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Intraduction

This has been yet ancther exlra-ordinary year for the IMP. We have published kay papers in a wide varialy of
areas, ranging from chromatin structure, responses of host cells to viral Infection, cancer bilogy, immunalogy,
development, and chromasome segregation; all in a vaniely of different model organisms. There can be few -
shitutes in tha warld where the =spacific activily= has been as high as al the IMP at the momeni and if will be a
major chattenge o maintaim Ihis standard in the coming years. Achieverments fead lo grealer expectations,
wihich in tum lead to yel greater achisvemants, creating a wituous circle. Long may this fasl! Few of these
scientific achievements would have been possible without the enthusiastic and highly professional support of
our remarkable service departments, which continue to make the institute such an attractive place o work.
Nor would they have been possible without the dedication and commitment of some of the finest students,
postdocs, and technicians in Europe. This year has also witnessed the re-birth of our caleleria, thanks largely
{0 the unstinting efforts of Thomas Jemuwiin, and major progress in establishing our sister institule IMBA, We
have a wonderful architeciural design for the mew building, have grean lights from the City of Vienna, the Avs-
Irian Academy of Sciences, the Austrian Govemmen, and the EL, and are currently negotialing with & poten-
fial diractor.

Kim Nasmyth
Vienna, December 2000
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Developmental plasticity: deregulation in oncogenesis

Distinct families of oncogenes and lumor suppressor genes affect the balance between proliferation, differentiation

and/or apoptosis of progenitor cells in many fissues, including our two experimental systems (eryihroleukemia and

breast carcinoma). Unmutated members of the same gene families active in neoplasia regulate normal processes

such as expansion of erythroid progenitors during stress or disease and epithelialimesenchymal transitions during

embryonic development and wound healing.

Altered proliferation conlrol of hematopoietic
progenitors in stress or disease: a process
important in leukemia?

Proliferation control of many types of hematopoletic
progenitors is regulated by the cooperation of plasma
membrane- and nuclear receptars. The first receptor
family comprises receplor tyrosine kinases (RTKs),
receptor serine kinases (TGFRR family) and cyloking
receptors, while the second includes class | and class Il
nuclear recaptors (NRs, steroid- and thyroid / retinoid
acid receptors. Mutated receptors and associated
corepressors and chromatin regulators function as
oncoproteins in avian, murine and human leukemias.
In primary muring and human erythroblasts, sustained
profiferation is induced upon activation of the enythro-
poietin receptor (EpoR), the RTK g-Kit and the gluco-
corlicoid receptor (GR) by their respective ligands
{Epo, stem cell factor/SCF and dexamethasone/Dex).
Naormal or oncogenic epidermal growth factor (EGF)
receplor (c-/v-ErbB) substitutes for the signals provided
by EpoR plus c-Kit. Using genetically modified mice,

we showed that the GR is dispensible for standard
erythropoiests, but required for enhanced erythroid
progenitor proliferation in stress eryihropoiesis (ane-
mia/hypoxia). Both STATS and complete EpoR signalling
are dispensible for steady state erythropoiesis, bul
required for erythroid proganitor proliferation in cul-
ture. Mortal and immortalized, but otherwise normal

erythroid progenitors from wt and p33-/- mice, respec-
tively, are currently used to analyse signal transduction
downstream of the EpoR and c-Kit and the involvemenl
of STATS in signalling and target gene transcription.
We already found that pathways used by the EpoR and
c-Kit are distinct and that c-ErbB acts by combingd
signalling along EpoR and ¢-Kit pathways (Figure 1),
Gene expression profiling of translated genes using
polysome-bound versus free mRNA has been initiated
in the erythroid system, showing that a surprisingly
large proportion of genes regulated during erythroid
differentiation are also subject to translational con-
tral. Applying this approach to Affymetrix chips, we
are currently analysing the cooperation between
EpoR and c-Kit, their cooperation with the GR and
their replacement by ¢- and v-ErbB. In addition, avian
and human leukemia oncogenes (v-Ski, MLL/ENL)
cooperating with c-Kit in avian multipotent cells will
yield further interesting systems for gene expression
profiling, after establishing these systems in mouse

cells,

Signal transduction by the TGF[i-receplor:
required for lumor cell invasiveness and
metasiasis

In carcinomas, epithelial cells lose the strict polarity
required for the protective barrier function of epithelia
and progress fo cells with mesenchymal charactistics,



Figure 1: Erythroid progenitor renewal: signalling through
plasma membrane- and nuclear receptors

Scheme depicting our current view of which molecular pliyers are essential for
erytheoid progenitor renewal and how They may 1alk to each oiher. Data from geneli-
cally modified mice imply ihe EpoR, c-K#t, Stath and GR in erylhrobd prolieration
control during (sleady state andar stress) erytheoposesis, EpoR and c-K3t contribute
1o renewal wia distingt pathwarys (red and blue amows), eiv-ErbB signal along path-
warys employed by ihe EpeR and c-Ki (gresn arrows). GR- function can be suDstity-
led by corepressorsichiomaln regulalor oncogenss (v-5ia | MLLENL; black) [res-
pcting with muclear recepiors, a role also proposed for Stats,

s/ minus EG

Figure 2: Growth factors implicated in human carcinegena-
si5: scattering versus EMT

I wife antibody staining of three dimensional strucisres Tormaed by epiihelial cefls in
colizgen geis fodowed by confocal microscopy allows o distingoish between bona
fida EMT and raveesibig Scaltering. Conlrol Ras-translarmed mammary epithelial
calls Tarm tubular structures with basal expression of beta 4 integrin (lumen: while
diotiod Mne, fop laft). TGS addition induces 1he coll to Mvade the ged, lose beta 4 in-
1egrin and gain the mesenchymal marker vimentin (red, fop fight). ih confrast, treal-
ment with HEFSF causes immsion of the geal, but no upregulation of vimeénlin (bat-
lam Jef). When HGFSE is removed, the calls again form lebalar structores (botlam
right), while struciures formed in TGFj do nof change atar TGFP remcval (nat
whave),

particularly during metastasis. This process of epithiial-

mesenchymal transition [EMT] also occurs when
epithelial cells acquire migratory and mesenchiymal
properties during embryogenesis, tissue remodeling
and wound healing.

