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The past year has been yet another remarkable one for the IMP. Qur science has undoubladly now moved
into a yet higher gear; major discoveries were made at the IMP in the areas of chromalin biology, chromo-
some segregation, neuronal guidance and slem cell Blolegy:

Chir success in recruiting young leadsars of the highest quality and potential was confirmed by the fact that
EMBO selected four IMP group feaders for its newly estabiished Young investigator Programme. [n add-
ffom, Jan-Michae! Peters was awarded both the Ausinian Novartis Prize and the Roche Prize for cell biology
2001. This year's Wittgenstein Prize (the highest and most generously endowed Austrian award for science)
went fo Meinrad Busslinger, who was he third IMP recipient of the award in 6 years. Speaking of prizes, we
are very proud and happy thal Tim Hunt, who has been a member of our Scientific Advisory Board for the
past seven years, was awarded this year's Nobel Prize in Physiology & Medicing for his discovery of cye-
fins.

In & successiul search for new young group leaders we were fortimate to be able to recruit Christing
Hartmann from Harvard and Anton Wulz from Ihe Whitehead Insfitute. Both Christing and Anton have now
armived and taken up their work al the IMP. In the course of this fum-around phase, Gerard Christolor left
the IMP for the University of Basel, where he has faken a Chair in Biochemistry, We wish him afl the best
wilh this new and challenging posilion.

The IMP's support services continue fo be one of our greatest strengihs: micro arrays are now well under-
way and, together with the other established scientific support facilifies, we are abla fo provide a lantastic
range of core services for IMP research groups. The Biolnformatics Department continues lo make major
contributions fo ressarch af the IMP and it is our greal hope that we will soon be able fo make Structural
Biology an infegral part of our research enviranment.

i
Everyona al the IME, from Diploma Student through fo Groug Leader, including all of our fantastic support
stall, should be immensely proud of the excellent research to which each and every one of them has coniri-
buted. Maintaining the present standard is going to be our greatest challenge for the future!

*

Kim Nasmyth
December 2001
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Developmental plasticity and its deregulation in oncogenesis

Distinct families of oncogenes and tumor suppressor genes stimulate proliferation/renewal and inhibit differentiation/

apoplosis of primitive progenitor cells in experimental systems analysed by our group (evythroleuxemia and breast

carcinoma). Interestingly, unmutated genes of these families involved in neoplasia regulate normal processes, ie. ax-

pansion of erythroid progenitors during stress or disease and epithelial/ mesenchymal transitions during embryonic

davelopment and wound healing,

Stress-induced alteration of proliferalion control
in hematopoietic progenitors: a process impor-
lant in leukemogenesis.

Renewal (proliferation without differentiation) in he-
matopoietic progenitors can be regulated by the co-
operation of plasma membrane- and nuclear recep-
tors, such as receptor tyrosine kinases (RTKs) and
cytokine receplors synergizing with class 1l nuclear
receptors (NRs, steroid-, thyroid / retinoid acid re-
ceptors). Mutated RTKs, NRs and downstream tran-
scriptional regulators function as oncoproteins in
avian, murine and human leukemias, Stress erythro-
poiesis caused by anemiafhypoxia involves excessive
renewal of spleen erythroid progenitors in vive, dni-
wen by elevated erythropoietin (Epo) and glucocorti-
coid receptor (GR) ligands. This is mimicked in vifro
by sustained proliferation of primary murine and
human erythroblasts in response 1o activation of the
Epo receptor by Epo, of the RTK c-Kit by stem cell
factor/SCF and GR activation by dexamethasone/Dex.
Erythroblast renewal requires signal transduction via
Stat5 (EpoR driven) and PI3K (c-Kit-driven), shown
in‘narmal wk and Stats -/~ erythroid progenitors and
by specific low MW inhibitors. The oncogene v-ErbB
and the epidermal growth factor receptor activate
both Stats and PI3K on their own. Thus leukemic on-
cogenes utilize the same signalling pathways as em-
ployed by normal receptors regulating stress

erythropoiesis. During differentiation, Epo upregula-
tes the antiapopiotic effector Bel-X,. Exogenous éx-
pression of Bel-Xy in primary mouse erythroblasts al-
lows terminal differentiation in the complele absence
of Epofinsulin, showing that erythreid differentiation
is a default programme if the cells are protected from
apoptosis by Epo via Bel-X (Fip.1).

Current research activities invalve: polysome-bound
mRNA profiling on Affymetrix chips, focussing on
Epo/SCF induced genes and their modulation by GR
activation, and genes regulated during terminal diffe-
rentiation. About 20% of these genes were exclusive-
Iy regulated by translational control. Within an EU
network, we also analyse the EpoRic-Kit signalo-
some, using receptor-activating magnetic beads.
Finally, multipotent muring progenitors (expanded in
specific cytokinehormone mixes) are used to ana-
lyse leukemia oncogenes (v-Ski, MLL/ENL) coopera-
ting with c-Kit, as well as potential hematopoigtic
commitment/differentiation defects in mice lacking
the histone methyitransferases SUV3SHT and 2

Signal transduction by the TGF-receptor: requi-
red tor tumaer cell invasiveness and metastasis
During carcinoma progression, epithelial cells lose
their polarity required for the protective barrier func-
tion of epithelia. We identified epithelial-mesenchy-
mal transition (EMT) a5 an Jn vitro correlate of local
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Figiere 1: Erythrold diflénéntiation |s a detaull programms @ cells

prodectod liom spaplosls by e Epd tanget gene BelXL.

Prameary erytheokd progemstars ppreguiate the antiapoplotic protein BelX, ma
sirictly Epo-dependent fashion, it Beld, is expressed in priemary mouse fetal
liver erytihroblasts wia retroviral vectore, (he cells terminally ditferentiale in
i compilete absence of Epafinsulin, using-a fully defined mediem plus Epg-
neulealizing antibady io mle cul unkiown seramdprobein factors and an au-
tocring Epo loop (lop left). »>75% enuclealed rod célls ang fsrmed (fop right,
e arrews, ruciel afer enucleation, gresn arrowheads), Duanitative evaloa-
fioh of cytesgins (battom) shows that Bel-X sxpressing cells without any fac-
tors differentiate equally well as control cells phus Epo under oplimal condi-
fieis (Serum)

invasion and metastasis, During EMT, cells acquire
mesenchymal charactistics and become metastatic,

a process also occurring during embryogenesis,
tissue remodelling, inflammation and wound healing,
In fully polarized mammary epithelial cells, EMT is
caused by cooperation of oncogenic Ras with endo-
genous transforming growth factor ( receptor
(TGFR R). This cooperation prolects the cells from
TGFp-induced cell cycle arrest and apoptosis, causes
transcriptional loss of epithelial markers plus de
novo expression of mesenchymal markers and in-
duces a TGFB-autocrine loop stabilizing the EMT
phenctype. Using Ras effector mutants signalling,
preferabely via the MAPK- and PI3K pathways, as
well as specific Mek1- or PI3K ifhibitors, coopera-
tion of a hyper-active MAPK pathway with TG sig-
nalling was shown to be required for EMT i wivo and
metastasis, while PI3K- plus TGF signalling caused
enhanced proliferation, reversible induction of a me-
senchymal phenotype without gene exprassion chan-
ges (vscattering=) and tumars, but not metastasis.
We performed polysome-bound mRNA profiling of
multiple EpHd-based cell pairs showing EMT with or
without metastasis, scattering plus or minus lumors
or apoptosis protection. Cluster analysis identified
small groups of genes typical for EMT/metastasis,

no factors

+TGF B

scattering or Ras oncogene function, identifying sig-
nalling pathways, transcription factors, tumor sup-
pressors and enzymes relevant for these processes.
Functional characterization of one upregulated path-
way revealed that TGFR induces a PDGF-PDGFR
autocring loop playing distingt, essential roles in the
induction and malntenance of EMT. (Fig 2).

no antibody newtr. a-PDGF

74.3% Tunbl, =

B.9% Tunel

Fig 2. TGFf-inticed PDGF auloering loop required 1o protect EpRas
[nom apoptosis during EMT. EpRas cefls form hollow structures in
collagen gets (lop lell, shadowed arrows). but are indoced 10 under-
o EBT in response to TGRS, fonming wnordered structimes of
mesenchymal-Eke cells invading the gl (ballom lal, simpls arrows),
Meutralizing POGF antibodies (neutr. o-POGF) akone have no elfect
{top right), bul casse massia apopiosss {TUNEL-pesitive, apoptotic
nuchel marked by green arcowheads) in ibe presénce of TGFR (bottarn
ledty

Gurrent research activities include expression profi-
ling of epithelial cells in which we reconstituted indu-
cible Ras signalling by coexpression of a ligand-indu-
cible Raf-ER plus 3 P13K-specific Ras effector
mutant, suitable for kingtic analysis of EMT-reguiated
gene expression. We also investigate the role of
TGFf A signalling In EMT, focussing on the role of
SMADZ and SMAD3 in EMT, in combination with
Mek/MAFRK signalling, Since this pathway does not
inhibit nuclear translocation of Smads, as claimed

by others, we focus on transcriptional complexes
assembled by Smads, possible modulation of such
transcription factor complexes by Mek/MAFK signal-
ling and cooperation of Smads with B-catenin/Wint
signalling through interaction with TCF/LEF1.

Contact: beug@nt imp.univie.ac.at
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Stem cell commitment in hematopoiesis and organogenesis

Tissue-restricted stem cells give rise fo the different cell types of an organ by undergoing commitment fo and subse-

quent differentiation along distint lineages. By using a combination of mouse transgenic, cell biological and mofecu-

lar approaches, we investigate the mechanisms by which the paired box-containing transcription factors of the Pax

protein family control the commitment processes invalved in B cell, kidney and midbrain development.

Hematopoiesis

A fundamental question in hematopoiesis is how
stem celis and early progenitors become committed
to a single developmental pathway and then differen-
tiate into mature cell types of the selected lineage.

By analyzing the transcription factor Pax5, we have
gained insight into the molecular mechanisms con-
trolling commitment to the B-lymphoid lineage. Paxs
is essential for the progression of B cell development
beyond an early progenitor {pro-B) cell staga. Surpri-
singly, Pax5-deficient pro-B cells are uncommitted
hematopoietic progenitor celis, as they can still deve-
lop into natural killer (NK) celis, T-lymphocytes and
various myeloid cell types (Figure 1), B cell develop-
ment is, however, only observed upon retroviral re-
storation of Pax5 expression. These experiments
identified Pax5 as the B-lineage commitmant factor,
which resiricts the developmental potential of proge-
nitor cells to the B cell pathway. Conditional gene in-
activation demonstrated that Pax5 expression is con-
tinuously required to maintain B-lineage commitment
in early B cell development and to control the identity
of mature B cells in late B-lymphopolesis. At the
molecular level, Pax5 fulfils a dual role by activating
the expression of B-cell-specitic genes and by re-
pressing the transcription of lineage-inappropriate

genes. To systematically analyze the transcriptional
function of Pax5, we have screaned a pro-B cell
cDMA microarray to identify novel Pax5 target genes
(Figure 2). Using transgenic approaches, we have
mapped the B-cell-speciflic enhancer of Pax5, whose
analysis will identify the spstream regulators of this
gene. Finally, precocious expression of Pax5 in he-
matopoietic stern cells and progenitors results in a
massive increase of B cell development at the éx-
pense of ather hemalopoietic lineages. Hence, Pax5
is both necessary and sufficient to promate B cell
development. Together, these experiments will lead
to a better understanding of the transcriptional con-
trol of B-linsage commitment.

