdS vector, These CELO vectors are sturdy, easy
to modity, cheap to produce in chicken eggs and
provide a useful alternative to AdS-based vectors
[Michou et al., 1999].

Activation of heat shock response by an adeno-
virus protein is essential for virus replication
Cellular heat shock responses occur during the repli-
cation of many viruses. Heat shock response could
be a protective cellular defence against the virus or
it could be deliberately activated by the virus to pro-
mote replication, We have found that expression of
Gam, an anti-apoptotic protein encoded by the
CELO virus, elevates the cellular levals of heat shock

protein 70 and 40, A Gam1-negative CELO virus is
very defective for replication, however the Gami
function can be replaced by heat shock. Thus, the
essential function of Gam1 during virus replication
is to activate the host heat shock response.

We are now seeking to understand the mechanism
used by Gam1 to activate this heat shock response.

How CELO modulates pRb/E2T and p53

Like several of the human adenovirus serotypes, the
avian adenovirus CELO Is capable of transforming
some mammalian cell types yel lacks sequence
homaology with the transforming genes of human
adenoviruses. Transformation by other DNA tumor
viruses requires an alteration of the retinobiastoma
protein [pRRVE2F interactions in the target cell as
well as eliminating p53 functions. Wa have found
that CELO Gam1 and Orf22 cooperate in activating
the E2F pathway. Both proteins bind pRb, with Gam?
interacting with pRb regions outside the pocket
domain and Orf22 binding to the pocket domain,
similar to other DNA tumar virus proteins.

The motif in Orf22 responsible for the pRb pocket



Figura 1
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The onganization of open reading frames in the genome of 1he
avian adencvires CELD. The wiral structural genes encoding capeid
prodeins and the DNA replication proteins ane shown in bloe and
green. These sequences are homologous Lo Mastadanovines
sequonces. The open rexiing frames novel to CELD are in orange
or, bos Qr22 and Garn 1, in red.

domain inferactions is essential for Orf22-mediated ' .
E2F activation, yet it is remarkably uniike the E1A LxGxD
and may represent a novel form of pRb-binding pept-
ide [Lehrmann and Cotten, 1999]. We have also dis-
coverad that CELO virus gene expression results in
the proteosome-dependent loss of p&3 protein from
the host cell and we are well on our way to identifying
the CELQ proteins raquired for this process.

Microtubule-independent motility and nuclear
targeting of adenoviruses revealed by novel
fluorescent viral lachnuluu',r‘

A novel adenovirus system for analyzing the adenovirus
entry pathway has been developed that containg GFP
bound to the encapsidated viral BNA [AdLite].

AdLite enters host cedls, accumulates around the nucle,
and near the microtubule organizing centers [Figure 2],
In five cells, individual AdLite particles are observed
trafficking both towards and away from the nucleus.
Depalymerization of microtubules during infection
does not affect AdLite motility, nor does it alter the

Infection process or gene expression from adenovirus-

Figure 2

derived vectors. These experiments demonstrate that
z : - In non-mitotic calls, AdLite [adenovirus with GFP-marked gonome]
microtubules are dispensable for the nuclear targeting il SN 95 el it oAbk iz BOTRST

enovirus and call into question the popular SRRt AT MMAOR. i SISO N BT AR A
by adenoviru 4 9 pop lates around sgindbe pofes. AgLite — preenvyeliow, microtubules -

model of adenovirus entry. red, ONA — blue, 13
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How dogs the nervous system gel wired up? What rules underiie the infricate pattems of connectivily in the nervous

system? To seek answers o such questions, we have tumed to the fruit fly, Drosophila melanogaster. As a model

system, Drosophila offers both complex pattems of neuronal connectivity and powerful methods for genetic analysis.

While the final patterns of connectivily in our own nervous system are far more complex than those of the fly,

the developmental machanisms that estabiish these connections are remarkably similar.

Axon guidance in the CNS

In bilaterally symmetric organisms, such as flies and
humans, many neurons in the central nérvous system
[CHS] send out axons that cross the midline to make
connections on the opposite side of the body. Other
axons do not cross the midiine, but instead make
connections on the same side of the body. Axons
that cross the midline form the commissures that
connect the two halves of the CNS. These commis-
sural axons then join the non-crossing axons to form
the longitudinal nerve fibres that run the length of the
body [Fig 1]. The midline, in both flies and humans,
secretes proteins that either altract axons lowards
the midline to form commissures, or repel them away
from the midling to keep them in the longitudinal
pathways. These guidance cues are members of the
Metrin and St families, respectively, and act through
receptors of the Frazzied/DCC and Roundabout
[Robo] families. In Drosophila, axons that cross the
midiine transiently downregulate Robo lavels, so that
they are no longer sensitive to the midline repellent
Slit. This downregulation of Robo requires a trans-
membrane protein, Commissureless [Comm] that is
expressed by the midline cells.

We have identified two additional members of both
the robo and comm gene families in Drosophila.

We are currently investigating how the interactions

between the various Robo and Comm proteins con-
trol the decision lo cross or not to cross the midline.
The three Robo receptors also appear to control
pathway choices within the longitudinal tracts. Axons
expressing all three Robos are strongly repelied by
the midline and stay in the most lateral regions of the
CNS. Axons expressing Robod and Robo1, but not
Robo2, seem to be less strongly repelied by the mid-
fine and occupy an intermediate zone within the long-
itudinal pathways. Axons that express only Robol
stay closest to the midline. We therefore proposa
that secretion from the midline establishes a gradient
of the repellent Slit, and axons seek high, interme-
diate, or low points on this gradient, according to the
combination of receptors they express [Fig 1].

We are currently testing this model by altering the
"Robo code’ of individual axons to see if they follow

the predicted pathways.

Axon guidance in the visual system

Vision requires very precise targeting of photo-
recepior axons to the visual centres of the brain [Fig 2].
We have developed a novel genetic technique to
identify genes required for photoreceptor axen large-
ting In Drosophila. In a saluration mutagenesis of over
32,000 mutant lines, we recoverad some 200 mutations
representing approximately 30 distinct genes.



Figura 1

Attraciion

In the embryonic CHS, axons form twe

Aobol  Robol fongiludinad tracts, one sach side of the

migtine, that are connected in gach seg-
mient by two commissures. The com-
missures ane hormed by aons that first
cross the midiing bebore feming info
the apposite lsngludmal tract, Axons are
stained brown and the midiine cells pur-
pie. Tha schematic diagram Bustrates
the signallineg mechanisms that pattem
these axonal projections. Aftractve sig-
mals are shown to the left of the mid-
ling, repulsie signats 1o the rdght, The
GHS is, of course, bataterally symmetric,
and in reality both mechansms act on both
sicdes of 1he midling, 50 Mat each axon
shown would hunve 8 contralateral homa-

Ten of these have now been identified [Fig 2}, These
genes have been found to encode either transmem-
brane proteins [PTPBYD, N-Cadherin and Flaminga),
cytoplasmic signalling components |Dock, Pak, Tri,
Enabled and Brakeless), and mediators of axonal
transport [KHC and KIF1A]. Most ol the remaining
20 genes have now been mapped down to reglons of
around 100-200kb, and the molecular characterisa-
lion of thesa genas will now be greatly facilitated by
he availability of the complete genome sequence of
Drosophila, Meamwhile, we continue to examing in
detail the functions of the three genas that have been
cloned in our laboratory: frio, braketess and KIF1A.
Trio is & guanine nucleotide mchanue factor [GEF).
GEFs stimulate the release of GOP from small GTPases,
allowing them to take up GTP and thus switch from
the inactive GOP-bound form to the active GTP-
bound form, In the active GTP-bound stale, these

Figure 2

I the doveloping visial system, photg-

recaplarg in the aye imaginal dise o
project ihiir axons 1o specific targats

iy this brain, Ten protelns required {o

estzblish thasa connactions have now

been identified. Anather bwenty awail

farther characiaresation.

logue, making & mirror image projection.

GTPases then associate with and activate a variety of
downstream effectors that mediate their distinct cel-
[ular responses. We have identified the substrates of
Trio as the two Rac GTPases, Rac1 and Rac2, and a
novel GTFPase that we have named ML Rac1 and
Rac2 in turn activate the serine/threonine kinase Pak,
which is recruited to the membrane via its associa-
tion with the SH2-SH3 adaptor Dock. Pak regulates
the actin cytoskeleton, possibily via the LIM and
myosin light chain kinases, 50 we propose that
localized activation of Trio in growing axons could
lead 10 localized changes in the cytoskeleton that
alter the direction of axon outgrowth. Mil does not
activate Pak and must therefore act through different
signalling pathways. We are currently using both
molecular and genetic approaches to identify additio-
nal components of this signalling pathway.