Normal mammary gland morphogenesis requires
cooperation between TGFG-receptor (TBR) signal-
ling with RTKs (HERZ) or downstream signal trans-
duction intermediates (Ras; Mapk pathway), This

N

G
¥-Ski, MLL/EHL

cooperation is subverted In EMT as well as in late
processes during carcinogenesis. Interference with
TRR signalling reverts EMT and prevents in vitro in-
vasiveness and metastasis im numerous muring and
human tumor models. Furfhermore, Ras- or Mek-1
inhibitors abolished EMT, reverting the cells to an
gpithelial phenotype and restoring sensitivity to
TGFR-induced cell cycle amrest and apoptosis, Thus,
EMT requires the sustained activity of two coopers-
ling pathways, Ras- and TGF{ receptor signalling.
For instance EMT was claimed (o occur éfter figand
activation of the fibroblast growth factor (FGF) or
hepatocyte growth factor (HGF/SF) receptors, both of
which have been strongly implicated in human carci-
nogenesis, Howevar, FGF-R and HGF-R failed to induce
EMT in Ras-transformed epithelial cells, inducing re-
versible morphological and migratory changes not
accompanied by gene expression changes which are
typical for EMT {loss of epithelial markers, gain of
mesenchymal markers; Figure 2).

Using specific inhibitors and Ras effector-specific
mutants seleclively activating Ras-tdownstream. sig-
nalling, we investigated the role of various pathways
in EMT and TGFf-induced apoptosis,

Furthermore, we have performed gene expression
profiling of transiated genes on Affymetrix chips.
Both EMT markers and potential key players involed
in EMT have been found and are currently analysed.
Finally, we investigate the role of TGFRR signalling in
EMT. ra
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Pax gene function in brain development, hematopoiesis and disease

The development and organogenesis of the mammalian embryo is controlied by a network of differentially expressed
transcription factors including the paired box-containing Pax proteins. By using a combination of mouse transgenic,
cell bivlogical and molecular approaches, we are investigating the mechanisms by which Pax transcription factors re-

guiate brain patening, B-lymphopoiesis and, under pathological conditions, the development of disease.

Midhrain development

The midbrain and cerebellum develop frem an orga-
nizing center, which is located at the midbrain-hind-
brain boundary (mhb) of the vertebrate embryo. The
three transcription factors of the Pax2/5/8 family are
co-expressed in this embryonic brain region, al-
though only Pax2 and Pax5 were so far shown 1o be
egzential for mhhb development. Our recent analysis
of Pax5, Pax8 double-mutant embryos has also iden-
tified Pax8 as a critical regulator of the mhb region,
One goal of our laboratory is to unravel the molecu-
lar mechanisms by which Pax proteins regulate mid-
brain and cerebellum development. Gene targeting
and transgenic analyses have indicated that Pax2 is
essential for the initiation of Pax5 expression at the
mhb of the mouse embryo. Apart from this cross-
regulatory interaction, Pax2 and Fax5 have partially
redundant functions in mhb development, which was
canfirmed by the generation of a knock-in (ki) mouse
tarrying a Pax5 minigene under the control of the
Pax? locus. The brain phenotype {loss of midbrain
and cerebellum) of the Pax2 mutation was entirely
rescued in this knock-in mouse, Indicating that Pax3

tan compensate for the loss of Pax2 function (Figure 1).

To dale, relatively few genes are known which are ex-
pressed in the embryonic mhb region. To search for

novel genes expressad in this brain area, we have
screenad mouse cONA microarrays by hybridization
with probes prepared from micro-dissected brain
regions of the mouse embryo. Novel mhb-specitic
genes have been identified, which are now baing
characterized, also with regard to their regulation by
Pax proteins. Different experimental approachas are
thus used to identify upstream regulators and down-
stream targets of Pax genes in midbrain development.

B-lymphopoiesis

Fax5 plays an essential rols in B cell development, as
it is required for progression beyond an early proge-
nitar (pro-B) cell stage. PaxS-deficient pro-B cells can
be cultured x vivo on stromal cells in the presence of
IL-7. Surprisingly, these pro-B cells are uncommitted
hematopoietic progenitor cells, as they can develop,
upon stimuylation with appropriate cylokines, into natural
killer (NK) cells, T-lymphocytes and various myeloid
cell types (Figure 2). B cell development is, howevar,
only observed upon restoration of Pax3 exprassicn
by retrovirus-mediated gene transler. These experi-
ments identified Pax5 as the B-lineage commitrment
factor, which restricts the developmental potential of
progenitar cells to the B cell pathway, Conditional
gene inactivation furthermore revealed that Pax3 is
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Figure 1: Functional equivalence of Pax2 and Paxs. The madbrain