Midbrain and kidney development

The midbrain and cerebellum develop fram an orga-
nizing center at the midbrain-hindbrain boundary
(MHB), which secretes the signalling molecule Fai8.
The three transcription factors of the Pax2/5/8 family
are co-expressed n this embryonic brain region (F-
gure 3). One goal of our laboratory is o unravel the
molecular mechanisms by which Pax proteins requ-
late midbrain and cerebellum development. Gene tar-
geting and transgenic analyses indicated that Pax2 is
essential not only for Pax5 and Pax# expression, but
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Fegure 1: B-fmeage commitmant by Pax5, Pax5 pro-B cells ane early
progenitor calts which can diflerentiate abong the indcated hemato-
posdelic (inpages with thy exception of the B call pathway

Pax5++ vs Pax5”/~ pro-B cells

activated repressed EST

Figure 2; Identification of Pax3-regulated genes. Librasies enriched
for activated or repressed ganes war generated by cONA subliac-
tion batween wild-lype and FPaxf pro-B cells, and 5'000 clones of
each library were spofted together with knovin ESTs on glass shides.
This pro-B cell chip was hybridized with Cy3 (grean)-labelled cOMA
Froen wild-typea pro<B cells and CyS (red}-abelled cDNA from Paxs
pro-B cefls,

Figure 3: Expression of Pax2 and Fax5 BAC transgenes: The gresn
lugrescent profein (GFP) gene was inserted in frame imtoéxon 2 of
the mouse Faxd or PacS gens. Transgenic embryos at day 9.5 ex-
press GFP in all kmown expression domaing of Pax? (A) or Paxs (B)
Mivly, mid-hindibrain boundary; ov, otic vesicle; ba, branchial anches;
nd, resphinic ducl.

also for activalion of the organizer signal Fgf8 itsalt.
As Pax? is the earliest regulator of MHB develop-
ment, we have subjected this gene to a thorough
BAC transgenic analysis, which resulted in the cha-
racterization of the sarly Pax2 enhancer and identifi-
cation of its upstream reguiator Octd/Pou? (Figure
3). Pax2, together with Pax8, is also the earfiest mar-
ker of kidney development. Moreover, Pax2 and Paxg
are essential for the commitment of intermediate
mesoderm cells to the nephric lineage, as Pax2, Pax8
double mutant embryos fail to form even the earliest
stage of kidney development. We are now using
cONA microarray analysis to identify MHB- and

kidney-specific Pax target genas.

Human disease

The haploinsufficient PAX genes are frequently
associated through loss-of-function mutations with
human disease syndromes, while they can also be
recruited as oncogenes by gain-of-function muta-
tions in human tumors. PAXS has been implicated as
an oncogene in the genesis of non-Hodgkin's lym-
phomas carrying a specific 1(3;14) translocation,
which brings the PAXS gene under the transcriptional
control of the immunoeglobulin heavy-chain locus.
We have reconstructed this translocation in the
mouse by ingerting a Paxs minigena into the lgH
locus, which is transeriptionally active in both B and
T cells. All homozygous knock-in mice die within a
few months as they develop aggressive T cell lym-
phomas. Hence, inappropriate expression of the

B cell identity gene Paxd in the related T-lymphaoid
lingage results in tumor formation. We are currenthy
investigating the molecular mechanisms respansible

for PaxS-mediated lymphomagenesis.

Contact: busslinger@nlimp.univie.ac.at 9
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Molecular Mechanisms of Multistage Tumor Development

The major objective of our research has been the identification and charactenzation of molecular events involved in

multistage tumorigenesis. In addition to tumor cell lines in vifro, we employed lransgenic mouse models of tumonge-

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

This year our group's stay at the IMP has come to an end and we have moved fo the University of Basel. We are
extremely grateful for the support lent us by the IMP and by Boehringer Ingeiheim during the pas! years.

Tumor angiogenesis

While the pivotal role of vascular endothelial growth
factor (VEGF-A) in the onset of tumor angiogenesis
is well established, the functional role of other angio-
genic factors, in particular fibroblast growth factor-1
and 2 (FGF-1 and 2), has remained elusive. To inter-
fere with FGF and VEGF-A activity fm wivo, we have
generated recombinant adenoviruses that express
soluble versions of FGF receptors and VEGF recep-
tors. The expression of soluble FGF or VEGF recep-
tors in xenograft tumor transplantation experiments
and in a transgenic mouse model of P cell carcino-
genesis (Rip1Tag2) repressed tumor anglogenesis,
and thus tumor growth, with comparable efficiencies
(Compagni et al., 2000). Together, the results indi-
cate that FGFs, like VEGF-A, ara required for the
onset and maintenance of tumar angioganesis,

Conversely, to study the effect of VEGF expression
on tumor prograssion, in collaboration with the la-
boratories of Michae! Pepper (University of Geneva)
and Kari Alitalo (University of Helsinki) we have over-
expressed VEGF-A and VEGF-C during P cell tumori-
genesis in Rip1Tag2 transgenic mice. While forced
expression of VEGF-A resulted in an earlier onsel of
tumor angiogenesis and accelerated tumor

growth, expression of VEGF-C resulted in increased
lymphangiogenesis and the formation of lymph node
metastasis (Mandriota et al,, 2001; Gannon et al,
2002).

Recently, an antagonist of FGF function named
Sprouty has been identified in Drosophifa develop-
ment, Subsequently, we have isolated cONAs,
encoding four different mouse Sprouty proteins and
investigated their role in the regulation of angioge-
nesis. We have found that Sproutys inhibit FGF- and
VEGF-induced endothelial cell profiferation and diffe-
rentiation by repressing the activation of the mito-
gen-activated protein kinase (MAPK) pathway.
Sproutys are anchored 1o membranes by palmitoy-
lation and are themselves also a target of the MAPK
signalling cascade, for example by regulation of their
subcellular localization and by phosphorylation (Im-
pagnatiello et al., 2001). Gurrently, we are investiga-
ting the mechanism by which Sproutys intersect ty-
rosine kinase receptar-mediated signal transduction.

Tumor cell invasion and metastasis

Previousty, we demonstrated that the loss of
E-cadherin-mediated cell-cell adhesion is causally in-
volved in the transition from adenoma to carcinoma
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Lymph node metastasis

Intravascular tumor cells

Figuree 1: Expression of (he lymplanghogenss tacted VEGE-C during [i
cell henosigenesis in RipiTag2 fransgenic mice resulls in upregu-
lated lymphanglogenesis in developing tumors. In these mice,
circulating clusters of fumor celis ane datected within lymphatie
vessels {lefl panef), subsequently teading ta the formation of fymph
riode melastasis (right panef). :

(Perl et al., 1998). A major component of the E-cad-
herin cell adhesion complex, B-catenin, is also a cen-
tral player in the Wnt-signalling pathway, and the role
of f-catenin/TCF-mediated transcription in the transi-
tion from adenoma to carcinoma in Rip1Tag2 trans-
genic mice was investigated by two experimental ap-
proaches: 1) forced exprassion of constitutive-active
[-catenin during Rip1Tag2 wmor progression {in
collaboration with Dr. Henrik Semb, Gathenburg
University); 2) crossing Rip1Tag? mice with TCF-1
knock-out mice (generousty provided by Dr. Hans
Clevers, Utrecht University), since p tumaor cells
exclusively exprass TGF-1 as the only member of

the TCF/LEF-1 gene family. In both approaches,
Rip1Tag? tumor progression, in particular the transi-

tion from adenoma to carcinoma, was nol allered.

Figune 2: K-CAM-deficient tumors exhibit increased lymphangio-
penesis a5 manifested by 4 dramalic increase in ymphatic vesssl
density. An immunohistochemical staining with antibodies against
the lymghaltc vessel-spechlic marker LYVE-1 {a kind gifi from

Dr. B: Jacksan, Unheezily of Oxtord, UK) is' shown.

Hence, fi-catenin/TCF-mediated transcription is not
involved in late stage tumor progression, and aur fu-
ture experimentation will focus on alternative signal-
ling pathways that are activated by the loss of E-cad-
herin-mediated cell-cell adhesion. In the course of
these experimeants, we have discoverad novel TCF
target genes. The results indicate that TCF-1 is not
only a repressor but also an activator of transcrip-
lion,

During the development of many human cancers,
expression of neural cell adhesion molecule (N-CAM)
is downreguiated concomitant with progression to
tumor malignancy. Recently, we demonstrated that
the loss of N-CAM function results in the metastalic
dissemination of [§ tumor cells in Rip1Tag2 trans-
qenic mice (Perl et al., 1999). N-CAM-deficient
tumors nofably exhibit dramatic tissue disaggrega-
tion, and in subsequent experiments with cell lines
established from these tumors we found that N-
CAM-deficient [ tumor cells are defective in adhesion
to extracellular matrix. Biochemical analysis revealed
that N-GAM associates with N-cadherin and fibro-
blast growth factor receptor-4 (FGFR-4), resulting in
the activation of FGFR-4 signalling and increased
cell-matrix adhesion (Cavatlaro el al,, 2001). The
results indicate that N-CAM induces cell-matrix
adhesion by activating FGFR signalling, a potential
mechanism for modulating fumor metastasis. In
addition to defects in cell matrix adhesion, we also
found that the fack of N-CAM function results in an
upregulation of lymphangiogenasis (Figure 2). The
molecular mechanisms connecting N-CAM function
and the regulation of lymphangiogenesis will be a

major research focus in the future.

Caontact; gerhard.chrstofori@unibas.ch

{Mew address; Institute of Biochemistry,

University of Bagel, Vesalgasse 1, 11
CH - 4051 Basel)
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Axon guidance and target specificity

Extraordinarily infricate pattems of neuronal connectivity are essential for nervous system functioning. How are these
connections specilied during development? How do axons find their way to the larget tissue? And how do individual
axons select specific target cells within thal tissue? To seek answers fo such questions, we furned o the fruit fiy,
Drosophila melanogaster. While the fly's nervous system s far less complex than our own, the molecular mecha-

-Barry Dickson

nisms of axon guidance and targe! specificity appear to be remarkably similar.

During the development of the nervous system, each
neuran extends an axon that seeks out and connects
with one or more specific targe! cells. Axons follow
specific routes to their targets, ignoring paths that
others might follow, and ignoring targets that other
axons might select. How does each axon recognise
its own specific route and destination? The problem
is not uniike that facing the motorist. Axans, like
cars, are equipped with both 2 motor and a steering
mechanism. These reside in the growth cone at the
tip of the axon. Drivers navigate by looking out for
specific signposts that will lead them to their destina-
tion. In the same way, axons use receptors in their
growth cone to sense cues in the extracellular envi-
ronment that direct them 1o their targets. We want 10
know the nature of these cues, the receptors that re-
cognise them, and how they control growth cone
mofility and steering. Our approach is to create
havoe on the neural highways: 1o remove signposts
or put them in the wrong place, to make axons blind
to signals they should follow or follow signals they
should ignore, and to interfere with the motility and
steering mechanisms in the growth cong. Our favou-

rite playgrounds are the embryonic CNS and the
adult visual system.