W-Cadherin

¥ KIFIA Tr
Pak

Flamingao
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The perspective of bioinformatics research at the IMP

The essence of bioinformatics consists in the compuler-based meta-analysis of available experimental biological data

[at present, mostly biomacromolecular sequences] aimed at the generation of hypotheses on the function of genes

and proteins. This new research group focusing on the development of bioinformatics methods and their application
on problems of eukaryotic cell division and differentiation started working in August 1599,

Traditionally, observafion and, later, wet experimenta-
tion were the major sources of new knowledge in
biology. It has always been more difficult to oblain
new biological data than to analyze it. Recently, this
situation has been qualitatively changed due to the
development of high-throughput experimental tech-
nologies [HTT). The explosive growth of biomacro-
molecular sequence and structure databases, of
databases with genetic, cell-physlological [RNA and
protein expression), and clinical data, e.0. on inherited
diseases, efc., as well as of electronic sources of
scientific literature make it a compelling necessity 10
apply sophisticated theoretical methods for the ana-
lysis of biological data, as well as for the principal
planning of new biclogical experiments in vitro and

in wivp. The integration of biclogical data as well as
the generation of new biological insight in the form

of models offered for subsequent experimental verifi-
cations is the task of bioinformatics.

Two primary tasks in the IMP's bioinformatics

research

= The computer-based analysis of blomacromolecular
sequences and the generation of hypotheses on
their native structure and biological function was at
the beginning and still is the core of biginformatics.
After the accumulation of small technological ad-
vances during the past two decades, the first major
breakthrough in HTT was achieved in the field of DNA
sequencing. Today, we face the close perspeclive
[months and a few years] that all genomes of medi-
cally, agriculturally, and industrially, as well as many
evolutionarily important organisms will be known.
This aiso includes the complete human genome and
many of its individual variations. The creation of a
sequence analysis environment composed of our
own developments and the available academic soft-
ware will be the first task of the bioinformatics group
at the IMP. We want to analyze the domain structure,
malecular function and evolution of proteins involved
in eukaryotic cell division and differentiation.
We can rely on extensive previous experience. For
example, we have successfully developed a new
approach for the characterization and prediction of
Glycosylphosphatidylinositol sequence motils in
proprotein sequences [see Figure 1].



protein o be GPl-anchored

GPI molety

ER membrane

cyloplasma

Figure 1

Glyeosyiphosphatedyiinasitol [GPI} anchoring is & cammon
posttranslational moddfication of edracedlufar eukanyelic profgins
Attachment of the GP modely to the carboxyl terminus [o-Sle) of
the podypeptide occurs after proteolytic cleavage of a C-lasminal
propeptide. The protein saquence pattern for GPl-modification has
been analyzed in forms of physical aming acid groperies based on
a databate anabysis of annolated propootein sequences.

The variations of palypeplade subsirales wend exploited to suggest 4
miodel of the palypeplide binding site of the putathve transamidass,
{hi enzyrme catalyzing the GPl-modification. The pulative transami-
dase is thought to be a prolein with a large membrane domain and
angther endoplasmic reticulum domain. The diagram represents a
section throwgh the enzyme, Inside surfaces of cavities and Inagi-
nations are colored dark, the faces of the section are yellow. lmpar-
fant residues of the subsirale profein ane shown wilh red cirches and
are rumbered with réspect 1o the wr-gite.

The volume of the aclive 50 cleft accommodating the Tour resadues
or1..ooe? Appears a1 sbout 54043, This tocation has to communicate
with the GPi-moigty binding ste. The channel between the subistrabe
prodein in the andoplasmic reficulom [ER] lumen and the catalytic
5ide is pccupied by 1he llexible podypeplice segment a-11...a-1

Thie spacer co+d,oa+3 [wilh a possibde special inding Site for

oo 0045 finks the residugs in the catghytic cleft with the hydro-
phobic tadl [possibly forming an o-helix] embedded nto the ER
mambrane,

= The knowledoe of genome sequences is becoming
compiemented with transcriptome [mRNA expres-
sion] and proteome [protein synthesis] data in
specific physiologicat conditions for cell lines and
in vivo, The second immediate task of the group
consists in developing a software environment for
analyzing such data streams and for delineating
biological effects. Robert Hoffmann and Anton
Beyer have already developed a JAVA-based system
for visualizing cDNA chip data and for the selection

of co-expressed genes.

The perspective of computing at the IMP

The bicinformatics group as the most extensive
computer user has been merged with the previoushy
existing computer group. It i thought to reshape the
ferms of providing central computing and networking
sarvices by focusing on major tasks. We aim at im-
praving standards under the conditions of a growing
Institute, of the increasing necessity of computer
usage in experimental labs and also of short cycles

of the renewal of computer hardware and software.

Figure 2

¥=ray structure of HiIV-1 reverse transcriptase {HIV-1 RT) bound
o DNA, which is shown as a ball and stick model.

HIV-1 AT iz 2 kaey tanget for drug development in AIDS resaarch
Imhibition of this protein blocks the replication of the HIV-T vimus

17



-Michael Glotzer

The mechanism of cytokinesis
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The ultimate task of the cell division cycle is to partition the replicated chromosomes and cytoplasmic organelies into

two cells. Our laboratory focuses on understanding this process, cytokinesis, in molecular delail

Cytokinesis is accomplished by an actin-based
contractile ring that is attached to the overlying cell
membrane [Figure 1]. The ring assemiias in the
cortex midway between the two poles of the mitotic
spindle so that the two separated sets of chromo-
somes are equally partitioned into the two daughter
cells. The entire process, the assembly of the contrac-
tile ring, fts constriction and the separation of the two
nascent, cells typically requires about ten minutes.
Thus, eytokinesis is a dynamic and spatially requlated
process and analysis of this process therefore requines
the use of techniques that provide spatial and temporal
resolution, Early embryos of the nematode C. elegans
are an excellent model system 1o dissect this complex
process since this system is extremely well suited for
the microscopic analysis of intact embryos. Further-
more, this system can be molecularly dissected using
forward and reverse genetics.

The basic approach we are pursuing is to use forward
genetics to identify mutations that cause specific de-
fects in cytokinesis and then use molecular technigues
to identily the affected genes. Subsequently, we use

biochemical and cell biological analysis to understand
the function of these novel proteins and to investigale
whether they may regulate the function of any of the
previously characterized components. Our recent ana-
lysis of one such mutant can lllustrate this approach.

As mentioned above, the contractile ring is an actin-
based structure. Like many actin-containing cellutar
structures, the rhio family of GTPases plays an
important role in its assembly and regulation. One of
thiz mutants we have characterized in the past year
encodes a GTPase activating prolein [GAP] for rho
GTPases family. This protein seems to play a crucial
role in the later stages of cytokinesis. Interestingly,
we find that this protein is crucial for proper reorga-
nization of the spindie during anaphase. Thus, this
protein provides a link between the mitotic spindle
and the contractile ring. We have evidence thal this
GAP protein is functionally associated with a micro-
tubule-based molecular matar, which may, in part,
explain how it can regulate the mitotic spindle. We
are now using biochemical and genetic techniques to
discover additional new proteins with which this GAP
protein may interact.

The nematode C. elegans is also highly amenable to
reverse genetics. The entire genome has been
sequenced and there are a number of genes which may
be implicated in cytokinesis for a varlety of reasons.
We have made extensive use of the technigque of
FNA-mediated interference [RNAI] to facilitate the
cloning of the genes affected in the mutant strains.



This technique is also useful for exploring whether
genes implicated in cytokinesis in other systems -
such as in yeast or plants — which cleave by some-
what difterent mechanisms than animal cells, are
likewise required for cytokinesis in the nematode.

In plant cells, for example, a member of the syntaxin
gene family Is required for cytokinesis. Since planl
cells have a rigid cell wall, they make extensive use
af membrane fusion machinery to divide after mitosis.
Wa investipated whether animal cells also require any
components of this membrane tusion machinery for
cytokinesis. By using RNAI to individually inactivate
each of the elght syntaxin genes that could be found
in the C. elegans genome, we identified one such
syntaxin that we demonstrated as being essential for
cytokinesis [Figure 2].

A key goal for the next year will be to screen for
additional cytokinesis-defective mutations. As there
is evidence that several of the factors thal control
cylokinesis are also required for the viability and fer-
tility of an adult worm, we have chosen to screen lor
conditional mutations that cause cytokinesis defects.
Wi hope to assemble a cullen!ic:n of temperature-
sensitive embryonic lethal mutations and will then
use a battery of secondary assays to determing
which of these mutations are defeetive in cytokinesis.