{mb} and cergbedhrn (ch) develop normalhy in Pax2 ¥ mice in coa-

trast io P2’ mice, as revealed by sagittal braln seclions of 18.5-
day-obd embiryes, chi, choroid phexus.
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Pax5--
pro-B cell

B eall T cell

Figure 2: B-ineage commitment by Paxs. Paxs pro-8 cells are
early progemilor calls, which can diffecentiate along the indecated
hematopoietic linsages with the exception of the B-cell pathway,
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activated repressed EST

Figure 3: Idertification of PaxS-regulated genes. Libraskes enriched for
activaled or raprassed penes ware generated by cDNA subiraction belween
wild-lype and Pack pro-B eells, and 5'000 clones of each libeary werg spot-
ted iogether with known E5Ts on glass shides. Thes pro-B call chip was ferhei-
dized with Cy3 (grean)-labolled cONA trom wild-type pro-B calis and CyS
(red}-tabelled cOMA from Paxs~ pro-B celis

also essential for maintaining the identity of mature B
cells in late B-lymphopoiesis. At the molecular level,
Paxs fulfils a dual role by activating the expression of
B-celi-specific genes and by repressing the transcrip-
tion of lineage-inappropriate genes through the
recruitment of specific coactivators or Groucho core-
pressors, respectively. To systematically analyze the
transcriptional function of Pax5, we have generated a
pro-B cell microarray by cONA subtraction between
wild-type and PaxS-deficient pro-B cells. Expression
profiling of this pro-B cell chip is currently under way
to identify novel Pax5 target genes. The functional
characterization of these genes will provide important
insight into the role of Pax5 in early and late B-lym-
phopoiesks. Using transgenic approaches, we have
mapped the B-cell-specific enhancer at a distant loca-
tion from the Pax5 promoter. Characterization of this
enhancer should identify the upstream regulators
cﬂhtrmling Pax5 transeription. Together, these experi-
ments will laad to a better understanding of the tran-
scriptional hierarchy and control of B-lymphopoiesis.

Human disease

An unusual teature of mammalian Pax genes is their
haploinsufficiency, which results in the frequent as-
sociation of heterozygous Pax gene mutations with
hurman disease syndromes and mouse developmental
mutants. PAX genes are also recruited as oncogenes
by gain-of-function mutations in certain human tumors,
PAXS has been implicated as an oncogene in the ge-
nesis of non-Hodgkin's lymphomas carrying a specific
t{%;14) translocation, which brings the PAX5 gene
uncer the transcriptional contral of the immuno-
globulin heavy-chain locus. We have reconstructed
this transtocation in the mouse by inserting a Pax5
minigene into the fgH locus, which is transcriptio-
nally active in bath B and T calis. All homozygous
knock-in mice die within a few months as they deve-
lop aggressive T cell lymphomas. Hence, inappro-
priate expression of the B cell identity gena Pax5in
the retated T-lymphoid lineage results in lumeor forma-
tion. We are currently investigating the molecular
mechanisms responsible for PaxS-mediated lympho-

magenesis.
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The major molecular mechanisms of multistage tumor development

The objective of our research is the identification and characterization of molecular evenis involved in multistage
{umorigenesis. In addition fo tumor cell lines in vitro, we employ transgenic mouse models of tumarigenesis

to determine causal connections between the expression of a particular geng and tumor progression in vivo,
One of the mouse models (Rip1Tag2) expresses SV40 large T antigen under the control of the rat insufin
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promoler leading fo pancreafic {3 cell tumors in @ multistage tumor progression pathway.

Tumor angiogenesis

While the pivotal role of vascular endothelial growth
factor (VEGF-A) in the onset of tumor angingenasis
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 im wivo, we have
generated recombinant adenoviruses that express
soluble versions of FGF receptors and YEGF recep-
tors, and expression of soluble FGF or VEGF recep-
tors in xenograft tumor transplantation experiments
and in Rip1Tag? transgenic mice repressed tumor
angiogenesis and thus twmor growth with comparable
efficiencies (Compagni et al., 2000). Together, the re-
sults indicate that FGFs, like VEGF-A, are required for
the onset and maintenance of fumor angiogenesis.

Recently, an antagonist of FGF function has been
identified in Drosophila development, named Sprouty.
Subsequently, we have isolated cDNAs encoding four
different mouse Sprouty proteins and investigated
their role in the regulation of angiogenesis. We have
found that Sproutys inhibit FGF- and VEGF-induced
endothelial cell profiferation and differentiation by re-
pressing the activation of mitogen-activated protein
kinase (MAPK) pathway. Sproutys are anchored to

membranes by palmitoylation and are themselves
also a target of the MAPK signalling cascade, tor gx-
ample by regulation of their subceliular localization
and by phosphorylation (Impagnatiello et al., 2000).
Currently, we are investigating the mechanism by
which Sproutys intersect tyrosing kinase recaptor
mediated signal transduction.