Axon guidance in the CNS

In bilaterally symmetri¢ nervous systems, such as
our own and that of the fly, axons in the CNS must
decide whether to grow across the midline, extend
parallel to it, or grow away from it and out into the
periphery (Figure 1). In Drosophila, these decisions
are controlled by two guidance cues secrefed by
midline cells: Netrin and Slit. Netrin signals through
the receptor Frazzled to attract some axons towards
the midline, and through the receptor Unc o repel
other axons away from the midline, Slit acls as a re-
pellent through receptors of the Robo tamily: Robo,
Robo?2 and Robo3d. Acting together, Robo and Robod
determine which axons cross the midling and which
do not. All three Robos also contribute to the »Robo
code= that specifies which pathway an axon follows
as it runs parallel to the midline. We are now trying
to understand how Frazzied, Unc5, and Robo family
receptors control the growth cone cytoskeleton in
arder to steer the growth cone. Another major focus



ts o find out how expression of Robo receptors is re-
gulated, since this uitimatety controls the decision to

cross or not to cross the midline,

Axon guidance in the visual system

Vision requires the establishment of precise axonal
connections between photoreceptors in the eye and
their target neurons in the brain. As a first step in de-
termining how these connections are established in
Drogophila, we recently performed a genetic screen in
which over 32,000 mutant lings were examined histo-
logically to identify those with abnormal connectivity
patterns. The mutations recovered in this screen de-
fine some 60 different genes that are required for
photorecepior axons 1o connect to their appropriate
targets in the brain. 5o far, 22 of these genes have
been identified. One of them encodes the LAR recep-
tor tyrosine phosphatase, which we found capable of
signalling in bath the =forward= and »reverses direc-
fions to allow R7 photoreceptor axons to sefect tar-
gets in a specific layer of the brain (Figure 2). We
continue to work towards the identification of the re-
maining genes, and elucidating the molecular mecha-
nisms by which they dictate the pattern of neuronal

connections betweaen the eye and the brain

Contact: dickson@nt.imp.univie.ac.al

Figiera 1; lenaetineg 1h CNS

{A) The ventral nerve cord (=spinal cords} of a Drosoohiias embryo.
foones are stalped green, They lorm beo main longiludinal tracts
that run each side of the midline, and a saries of commissures fhal
cross (he midline to connect the two symmatric halves of the ner-
v sysloen. Ok pownon in cach hemdsagmant i stainsd red, Hs
gaon grows lowards, bot not atross, tho midline, befom turming o
ren plongside o

{B) M tht red axom is forced to mopress tha Uneh receptor, it is
répalied by Netrin and now grows away from the midSing and out
Inbo the petiphary

{C}) M the Robo receptar is removed from all axons, the green axons
are ng longer repeled by 58, and are thus diverted from the ongl-
tudinal pathways into the commissural pathvaays. The rad dxon
sapressing Unch shll grows away from the midline, demonshating
that midting repulsion by Netrin and UncH operates independenity
of repuktion by Slit and Robo.
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Figirra 2 Lover-gpecific largeting of HY pholorecepon axons
[A) Photoreceplorn axons innervaling the developing brain, R
photoreceptar axons are labelled red, AT aons are green. Thay
targel destingt layérs in the brain.

(B) A modal Tor hiny (ha LAR receptor yrgsing phosphalase
conrots AT Earpet selection
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Understanding molecular mechanisms with biomolecular sequence analysis

High-throughput experimental technologies in Life Sciences produce large amounts of uniform data such as biomole-
cular sequences and mANA expression values without a direct link to biological function. The combined appiication of
quantitative theoretical concepts (e.g. sequence evolution and pattern description models) and biological database
studies can often find hints that help 1o bridge this gap.
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Application projects in cooperation with experi-
mental groups

The creation of an efficient environment for using
hiological databases and sequence anakysis software
in applied projects is the most important technical
achievement of the bioinformatics unit. Automatic
updating procedures ensure that the most recent ver-
sions of important databases and academic software
packages are downloaded, installed and prepared

tor immediate use. All major types of biomolecular
sequence analyses including sophisticated database
searches can be carried out locally on IMP compu-
ters. A number of these services are available not
only via command line within the bioinformatics
group net, but also through the local intranet and
intamet node (http2/mendel.imp.univie.ac.at),

Many genetic screens and cDNA chip studies end

up in sequences of functionally uncharacterizad big-
molecules. In such situations, sensitive sequence
analyses may produce crucial Insights. More than
100 gene or protein families have been studied in
great detail during the past year, some of them re-
peatedly, to elucidate structural and mokecular func-
tional features of the gene products or associated ge-
nomic regulatory regions. Such investigations have
been launched, a8 a rule, upon requests of IMP rese-

archers but also as co-operations with the University
of Vienna and the Austrian Academy of Sciences.
Often, the predictions opened new directions for sub-
sequent experimentation or allowed principally new
interpretations of biological data,

For example, we analyzed -50 sequences of genes
found to be transcriptionally regulated in endothe-
lium under angiogenic stimuli (Fig. 1). We found
that most of them play a role in extracellular matrix
breakdown and deposition, in cellular migration
{cytoskeletal remodelling), and in adhesion as well
as in endo- and exocytosis. Only ~20% of the targets
appear to play a role in regulation at more general
levels (G-protein signalling, perception of thyroid
hormone levels, transcription regulation, local tissue
signalling).

Development of new methods, algorithms and
software packages for bioinformatics research
Genuine bioinformatics research is oriented to the
creation of new methods or integrative theories, but
scientifically relevant directions of such efforts are
determined by interaction with experimental life
sciences. Our methodical research was grouped

around two main lines:



1. Recognition of postiransiational modifications in
pratein sequences. We developed a myristaylation

predictor.
2. Imegration of diverse sequence analysis methods

in a higher order framework {“automalic sequence
analyzer”) for applications in largescale protein se-
quence annotation, a joint project with Boehringer-
Ingeiheim Austria. The taxonomy workbench is a
part of this software development (Fig. 2).

Figg, 22 The WWW taxonamy workbench
A athvanced stages of working with usar-
defined protein and gens sequence colisg-
L, it is trequently necessary to link
these data to the taxonamic tree and bo
exlract subsets in accordance with -
nomic considerations. Our tmonomy
workbench allows us 10 process sequence
sets, bo map these sets onta the taugng-
mac frid, b0 collect laxondmas subsots
fram them and 1o print the whole tree or
some part of it. An implementation of the
taxgromy workbench is accessibie for
pubic use as a WWW-service at
http:imendel impLunivie.ac attaxonomy).
Mavigation within the tres is possibie with
mouse clicks an graphically shown nodes,
as well a5 on axon names In ihe lingage
{pant of the ree abowe Ihe active node).

*

Fa. 1: The callular conbext of protoeins derived from
franscriptionally reguisted génes in anglogemc
endothihium. We conclude that the Iranscripts
{hitpeimendal imp. univie. ac aUSEQUENCES/TEMSY) lound
10 be up-requlnted in anglogenesis are involved in exira-
callular matrix remedeling, cellular migration, adhesion,
and cell-cell commamication, rather thail in angiogenesis
imiteation or integrative conirol. CeHular localization and
putative celludar hmction of angiogent: endothetial markesr
profeins has been schematically lkustrated (Aumbers in
the exiraceSular space - ECM deposition and remadeling,
bilue - penéral sigralling, yeliow - aldlmesson, green - entg-
fexocytosks, dark-grey - transcription faetor, red - cytoske-
beton remodalling). The membering follows the st of
TEMs i tp: i sagenat orpfangio/table? itm, Inferac-
tigng with other signalling moliecules are showm with gray
iriangies for proven and open fisngles for hypothetical re-
lationships.

Computer usage and networking within the IMP
Modern experimental biolggical research, as well as
efficient administration and maintenance of the insti-
tute, s impossible without powerful computer & net-
work services. Following the wishes of different IMP
researchers and taking inlo account the requirements
necessitated by various scientific activities, a hetero-
geneous network of Apple Macintosh t:i:llnl:ruter::,l
WindowsNT PCs and Unix machines is supported.

Contact: eisenhaber@niimp.univie.ac.at

IMP Taxonomy Workbench Sl T
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The mechanism of cytokinesis
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The ultimate task of the cell division cycle is to partition the replicated chromosomes and cytoplasmic organefles into
fwo cells. Our laboratory focusses on understanding this process, cyfokinesis, in molecular detail

Cytokinesis is mediated by an actin-based contractile
ring that is attached to the overlying cell membrane.
Following the onset of anaphase, the contraclile ring
assembles in the cell cortex at a site that is positio-
ned midway between the lwo polas of the mitotic
spindle, ensuring that the two separated sets of
chromosames are equally partitioned into the two
daughter celts. Thus, cytokinesis is regulated in both
time and space. The nematode C. elegans is an ex-
cellent model system to dissect this complex process,
since warm embryas are well suited for real lime
microscopic analysis (Fig. 1). Furthermore, this
system can be molecularly dissected using forward
and reverse ganetics.

We are particularly interested in the assembly and
function of the central spindle, which arises from a
subset of the microtubules that make up the mitotic
spindle. Central spindle assembly begins at the mata-
phase to anaphase transition, when chromosomes
maove polewards on the shrinking kinetochora micro-
tubules. At this time, the non-kinetochore microtu-
bules become bundied to form the central spindle
(Fig. 2). A few years ago, we discovered the cyk-4
gene, which is essential for the formation of the cen-
tral =pindle and for cytokinesis. GYK-4 contains a
RhoGAP domain and an N-terminal domain that

hinds to the kinesin-like protein known as ZEN-
4/CeMKLP1, thus forming a complex we have termed
sggntralspindline (Fig 3). In bath eyk-4 mutant gm-
bryos and zen-4 mutant embryos, chromosames
segregate nonmially. but the central spindle does not
form. Subsaquently, the cleavage furrow assembles
and ingresses to near completion, but a late stage of
cytokinesis is blocked and the embryos become
multinucleate. We have found that these two proteins
are sufficient to induce antiparallel microtubule bund-
ling. We think that CYK-4 acts not only to build the
central spindle, but also to promote the completion
of eytokinesis by virtue of its ability to promote GTP
hydrolysis by Rho. We would also Jike to obtain
structural insight into the centralspindlin complex.

A second protein complex, the ABI complex, also
Incalizes to the central spindle. This complex con-
tains the Aurora-B kinase AIR-2, the survivin homo-
log BIR-1, and the Incenp homolog ICP-1, Embryos
lacking AIR-2 and ICP-1 are defective in both chro-
mosome segregation and cytokinesis. We previously
showed that the ABI complex is required for the
stable localization of centralspindlin and will now use
our in vitro assay to study if and how the ABl com-
plex regulates centralspindlin. In the past year, we in-
vestigated the mechanism by which the ABl complex



Fequre 1: The first divisson of & warm embryo

regulatas meiotic and mitotic chromosome segre-
gation, and have evidence that the ABI functions dif-

ferently in these two related, but distingl, processes.,

Although these protein complexes have, for the first
time, given us the ability to reduce cytokinesis into
some subreactions that can be reconstituted in vitro,
there are still many burning guestions that we want
to address. These include: how is the division plane
positioned? How is the ultimate splitting of the twa

daughter calls achieved?

To identify additional factors required for cylokinesis,

we are using a forward genetics to identify mutanis
specifically defective in cytokinesis and then to fden-
tify the affected genes by molecular technigues.
Using this strategy, we recently identified a novel
component of the ABI pathway and are studying
another mutant that forms ectopic cleavage furrows.