We are already in the process of studying, on the bio-
chemical level, a family of proteins that are required

for cytokinesis in budding yeast and in Drosophils:

the septins. During the past year we reconstituted the
nucleotide-dependent polymerization of a recombinant
seplin and demonstrated that this novel cyloskeletal
filarnent is a polar structure [Figure 3). Wa hope to now
investigate the dynamic properties of these filaments

in intact cells during cytokinesis and o identify tactors
that specifically interact with filamentous septins,

cledvage plani
speciication

midbody formation

Figure 1

A schematic view of the stages of cylokinesis

Figure 2

The distribution of the syntaxin Syn-4 [red]
and DNA [blug] in a 4-cell C. elegans

embryo

Figure 3

Polarized assembly of septin filaments
polymerzed in vitro
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Epithelial polarity
The central aim of my research group at the IMP is to understand how the complex three-dimensional organization
of polarized epithelial cells is lost during the early stages of carcinagenesis and how these changes infiuence the

gene expression program of epithelial cells.

One major toal we used was well characterized cell
systems that display both epithelial polarity and its dis-
ruption in cancer in an in vivo-like fashion. We primarily
used a mouse mammary gtand epithelial cell line
[EpH4] expressing an estrogen-inducible c-JunER fusion
protein, which allows the analysis of reversible loss of
epithelial polarity in a fashion superior to existing
approaches. This hormone-induced disrupfion of epi-
thelial polarity in JunER cells emtailed the loss of trans-
epithelial resistance, the redistribution of both apical
and basolateral proteins over the entire plasma mem-
brane and the destabilization of junctional complexes
|Fialka et al., J. Cell Biol 1996]. Using this cell system,
we almed at identitying genes and proteins that werg
differentially expressed during loss of epithefial polarity.
Two different approaches were taken to study this
problem. Firstly, we screened for genes differentially
expressed during loss of epithelial polarity, using
Differential Display techniques. Secondly, we analyzed
differentially expressed proteins of the intracetiular
protein transport and sorting machinery, analyzing
purified subcellular organelles by 2D gel technology
and microsequencing.

TIS7/PC4, a new regulator of wal-signalling in
epithelial cells

Last year we reported that TIS7/PC4 was upregulated
during c-Jun-induced transient loss of epithelial polarity,
as well as being detached from the plasma membrane
and translocated 1o the cytoplasm or nucleus [Figure 1],
Thiereafter, TIS7/PC4 Interacts with components of the
wnt-signalling pathway, selectively squelching gene
activation by beta-catenin. TIST/PC4 could thus be a
co-repressor of beta-catenin/TCF/LEF-regulated trans-
cription, necessary for cefl fate decisions of epithefial
cells during transient loss of cellular polarity [Vietor et
al., submitted].

p14, a Golgi-adaptor for mitopen activated
protein kinases

We discovered a novel, highly conserved protein of
ahout 14 kD [p14] that localized to the Golgi apparatus
and to the intermediate compartment between ER and
Golgl [ERGIC 53). Using yeast two-hybrid screening,
we identified MP1 [MEK Pariner 1] as a specific
binding partner of p14. MP1 was proposed to serve
as a scaffold protein of the MAP kinase cascade in
higher eukaryotic systems and the protein seems 10
selectively associate with MEKT and ERK? [Schaeffer
gt al., Science, 1998]. We also observed that phos-
phorylated MEK1 was recruited to the Golgi [Figure 2]
when disassembly starts during prophase in mitosis
[Fialka et al., manuscript in preparation].

Robert KURZBAUER | Laboratory Assistant



Maolecular interactions in lipid ratlis of
gpithelial cells

CD44, the major cell-surface receptor for hyaluronic
acld [HA], was shown to localize to lipid rafts, L.e.
detergent-resistant, cholesterol-rich microdomains,
in fibrablasts and blood cells. We have investigated
the molecular environment of CO44 within the plang
of the basolateral membrang of palarized marmmary
epithalial cells and our data indicate that the vast
miajority of C044 in mammary epithelial cells interacts
with annexin Il in lipid rafts in a cholesterol-dependent
manner. These CD44-containing lipld microdomains
interact with the underlying actin cytoskeieton.
[Miferenko et al., J. Cell Biol. 1994].

Technology development: Organelle-PROTEOMICS
In the context of our 'protein transport and sorting'
projects we developed several new technigues that
have already proven their usefulness for cell biologists.
We adapted flow cytometry to sort and analyze intra-
cellular organelies, combining conventional subcelly-
lar fractionation tachnigues with high speed organella
sorting in a flow cytometer [fluorescent activated
organelle sorting, FADS; Fialka et al., Elecetrophoresis
1999; Fialka, Steinlein &t al., J. Biol. Chem,, 1999).
These highly purifisd membrane fractions required
specialized techniques for subgequent biochemical
analysis. We established a nw:al procedura which
enabled us to resalve purified membrane proteins

an high-resolution 20 gels at both the analytical and
preparative level [for examples see articles in
Electrophoresis Vol 18, 1997, No. 14, special issue:

Vesicular Traffic],

Figure 2: Activated MEK1/2 localizes to the
Gaolgi in early prophase

Mammary epithelial grown in 5% FCS werne fxed and activabed MEK1R2
were detected using phospho|Ser2 § 7221 )-specific anfibodies [AD],
togather with antEhodies 10 giantin [B,E] to haghlight the Gedgl appa-
ratus. Nole the localization of activaled Kinases 1o 1he Gaolgi eardy In
proghase 1], the accumiutstion in metaphasa [0, 11] and the mpid
deactivation Towards cytokinesss [IV] in G and F [merged mmages|

[~catenin

Figure 1: TIS ¥ overexprassion

re-distributes i-catenin -

Gonfluent mammary epitheial calis wern infecied with 1he recome-
henant GELD virus expressing Mye-tagged TIST and collured for
Turther 4B hrs, Cefls ware foced, permeabilined and visuakized by
doubde-immunafleorescence iaballing with 1he allinity-purified paly-
clonal anti-Myc antibody [green] and monocional anbibody againsd
f-catenin fred]. Extended focus images of sorial seclions are shawn
in two upper pansts and their menge ks shown in the bottom lali
panel. 30-reconsiruction ol those sacions = shown in the botiom
righl panei. Two days after infection, TIS 7 localized predominaniy
in the cyloptasm and atse (n fhe nuclees of ovensxpressing calls
Thesa cells kos? 1he typical polanzed epithelial phanotype and
formed elongated processes. f-catenin re-distnbuted into Hhe cylo-
plasm of owerepressing ool Subsequontly, TIS 7 ovenegeessing
=25 roungded up and profrded from the monclayer [marge and 30
reconstruction of the same feld after izosuriace calculation]. Celis
infacted with & CELO-EGFP penotypic control virug showed no such
eflects [data mot shown].
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In eukaryotic model systems, like yeasts and flies, epigenetic control of gene regulation and the functional organization

of chromosomes depends on higher order chromatin. Particularly for the high complexity of mammalian development,

deregulated inheritance of gene expression patterns ['transcriptional memory'] resulls in perturbed differentiation and

proliferation [cancer], and compromised centromere activily induces mis-segregation of chromesomes and genomic

instability [aneuploidies]. To analyze components and functions of mammalian higher order chromatin, we have (soia-

ted homologues of the Drosophila Polycomb-group [Pe-G] gene Enhancer of zeste [E(z)] [designated Ezh1 and Ezh2
(Laible ef al., 1997; Laible el al., 1999)] and of the Drosophila PEV modifier Sufvarj3-8 [designated Suv3gh1 and Suvdsh2

(Aagaard et al., 1999; O'Carroll et al,, submitted)]. Our data reveal that Ezh genes can conler Iranscriplional

memory' by modulating repressive chromatin domains and that Suv3dh genes encode novel components of higher

order chromatin al mammalian centromeres.

Ezh and conserved gene silencing

Transcriptionally restrictive chromatin domains — for
example at centromeric positions in Drosaphia or at
3.corevisize telomeres — repress gene activity in a gene
non-specific manner. To demonsirate the function of the
mammalian Ezhand Suv3sh homologues, we examined
their potential to silence gene activity in both of these
model systems, Extra gene copies of human EZH2 in trans-
genic flies enhance the suppression of percentromeric
PEV [position effect variggation] alleles of e.g. the white
gene, and the over-expression of EZH2 or murine Ezh?
restores gene repression in S.cerevisiae mutants that
are impaired in telomeric silencing [Laible et al., 1997].
These data provided a direct functional link between
Folycomb-dependent gene repression and inactive chro-
matin domains [Jenuwein et al., 1998], and indicate
that silencing mechanism({s] may be broadly conserved
in eukaryotes. A similar modification of PEV has also
been shown with transgenic flies that carry an extra
gene copy of human SUV39HT [Aagaard et al., 1999].