Tumor cell invasion and melastasis

Previously, we have demonstrated that the loss of
E-cadherin-mediated cell-cell adhesion is causally
invalved In the transition from adenoma lo canci-
noma (Perl et al.,, 1998). A major component of the
E-cadherin cell adhesion complex, B-catenin, is also
a central player in the Wnt-signalling pathway (Fig. 1),
and the role of -catenin/TCF-mediated transcription
in the transition from adenoma to carcinoma in
Rip1Tag? transgenic mice was investigated by two
experimental approaches: 1) forced expression of
constitufive-active f-catenin during Rip1Tag2 tumaor
progression {in collaboration with Dr. Henrik Semb,
Gothenburg University); 2) crossing Rip1Tag2 mice
with TCF-1 knock-out mice (generously provided by
Dr. Hans Glevers, Utrecht University), since | tumoar
cells exclusively express TCF-1 as the only member
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E-cadharin

of the TGF/LEF-1 gene family. In both approaches,
Rip1Tag2 tumor progression, in particular the transi-
tion from adenoma to carcinoma, was not altered,
Hence, f-catenin/TCF-mediated transcription is not

involved in late stage tumor progression, and our future

Flgure 1: The link between E-cadherin-mediated cell-call adhesion and ha Wl experimentation will focus on alternative signalling
signafiing pathway, Two magor guestions of our current reseanch are Indicaled:

(1) Do#s E-cadharin-mediated cell-call adhesion deeclly modulae the Wnl-siginaling
palbvaay'? (2) Are chanpes in TCRf-catenin target gene expression relewant dor tumior mediated cell-cell adhesion,
progression lrom adenoma to carcmamay

pathways that are activated by the loss of E-cadherin-

During the development of many human cancers, éx-
pression of neural cell adhesion molecule (N-CAM) is
downregulated concomitant with a progression to
turmor malignancy. Recently, we have demonstrated
that the loss of N-CAM function results in the meta-
static dissemination of (8 tumor cells in Rip1Tag2
transgenic mice (Perl el al,, 1999). Notably, N-CAM-
deficient lumors exhibit dramalic tissue dis-.aggregatiun.
and in subsequent experiments with cell lines esta-
blished from these tumors we found that N-GAM-
deficient f tumaor cells are defective in adhesion to
extracellutar matrix. Biochemical analysis revealed
that N-CAM associates with N-cadherin and fibroblast
growth factor receptar-4 (FGFR-4) resulting in the
activation of FGFR-4 signalfing and increased cell-matrix

adhesion. Componants of the FGFR signal transduction
N-CAM fact. 31 Cortaclin / N-CAM .
pathways, such as ppB0e==, FRS2, FLCy, cortactin
and also GAP-43 are found to associate with N-CAM,
N-cadherin and FGFR-4. M-CAM and some of thesa
factors specifically co-localize with activated Py integrn
in neurites of N-CAM expressing cells (Figure 2).

Conversely, dominant-negative FGFR-4 and specific

inhibitors of FGFR signalling repress N-CAM-media-
ted newrite outgrowth (Cavallare et al., 2000). The
results indicate that N-CAM induces cell-matrix

N-cadherin / N-CAM N-CAM / GAP-43

Figura 2: The N-CAMM-cadherinFGF receptor complet 1 neusites of N-CAM éx-
pressing [ lumar cells. Co-localization of cortactin, N-cadharin, GAP-43, and actnvated adhesion h!l" ac!wa‘[i”g FGFR Sig”m“ng‘ a pu‘_ﬂnlq’a'

it Integrin with N-GAM was datermined by double-immunoludrescencs analysis In

K-CAM-induced newites of [} lumar cells 35 indicated mechanizm for modulating tumor metastasis 11
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Axon guidance in Drosophila

How does the nervous system gel wired up? Wha rules underlie the intricate patterns of connectivily in the nervous
system? To seek answers fo such questions, we have turned to the fruit fiy, Drosaphila melanogaster. As a model
system, Drosophila offers both complex pattems of neuronal connectivity and powerful methods for genetic analysis.

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

12

developmental mechanisms that establish these connections are remarkably similar.

During development of the nervous system, each
neuron projects an axon that seeks out and connects
with one or mare specific target cells. Axons follow
very specific routes to their fargets, ignoring paths
that other axons might take, and ignoring targets that
other axons might choose. How does each axon re-
cognise its own specific route and destination? Car
drivers face exactly the same problem, and perhaps
not surprisingly, drivers and axons have found similar
solutions. Just like cars, axons are also equipped
with a motor and a steering mechanism - these reside
in the growth cone at the tip of the axon. Drivers
navigate by looking out lor the specific signposts
that will lead them to their destination. In the same
way, axons use receptors in the growth cone to look
for guidance cues in the extracellular environment
that will direct them 1o their targets, We want to
know the nature of these cues, the receplors that
recognise them, and how the motor and steering
machinery in the growth cone wark. Our approach is
to try to create havoc on the neural highways: to re-
move the 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
disrupt the enging or stearing mechanisms in the
growth cone. Qur favourite playgrounds are the
embryonic CMNS and the adult visual system.

Axon guidance in the CNS

In hilaterally symmelric nervous systems, such as
our own and that of the fly, axons in the CNS face a
number of important decisions: g cross or not o
cross the midling; to select a specific «lane« on the
highway running from the brain to the tip of the
nerve cord; and when and where they should exit the
highway in search of their final targets. We are now
beginning to understand how many of these decisi-
ons are controlled. The major guidance cue here is
Slit, a repellent that is secreted by cells at the mid-
line. The decision to cross or not to cross is regula-
ted by the receptors Robol and Robo2. Axons ex-
pressing high levels of Robol and Robo?2 are
repelled by Slit and do not cross the midling; only
axons expressing low levels of both receptors can
cross. Aobol and Robo? levels are in turn controlled
by the proteins Comm1 and Comm2, which therefore
indirectly determing which axons cross and which do
not. We are currently trying to figure out how the
Comms regulate the Rohos. Siit also determings
which lane an axon chooses as it turns Into the major
highway running up and down the nerve cord. Slit
does this by signalling through both Robol and
Robo?, as well as a third receptor unimaginatively
talled Robod.