Conlact: glotzer@nt.imp.univie.ac.at

Figure 2 Centralspindlin locakzes o the spandle midrone
i anaphase. A mammadian cell in anaphase has bean
slasned for MELP-1 (grean), tubulin (red) and DNA {blue),

Figure 3 A schamatic model of the cendralspindlin complex

The interacting domams of CYK-4 (blue) and ZEN-4 (red) lave
besn dedined and he rature of the complax studied wilh bag-
chemical techniques. Based on these dala, we proposed this
wiorking model of cenlralspindln bound to @ microtubule {groen)
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Epithelial biology

The central aim of our research group at the IMP is to understand how the complex three-dimensional organization of

polarized epithelial cells is lost during early stages of carcinogenesis and how these changes influence the gene ex-

pression programme of mammary epithelial cells.

One major tool we used were well-characterized cell
systems that display both epithelial polarity and its
disruption in cancer in an in vivo-like fashion. We
primarily used a mouse mammary gland epithelial
cell line (EpH4) expressing an estrogen-inducible
c-JunER fuston protein, which allows the analysis of
reversible loss of epithelial polarity In a fashion su-
perior to existing approaches. This hormone-induced
disruption of epithelial polarity in JunER cells en-
tailed loss of trans-epithelial resistance, redistri-
bution of both apical and basolateral proteins over
the entire plasma membrane and destabilization of
junctional complexes (Fialka et al., J. Cell Biol. 1996).
Using this cell system, we aimed to idantify genes
and proteins that were differentially expressed during
loss of epithelial polarity. Two different approaches to
studying this problem were taken, Firstly, we scree-
ned for genes differentially expressed during loss of
epithelial polarity. Secondly, we studied differentially
expressed proteins on subcellular organelles by pro-
teomics techniques (Fialka et al,, J. Bigl. Chem.1999;
Fialka et al,, Electrophoresis 1998; Wunderlich et al.,
J. Cell Biol, 2001).

During the past two years we focused our research
on the analysis of targets derived from those screens,
namely (1) @ MAP kinase signalling complex on
endosomes and (2) the transcriptional co-repressor
TIS7.

P14 is a positive reguiator of MAP kinase sig-
nalling on late endosomes

We have identified a novel, highly conserved protein
of 14 kD that is peripherally associated with the cyto-
plasmic faces of late endosomes and multivesicular
bodies (Figure 1A). We identified MP1 (Mek1 part-
ner), a catalytic scaffold protein of the MAPK path-
way, as an interacting protein (Wunderlich et al.,

J Cell Biol. 2001). We can now demonstrate the exis-
tence of a trimeric protein complex consisting of
p14/MP1 and Mek1 or Erk1 on late endosomes
{Figure 1B} and are characterizing this scaffolding
complex in maore detail to identify othar proteins.
Using an ELK-dependent reporter assay, we can now
demonstrate that properly localized p14 and MP1 to-
gethar have a positive co-operative effect on MAPK-
signalling.

In a reversed genetics approach, we are investigating
this possible role of p14 in Drosophila melanogaster.
Using an imprecise excision screen, we deleted the
p14 locus. This mutant interferes genetically with the
Sevenless pathway that is activated during photore-
ceptor development in the compound eye. The p14
deletion is capable of suppressing the rough eye
phenotype caused by a constitutive active Raf. Fur-
thermaore, the p14 deletion causes synthetic lethality
of a Ral hypomorph. In agreement with our data



from mammalian cells, these preliminary genetic in-
teractions group p14 as a positive regulator of MAPK
signalling.

The transcriptional co-repressor TIS7 associales
with the SIN3 histone deacetylase complex

Last year we reported on the transcriptional co-
repressor function of TIS7. During this year we have
gained more insight into the underlying molecular
mechanism. In a two-hybrid screen, using TIST as
bait, we found several interacting proteins that parti-
cipate in the histone daacetylatiun' reaction, thereby
requlating transcription. TIST co-imunoprecipitated
in.a multiprotein complex, together with the linker
molecule mSINGB and histone deacetylase HDAC!.
The co-imunoprecipitated TIST complex also shows
enzymatic HDAG activity (Vietor et al., submitied).
cOMNA microarray analysis of cells overexpressing
TISY reveals selective repression of transcription of
a set of genes (Figure 2). Analyses of the upstream
regulatory regions reveal a binding site for the trans-
cription module C/EBPw-Sp1, which was common
to these downregulated genes (Wick et al,, in pre-
paration).

We are presently working on the functional characte-
rization of a gene highly related to TIST. We recently
cloned mSKMC15, which has FB% homology with
TIST at the amino acid level, The TIST knockaul mice
are under investigation. We have also embarked on
the knockout of the mSKMC15 gene and the respec-

*

tive double knockout.

Contact: huber@nt.imp.univie.ac.at

Figure 1:

A: EGF-rhodamine vwas mlemalized lor 24 hrs in Caco-2
calls, stably translected wilh EGFP-pi4. Living cells were
observed pnder a confocal microscops. Aller 24 ts inter-
nalization, the EGFP-p14 containing compartmeant was filled
with EGF-rhodaméne.

B: Caco-2 catls were lixed and processed for frozen sechio-
ning. Sactions were double labelled for pi4 (detectad with
15mm godd labelled goat anti-rabbit antibodies) and lysobis-
phosphatidse acid [LBPA, detected with 10am gokd labelied
gaat anti-mousa anlibodies), Spacilic labelling for EGFP-p14
{large gokd: arrows in B-0) is associated with lange multivi-
sicutar e endosomes, which are labelied for LBPA, (armow-
heads, ail paneis). In addition 1o the labelfing of e enda-
s0mes, lower bul specific labeling & associsted with
patative hsasomes, which ase electron dense and LBPA-
negative (‘L) and with pitative endosome carries vesiclos
(). Bar 200nm.

C: Schamalic representalion of the indracefiular routes taken
by the activated EGF-recepior and the pl4/MPYMAP kinase
comple: on lats endosomes.

Figure 2: 18aniiicatson of TIST downstream target ganes by
A microarmay analysis (ntyle mouse chip): penes regu-
lated difberentialy by TIST or the vector GELOD, and vector-
associnted alterabions only. Raw and nodmalized data were
stared in a relational database, and secondaty data were
analyred sing 3 web-based software tood (Microarray\ie-
witf] All expression data can be viewed and downloaded via
1hit wab-batwser af = Mipc fwvecimp. inivie_ac alihichip_
10_5_01/ mdex. htmie. QO the ladt side, the inlensities of
wybrdizaluon sgrats lrom control (0), Calo-eGFP and Ceig-
TIST mPected cells, raspectivaly. are shown. On th right
sicse, 1he ratio between The signal in Cebo-TIST and Celo-
oGFP samplés is shown. The results were confirmed wsing
»Lighd ycler= real-tima PCR analysis, CRABP 1, cellular
retionic. acid binding prosein; 0PN, ostecponting EBP,
emopamil binding prodain; MPOP, myelin profein O precusor,

Experimental setup

TIST ws. Hon-infected
EOFP vz Honindected

TIS7 - EOFP= &

TIET-specific Genes
a5

Vectorspecific Genes
LRSI E-]

r i
:
2
]
b
2
2

Real. tine PCR
TIS7 | GFP X
41  -79 CRABPN
-29 -11 oPN
.17 -8 EBP

+135 +38 MPOP
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Epigenetic control by mammalian histone methyl transferases

In eukaryotes, epigenetic control of gene regulation and the functional orgamisation of chromosomes depends on
higher-order chromatin. Particularly for the high complexity of mammalian development, deregulated inheritance of
gene expression pattems (‘transcriptional memory’) results in perturbed differentiation and profiferation {cancer).

Moreaver, compromised centromere activily induces mis-segregation of chromosomes and genomic instabilily

(anetiploidies). To analyse components and functions of mammalian higher-order chromaiin, we have isolated homo-

logues of Drosaphila chromatin reguiators comprising the evolutionarity conserved SET domain. Our dala reveal thal

SET domain-containing genes are linked with methyltransferase activities that appear intrinsically involved in the

structural organisation of higher-order chromatin. Disruption of these genes in the mouse germ line induces severe

developmental defects and genomic instabilities, offering new therapeutic avenues for combating cancer.

Histone methylation and the biochemistry of
heterochromatin

Higher-order chromatin has been proposed to be
nucleated by the covalent modification of histona N-
termini and the subsequent establishment of chromo-
somal subtdomains by non-histane modifier factors.
We recently identified mouse (Suv33h1) and human
(SLV39H1) genes that encode novel histone methyl-
transferases (Suwv38h HMTases) which selectively
methylate histone H3 at lysine 9 (H3-K9). Notably,
histone H3-K9 methylation by the Suv33h enzymes
generates a hetarochromatic affinity for HP1 proteins,
thus defining the SUV38H1-HP1 methylation system

as an important regulator for the propagation of chro-

mosomal subdomains. Because the Suv3Bh HMTases
are enriched at heterochromatin and also transiently
accumulate at centromeres, these resulls provide
biochemical evidence that Suv39h-mediated H3-K9
methylation represents an important epigenetic signal
towards the induction and assembly of mammalian
higher-order chromatin (See Figure 1),

The many faces of H3-K9 methylation

In addition to its function in constitutive heterochro-
matin formation at pericentric regions, the SUV3SH1
HMTase is also involved in local gene représsion and
is targeted to specific cell cycle genas through the
tumar suppressor Rb. Further, H3-K9 methylation
also occurs at facultative heterochromatin of the in-
active X chromosome in female mammals. H3-k8
mathylation is retained through mitosis, indicating
that it could provide an epigenetic imprint for the
maintenance of the inactive state. Disruption of
Suv3ah HMTase activities abolishes staining at con-
stitutive heterochromatin but reveals persistent H3-
K9 methylation of the inactive X chromosome which,
however, fails to localise the heterochromatin-asso-
ciated HP1 proteins. These data reveal the existence
of 2 Suv3oh-HP1 independent pathway in regulating
H3-K3 methylation at facultative helerochromatin
that may reinforce the specialised chromatin struc-
ture of the inactive X chromosoma.



Heterochromatin and genome stahility

Muring Suv3g9h genes are encoded by two foci, both
of which are widely expressed during embryogenasis,
whereas, in mature mice, expression of Suv38h2 is
down-regulated with the exception of testes.
Although single Suv38hT and Swv39h2 null mice are
viable, double Sur3dh-deficient mice are born at anly
= 30% of the expected Mendelian ratios, are growth-
retarded and display hypogonadism in males. Nota-
bly, Suv3gh-deficient mice display genome instabili-
ties that culminate in an increased tumor risk for
B-call ymphomas and perturbed chromosomea inter-
actions during male meiosis. These in wivo data cha-
racterise the Suv3ah1 and Suwr3ah2 HMlTases as
potential tumor-suppressor ganes and suggest that
Suv33h-mediated H3-K9 methylation could provide

a 'protective” function for mammalian chromosames.

Heterochromatin was first described cytologically
maore than 70 years ago. Because of its stable appea-
rance in the cell nucleus, it has been proposed to
have crucial roles in chromosome segregation and
the inheritance of cell type identities. Dur results
have important implications fod basic and applied
research on higher-arder chromatin biology in mam-
malian systems, ranging from a function of HMTases
in eentromere identity, chromatid cahesion and ge-
nome stability, 1o their influence m epigenetic gene
raguiation, X inactivation, imprinting, cell lineage
plasticity and nuclear reprogramming. Thus, although
our knowledge of SUVIIHT provides a good antry
point into SET domain-containing MTases, plenty of
axciting surprises will no doubt surface from further
investigations on histone lysine methylation and its
role in higher-order chromatin organisation. The im-
pact for human biology and disease, including cancer

and aging, are far-raaching.