Suv3ani, a novel centromere-associated profein
To analyze the chromatin association of endogenous
Suv3gh1 and EZH2 proteins, we generated affinity-
purified, rabbit polyclonal anti-sera, In contrast to the
ditluse distribution of Ezh2/EZH2 proteins, immuno-
detection of endogenous Suv38h1/5UVEEHT In
mammalian cells indicates enriched localization at
heterochromatic foch during interphase and accumu-
lation at centromeric positions on metaphase chro-
maosomes [Figure 1][Aagaard et al., 1999]. However,
forced expression results in abundant associations
with chromatin, suggesting additional role[s] for
Suvadh proteins in the structural grganization o
chromosomes. Using stably transtected cell lines, we
identified several interacting proteins that specifically
co-precipitate with overexpressed [myc]3-tagged
human SUV39H1. Based on these interactions, we
are currently puritying the first mammalian SUVAR
comples.
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Figure 2

Ezh2 Is redqueired for mormal neduse developmend. Whioke-mount
preparation of wild-type [wt] and Exh2y- litter-fetuses al embryonc
day 9.5, Ezh? null fetuses stop progressing beyoad day 8.5 of
gesfation, indicaling an essentiad hunction lor the Exh? gene during
mdmmaiian divelopmend.

Higher order chromatin and growth control

To generate gain-of-funclion mutations in vive, we
established transgenic mice for human EZH2 and
SUVA0HT. Whereas several of the EZH2 lines display
anly low to moderate expression levels, two mouse
lines were identified that overexpress [mycl3-lagged
SUW3GH1. Surprisingly, SUV39HT-transgenic mice
display smaller body mass at birth and exhibit skele-
tal maiformations in the A-P axis, suggesting that
high SUW39H1 protein levels are incompatible with

normal growth control and development, Consistent

with such a function, Sunv3ghi- mice gain larger

iead body mass with increasing age and ex vivo Suvadhi+
Specilic assockaiion of SUVAOH1 with ceromeric positions &1 human metaphase cells are also shifted in their proliferative potential
spreats. HeLa colls were enriched Jor melaphase arrest with colcemid, and unfixed . | ; aat]

metaphase chromosomes ware rocassed for indirect immunofiuarescencs with [unpublished]. We are currently investigating

wi-5unv39h1 antibodies, The DMNA was counterstained with DAPE. The entarged insert
dacuments specific, two-tatied co-localization wilh the centromeres of the sister
chromatids of human chromasome 1 with compromised chromosomal stability — a pheno-

whether this ajtered proliferation can be correlated

type that has been suggested to underlie the etiology
of many human cancers. Finally, we have disruptad
both Ezh loci in the mouse germiing. Whereas Ezhi
null mice are viable, disruption of the more embryo-
nically expressed Ezh2 gene results in lethality during
earky gestation [Figure 2] [O°Carroll et al., in prep.].
These data define an essential function for the Ezh2

gene during mammalian development. 23
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Asymmetric cell division during Drosophila nervous system development

To generate the many different cell types in a multiceliutar organism, celis mus! be abie to divide asymmeirically

into two different daughter cells. One way to generale asymmetric cell divisions is the segregation of profein

determinants into one of the two daughter calls, which make this cell different from its sister cell. We are using

the fruitfly Drosophila melanogaster as a model sysfem to understand the molecular mechanisms that generate

and orient asymmetric cell divisions.

Asymmetric cell divisions are involved in the deve-
lopment of both the central and peripheral nervous
systams of Drosophila. In both tissues, the protein
Mumb plays an important robe during these asymme-
tric cell divisions. Numb is a membrane associated
protein which localizes asymmetrically in mitotic
neural precursor cells and segregates into one of
their two daughter ceils [Figure 1A, B]. In the ab-
sence of Mumb, this daughter call is transformed into
its sister cell, whereas (he overexpression of numb
leads to the opposite call fate transformation. Thus,
Numb acts as a segregating determinant during the
development of the Drosophiia nervous system.
Correct asymmetric segregation of Numb requires
the protein Inscuteable. Like Numb, Inscuteable is
asymmetrically localized in dividing neural precursor
calls. However, Inscuteable localizes already in inter-
phase — before Numb - and it localizes to the oppo-
site side of the cell [Figure 1C]. In the absence of
Inscuteable, Numb either falls to localize asymmietri-
cally or the Numb crescents form at random posi-
tions around the cell [Figure 10]. Inscuteable is also
required for the correct orientation of the mitofic
spindle, which determines the division plane. Neurg-
blasts which nommally divide along the apical-basal

axis [Figure 10] divide with random division planes
in insciutealde mutants.

Conversely, ectopic expression of Inscuteable in
epithelial cells which normally divide parallel to the
epithelial surface leads to reorientation of the mitatic
spindie and cell division perpendicularfy to the
surface. Thus, Inscuteable directs and coordinates
several events during asymmetric cell divisions.

To ensure that the right cell types are generated at
the carrect positions, asymmatric cell divisions have
to be coordinated with the general body plan.

During the past year, we were able to characterize the
mechanism that orients asymmetric cell divisions in
Drosophila neuroblasts [Markus Schober, Matthias
Schaefer]. These neuroblasts arise by defamination
from polarized epithelial cefls in the ventral neuro-
ectaderm. In these epithelial cells, the PDZ domain
protein Bazooka localizes to the apical cell cortex [aste-
risks in Figure 2A] and is required for apical-basal
polarity. Apical Bazooka localization is maintained
when neuroblasts delaminate from the epithelium
and the expression of Inscuteable starts [arrowheads
in Figure 2A]. Inscuteable binds to Bazooka in wilro
and in wivo, and In the absence of Bazooka, Inscutea-



Figure 1

Asymmetric cell division in Drosophila neuroblasts

|A, B] Numb protein [green), DNA [red] and centrosomes [green]

in dividing Drozophils peuroblasts. Mumb localizes asymmatrically
in anaphase cells [A] and segragales into one daughter cell in i
phaase [B]. |€] While Numb localization |green] occurs in melaphase,
Inscuteable [orange] is already asymmelrically localized |n inter-
phase meuroblasts, [D] In wild-type neuroblasts, the miolic spindie
i& orienbed along 1he spical basal axds. Numb forms a bassl crescant,
whereas the Insculeable crascend is locatod aphially, In meciloahis
mutants, spindle orlentation and Mumb localization become random
and are na longer coordinated,
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ble fails to localize asymmetrically and is found in the
cytoplasm instead. Thus, direct binding to Bazooka
mediates the asymmetric localization of Inscuteable
and Bazooka and |nscuteable cooperate in translating
epithelial polarity into asymmetry during naurablast
division [Figure 2B].

The events that occur downstream of Inscuteable

are less well understood. In a two-hybrid screen for
Inscuteabls imteracting proteins, we identified the
microtubule binding coiled-coil protein Cornetlo
[Silvia Bulgheresi]. Like Inscuteable, Cornetto localizes
asymmetrically in neuroblasts, Cometto lecalization
Is Inscuteable dependent and the characterization of
comeito mutants will hopefully tell us whether Cor-
netio is involved in Inscuteable dependent spindle
orientation. In addition, we have started a large scale
genetlc screen for mutations affecting asymmetric
cell division [Tibor Térik, Daniela Berdnik]. So far,
we have idantified at least eight new genes that are
required for making certain cell divisions in the
Drosophila nervous system asymmetric. We hope that
the characterization of the corresponding proteins
will help us to understand the molecular machingries
that cells utilize to divide asymmaetricaily.

[A] Localization of Bazooka [gresn, left pansis] and Insculeable [grean, right paneds] in
epithelial cells [asterishe] and newroblasts [srrowheads]. Epithetizl cells express Bazooka,
bud nol Inscuteable, In delaminaling neuroblssts (ton pansls] Barooka and Inscuteable co-
Iocalize in a stalk that i left betind in the epithelial cell layer, In metaphase peurcbiasts
{hottom panss), both proteing co-facalize 21 the apbcal cell cortex. |B) Bazoaka and Inscy-
teabily cooperate to orient neurobiast divisions. Apically localized Baroaka profein [green|
is inherited by delaminating nourchiasts. During delamination, Inscuteabla [red] binds to
Barooka, Both proteins co-locabize at the apical call corlex and duaning mitos:s, Inscuieable
directs spéndli ofentation and asymmatric localimation of Mumb:
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Chromoseme segregation during mitosis and meiosis

The simuitaneous separation of 46 pairs of sister chromatids at the metaphase fo anaphase transition is one of the most

dramatic events of the human cell cycle. Even as long ago as 1879, Flemming noticed that ‘the impetus causing nuclear

threads to split longitudinally acts simulaneously on all of them'’. Chromosome splitting is an irreversible event and

must therefore be highly regulated. Once sister chromatids separale from one another, damage to the genome cannot

easily be repaired using recombination nor can mistakes in chromosome alignment be corrected.