By altering the »Robo code« of specific axons, we



Figure 1: Lanes on the
aconal ghways. (A) In the
CNS of & Drosaphita embiya,
axons in the longitusdinal
racls are Sooied nio hies
tanes. Axons axpressing
Rabal choose the mner ne
[Désie], RuOns exprEssing
Raobat and Rabad take tha
middtz lang (green), and
AKONS daprassng il thise
Rabos take e ouber Rane
[red), The longiludingl axon
Iracts are connected in each
segmeant by Iwo commissures
{bdue}, lormed by axons that
cross ihe midiine. (B) Thesa
pathiways are palterned by a
combsnation of aliractive and
rapulsiva guidance coes. In
this schema, e atbractie
i {Netrin) &5 shown an the
lnft and the rapulsiee cus
{581} on the right, In reality,
Ifa CHS &5 hilaterally syrm-
mefrical, and bolh mecha:
nisms operate on both sides
of the midline,

Figure 2: Photorecepior
anons innenvaling the brain
(A} Projeclions are reting-
Topec, 50 1hat dorsal and
veniral auons (green) project
{or e clorsal and ventral
regeons of 1he oplic lobe

(B) Our genetic screen is
beginming 1o revesl the path-
liniking machinery mside
photoreceptor growdh conges

have discoverad a simple logic to lane selection:
axons expressing only Robol stay in the lane nearest
the midling, axons expressing Robol and Robod take
the middle lane, and axons expressing all three Rohos
take the outside lane. The three Robos identify these

lanes by reading positional values on a Slit gradient,

Axon guidance in the visual syslem

Vision requires the precise targeting of photoreceptor
axons to the visual centres of the brain. These axons
make »retinotoplc maps« that project spatial infor-
mation directly inta the brain, Photoreceptors tuned
to specific colours project their maps into different
target layers. How do these axons find their way into
the brain? How do they read the coordinates of the
retinotopic map? How do they know which target layer
they should choose? To find out, we have recantly
performed 4 saturation genetic screan, examining
over 32,000 mutant lines to identify those in which
one or more of these decisions goes wrt':ung. We re-
covered nearly 200 such mutants, and have now as-
signad each to one of approximately 40 different
genes. In most of these mutants, axons make a very
specific guidance error. For example, in some mutants
axons choose the wrong target layer. In others, they
project to the wrong location on the retinotopic map.
Our task is now to identify each of these genes so
that we can then examine the molecular basis of
each decision. So far, we have identified 15 of them.
The proteing they encode include cell surface recep-
lors that sense specific guidance cues, and molecules
that direct growth cone extension in response to
these cues. In the coming year, we will continue to
examing in detail the functions of several of these
genes. In parallel, we are also taking advantage of
the recently completed Drosophila genome sequence
to develop high-throughput high-resolution mapping
technigues in order to identify most of the remaining
25 nenes.
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Understanding gene function with biomolecular sequence analysis and cDNA chip data studies
High-throughput experimental technologies in Life Sciences (for example, DNA sequencing and the cONA array techno-
logy) produce large amounts of uniform data such as biomolecular sequences and mANA expression values without
a direct link to biological function. The combined application of quantitative theoretical concepts (e.g., sequence evo-
lution and pattern description models) and biological database studies can often find hints that help to bridge this gap.
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Application projects in cooperation with
gxperimental groups

The creation of an efficient environment for using
binlogical databases and sequence analysis soflware
in applied projects is the most important technical
achievement of the past first year, Automatic upda-
ting procedures ensure that the most recent versions
of important databases and academic software pack-
ages are downloaded, installed and prepared for im-
mediate use, All major types of biomolecular s&-
fjuence analyses can be carried out locally on IMP
computers. A number of these services are available
not only via command line within the bioinformatics
group net but also through the local intranet and in-
ternet node (httpaVmendel.imp_ univie.ac.at).

Many genetic screens and cONA chip studies end up
in sequences of functionally uncharacterized bio-
molecules. More than 100 protein families have been
studied with sensitive sequence analysis methods in
greal detail during the past year, some of them re-
peatedly, to elucidate structural and molecular func-
tional features of the gene products or associated ge-
nomic regulatory regions, Such investigations have
been launched, as a rule, on requests of IMP resear-
chers but also as cooperations with the University of
Vienna and the Austrian Academy of Sciences.

For example, the putative hislone methyltransferase
activity of sulvar) proteins has been predicled by a
distant but yet significant homology of their SET do-
main segment with ptant methyltransferases. Subse-
quent experiments carried out by the Jenuwein group
verified this hypothesis successfully. This finding
opens new possibilities for studying epigenetic
cantrol of chromatin structure on a molecular level,
taking into account histone modifications via
methylation, acelylation, and phosphorylation,

Development of new methods, algorithms and
saftware packages for sequence and DNA chip
data analysis
Genuine bicinformatics research is orianted to the
creation of new methods or integrative theories, but
seientifically relevant efforts are defermingd by inter-
action with experimental life sciences. Our methodi-
cal research covered three main directions:
1. Recognition of positranstational medifications
in proprotein sequences (see Fig. 1)
2. Integration of sequence analysis methods in
a shell for applications in large scale protein
sequence annatation, a common praject with
Bl Austria
3. The Java microarray information management
system JMIMS (see Fig. 2)



profein to be Computer use and networking within the IMP

. Modern experimental biological research as well as
efficient administration and maintenance of the insti-
tute is impossible without powerful computer & net-
work services. Following the wishes of different IMP
researchers, a heterogeneous network of Apple Mac-
intash computers, WindowsNT PCs and Unix machi-
nes is supportad. The concept of the computer &
network group has started to change gradually from
mainly individua! user-service contacts to genaralized
problem solutions for the whole institute.