Contact: jenuweingnt, imp.univie.ac.at

Figure 1: Astistic view of the establishment of hetesochromatin by
tha Suvddn HMTases. Bucleosomes (blue spheres) are cross-linked
by the helerochromalin-associated HP1 proteins (golden chairs)
The allingly of HPF Tor heterochoomatin ks generated by Suv39h-de-
pendont H3-K9 methylation (metal hook), Artwork by Hannas

Thadlleaz (IMP)

Figure 2 Suv3h deliclncy impairs genoms stabilily in mitosis and
malesis. Loss of both Suv39h genes in the mousa gesm Ene results
in genomec mstatiity that s associated with an incriased lumar nisk
and compiele spermatogeric laikern. Shown are ‘dtertly’ chromo-

somes present in B-cell ymphomas and legitimate inleractions het-
ween melolic chiomosames ehstrad in Sov3@h dn spormalociles.
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To generate the many different cell types in a muiticeltular organism, some cells can divide asymmetrically info two

different daughter cells. For this, protein deferminants localize asymmetrically during mitosis and segregate into

ane of the two daughter cells to make this cell different from its sister cell, We are using the fruilfly Drosaphila

melanogaster as a model system to understand the molecular mechanisms of such asymmelric cell divisions.

in Drosophita, asymmetric cell divisions are involved
in the development of both the central and the pen-
pharal nervous system. In both tissues, the protein
Mumb plays an important role during these asymme-
tric cell divisions, Numb s a membrane associated
protein which localizes asymmetrically in mitotic neu-
ral precursor cells and segregates into one of their two
daughter cells (Fig. 1A, B). In the absence of Numb,
this daughter cell is transformed into its sister cell,
whereas the overexpression of mumb leads to the op-
posite cell fate transformation. Thus, Numb acls as a
segregating protein determinant during the develop-
ment of the Drosaphia nervous system.

A general concept for the establishment of asymmetric
cell divisions is illustrated in Fig. 1C. Before mitosis,
an axis of polanity Is established which serves as a
reference point for asymmetric cell division, During
mitosis, they arient the mitolic spindle and localize de-
terminants asymmetrically along fhis axis so that cylo-
kinesis creates two daughter cells that contain unegual
amounts and ultimately assume different cell fates.
What is the molecular nature of this axis of polarity?

The Drosophifa protein Inscuteable is a key player in
the establishment of this axis. Like Numb, inscutea-
ble localizes asymmetrically in neural precursors.
Unlike Numb, however, it already localizes before
mitosis and accumulates at the apposita side

{Fig. 10). Without Insculeable, mitotic spindles do
not orient properly and Numb does not localize to the
right side, indicating that Inscuteable is required for
setting up the axis of polarily. How does Inscuteable
da this? To answer this question, we have taken a
hiochemical approach to identify Inscuteable binding
partners, Using preparative immunoprecipitation and
mass-speciroscopy, we have identified two proteins
that are associated with Inscuteable in vive. One of
them is the 70kD protein Pins, while the other turmed
out to be a helerotrimeric G-protein a-subunit, Go L.
Several observations indicate thal these two proteins
are crucial for the establishment of asymmetric cell
division: Like Inscuteabie, both proteins localize
asymmaetrically before and during mitosis in cells
that undergo asymmetric division (Fig. 2A). In pins
mutants or in mutants that disrupt G-protein func-
tian, we observe defects in asymmetric division simi-
lar {0 the ones observed in mscufeable. Thus, the
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Figure 1; Asymmetric cell divislon in Dresophila newroblasts. (A, B) Numb protein
{graen), DNA (eed] and cenlrosomes (gresn, cen) in dhiding Dresopiila neuro-
blasts. Numb localizes asymmedrically in anaphase ceis (A} and segrogates into
ané dauphter cell in teSophease (8), (C) During interphass, an ads of polasty is
established thal provides posdtional information Both Tor the orentaton of the
mitotic spindbe and for asymmetric protein kcakzation during miosis, Bolh
processes hive 1o be cooddinalod b Ensure aSymmetne segregation of ceter-
minants and to créale two different call types. (D) While Numb locafizalion (groen)
oceurs in metaphase and is maintained through anaphase, Inscuteable {orange)
localires asymimetrically 1o the opposite side in intérphase and metaphase, bul
disappears in anaphasa,
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receptor-mediated activation
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asymmetric recruitment of Ping and Ge | by Ins-
cuteable seems to set up the axis of polarity.
Heterotrimeric G-proteins serve important functions
in transducing signals that are recelved from the out-
side of the cell via so-called G-protein coupled recep-
tors. Usually, ligand binding to these receptors ac-
tivates the G-proteins by triggering the release of the
{y-subunit (Fig. 2B). During asymmetric cell division,
however, a different mechanism seems to be used.

In its C-terminus, the Ping protein contains three so-
called GoLoco domains. These domains bind to Gl
and can cause the release of the By -subunit, even in
the absence of any receptor or extracellular signal,
We can mimic this effect by small peplides corres-
ponding to one of the GoLloco domains, suggesting
that it can form the basis for a search for smail-
molecule G-protein activators, Thus, the axs ol
polarity seems to be established by the activation of
heterotrimenc G-proteins through Pins on one side
of a cell

We are continuing to use biochemistry to search for
proteins thal act downstream of the G-proteins and
connect them to the machineries for spindle orienta-
tion and asymmetric protein Iuca[izatinn..ln addition,
we have carried out a large-scale genetic screen for
mutations affecting asymmetric cell division (Daniela
Berdnik, Tibor Tarok, Andrea Hutterer}, We have
identified at least 20 genes that are required for diffe-
rent aspects of asymmetric cell division, Some of
them are necessary for proteins like Numb to localize
asymmelrically and we hope that their identity will
halp us resolve this very unusual type of subceliular
protein localization.

Contact: knoblich@nt. imp.univie.ac.al

-'H:: Fﬂ:
C Figre 2; {A) Heterotnmenc G-peateins (red) locasies asymimatrically in celis thal
Pinz mediated activation Lnderge asyminetnic cell dighan, Shawn & sensary OFQan precinsor celis {marked
bry exprission of asense, green) the progensioes of the Drosophila periphenal noneous
ii" TE sysiam. DMA is in bloe, (B) Conventional activation of G-proteins. Ligand binding to
- ot . thit receptor causes GOPYGTP exchange and release of the [y -subunit, (G) Pins can

cause the release of the [y -subunil without the need for any mcaptor or ligand Sog-
Inactive active g u 23
posting it freggers a cell-atonomas activation of G-protein signalling
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Chromosome segregation during mitosis and meiosis

The simultaneous separation of 46 pairs of sister chromatids at the metaphase lo anaphase transilion is one of the

most dramatic evenis of the human cell cycle. Even as earty as 1879, Flamming noficed that »the impelus causing

nuclear threads to split longitudinally acts simuffaneously on all of thema. Chromosome splitting is an imreversible

event and must therefore be highly requlated. Once sister chromalids separate from one another, damage o the

genome cannof easily be repaired using recombination nor can mistakes in chromosame alignment be correcled.

Missegregation of chromosomes during mitosis is responsible for the abnermal karyolypes of many malignant tumor

cells, whereas mistakes during meiosis give rise to Down's syndrome and contribute to infertility and miscamiages.

Sister chromatids are pulled to opposite halves of the
cell by microtubules emanating from spindle poles at
opposite sides of the cell. Sister chromatids segre-
gate away from each other becavse their kinetoch-
ores attach to microtubules emanating from opposite
poles, which is called bl-orientation. Chromosomes
are not mere passengers during this process. During
metaphase, the tendency of microtubules to move
sisters apart is counteracted by cohesion halding sis-
ters together. Gohesion therefore generates the ten-
slon by which cells align sister chromalids an the
metaphase plate. Were sisters to separate before
spindle formation, it is difficult to imagine how cells
could distinguish sisters from chromatids that were
merely homologous. The sudden loss of cohesion,
rather than an Ingrease in the exertion of microtubu-
les, is thought to trigger sister separation during
anaphasa.

What holds sister chromatids together after chromo-
some replication, what is Flemming's impetus that

triggers loss of cohesion, and how do cells ensure
that sister kinetochores attach to microtubules with
opposite polarity and that sister separation never oc-
curs before all pairs of sister chromatids have been
aligned on the metaphase plate? Such questions are
equally pertinent to melosis, where loss of sistar
chromatid cohesion within chromosome arms and
centromeres must take place at different times.

Genetic and biochemical studies on the budding
yeast Saccharomyces cerevisiae have idantified a
multi-subunit complex called cohesin that is essential
for holding sister chromatids together from DNA re-
plication until the onset of anaphase. A related com-
plex exists in human cells (see Peters). Our working
hypothesis is that connections betwean 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 & cysteine protease called separase in-
duces the proteolytic cleavage of the Sccip cohesin



Sccl1-TEV
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subunit, which is the trigger tor si'ster chromatid se-
paration (Fig. 1). Separase is kept inactive from 5
phase till the onset of anaphase by its association
with a securin protein {Pds1p). The liberation of
spparase from its securin is mediated by a muiti-
subunit ubiquitin protein ligase called the Anaphase
Promating Complex or cyclosome (APG/G), which
promotes the ubiguitination, and hence proteclysis,
of securin. We have succeeded in reconstructing the
yeast cohesin complex, using baculoviruses enginee-
red to express all four yeast cohesin subunits in ins-
ect cells. We are currently studying the interactions
between subunits and their structure using electron
microscopy. Our goal is to understand how cohesin
mediates bridges between sister chromatids and how
these bridges are destroyed by separase. One hypo-
thesis based on our current work is depicted in Fi-

* agrara
. e R
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Figure 2; A working hypothesis for how cohesin could conmeet sister chig-

raticls and haw separasge might semeer this, Cohesin®s Smc1 and Sme3 sub-
units each form long codled colls which interact with éach other by virtee af
hetaratypcal inberacticns balween their hinge domains. This creates a lage
\ghaped molecule with glabular domains at each extremity. Cohesin's Secl

gure 2.

subunit links [he two globular ends of the V togelher, therelry criating a pro-

lesnacequs cingle with a diametes of mare than 30 nm. We sugpes! thal co-
hesin binds to chromosames by closing As faws around a chromatin (e
and that Seet locks its jaws shol. If 5o, cohbsion coidd be genarated by
ONA replication through Ehis protednacecus: circle and be destroved dus to
Scel’s cleavage by separase.

Fagure: 1: Trigpering 1he segragalion of sister cheomalids using the lorgign TEV
protease, The top panels show DNA stained by DAPI, microtubules stained
with lubuSin-specilic antibodies, and TEV expression using antibodies specilic
Tor 2 myc tag i cells that express a version of Scc1 in which one of the two
separase cleavage sites has been replaced by that for the TEV protease. Cells
witve arrestad in motaphase by inactivating the APC activater prolein Cdc20
anil TEY was then induced from the GAL promoter, Tha boliom paneis: sho
cells with wild- type Scel protein treaied in the same way.