Sister chromatids are puiled to opposite halves of the
cell hy microtubules emanating from spindle poies at
opposite sices of the cell [Fig. 1A]. One set of micro-
tubules interdigitates with others emanating from

the oppesite pole. Their role is to keep {and drive]
the two poles apart. Meanwhile, a second set of micro-
tubules attaches to chromosomes via specialized
structures called kinetochores and pulls them towards
the poles. Sister chromatids segregaie away from
each other because their kinetochores attach to
microtubules emanating from opposite poles.
Chromesomes are not mere passengers during this
process. During metaphase, the tendency of micrs-
tubules to move sisters apart is counteracted hy
cohesion holding sisters together, Cohesion therefore
generates the tension by which cells align sister
chromatids or the metaphase plate. Were sisters to
separate before spindie formation, it is difficult to
imagine how celis could distinguish sisters from
chromatids that were merely homologous. The sudden
loss of cohesion, rather than an increase in the
exertion of microtubules, is thought to trigger sister

separation during anaphase,

What holds sister chromatids together after chromo-
some replication? What is Flemming's impetus that
triggers loss of cohesion? How do cells ensure that
sister separation never occurs before all pairs of
sister chromatids have been aligned on the meta-
phase plate? Such guestions are equally pertinent to
meiosis, where loss of sister chromatid cohesion
within chromosome arms and centromeras must

take place at different times [Fig. 1B].

Genetic and hiochemical studies on the budding yeast
Saccharomyces cerevisiae have identified a multi-sub
unit complex called cohesin that is essential for hoiding
sister chromatids together from DNA replication until
the onset of anaphase [Fig. 2]. A related complex
2xists in human celis [see Peters]. In yeast, cohesin
is loaded onto chromosomes during fate G1 with the
aid of a cohesin loading factor [CLF]. O working
hypothesis is that connections betwesn sister chro-
matids {mediated by cohesin] are established at re-
plication forks with the aid of a protein called Ecolp.
They persist until the onset of anaphase, whersupon
activation of a ‘separin’ protein [Esp1p] induces the
proteolytic cleavage of the Sccip cohesin subunit,
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Chromosome segregation during mitosis and meiosis

which may be the trigger for sister chromatid separa-
tion. Separin is kept inactive from S phase till the
onset of anaphase by its association wilh a securin
protein [Pds1p). The liberation of separin from its
securin Is mediated by a multisubunit ubiquitin pro-
tein ligase called the Anaphase Promoting Complex
or cyclosome [APC/C], which promotes the ubiquiti-
nation and hence proteolysis of securin. We ara cur-
rently studying how CLF mediates the loading of co-
hesin onto chromosomes, whal sort of structures arg
formed during this process, and how these structures
are modified with the help of Ecotp during the
passage of replication forks. We are also trying to
establish whether separin is Ihe protease responsible
for cleaving Sccip and are inulﬁligaiing fo

Sccip cleavage remains tightly cell cycle regulated
in mutants that lack securins.

Loss of sister chromatid cohesion along chromo-
some arms is essential for chromosome segregation
during meiosis |, Meanwhile, however, cohesion bet-
ween sister centromeres persists so that it can later
be used 10 align sisters on the meiosis || metaphase
plate, The different timing of sister chromatid cohe-
sion loss between chromosome arms and centrome-
res is therefore a crucial aspect of meiosis [Fig. 18].
The budding yeast genome encodes a second Sccl-
like protein called Rec8p, which is needed for pre-
venting precocious separation of sister chromatids

during meiosis, Rec8p and other cahesin subunits
are found all aleng the longitudinal axis of chromo-
somes during pachytene. They disappear from chro-
mosome arms during the first meiotic division but
persist in the neighbourhood of centromeres until
metaphase || [Fig.3]. We are currently investigating
whether the removal of Rec8p from chromosomes is
mediated by proteolytic cleavage induced by separin.
We are also imterested in understanding what pre-
vents the removal of Rec8p from sequences close to

centromeres until the second meiotic division,
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RecBp distributed all along chromosomes during
pachytene and persisting at centromeres until the
second melotic division. 27
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Patterning and early morphogenesis of the vertebrate face

The face is one of the mast intricately shaped parts of the vertebrate body and in fiumans it is frequently affected in

congenital malformation syndromes. We are using the mouse and the chick as model organisms fo study how deve-
lopment of this complex structure is regulated during embryogenesis.

Development of the midtacial region begins with the
appearance of the nasal placodes, bilateral ectoder-
mal thickenings at the ventro-iateral sides of the fore-
brain that will give rise to the olfactory epithelium
[Fig.1]. Subsequently, tissue around the nasal placo-
des and the primitive mouth starts to grow out to
form distinct buds, the facial primordia, and conti-
nued outgrowth depends on epithelial mesenchymal
interactions. How the early facial region is patterned
and how the areas of mesenchymal outgrowth are
established is not understood. In particular, it is not
clear what role the surface ectoderm, the nasal pia-
codes and the underlying forebrain play for patter-
ning of the neural crest derived mesenchyme of this
region. We are using the mouse and the chick as ex-
perimental organisms to address these questions -
the chick to study the morphological and molecular
conseguences of micro-surgical manipulations of the
early face in ovo, and the mouse for a genelic ap-
proach towards facial development.

The funclion of the nasal placodes

for facial development

In a saries of transplantation experiments we
demonstrated that the nasal placodes are required
for normal faclal mesenchyme development [Fig.2],
Preliminary data suggests that the nasal placodas may
pattern the facial mesenchyme Indirectly via the induc-

tion of signalling molecules at the boundary between
the placode and the surface ectoderm which in turn
direct mesenchyme development, However, a direcl
interaction of the placode and the underlying mesen-
chyme has not yet been ruled out. To further address
this issue, we are currently studying how placode ab-
lation experiments and other micro-surgical manipula-
tions of the face affect the expression of marker genes.
In addition, we are also studying facial development
in mouse embryos homozygous for a point mutation
in the gene encoding the paired box transcription
factor PaxB which fail to form a nasal placode and
display severe facial abnormalities at later stages.

FGF8 function during facial development

The gene encoding Fibroblast Growth Factor 8
[FGF8] has a complex, dynamic expression pattern
during facial development [Fig. 3]. Embryos in which
this gene has been inactivated in the facial region are
born with severe facial defects. Such embryos dis-
play midfacial clefts and most derivatives of the first
branchial arch are severaly reduced or absent. De-
fects first become morphologically apparent around
E9.0 as a reduction In the size of the facial primordia.
This reduction in size can at least in part be accoun-
ted for by a dramatic Increase in cell death in early
facial mesenchyme in the absence of Fof8 expression
in the overiying surface ectoderm. FGF8 therifore



Figure 1

The nasal placodes [np}. thickenings ol the tacial ectoderm, ane the
first morphologically distint structures to form in the prospeciive
midtacial region. By E10.5, the mesenchyme 2round the picodes
has started o grow out to foam the medsal {ming) and tateral [Inp]
nasal processes and the placodes have now come bo B in shallow
depressians, the nxeal pits [np, the fubere nasal cavities], between
fhe nasal processes

Scanning electron micrographs of the facial
region of mouse embryos at E9.5 and E10.5

Figure 2

Top: Top view of the beak of a chick embryo after surgical ramansal
ol the right nasal placode 21 an early slage of development.

Mote that on the aperated sids {arrow] a variety of skelefsl elemants
ané missing

Bottom: Remowval of ectoderm between the two nasal placodes does
not affect skeletal development.

Ablation of the naszal placode
affects development of the facial skeleton

Figure 3

Expression pattern of Fgf8 in mouse embryos at ES.5 and E10.5

seems to act as a survival factor for early facial me-

senchyme. In addition, patterning in the remaining
lissue is atfected as judged by the analysis of the ex-
pression of a small set of marker genes. A detalled
phenotypic and molecular analysis of these mutants
i5 in progress and will help to better define the func-
tion of Fgfé for patterning of the facial mesenchyme.