The last year has seen an unprecedented technical
rearmament of the core facilities: new central file and

mail servers with a 10fold increased disk capacity
have been installed. The centeal parts of the IMP netl-

Figura 1: Model of the transamidase complex for transfer of '
9 e work are equipped with new switches/routers, the

the glycosylphesphatidyl-lipid ancher to substrale proteins

in eukaryotes core connections have changed to optical cabling
After cleavage of the signal peplide, the transamidase GpiBp (shown mainly in gresn) i i i

rogion. The N-terminal endopeptidase domain is distantly retaled 1o caspaces and gin- ries are now equipped with 100 Mbit links to the
gipain R in actondance with sequence similasity and secondary structure predaclions.

Amang alf residues with functional side chains, only a histidine and a cysteine (ca. 40 central switches. Both planning and installation of
residues apart) and a few small residees nearhy are strctly conserved in an algnmaont . . :

with other C13 proteases, Thess two catalylic residues {shawn s ball-and-stick in the new network design has been realized without
green) form thi catalytee dyad, . : .

i Giowhiv e Al i o x s ot outside supporl. Training in PG operating systems
tein, The N-terménus of the polypeptide chain is in the cytoplasma, the C-terminus is and major software packages is offered to IMP em-
focated in e ER kimen. The domaing tocaied in the ER activate the (acylxted) GPI '

anthor {shown in blue) and supely it to the Gail gratein and to the cleaved substrate ployees.

pofypentide,

TSt profsl dehown:as-noeieons R he with a Row rstikins emphast The IMP systerm managérs have started to analyze
end by retl circles) s recognized by the transamidase alang, An unstructured region their ways of spending working time for differant
{er-11_.00-1) conmests the globise of the substrate prodeln with the catalytic cavity i

comprising residues o100+ 2 followed by & nsoderatoly polar ragion. The masnly tasks in order 1o find methods for improving perfor-
frydrophiobic residues Tram g or ex 10 10 the C-termingd appear 10 be bound by -
 hydraphobic. pocket of GpiBp and/or Jo dive ins the membrane. mance, Currently, 46% of all manpower is still used
This knowledge i incorporaldd ik, the big-r1 softwars for GF1-anthor sile for finding solutions to individual problems.

prediction available also & WWW-service from the IM®
{hbtp:fmendal imp univieacatigpl_server ilmi).

Figure 2: JMIMS - the Java Microarray Informa-

tion Management System

The devetopment of in-house production and appiicaion of cONA
chips required 3 correspanding software solution, Object-ormenied
Anatysts and Design (O0ALDY an the demain of production of cONA
microarrays and their subsequent use in hybridizations, scannings
and kmage analyses resulbed in a class schema (persisient object
miodal). This class schama was implementad using the Java binding
of 1he Qbject Dala Standard version 3.0, as defined by the Obect
Data Managerent Group (GOMG]. We used the pure Object Data-
base Management System (DDBMS) POET 055 25 tha back-and. A
web-based user-inbertace 1o this database was implemented wsing
{he Java2 Enferprise Edition [J2EE) lechnodogies Java Server Pages
(45} and dava Serviels. The softwars ntertace allows. technicians
aniel scienfists to handis chip-associated data &1 all stages of chip
production and usa. 15
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The mechanism of cytokinesis
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The ultimale task of the cell division cycle is to partition the replicated chromosomes and cytaplasmic organelles into
two calls. Our laboratory Is focussed on understanding this process of cytokinesis in molecular detail,

Cytokinesis is mediated by an actin-based contractile
ring that is attached to the overlying cell membrane.
The ring assembles in the cell cortex at a site that is
positioned midway between the two poles of the mi-
totic spindle, thus ensuring that the wo separate
sets of chromosomes are gqually partitioned into the
two daughter cells. The entire process — the assem-
bly of the contractile ring, its constriction and the
separation of the two nascent cells — usually requires
ten minutes. Thus, cylokinesis is a dynamic and spa-
tially regulated process. The nematode C. elegans 1S
an excallent model system to dissect this complex
process since worm embryos are extremely well sul-
ted for real time microscopic analysis. Furthermare,
this system can be molecularly dissected using for-

ward and reverse genetics.

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 meta-
phase 1o anaphase transition, when chromosomes
move polewards on the shrinking kinetochore micro-
tubules. M this time, the non-kinelochore microtubu-
les become bundled to form the central spindle
{Figure 2). We are studying the ¢yk-4 gene, which is
essential for the formation of the central spindle and
for eytokingsis, In cyk-¢ mutant embryos, chromo-

somes seqregate normally, but the central spindle
does not form. Subsequently, the cleavage furrow
assembles and ngresses to near completion, but a
late stage of cytokinesis is blocked and the embryo
becomes multinucleate, Surprisingly, GYK-4 contains
a GAP domain that stimulates GTP hydrolysis by
Rhio-family GTPases. Cenltral spindle assembly does
not require the Rho GTPase and we have indications
that CYK-4 mediates central spindle assembly by as-
sociating with a kinesin-like protein known as ZEN-4/
CeMKLP1. Embryos lacking ZEN-4 have essentially
the same defects as embryos lacking CYK-4. GYK-4
and ZEN-4 are thus each necessary for central
spindle assembly. We hope to determine next if
these two proteins are sufficient for this process, by
atlempting to reconstitute antiparaliel microtubule
bundling using recombinant CYK-4 and ZEN-4. It is
fikeky that CYK-4 acts not only to build the central
spindle, but also to promote the completion of cyto-
kinesis by virtue of its ability to promote GTP hydro-
lysis by Rho.