Loss of sister chromatid cohesion along chromao-
sOrme arms is essential for chromosome segregation
during meiosis |. Meanwhile, cohesion between sis-
ter centromeres persists so that it can kater be used
to align sisters on the meiosis |l metaphase plate.
Thie different timing of sistér chromatid cohesion
loss between chromosome arms and centromeres is
therefore a crucial aspect of meiosis. The budding
yeast genome encodes a second Sccl-like protein
called RecBp, which Is needed for preventing preco-
cious separation of sister chromatids during meiosis.
Rec8p and other cohesin subunits are found al along
the longitudinal axis of chromosomes during
pachytene. They disappear from chromosome arms
during the first meiotic division but persist in the
nelghbourhood of centromeres until metaphase 11
We have recently shown that separase triggers the
first meiotic division by cleaving RecB along chromo-
some arms and are currenthy studying how Recd in
the vicinity of centromeres is protected from sepa-
rase until the second meiotic division, Lastly, using a
»functional genomics« screen, we have identified 2
meicsis-specific protein called Mam1, which is es-
sential for ensuring that sister kinetochores attach to
spindles from a single pole during meiosis | (mono-
arientation). Our next goal is to identify partners of
Mam1 in budding yeast and homologues of these
proteins in other eukaryotic organisms and, finally, to

study the molecular mechanism of mona-origntation,

Contact; nasmyth&nlLimp.univie.ac.at 25
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Patterning and early morphogenesis of the verlebrate face

The face is one of the most intricately shaped parts of the vertebrate body and in humans it is frequently affected in con-
genital malformation syndromes. We are using the mouse and the chick as model organisms fo sfudy how development
of this complex striclure is regulated during embryogenesis.

Annette Neubuser

)
&

The vertebrate face develops irom buds of tissue, the
facial primardia that surround the primitive mouth
(Fip.1). Development of the midfacial region begins
with the appearance of the nasal placodes, bilateral
ectodermal thickenings at the ventro-lateral sices of
the forebrain that will give rise to the offactory
epithelium. Shortly after they become morphologi-
cally apparent, the mesenchyme around them starts
to grow out fo form the nasal processes. Continued
outgrowth depends on interaction between the
epithelium covering these processes and the underly-
ing mesenchyme. How the areas of mesenchymai
outgrowth are established and how the early facial
region is patterned is not well understood and is the

focus of our interest.

FGF8 function during facial development

FGF8 is a member of the fibroblast growth factor
family of signalling molecules. Fgi8 is widaly expres-
sed in the ectoderm covering the midfacial area at
parly stages of facial development, but becomes re-
stricted to a horseshoe-shaped domain of expression
ground the nasal placodes at fater stages (Fig. 2
AB). Mouse embryos in which this gene has been
inactivated in the facial region develop severe facial
defects, Such embryos display midfacial clefts and

mast derivatives of the first branchial arch are sever-
ely reduced or absent (Fig. 2 C,D}. Defects first be-
come morphologically apparent around E9.5 as a
reduction in the size of the facial primordia, This size
reduction can be accounted for by a dramatic in-
creasa in cell death and a reduction in cell prolifera-
tion in earty facial mesenchyme in the absence of
Fgf8. FGFB therefore seems to act as a survival factor
for early facial mesenchyme and lo promote its proli-
feration, In addition, patterning in the remaining tis-
sue s affected, in particular in the midfacial area at
E9.5, as judged by the analysis of the expression of
marker genas. At E10.5, six other members of the
FGF family are expressed in partially overlapping do-
mains, with Fgf8 around the nasal placodes, and may
partially compensate for the loss of FGFE. In addition
to the mesenchymal defects, development of the
nasal placode is also abnormal In Fgfd mutant em-
bryas and this defect is currently being characterized
in mare detail. In order to further study the function
of FGF signalling, we are using avian retroviruses for
the over-expression of soluble dominant negative
versions of the FGF receptors and of Sprouty-2, an
antagonist of FGF signalling, to interfere with signai-
ling by several FGF ftamily members at the same

time.



Identification of genes transcriptionally regula-
ted in facial mesenchyme in response to FGF
signalling

In arder to understand how FGFS controls develop-
ment of the facial mesenchyme, it is important to
identify the genes induced or repressed in responsa
o FGFB signalting. We are using an jin witro explant
culture system in which facial mesenchyme is cultu-
red in contact with facial ectoderm, in isofation or in
contact with polymeric beads soaked in FGFS protein
lo identify such genes. Using a caﬁd'rda!e approach,
we have shown that FGF signalling induces the ex-
pression of the transcription factors Pax3, Thx2, Erm
and Pead in facial mesenchyme. To systematically
sereen for FGF inducible genes, we have generated a
subtracted cDNA-library from facial mesenchyme
cultured in the presence or absence of FGF and have
used this library 10 produce a customized DNA
micro-array. This micre-array was probed with cONA
derived from mesenchyme cultured with or without
FGF. The expression pattern of 200 clones with the
strongest differential hybridization was then analyzed

Figruee 1: Scanning slectron micrographs of the facial region ol
moldo embryos at 9.5 and E10L5 The nasal placodes (np),
thickenings of the facial ectoderm, ane the first mosphologicalty
destinet structures o Tarm in I prospective mittactal megion.
By E10.5, the mesenchyme arcund the placodes has started 1o
grow out R form thee medeal (mng) and lateeal (Ing) nasal peo-
cesses and the placodes have now come to lig in shallow de-
pressions., the nasal pils (. the luture nasal cavities), bel-
wenen e nasal processas.

by whale mount in situ hybridization and inducibility
by FGFS was confirmed. Through this screen we
have identified more than 50 genes that are induced
in the facial mesenchyme in response to FGF signal-
ling and we have begun to characterize some of
them. We believe that this analysis will ultimately
help to understand the function of FGF signalling
during development on a molecular level

Regulation of Fgf8 expression

We are also interested in understanding how the
complex, dynamic expression pattern of Fgf8is
established during facial development. Using an in
vitro culture system in which various regions of the
face can be co-cultured, we have shown thal tissue
interactions are involved in the regulation of Fgf8 ex-
pression, These experiments also revealed that the
garly midfacial expression and the later expression
around the nasal placodes are established by diffe-
rent mechanisms, Experiments to characterize the

underlying molecular mechanisms are in progress.

Contact; neubueser@nlimp.univie.ac.al

Figure 2: Tissue-specilic inactvation of Fgd in the facial area
regults i severe [acial delects. Facial expression of FIB al
E95 (A} and at E10.5 {B). The face ol a wild-typa (G} and an
Fg!8 mitant embirye (D) at E16.5, Embryes i whech Fpid has
bain inacthvibed in Ehe facial area desslop 3 midlacis] chall and
show @ sewers reduction of the lower jav and pen-ocutar tis-
su8
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Regulation of mitosis in vertebrate cells

The initiation of sister chromatid separation at the metaphase-anaphase lransition is a »point of no retume« during the

eukaryotic cell cycle (Figure 1). In eukaryoles from yeast to man, this event is initiated by activation of a ubiquitin fi
gase called the anaphase-promoting complex (AFC) or cyclosome. The APGC was first discovered as a multi-subunit
complex that ubiquitinates cyclin B at the end of mitasis and thus targets this protein for destruction by the 263 pro-

teasome. Subsequently, the APC has also been found fo initiate anaphase by activaling separase, a protease di-

stantly related to caspases. We are using human cells and eggs of the Xenopus frog to address the following topics:

Regulation of sister chromatid separation in
vertebrate cells

In yeast, the separation of sister chromalids depends
on the cleavage of the chromesomal cohesin com-
plex by separase at the onset of anaphase. We found
that, in vertebrates, cohesin begins 1o dissociate
from chromosome arms in prophase and from centro-
meres at the onset of anaphase. We showad thal the
latter event coincides with cleavage of cohesin by se-
parase and that this cleavage reaction is essential for
anaphase, also in human cells (Figure 2). We disco-
vered that cohesin dissoclation in prophase depends
on Palo-like kinase, but not on separase, and is me-
diated at least in part by cohesin phosphorylation.

To understand the function of cohesin dissociation

in prophase, we will map and mutate cohasin phos-
phorylation sites, hoping that this will yield =non-
dissociatabla« mutants, whose effects on chromatid
condensation and separation can be analyzed in iivo.

Mechanisms and regulation of human APC and
separase

Separase is activated by ubiquitin-dependent proteo-
Iysis of its inhibitor securin, which is mediated by
APG. To understand at the molecular level how APC
ublquitinates substrates and how its activily is regu-
lated, we ara reconstituting human APC biochemi-
cally and ara collaborating with crystallography and
electron microscopy groups to anabyze APC's
structure. We discovered thal APC has a complex
asymmetric structure, in which an outer protein wall
surrounds a large inner cavity. Although the function
of this cavity is unknown, it is possible that it repre-
sents a reaction chamber in which ubiguitination re-
actions take place (Figure 3). We are also using bio-
chemical and structural approaches to analyze
separase. We could show that securin binding does
not only inhibit separase but is also required for its
activation, We further discovered that securin degra-
dation allows autocatalylic cleavage of separase into
a mature form, which then cleaves cohesin comple-

XES,



Figure 2; Video microscopy revesals that human celis sapressing a
emaitant viersion of cohesin thal cannol b clexved by separase il lo
andetgo anaphase and cylokinesis (B). Cells thal express wild-type
cahesin undengo enaphase and cytokinesis normally (A). Gell ines
wherd Slably ranstecied with hislons H28-GHP o visuahe chooma-
fin. For further detalls see Haul & al, Sclence 293, 1320-1323,
200

Frgur 32 30 moded of the human asaphase-pramating comrhix
(AP} af & resolubion of 24 A obtaingd by cryo-eleciron micnos-
copy. APC has a complex asymemetric structune, 140 % 140 % 135 A
i size, in which an outer pootein wall Surrounds a Bnge innér ca-
vily. The struclures ol uhiguitin and 3 ubiguitin-conjugating en-
ryme (E2) zre shown Tor comparson. For lurther delass, ses
Geellers and Dubo ef al., Mol Gell 7, BO7-813, 2001

Figure 1; Chromosomes are splil
Into thele beid Sistar cliromxlads af

.I.':’ 1"“".

o W ;f f the transition from metaphass 1o
- TN anaphase. The micrographs show

- T .

=33 " - spread elromasomes from a human

cancer call line {HeLa: Giemsa sla-
niieg). On Ehe feft and in the middle,
respeclivedy, sido and polar vieis of
chromesomes in metaphase plales
can be seen. On the righl, chroma-
P tifs that hatve bheen separated from
gach other in anaphase are shawn
Courbesy of Juan Fanctsco Gimanés-
Abidn

Analysis ol mitosis through chemical biology
Specific small molecule inhibitors can represent va-
luable tools to analyze rapid-onset phenotypes in
cells. In collaboration with Boehringer Ingelheim, we
are characterizing compounds that inhibit mitoses,
but whose targets are unknown. We have identified a
candidate target for one of these inhibitors ﬂr-lti will
try to validate our hypothesis through RNAI pheno-
copy experiments, by establishing structure-activity
relationships and through screening for a com-
pound-resistant mutant of the candidate enzyme.
This approach may réveal novel insight into mitotic
regulation and could also identify pharmaceutically

interesting drug targets.

Contact: peters@nt.imp.univie.ac.at
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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.

The major focus is the analysis of AP-1 proleins such as Fos and Jun and their role as regulators of proliferation, dif-
ferentiation and cell death, We are also sludying the specific functions of VEGF, Fik-1 and EGF-Receptor in bone,

gpithelial and endothetial cells.

Fos proleins in bone cell differentiation

Fos proteins are key regulators of bone development,
Transgenic mice expressing ¢-fos develop bone tu-
maors, whereas mice lacking c-fos are osteopetrotic
and lack bone-resorbing osteoclasts. The Fos-related
protein Fra-1, itself a c-Fos target gene, is essential
for mouse development. While Fra-1 is a potent in-
ducer of osteoclast differentiation in wiro, transgenic
mice overexpressing Fra-1 develop an osteoblastic
bone disease, osteosclerosis due to increased bong
formation (Fig. 1). Interestingly, gene replacement of
¢-fos by fra-1 showed functional equivalence of these
two proteins (Fig, 1), To better understand the me-
chanisms by which c-Fos and Fra-1 control osteoh-
last and osteociast differentiation, we have generated
conditional alleles of ¢-fos and fra-1. The embryonic
igthality of the fra-1 knock-out mice was rescued
with a conditional allele of fra-1, using cre mice.
The rescued mice were viable and showed no severe
bone phenotype (Fig. 1). The conditional allele of ¢-
fos allows us to monitor expression of c-Fos during
development, as well ag to study c-Fos function in
the CNS (Fig. 2).