Identification of genes transcriptionally regula-
fed in facial mesenchyme in response lo FGF
signalling

In order to understand how FGFS contrals develop-
ment of the facial mesenchyme, it is essential to
identify the genes induced or repressed in response
to FGFB signalling. We are using an # vitro explant
culture system in which facial mesenchyme is cullure
in contact with facial ectoderm, in isolation or in
contact with polymeric beads soaked in FGFB protein
to identify such genes. Using a candidate approach,
we have 5o far shown that the expression of the tran-
scription factors Pax3, Thx2, Emn and Pead in facial
mesenchyme requires signals from the overlying ec-
toderm and that FGFS protein is sufficient for induc-
tion of their expression. To systematically screen for
genes regulated by FGF signalling, we will use facial
mesenchyme cultured in the presence or absence of
FGFB as starting material to generate a subtracted
library enriched for such genes. This library will then
be used to generate a customized DNA micro-array,
which will be probed with cONA derived from mesen-
chyma cultured with or without FGF8.
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Regulation of mifosis by the anaphase-promoting compiex

The propagation of genetic information during cell profiferation requires the accurate replication and subseguent

segregation of chromosomal DNA. Both these events are controlled by ubiquitin-dependent proteoiysis,

a requiatory mechanism that is ideally suited to generate directionalily in the celf cycle due to its irreversible nature.

We are studying how ubiquitin-dependent proteolysis mediated by the anaphase-promoting complex controls

the separation of sister chromatids in anaphase and the subsequent exit from mitosis in vertebrate cells.

The initiation of sister chromatid separation at the
metaphase-anaphase transition is a "point of no return’
during the eukaryotic cell cycle. High fidelity and pro-
per timing of this event are essential to ensure equa
segregation of the duplicated genome to the forming
daughter celis and are thus required to maintain '
genomic stability during cell proliferation. Defects in
sister chromatic separation can cause aneuploidy
and may therefore confribute to human diseases
stch as gongenita: trisomies and cancer.

The segregation of replicated DNA during mitosis

is achisved by the formation of a mitotic spindle
apparatus with bilateral symmetry. This apparatus
can only be formed if duplicated DNA molecules
['sisters'] are physically held together foliowing repti-
cation, a phenomenon called sister chromatid cohesion.
To allow the separation of sisters in anaphase,
cohesion needs to be dissolved. Recent evidence
suggests that in eukaryotes from yeast to man this
nrocess is initiated by activation of & multi-subunit
ubiguitination complex called the anaphase-promo-
ting complex JAPC] or cyctosome. We first discovered
tha APC as the eeli cycle regulated component of an

enzymatic pathway that ubiquitinates cyclin B at the
end of mitosis and thus fargets this protein for de-
struction by the 265 proteasome. Subsequenily, the
APC has also been found to ubiguitinate numerous
other mitotic proteins, including protein kinases,
spindle proteins and inhibitors of DNA replication.
However, how the APC catalyzes the assembly of
poly-ubiquitin chains en substrate proteins, how its
activity is regulated during the cell cycle and how its
activation initiates the separation of sister chromatids
is litile understood. We are using Xenopus eggs and
human cells to address these questions hy blochemi-

cal, motecular and cytologic approaches.

The vertebrate APG is composed of eleven subunits
that are pari of the complex throughout the cell
cyele, whereas two activator proteins, called CDC20
and CDH1, bind to the APC in a celi cycle-regulated
manner. Genetic and biochemical data suggest that
the ordered activation of the APC by CDC20 in meta-
phase and by CDH1 in telophase is essentiai for ana-
phase and for exit fram mitosis, respectively. We

have recently shown that CDC20 can only hind to the



Figure 1
Micrograph of a human cell in prometaphase. At this stage of
mitasis the chromasomes [in (ha loft panel] ane condensing to
alipw subsequent separation of thedr sister chromatids in anaphase
Thie APC activator protein COC20 [stalned in the right panel] & party
soluble [seen 25 3 diffuse background staining] and partly associa-
ted with kingtochores [seen as pairs of dols], the structures on
sister chromatids that well be caplured by spindle microtubules untsl
metaphase. Why COCHD associates with kinetochores is nol under-
shood, hut an migresting possitdity is that s association with thesa
strisclures |s requined Lo monior the binding of microlubules to
kingtochores. Earlier work has shown that APG and GO0 can only
initiate anaphase once ihe wo kinetochores of every chromaosome
i the mibatic ced are attached i microlububes emanating fram ihe
two differant spindle poles. This spintdts assembly checkpoinl
mechanism helps 1o avord the missegregation of sister cheomatids
that could result from premature anaphase initation, Micrograph by
B, Peters and E. Kramer.

Figure 2

Ubigutin-gdependent proteclysis maedated by the APC reguiztes two
importan transitions in mitosks. Anaphase nibitors such as secarin
nead o be degraded to iniliale the separation of sister chromatids a1
the medaphase-anaphase transition, Dest'rumluu of cyclin B by ihe
same pathway i an imporiant mechanisim thal helps 1o inaclvate
the profein kinase COC2. Inactivation of this kinase i5 essential for
torming dawghiter ceits bo exit from mitess into the subsequent infer-
phass, One of two activator prodeins, calied COC20 and CDHY, has
to assaciale with the APC to activate these whiguilination reactions.
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APC once the complex has been phosphorylated by
mitotic kinases which explaing wihy the activily of
APCECEE0 15 restrictad to mitotic cells. In contrast,

the interaction of COH1 with the APG is inhibited by
phosphorylation of COH1 during the & and G2 phase
and most of the mitosis, restricting the existence of
APCCoH complexes to G1 where COH1 is not phos-
phorylated. The antagonistic effects of phosphaorylation
reactions on APCEPS0 and APCE help to explain
the temporal order of APC activation by COC20 and
COH1 and may ensure that exit from mitosis is not
initiated befora anaphase has occurred.

We discovered recently that APGEO™ does not only
exist in proliferating cells but also in differentiated
cells such as postmitotic neurons. This observation
raises the unexpected possibility that the functions of
APCES may not be restricted to controlling the cell
cycle but that the APC may aiso ubiguitinate vet
unknown substrates in dilferentiated cells.

Ta initiate the separation of sister chromalids, the
APC has to ubiguitinate an inhibitor of anaphass, cal-
led securin, I yeast, securin proteoclysis attivales a
pathway that initiates sister separation by removing
cohesion proteins [cohesins] from chromosomes, thus
liberating sister chromatids for poleward movement
in anaphase. A 145 complex conltzining homologues
ol yeast cohesins also exisis in Xenopus but, unlike in
yeast, this complex dissociates from chromatin in pro-
phase, long before sisters separate. In vertabrates,

it is therefore not known how sister chromatids are
held together between pro- and anaphase, and it is
dlso not known whether the solubilization of cohesing
in prophase depends on activation of the APC, as it
does in yeast. We have recently shown that the dis-
sociation of vertebrate cohesins from chromatin in
prophase does not depend on the APG, and in the
fulure we want to identify the pathway that is respon-
sible for this event. We would further like to identify
proteins that maintain sister chromatid cohesion

between pro- and anaphase and want to study if and

how these proteins are regulated by the APC pathway. 31
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Gene function in mammalian development and oncogenesis

The mouse is used as a model organism for the analysis of gene function in normal and pathological development.
One major focus is the analysis of AP-1 proteins such as Fos and Jun and their role as regulators of proliferation,

differentiation and cell death. Furthermore, we are aiming to define the specific function of VEGF/FIk-1 receptor

signalling in bone and endothelial cells.

Fos proteins in bone cell difterentiation

c-Fos is a key regulator of bone development. Trans-
genic mice expressing exogenous Fos develop bone
tumors, whereas mice lacking c-Fos are osteopetrotic
due to a differentiation block in bong resorbing osteo-
clasts. We are interested in the molecular mechanisms
by which c-Fos and its related protein Fra-1, which is
essential for mouse development, control oslepclast
differentiation. Fra-1, a c-Fos target gene is a potent
inducer of osteoclast differentiation and transgenic
mice overexpressing Fra-1 develop the bone disease
osteosclerosis due to increased bone formation [Fig. 1).
These systems are being used to identify c-Fos and
Fra-1 target genes during bone cell differentiation.
c-Jun and Jun kinases controlling cell differen-
liation, proliferation and apoptosis

To overcome the embryonic lethality of e-fun knock-
out mice and to analyze the function of e-Jun at latar
stages of development, we have used the creloxP re-
combination system to investigate the role of c-Jun
in hepatocytes and chondrotytes. Deletion of c-fun in
the liver of adult mice revealed that c-Jun is dispens-

able far postnatal liver function, but is essential for liver

regeneration. Chondrocyte-specific inactivation of the
floxed c-un allele using a collagen2a-cre transgene
results in severe scoliosis caused by failure of inter-
vertebral disc formation and abnormal vertebral arch

development, suggesting that c-Jun is a novel regu-
lator of skierotomal differentiation.