A second protein that localizes to the central spindie
is the Aurora-like kinase AIR-2. In the past year we
studied the function of Incenp, a protein that binds
to chromasome arms in prometaphase, the inner
centromeric region in metaphase, and the spindie
midzone during cytokinesis, We discovered thal
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wild-type

cyk-4(11689fs)

ICP-1 {the nematode Incenp) binds to AIR-2 and is
required for the localization of this kinase. Embryos
lacking AIR-2 and ICP-1 are defective in both chro-
mosome segregation and eytokinesis. By following
the distribution of ZEN-4:GFP in real time, we have
been able to show What at least one way in which
ICP-1 and AIR-2 promote cytokinesis is by promo-
ling the stable localization of ZEN-4 to the central
spimdie. We now plan to investigate in more detail

it ZEN-4 or CYK-4 are direct substrates of the AIR-2
kinase. Interestingly, IGP-1 does not only function to
promote cytokinesis, il also is required tor chromo-
some segregation. This function also requires AIR-2
and we are investigating if ICP-1 regulates AIR-2 or
only serves 1o localize this kinase,

Our goal 15 1o refine our understanding of how the
proteins ment'mnay above act to promate cyltokine-
sis. We will rely extensively on both biochemical and
genetic tools to achieve this goal. However, these are
probably only a small subset of the factors that me-
diate cytokinesis, many additional aspects are enti-
rely uncharacterized. For example, how is the divi-
sion plang positioned? How is the ultimate splitting
of the two daughter cells achieved? To identify addi-
tional factors required for cytokinesis, we conducted
a screen for mutants defective in this process. This
screen was designed to allow us to identity both
temperature sensitive and non-conditional mutations
thal cause homorygous mutant worms o be viable
but to produce only dead embryos — so-called mater-
nal effec! embryonic lethal mutations, This screen al-
lowed us 1o isolale sevaral mutants that have inte-

Figure 1:
The divizion of
a worm embryo

Figure 2: cyk-4 mutants are defective in central

spindle assembly

A wild-typa and 3 cyk- mistant embeyo in early anaphase wera

fiooed aned stasned with andl-tubulin sntibodies. The central spirdis

T I% caearty wisibde b wild-type embryoes but nal 6 cyk-4 mutant
ombryes,

resting defects in the early embryo, including one
that Is cytokinesis defective. ‘We are using single
nuclzotide polymarphisms (SNPs) to aid the map-
ping and cloning of the affectad genes. Further
rounds of screening will enable us to identify critical
proteins that are required for the successful comple-
tion of cytokinesis. <

fep-T(RNAT)

pronsclear
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melaphass
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Figure 3:
fep=1 is required
for chromosome
asgragation and

cytokinesis

A gmbiyo Trom a
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Epithelial biology

The central aim of my research group af 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

expression program of epithelial cells.

One major tool we used was well-characterized cell
systams that display both epithelial polarity and ils
disruption in cancer in an in wive-like fashion. Prima-
rily, we used a mouse mammary gland epithelial cell
line {EpH4) expressing an estrogen-inducible c-JunER
fusion protein, which allows analyzing reversible 10ss
of epithelial polarity in a fashion superior to existing
approaches. This hormone-induced disruption of
epithelial potarity in JunER cells entailed loss of
trans-epithelial resistance, redistribution of both apical
and hasolateral proteing over the enfire plasma mem-
brane and destabilization of junctional complexes
{Fialka et al., J. Cell Biol. 1996). Using this celi system,
we aimed at identifying genes and proteins that were
differentially expressed during loss of epithelial pola-
rity. Two different approaches to studying this pro-
biem were taken. Firstly, we screened for genes diffe-
rentially expressed during loss of epithelial polarity,
using Ditferantial Display techniques. Secondly, we
analyzed differentially expressed proteins of the intra-
cellular protein transport and sorting machingry, ana-
lyzing purified subcellular organelles by 20 gel tech-
nology and microsegquencing (Fialka et al., J. Biol.
Chem. 1999, Fialka et al., Electrophoresis 1999).

TIS7/PC4, a new a lranscriptional co-regulator
in epithelial cells

Last year we reported that TIST/PC4 was up regulated
during c-Jun-induced transient loss of epithelial poia-

rity, as well as detached from the plasma membrane
and translocated to the cytoplasm or nucleus. There-
after, TIS7/PC4 interacts with componants of the
wnit-signalling pathway, selectively squeiching gene
activation by beta-catenin, TIST/PC4 could thus be a
co-repressor of beta-catenin/TCGR/LEF-regulated tran-
scription, necessary for cell fate decisions of epithelial
cells during transient loss of cellular polarity (Vietor
et al., subrmitted).

p14, scatfold or regulator for mitogen activated
protein kinases?