Jun and Jun kinases controlling cell differentia-
tion, proliferation and apoptosis

We have used the credoxP recombination system,
knock-in strategies and transgenic rescue experi-
ments to investigate the specific functions of Jun fa-
mily members. Specific deletion of junin the liver of
adult mice showed that Jun is dispensable for post-
natal liver function, but essential for liver regengra-
tion (Fig. 3). Moreover, we found that Jun is required
during liver tumor developmeant. Deletion of jun in
the skin did not affect proliferation of keratinocyles in
adult mice, but lead 1o an eye closure defect during
embryonic development. Chondrocyte-specific dele-
tion results in severe scoliosis caused by failure of
intervertebral disc formation, suggesting that Jun

is a novel regulator of sklerotomal differentiation
{Fig. 3). Interestingly, replacing JunB for Jun indica-
1es that JunB can substitute for Jun during embryo-
nic development but not during adulthood.

An important mechanism regulating Jun activity is
phosphorylation of Jun at serine 63 and 73 through
the Jun amino-terminal kinases (JNKs). To study the
function of JNK signalling, in o null mutations in
the Jok1 and JokZ2 genes (with M. Karin) and mice
carrying a fun allele mutated in the JNK phospheac-
ceptor sites were generated (JunAA). Jak1-/~, Jrk2-/-
and JunAA mice are healthy and fertile, but the ab-



sence of Jnk7 and Jun-N-terminal phospharylation
(JNP) results in growth retardation and fibroblasts
from these mice show proliferation defects. Jnk1-~
Jmk2-/- double mutants develop brain defects and
Jrk2-/~ and JunAd thymocytes are resistant to CD3-
induced apoptosis. Moreover, Jnk1 and Jun phos-
phorylation appear to be required for efficient
osteoclast differentiation. Theretore, JNK signalling
and JNP ditferentially regulate cell proliferation, diffe-
rentiation and apaptosis in different biological pro-

CES58S,

Investigating the lumor suppressive lunclion of
JunB

JunB is a transcriptional activator of the cyclin-de-
pendent kinase inhibitor p16/INK4a and functions as
a negative regulator of cell proliferation. Using diffe-
rent in vive approaches, we found that the absence
of JunB expression in the myeloid lineage results ina
myelopraliferative disease resembling human chironic
myeloid leukemia. Furthermore, JunB was identified
as a key transcriptional regulator of myelopoiesis
which controls the numbers of granulocyle progeni-
tors through inhibition of proliferation and promation
of apoptosis. We are currently investigating the func-

tion of JunB in human myeloid leukemia.

Functional studies of VEGF, VEGF-RZ/Flk-1 and
EGF-R !

The VEGF/FIk-1 signalling system is essential for the
development of endothelial and hematopoietic cells.
The conditional allele of Fik-1 is being used to test
its robe in adult mice anﬁ in tumor angiogenesis,
whereas the conditional allele of VEGF was used

to analyse the functional importance of VEGF-A in
developing chondrogenic tissues. Moreover, this
conditional allele is also being used to study tha
role of VEGF-A in skin biology (with E. Tschachler,
Univ. Vienna). In collaboration with M. Sibilia, Univ.
Vienna, we found that EGF-R plays a central role as
a survival factor in oncogenic transformation and its
role in liver regeneration is being investigated.

Contact: wagner@nlimp.univie.ac.al
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Mammalian X-chromosome inactivation
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For successful development, the information coded in the genome needs fo be precisely regulated. During differen-

tiation each individual cell uses an ever-changing repertoire of epigenetic mechanisms to achieve proper regulation

of gene exprassion. Our research focuses on the requlated formation of heterochromatin during the process of

A inaclivation.

¥-chromosome inactivation is an apigenatic event
that results in the transcriptional inactivation of ong
of the two ¥ chromosomes in female mammals.
Thereby, compensation for the dosage imbalance ari-
sing from the unequal genetic constitution of XY
males and XX females is achieved. The Xist gene is
specifically transcribed from the inactive X chromo-
some and has been shown 10 be required for X-inac-
tivation. Xist expression precedes silencing and Xist
RMNA associates with chromatin of the inactive X
chromosame. X inactivation is initiated early in
mouse embryogenesis. The entire pracess that con-
verts an active X chromosome into a heterochroma-
fic structure can be studied during the ditferentiation
of mouse embryonic stem (ES) cells. To study the
function of Xist, we have previously constructed a
mouse XistcDNA and expressed it in male ES cells,
using an inducible expression system (Fig. 1). Xist
AMA produced from the tetracycling inducible trans-
gene was sufficient for inftiation of chromosome-
wide silencing in unditferentiated ES cells. All steps
of ¥ inactivation were recapitulated by the transgene
during ES cell ditferentiation. However, in undifferen-
tiated ES cells silencing was reversible, Xist-depen-
dent and independent of chromosomal modifications
known to correlate with the inactive X at later stages
in cell differentiation (Fig. 2},

The characterisation of the initiation events of X
inactivation

Initiation of X-inactivation has to occur in a develop-
mental window in which silencing Is reversible and
Mist-dependent, demonstrating thal reversible silen-
cing is part of the normal process of X-inactivation in
female cells. We are using the inducible Xist expres-
sion system In mouse ES cells to study the initiation
phase of Xist-mediated silencing by characlerisation
of the timing of specific histone modifications and
chromosomal transtormations in early £5 cell diffe-
rentiation,

We are further interested in understanding the me-
chanism by which Xist RNA associates In cis with
chromatin and mediates transcriptional représsion.
To this end, we inftiated experiments aimed at the
biochemical purification of proteins that interact with
¥ist RMA, using affinity purification and chromatin
isolation methods as competing and complementary
approaches. By using ES cells, we hope to specifi-
cally identify factors that interact with Xist RNA in the
initiation of chromosome-wide silencing, avoiding
complications that result from the progressive he-
terochromatinisation of the inactive chromosome in
cellular differentiation. Our experiments will shed
light on the pathway by which Xist localises in cis to
chromatin and initiates silencing.
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Xist-mediated silencing in mice

We have previously shown in ES cells that initiation
of Xisl-mediated silencing has 1o occur early In diffe-
rentiation and conversely in differentiated somatic
cells. Xist expression in general no longer leads to
silencing, despite the ability of Xist RNA to localise to
chromatin. We have generated an inducible Xist allele
in mice to study the initiation of silencing in develop-
ment. We are especially focusing our studies on the
germiine stem celis, tumor cells and somatic stem
cells. We expect to be able to epigenetically classify
cells in the developing mouse as Xist-responsive or
non-responsive and thereby visealise this epigenetic

transition in wivo.

Barr body

il

Rled WRA  Labe replicafion hypo-scetylation maeroHIA  cheomadin
h’lﬂmlﬂ renstwent  condordaion

Fig. 1: Infucible Xist axpression i mousy ES ceils,

Th telracyeling indicibbs syatom was 521 o in ES calls
by fargeted insertion of tha cDMA of the nis-rTA doxy-
cycing-respansive lransattivatar into the ubiguitousty
capinssed ADSAZE locus, Kisl RNA was ixpressad from
cOMNA transgenes undor control of an inducible promater
in 1he presence of doxycyicing, as shawn by Nostharn
anahrsis. RNA FISH demonstrabes that transgenic Xrsl
BMA localises to chromatin of a condensed metaphase
chromisome,

Functional studies of X inactivation in mice and in €S
cells will provide insight into the epigenetic regula-
tion of gene expression in mammals, It appears that
Xist-mediated silencing is a paradigm for a powerful
gpigenetic system that is capable of hetero-chromati-
nising an entire chromosome and determining its
specific nuclear localisation. Experiments ara.under-
way 1o clarify the role of the Xist RNA in this process
and to defing functional regions along the RNA,
which are candidates for interactions with chromatin.
It is expected that similar interactions underlie the re-
gulation of other genes - however, with less dramatic
consequences. The involvement of an RNA in chro-
matin formation ks nowvel, and might also pinpaint a
general process by which franscription feeds back on

chromatin structure,

Contact wuts@nLimp.univie.ac.al

Fig. 2: Clwomosamal mediication of 1he inactive X in celly-

lar differantiation. Xesd expression initiates X-inattivation

gty in development. The heterochromatisation of the chro-

masomi is a maltisiep pracess which encampasses lais

efromesoamal rephcation, histone H4 hypoacetylation. and

recruiiment of isione macroH2A leading o the dormation

ol a condented structurg in the periphery of the call

nuckels cammanty refermed to as the Barr ody, 33
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Service Department

Gotthold SCHAFFNER | Scientist

Elisabeth AIGNER | Technician

Ivan BOTTO | Technician

Markus HOHL | Technician

Gabriele BOTTO | Technician Media Kitchen
Ulrike WINDHOLZ | Technician Media Kitchen

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

involves DNA sequencing, oligonucieolide synthesis and preparation of various media and solufions.

Our Media Kitchen staff prepare substantial quantities of reagent quality solutions and media for cell culture, fiies

(approximately 200,000 bottles and tubes per year) 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.

Dligonucleotide synihesis

We started in 1988 with about 500 DNA oligonucien-
tides. After reaching a yearly production of about
6000 oligos, we started to outsource our oligopro-
duction in March this year, We still produce oligos
for urgent needs or for small sequencing projects
(»primer walking«) in arder to save time and speed
up the project {up to 3x). The free capacity is inve-
sted in sequencing.

Production of antibodies

The production of monoclonal antibodies in hybrido-
mas in collaboration with IMP group members, the
production of polyclonal antibodies by immunizing
mice in our animal house facilities and organizing the
antibody production in rabbits with an outside com-
pany is of increasing importance and uses part of our
capacity,

Sequencing and DNA isolation

With the two ABI PRISM 377s and the new ABI 3100
Genetic Analyzer, a capillary Seguencer, we sequen-
ced approximately 32,000 samples in the first 9
manths of this year {a dx increase compared to
1998) with an average reading length of 700-900
bases for »goods DNA an the 377s and 600-800 on
the 3100. We are saving time by using an easy and
tast clean-up protocol with small Sephadex columns
or magnetic MagneSil beads (PROMEGA) an 96-wel
‘microtiter plate format,

Since the full sequence information of several scign-
tifically imporiant organisms is available, many more
soreening experiments (e.0. SNPs) are going on.
Thus, we needed a reliable and even faster sequen-
cing capacity. We successfully introduced a capillary
sequencer (AB| 3100 Genetic Analyzer) and, so far,
have analyzed approximately 20,000 samples with
50 cm capillaries.