An important mechanism regulating c-Jun activity is
phosphorylation of c-Jun at serine 63 and 73 within
its N-terminus [JNP] by the c-Jun amino-terminal
kinases [JNKs]. To study the function of JNK signal-
ling in vivo, we have generated null mulations in the
jnk1 and jnk2 genes [in collaboration with M. Karin]
and mice carrying a ejun allele mutated in the JNK
phosphoacceptor sites [lunAAL Jnk1+%, jnk2-~ and
junAA mice are healthy and fertile, but the absence of
jnk1 and JNP results in growth retardation and fibro-
biasts from these mice show proliferation defects.
Jnk1- jnk2+/~ double mutants develop brain defects
due to deregulated apoptosis [Fig. 2] and jnk2+- and
jundA thymocytes are resistant to CD3-induced apop-
tosis. Mareover, Jnk1 and ¢-Jun phosphorylation ap-
pear to be required for efficient osteoclast differentia-
fion. Therefore, JNK signatling and JNP differentially
regulate cell proliferation, differentiation and apop-
tosis in diffarent biological processes.

JunB - a negative reguiator of cell proliferation
and differentiation

JunB plays a key rale in mouse development singe
fetuses lacking JunB die during embryoganesis. In
contrast, constitutive JunB overexpression in trans-
genic mice does nol lead to an obvious phenotype.



Figure 1

wikd-type Iransgenic

Figure 1: Fra-1 causes osteosclerosis due to
increased bone formation in transgenic mice

Figura 2: JNK-1 and JNK-2 ﬂre_ﬁssentiﬂl for
requlated apoptosis in the developing hindbrain
[apoptotic cells are labelled in yellow]

Figure 3

Splenomegaly and
increased myeloid cell
differentiation in

junB -/~ JunB
transgenic mice

coniml mutant

However, fibroblasts derived from these mice exhibit
a strong proliferation defect. We recently demonstra-
ted that JunB suppresses 1ihmpla§t proliferation by
transcriptional activation of the I[JIZH': inhibitor p16/NK4a
and may therefore act as a lumor suppressor gene.
Further support for a lumor suppressor function of
JunB stems from findings that the absence of JunB
in the myeloid lineage leads to the development of
chronic myeleld leukemia resembling the human
disease [Figure 3]. Present studies aim to define

the molecular mechanisms by which JunB controls
rmiyeloid cell profiferation and differentiation,

Blood vessel development and vascular tumors
A conditional allele of the endothelial-specific growth
tactor receptor FIk-1 known to be essential for endo-
thelial cell formation was generated to test whether
Flk=1 is essential for the action of PymT oncogene,

PymT transforms endothellal cells and causes vascu-

Figure 2
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far tumors, We found that PymT can functionally re-
place Flk-1 and endothelial cells can be formed in its
absence in wiro. Present studies address the role of
Fik-=1 in lumor angiogenesis and we will determing
whether the cytoplasmic tyrosing kinase Fps/Fes that
potentially acts downstream of VEGF signalling can
elicit similar tumars in the absence of Fk-1.

The functional importance of VEGF-A expression in
developing chondrogenic tissues is being analyzed
with a conditional VEGF-A allele using collagen2al-Cre
transgenic lines. Deletion of a single VEGF-A allele
results in embryonic lethality [at E10.5] characterized
by the aberrant developrment of the dorsal aorta and
intersomatic blood vessels along with defects in the
heart. Surviving E17.5 mutant mice show aberrant
endochondral bone formation and develop a heart
phenotype resembling a dilated form of ischemic

cardiomyopathy.
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Gotthold SCHAFFNER | Scientist

Elisabeth AIGNER | Technician

Herbert AUER | Technician il October)

Ivan BOTTO | Technician

Markus HOHL | Technician fsince Octoberd

Karl MECHTLER | Technician

Gabriele BOTTO | Technician Media Kitchen
Christa CZAPKA | Technician Media Kitchen

The Service Department offers a vanely of high quality and rapid services to IMP scientists. The majority of our effort

involves DNA sequencing, ofigonucleotide synihesis and peplide synthesis.

Our Media Kitchen staff prepare substantial quantities
of reagent quality solutions and media for cell culture,
flies and worms, We also prepare many selected
reagents such as DNA molecular weight markers,
enzymes and a variety of transformation-competent
E.coli strains and maintain a stock of cloning vectors,
primers and other cloning reagents.

Oligonucleotide synthesis

We started in 1988 with about 500 DNA oligonuclent-
ides and last year prepared approximately 3650 with
an average size of 25 bases. During the first @ months
of 1999 we produced more than 4200 oligos, an Increase
of almaost 100% compared to 1997, In order to mest
the demands for PCR oligos [25 to 40 bases] and
long oligos [70 bases] for mutation/gene disruption

experiments, we investad in an additional Oliogosyn-
ihesizer [PerSeptive Expedite].

Peplide synthesis, prolein sequencing by

mass spectroscopy and monoclonal antibodies
Synthetic peptides are still of great importance to
IMP research activities. This wear we synthesized a
great variety of oligopeptides, mainly coupled to PEG
or KLH ftar immunization purposes. The production
of monoclonal antibodies in collaboration with IMP
groups is of increasing importance and needs mora
of our capacity. We also continued, 1o a lesser extent,
to isolate and HPLG-purify monoclonal antibadies
from established hybridoma cell lines. In the spring we
started lo sequence proteins isolated from Coomassie
stained gels with the Electro-filanospray Mass Spec
aquipment we have been using for quality control of
synthesized peptides. Mass Spec has become a
standard method for identifying unknown proteins.
Sequencing and DNA isolation

With the two ABI PRISM 377 DNA sequencers, we
sequenced approximately 12000 samples in the first
8 manths of this year [an increase of more than 50%
as compared to 1998] with an average reading length
of 700-800 base pairs for ‘good’ DNA. Sequencing of
BACS and other artificial chromosomes s now esta-
biished. We are saving fime by using an easy and fast
clean-up protocol using small Sephadex columns on
O6-well microtiter plate format, The protocol is readiy
adaptable to our rabotic system,

Figure 1

A sequencing run on ARBL 377 PRISM and number of reactions dong
with dye degwy terminatosrs [scale 0 1o 20°000] from 1992 to 1509,



Karin PAIHA | Technician

BioOptics at the IMP
The BioOptics Department offers a wide vaniely of services in the field of microscopy, image processing/analysis

Peter STEINLEIN | Staff Scientist

and flow cytometry. The major goal of the department is the development and implementation of new technologies in

close collaboration with [he research groups at the IMF.

Microscopy

To meet the constantly increasing demand for advanced
microscopy, both equipment and services have been
improved. Together with N. Wick [Group Huber], time
lapse video microscopy of living cells over extended
periods of time [>4 days] has been implementad.

This technigue can be combined with microinjection
of fluorescent probes or expression plasmids coding
for fluorescent proteins and allows tracking of living
cells in different experimental settings.

In collaboration with M. Glotzer and W. Wunderlich
|Groups Glotzer and Huber, respectively], time lapse
Imaging of arganelle movement and cytokinesis in
living cells expressing GFP-fusion proteins. using a
high performance, intensified CCD-camera was esta-
blished. This setup enables us o rpunilur fasl intra-
cellular processes with extremely high sensitivity.

The Confocal Laser Scanning Micrascope [CLSM) was
equipped with a near-infrared, pulsed laser enabling
the visualization of UN-excitable dyes and GFP, using
multiphoton-excitation. Thus, laser-scanning micros-
copy of living cells stained with supravital dyes or
expressing BFP and its fusion proteins is now possible
without UV-Induced damage to the cells.

Figure 1

0. melanogaster pholoreceplor Roons innenvating e optic lobes of a 3 irslar larvas.
Late axons are labeled by mAb 24810 [red], pofar axons are iabelad by an andi-LacZ
antibody directed against an omib-enhancer irap driving lac? [green]. A 64-plane
imape siack was taken using a Leica TGS NT conlocal laser scanfing microscopa,
ohjecihve magnification was 200, The fotal dimensions are S00CS0023pm, [A]
shiowrs a shadow proction of the 30 reconstiuction; |B] shows e extended loous
peojection and [C] a tatéral cross-section of the optic kobes. The images were pro-
ceszad using imaris 2.7 [Baplane, CHJ. [Primary data by T. Newssome, Group Dicksan]

Image processing/analysis

image processing of both CLSM and widefield images
has become a standard application over the past year.
Deconvolution, analysis of co-localization, and 30 re-
construction of volume stacks are now performed on
a routine basis. Currently, an image dalabase system
for many types of image data is bemng set up thus
allowing efficient management of primary image data
and processad images.

Flow Cytometry

During the past vear, the demand for flow cytometric
applications continued to increase. Single cell sorfing
for either further cultivation of cells or for anakysis by
single cell PCR and organelle sorting [Fluorescence
activated organelle sorting, FADS] has been establis-
fed as a routine technigue.
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Animal house

The animal house provides technical support for the
various research groups. It is divided into three main
areas and contains the following species: mice, chicken
and Xenopus. The largest and still expanding area

is the mouse section. To cope with the increasing
demand during the past two years the animal house
has been refurbished and expanded [completion of
the annex, adaption of existing rooms into mouse
rooms]. By the and of this year refurbishment of the
last room will be finished. The animal house will then
hold more than 10,000 mice. Breeding colonies,
stock and experimental animals are maintained by
the animal house staff, They include transgenic and
knock-out mouse lines. To provide a constant supply
of mice for the various projects, 21 standard strains
are routinely bred In-house. In addition, eighty eggs
are produced each week from our ‘closed-colony’
chicken fiocks.

The animal house staff also parform technical proce-
dures for the research groups, such as collection of
blood, implantation of tumors and administration of
substances by various routes, e.g. intravenous, intra-
peritoneal and subcutanous injections. All proce-
dures are performed to a high standard under appro-
priate anaesthetic regime and in conjunction with the
necessary project licenses.

The following groups benefit most from the animal
house services:

Mouse studies; Hartmut Beug, Meinrad Busslinger,
Gerhard Christofori, Lukas Huber, Thomas Jenuwein,
Kim Nasmyth, Annetie Neublser and Erwin Wagner,
service depariment, mouse service department.

» Ghicken studies: Harimut Beug and Annetie Neubiser.

Xenopus studies: Jan Peters.

Drosophila studies: Barry Dickson and Jirgen Knoblich.

Beata BALUCINSKA | Technician
Mijo DEZIC | Technician
Erlka KILIGAN | Technician. on matemity leave Esther ZWICKELSDORFER | Technician

Andreas BICHL | Head, Veterinarian
Erwin F. WAGNER | Scientific Coordinator

Norma HOWELLS | Consultant

Dominik MAYR | Technician
Svetlana PEKEZ | Technician
Katja STEPANEK | Technician

Hans-Christian THEUSSL | Technician

Mouse service department

The Mouse Service Department was set up al the be-
ginning of 1998 to cope with the increasing demand
for mouse studies and generation of transgenics.
The main duties of this service unit ara the injection of
ES cells into blastocysts [also tetraploid] and of DNA
into the pronucieus of fertilized mouse eggs. This
service also provides the transter of ‘clean’ embryos
into owur animal house, the freezing of embryos for
preservation of specified mouse steaing and the tea-
ching of basic embryological techniques to the IMP
staff. During this year initial experiments for freezing
mouse sperm were performed and a mouse strain
data base is being generated, About 30 different ES
cell clones and several DNA constructs are being
successiully injected per year, mainly for the groups
of Meinrad Busslinger, Gerhard Christofori, Thomas
Jenuwein and Erwin Wagner. The activities of this de-
partment are governed by an Animal User Committee,
which meets monthly to set priorities and coordinate
the dities. At present it is chaired by Erwin Wagner.



Members of the Scientific Advisory Board

Frof. Michae! Bishop
Dept. of Microbiology and Immunalogy, Univ, of California, San Francisco

Prof. Nick Hastie
MAC Human Genetics Unit, Western General Hospital, Edinburgh

Prof. Tim Hunf
IGRF Clare Hall Labaratories, Sauth Mimms

Prof. Herbert Jackla
MP1 filr BiophystkaBsche Chemie, Gittingen

Prof. Dawvid Lane
Dept. of Biochamistry, Unlv. of Dundee

Prof. Martin Raff
MAC Laboratory for Molecukar Cell Bialagy, University College London

Prof. Janet Rossant
Samued Lunenfeld Research Instiute, Toromto

Prof. Peter Swetly
Boehringer Ingelheir Austria, Vienna

Frof. Bermd Wetzel i :].
Boehringer Ingefheim GmbH, Ingelheim

The Scientific Advisory Board
The SAB consists of Internationally recognized scientists who are aclive in basic medical and biological research.

They meet once a year and, tugetpar with the IMP scientists, discuss the quality and the significance of research ) -
findings as well as the main focus of future work at the IMP. 4 -
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First time visitors to the IMP invariably notice two things: how young and how international

the institute feels. Both factors don't come about by chance. By assigning temporary contracts,
the IMP assures a high turnover rate among its scientific staff and a constant influx of new ideas.
Even group feaders are only hired on a 5-year basis, with the option to extend their stay for a
further three vears after positive review by the SAB.

The multi-culiural character of the institute — 25 nations are represented at the IMP — is

mainly due to the large number of students from all contingnts. Every autumn, an international
PhD Program is advertised in a leading journal, prompting a large number of applications.
Faliowing a tough selection process and a round of interviews, approximately 10 1o 15 students
are admitted to the program each vear, The PhD Program is carried out jointly with the
University of Vienna, which has had close ties with the IMP right from the start. Since 1992,
five institutes of the Faculties of Science and Medicine have been located In a neighbouring
bullding. Together with the IMP, they constitute the 'Vienna Bio Center’, which has become a
recognized center of excellence in the biological sciences and something of a role model for
other academic institutions in Austria. By bringing the two institutions together, a ‘critical mass'
of resources has been generated which has led to a number of further spin-off projects. Among
them is "Intercell’, a young and ambitious company inftiated by Max Birnstiel and focused on
innovative vaccine development,

With support from the city of Vienna, the IMP's neighourhood is gradually being developed into
a hiotech campus, combining university- and industry-based inslitutes, start-up companies
and a new branch of the Austrian Academy of Sciences. The 'Institute for Molecular and
Gellular Biginformatics [IMBA]' will be set up next door and connected to the IMP. It will refiect
the IMP's structure and complament its research. The two units will collaborate under the
provisional name 'IMP/AIMBA Genome Research Cenler.




Interaction and communication are key elements in building success-

ful rasearch structures. They are strongly encouraged, both on an
informal basis and as organized events. On the social side, employees
meet over lunch at the IMP's cafeteria, relax at monthly "beer hours’,
join forces as a soccer team or on volleyball nights, enjoy occasional
parties in 'Jog's disco’ and organize lab-outings to the countryside.
On the scientific catendar, the "IMP Spring Conference’ ranks among
the top events of the year. In 2000, it will take place from May 11-13
under the title "From Development to Molecular Medicing.
Throughout the year, the IMP hosts a series ol "Thursday seminars’
and ‘Impromptu seminars’ where top-ranking scientists are invited
1o lecture on their latest findings. These seminars generate hively
interactions as well as introduce the IMP scientists to other fields

of research,

Students have organized their own weekly journal club; they are
expected to present their work annually to their colleagues at one

of the regular Monday seminars and are encouraged to participate

in international conferences. Students’ progress is monitored by a
PhD committes which meets annually. Upon graduation, they receive
their PhD degree from the University of Vienna, Equipped with an
excellent research background, close contacts to the scientific com-
munity and first publications in internationally recognized journals,
most of those who leave the IMP don't find it hard to move up to the
next step in their career, although they might find It hard to part with

colleagues who have become frignds.
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About 500 sclentists attended the 10th IMP Spring
Conference in May 1999, This year's presentations
focused on "The Cell Biology of Cell Division”,

The conference was ance again heid at the Imperial
Palace in the heart of the city, a venue favoured by

most visitors for its beauty and central location,

In July, Kim Nasmyth's outstanding research on the
regulation of cell division was recognized by the awarding
of the Wittgenstein Prize, Austria's premier scientific
hanor. Austria's Minister of Science Caspar Einem and
Federal Ghancellor Viktor Klima were amaong the first

to congratulate him.

A new type of coltaboration s being established between
the IMP/Boehringer Ingetheim and the Austrian Academy
of Sciences. Following months of intense negotiations,

a contract was formally signed on September 29 which
paved the way for the new ‘Institute for Molecular and
Cellular Bioinformatics’.

Nobel laureate Michael Bishop, who had been a member
of the SAB for 7 years, retired from this position in 1998,
His advice and experience had considerably heiped to shape
the institute's structure and its role within the scientific
landscape. On his farewell in October, he received a high
distinction from the Ministry of Science, the 'Osterreich-
isches Ehrenkreuz fiir Wissenschaft und Kunst 1. Klasse'.



At the IMP fancydress parly, the creativity and hidden
artistic talents of the institute’s employees are challenged.

The IMP skiing-trip, now an annual event, is a highlight
for all employess who take time out to enjoy the slopes,
cross-country skilng or leisurely walks in the snow,

An enthusiasm for the mountains seems 1o unite most
scientists at the IMP. Could it be that the nearby Austrian
Alps add to the IMP's attraction?

Once a year, the young and the very young get together
to celebrate. Al the IMP kids® Christmas party, the main
tecture hall is turned upside down, Children and parents
are then in for a few surprises. A well kept secret: who

will play Santa Claus this year?
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