Contact: schaffner@nt.imp.univie.ac.at

Figuere 1! A sequencing ron on an ABI 377 PRISM and number of
reactions done with dy@ dedxy berminators (scake 0 10 40,000)
during (b ypears 1994 to 2000

*galculabed from January 2001 to Saptember 2001 data



Binoptics Department

Pater STEIMLEIN | Staff Scientist

Sebastian CAROTTA | PhD Student (joint project with H _Beug)
Volker LEIDL | Software Developer

Herbert AUER | Technician (micro arrays)

Karin PAIHA | Technician (microscopy and Image analysis)
Gabriale STENGL | Technician {flow cytometry and microscopy)

The sarvices offered fo the researchers al the IMP by our department cover flow cytometry and cell sorting, a wide

variely of microscopic techniques, image analysis and processing as well as cDNA-micro array production and

analysis,

Flow cytometry

In order to satisfy the increased demand for multico-
lor flow cytometry, a Becton Dickinson LSR analytical
flow cytemeter equipped with three lasers was
purchased. We can now offer the analysis of intracel-
lutar processes such as Ca®-flux or the simultaneous
measurement of cell cycle status and antigen-expres-

sion in a fast and refiable way.

Microscopy and image analysis

Besides standard techniques in light and fluores-
cence microscopy (both wide field and confocal),
sevaral more advanced techniques such as FRAP
{Fluorescence Recovery Alter Photobleaching) and
multidimensional time lapse microscopy of fluore-
scently labelled cells have been edtablished and are
now routingly used.

Micro arrays

During the past year, mare than ZEJmicru array ex-
pariments were performed by IMP researchers and
their collaborators. The experiments performad al
the IMP cover the whole range of geng expression
profiling, from target gene identification to time
course studies in development and differentiation.
Major improvements have been achieved in labelling
technigues and it is now possible to use RMNA from

The Biooptics t=am (Tfnom lefl 1o mght):
Gabriele Stengl; Sebastian

Caratta, Herbart Auer, Pater Skairdain,
Vodier Leddl, Karin Paiha

as little as 50,000 cells for micro array experiments,
thus allowing gene expression profiling in experi-
mental systems where only very limited quantities of
cells or tissue are available,

Currently, we offer more than 10 different custom
array types for mouse, human, and ::h‘lnken, with up
to 25,000 spots per array. The total number of cONA
clones available for the production of arrays is al-
most 100,000 (>71,000 mouse, >13,000 human and
>13,000 chicken cDNAs). The identity of approxima-
tely 40% of these clones is known. )
The functionality of the micro array information ma-
nagement system developed in our group (JMIMS)
has been enhanced; it now offers basic analysis fea-
tures via a web front-end. In addition, a second data-
baze has been set up that automatically gathers pu-
blicly available gene annotation information from
databases such as Unigene, Locuslink, Gene Ontolo-
gies, Interpro, and others, for clones with a known
identity. All available annotation information is
directly linked to and accessible from JMIMS,

Contact: steinlein@ntimp.univie.ac.at




Technician

Erika KILIGAN | Technician

Animal house

MNorma HOWELLS | Consultant

Lina Mabel BONILLA' | Technician
Mijo DEZIC | Technician
Katja FLAHNDORFER-STEPANEK |

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

Dominik MAYR | Technician

Svjetlana PEKEZ-NICOLIC | Technician

Esther BAUSCHER? | Technician

i until May 2001; 2 on maternity lzave

The animal house group provides husbandry of animals and services for the various research groups:

Hushandry:

The husbandry is divided into three main areas and
containg the following species: mice, chicken and
Xenopus. The largest area is the mouse section,
where more than 10,000 mice are kept, These com-
prise breeding colonies, stock and experimental ani-
mals, and include many transgenic and knock-out
mouse lines. To provide a constant supply of mice
for the various projects, 20 standard strains are
routinely bred in-house.

Animal house services:

Veterinary services, such as monitoring of the facl-
lity's health-status (sentinel-programme etc.), experi-
mental procadures in animals, such as collection of
blood, implantation of tumor cells and administration
of other substances by various routes, e.g. intrave-
nous, intraperitoneal and subcutanous injections
ett). All procedures are performed to a high standard
under appropriate anaesthetic regimes and in con-
junction with the necessary project licenses.

Animal procurgment, such as ordering of mice from
external breeding companies, organizing and hand-
ling of approximately 50 incoming and outgoing
mouse-shipments per vear.

Adrinistration of regulatory affairs in accordance
with the Austrian laboratory animal law, which inclu-
des updating and record-keeping of laboratory ani-
mal statistics, specific documentation and recording
of laboratory animal experiments.

Contact: bichi@nt imp.univie.ac.al

Mouse service depariment

Hans-Christian THEUSSL (Technician)

The Mouse Service Department was sel up at 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 are the injection
of ES cells into blastocysts |also tetraploid] and of
DNA into the pronucleus of fertilized mouse eggs.
This service also provides for the transfer of ‘clean’
embryos into our animal house, the freezing of em-
bryos for the preservation of specified mouse straing
and the teaching of basic embryological techniques
to the IMP staff. In vitro fertilization experiments
(IVF} were performed and the mouse strain data
base is being established. About 30 different ES cell
clones and several DNA constructs are being succes-
sfully injected per year, mainly for the groups of
Meinrad Busslinger, Lukas Huber, Kim Nasmyth and
Erwin Wagner. The activities of this depariment ara
overseen by an Animal User Committee, which meets
bimonthly to sel priorities and coordinate the duties.
At present, it is chaired by Erwin Wagner,



Protein chemistry facility

Karl MECHTLER | Head of Facility

Jan-Michael PETERS | Scientific Coordinator
Ines STEINMACHER | Technician

Mass spectroscopy is a powerful tool to soive problems in protein identification and post-transtational modifications.

Mass spectrometry allows the determination of
malecular masses of peptides and of many other
miolecules of biological interest with high accuracy.
For this purpose, the mass to charge ratio (m/z} of
lonized moleculeés is measurad during saparation of
the sample in vacuum. Only femiomole amounts are
required for this measurement, making mass spec-
trometry a particularly sensitive analytical method. In
recent vears, mass spectrometry has also been used
to determine the sequence of peplides and to identify
thiir posttranslational modifications such as phos-
phorylation, Due to these applications, mass spectro-
metry has become an invaluable 100! in molecular
biology.

The IMP mass spectrometry facility is operated to-
gether with the Institutes of the Vienna Biocenter and
the CISTEM Biotechnologies company.

Currently, we are using the following instruments:

a) MALDI-TOF (Refléx (1l from Bruker)

b) ESl-lonTrap (LCQ Classic from ThermoQuest)

c) ESl-lan Trap (LCQ-Deca XP from Thermaluest)

d) ESI-Citof (Qstar from Applied Bm;ystems}

All ES| Instruments are equipped with a Nano-HPLC
from LC-Packings.

The most sensitive method in mass spectrometry is
MALDI {matrix assisted laser desorption ionization).
We adapted a new =anchor target« sample prepara-
tion method for identifying proteins in the low femio-
mol range, which can be used even to identify bands
isolated from sivar-stained gels.

If database searches with the resulling data are am-
biguous, additional sequence information is obtained
by acquiring post source decay spectra (PSD).

For samples which cannot be found in protein data-
bases, we use de novo sequencing with the classic
Nanospray approach on a O-TOF machina,

Profein phosphorylation

Phosphorylation of amino acid residues in proteing
plays @ major role in many biological processes.
Phospharylation/dephosphorylation acts as a mole-
cular switch that cantrols the behaviour of many
proteins, for example during cell division, signal
transduction eic. Therefore, the identification of
phasphoamino acid residues in proteins is an im-

portant task in protein analysis.

Peptide synihesis and anlibody purification

We are synthesizing about 150 peptides per year, in-
cluding an increasing number of peptides bearing
acetylated, phosphorylated or methylated amino acid
residues. We employ a special protocol for affinity
punification of antibodies under mild conditions.

Contact mechtler@nt.imp.univie.ac.at
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The IMP is lacated in Vienna's third district, haltway between the international airport and the
heart of the city, During the fourteen years since its establishment, the institute has seen consi-
derable changes in its neighbourhood. From a solitary research building, the IMP turned into
the nucleus of a rapidly developing biomed-campus. Today, four university institutes and eight
start-up companies are situated on the campus. Two biology institutes of the Austrian Acadermy
of Sciences are under construction. Combining academic and commercial aspects of research,
the »\Vienna Bio Center« — as it is now known — has become Vienna's most innovative and
exciling hub in biotechnology. Shared facilities, such as the »Max Perulz Library«, create
synergies and bring scientists from the different units together.

The IMP itself has grown, loo. At present, 189 scientists and a support stalf of 23 - represen-
ting I total 32 nationalities — work at the institute. Due to the international character of the
IMP, English Is used for communication and publications. For those who are interested In a
more authentic experience of Vienna and the Vienness, taking German lessons is encouraged
and sponsored by the IMP.

From the very beginning, the IMP has had strong links to the University of Vienna. Apart from
joint seminars, lecture courses and collaborations, the international PhD Programme is the
major comman activity. Through this programme, PhD students are selected from amang
highly-qualified applicants from all over the world and are given the opportunity for training
and work in different areas at the forefront of modern biology. Emphasis is placed on
academic and technical excellence. The PhD salaries are at an infernationally competitive

level and are granted for up to four years. Upon graduation, the PhD degree is obtained

from the University of Vienna.




In'a Europe that is gradually growing together, Vienna is located in tha
very centre, The cily's century-long heritage as an imperial capital is
still evident and attracts millions of visitors every year. But nowadays
Vienna is a very lively cultural centre, famous for classical as well as
for modern music, exhibitions, theatre, opera, and café life, to men-
tion but a few. Since Yienna is home to many international organiza-
tions, its cultural life is also very enjoyable for non-German speaking
people {2.g. English cinemas, theatre, internalional festivals).

The geographical location of Vienna makes it ideal for many kinds of
outdoor activities, such ag skiing, hiking, climbing, cycling and watar.
sports. In addition, the proximity of several other European countries
allows weekend escapes abroad,

As far as quality of life is concerned, Vienna is one of the safest capi-
tals in the world. Public transport is extremely efficient, but for those
who prefer, it is also possible 1o get everywhere by bike.
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Seminar speakers at the IMP 2001
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14. ASTRID HOEBERTZ — Unfv. College, London
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30. HERMANN BUJARD —ZMBH, Heidelberg
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02. MATTHEW SCOTT - Stanford Univ.

03, JEFF STOCK - Princeton Univ.

08. JAMES ROTHMAN - Sipan-Kettering Institute

09. JUAN F. GIMENEZ-ABIAN - Centro de Investigationes

10, RALF SCHNABELTU - Braunschweig

11. KIRK KNOWLTON - UCSD

14, RUDOLF GROSSCHEDL - Uindv. Munich

16. SHIZUD AKIRA - Osaka Univ.

16. JOSEF PENNINGER — Amgen, Toronto

17, TOM OWEN-HUGHES - Univ. Dundee

18. DENISE ZICKLER — Univ. Paris-Sud

23, CAROLINE KISKER — SUNY, New York

28. TERENCE PARTRIDGE - Imperial College
School of Medicine, London

31. PAUL BURGOYNE - NIMR, London
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01. JEFF DANGL - Univ. Narth Carofina, Chape! Hill
05, OLL| KALLIONIEMI - N/H, Bethesda
07. RANDALL MOON = Univ. Washingion
08. MARLA SOKOLOWSKI = Univ. Toronto
19. ALEXEY TERSKIKH - Stanford University
20, DANNY LEW - Duke Univ, Durham, NC
21, DAVID BAULCOMBE - John Innas Centre, Norwich
22. HANS CLEVERS - Uiniversity Hospital Ulrecht
25. PATRICK MATTHIAS = FMI, Bassl
28. ANTON BERNS — NKI, Amsterdam
29, SUNG-HOU KIM - Lawrence Berkelay
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