We discovered a novel, highly conserved protein of
about 14 kD (p14) that localized to the late endosome/
lysosome (Figure 1). Using yeast two-hybrid screen-
ing we identified MP1 (MEK Partner 1) as specific
hinding partner of pi4. MP1 has been proposed to
gerve as a scaffold protein of the MAP kinase cascade
in higher eukaryolic systems and the protein seems 1o
selectively associate with MEK1 and ERK1 (Schaeffer
gt al., 1998). We can immunoprecipitate the Mp1/
MEK1/ERK1 complex together with p14 and can recon-
stitute an activateable complex in vito (Wunderlich and
Fialka et al., J.Cell Biol. 2001, in press). We will analyze
now the influence of p14 on the function of this signal-
ling maodule,

Winfried WUNDERLICH | PhD Student

Robert KURZBAUER | Lab Assistant



CD44 in lipid rafts is the plasma membrane
transmitier of HA »guidance cuess

€044, the major cell-surface receptor for hyaluronic
acid (HA), was shown to localize to deterpent-resistant
cholesterol-rich microdomains, called lipid rafts, in
fibroblasts and blood cells. These CD44-containing
lipid microdomains interact with the underlying actin
cyloskeleton (Qliferenko et al. J. Cell Biol., 1999).
Both CD44 and HA are thought to be involved in
severdl processes ultimately requiring cytoskeleton
rearrangements. In continuation of our work wa
could also show that the small guanine nucleotide
{GTP)-hinding protein Ract could be activated upon
HA binding to CD44. When applied locally 1o a passive
cell edge, HA promoted the formation of lamedllipodial
protrusions in the direction of stimulus (Figure 2.
This process was inhibited by the priar injection of
cells with dominant-negative N17Rac recombinant
protein or by pretreatment of cells with monoclonal
anti-C044 antibodies, interfering with HA binding,
implying the direct lnm!vemmlﬁ of CD44 in signalling
1o Rac1. The observation we describe here would
sugpgest the possibility of the direct involvement of
COD44 and HA in cell guidance (Oliferenko et al.. J.
Cell Biol. 2000). We would like fo propose that HA
might serve as an external stimulus influencing cell
arigntation, with C044 mediating signailing to the
actin cytoskeleton,

Figure 1: Projection of a live microscopécal stack of the infesti-
nial epifhedial oall e Caco-2 expressing EGFP-p14(green) after
30min indermalisation of EGF-Rhodarmingdred]

Figure 2: Lamellipodial outgrowth is spatially
restricted and confined to the region of logal HA
application.

When oligosaccharide HA (40 pgmi) vas supplied trough (he
microingciion needis to the defined region of he cell, we could ob-
e guite rapid lamelipodia formateon exclusively undemneaih the
microppatie. The lamellipadia formed axhibiled normal ncal contact
farmation and growth, as shown hare for the EGFP-ryxin-expressing
cill. High motecutar vaeight HA {40 pg/mi) was equally potent In -
ducing local lamellipodial autgrowih,
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In eukaryotes, epigenetic control of gene regulation and the functional organisation of chromosomes depends on

higher-order chromatin, Particularly for the high complexily of mammalian development, dereguiated inheritance of

gene expression patterns (»transcriptional memory«) results in perturbed differentiation and proliferation (cancer).

Moreover, compromised centromere activily induces mis-segregation of chromosomes and genomic instabilify

(aneuploidies). To analyse components and functions of mammalian higher-order chromatin, we isolated homo-

logues of Drosophila chromatin regulators comprising the evolutionarily conserved SET domain. Our data reveal

that SET domain-containing genes are linked with methyitransferase 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 the combat of cancer.

Suv3gh genes encode novel histone H3 methyl-
transferases

Higher-order chromatin has been proposed to be
nucleated by the covalent modification of histone
N-termini and the subsequent establishment of
chromosomal subdomains by non-histone modifier
factors, We have recently isolated mouse (Suv3dnT)
and human (SUV39H1) genes that encode novel hi-
stone H3 lysine 9-selective methyltransferases
{Suv39h HMTases), The catalytic motif was mapped
to the conserved SET domain which requires adja-
cent cysteine-rich regions to confer HMTase activity.
Motably, methylation of lysine 9 (Lys9) interfares
with phosphorylation of sering 10, & known histone
modification required for chromosome segregation.
By contrast, Suv3gh-dependent methylation is also
influenced by pre-existing phoshorylation and acety-
lation in the H3 N-terminus. These data provide ex-
perimental evidence for the =histone code= hypothe-
sis, which proposes that distinct modifications of
histona N-termini would regulate ditferent chromatin-
based outputs, like transcriptional activation, mitotic

chromosome condensation or the marking of hetero-
chromatic domains at centromeres and telomeres.
Because Suv3Sh proteins are enriched at heterochro-
matin and also transiently actumulate at centrome-
res, our results further suggest that Suv39h-media-
ted Lys9 methylation of the H3 N-tarminus
represents an important epigenetic signal towards
the induction and assembly of mammalian higher-
order chromatin (see Figure 1).

Genomic instabilities in Suv3gh-deficient mice
Murine Suvash genes are encoded by two loci, both
of which are widely expressed during embryogene-
sis, whereas in mature mice, expression of Suvagh?
is down-regulated with the exception of testes, All-
hough single Suv3gh1 and Suv3gh2 null mice are via-
ble, double Suv3Bh-deficiant mice are born at ~ 20-
25% of the expected ratios, are growth retarded and
display hypogonadism in males. By contrast, analy-
ses of primary mouse fibroblasts (PMEFs) and of e
vivo fetal liver cultures indicate accelerated prolifera-
tion that is accompanied by higher indices of
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Figure 1: Model for the establishment of

heterochromatin by the Suv3gh HMTases,

Activated regioms of chromatin (eechromating 2re represen
fed Dy acetytated (Ac) and pheshoryated (P) N-teemini
(thick black lines) af histenes H3 and H4 - madifications

{hat have bean correlatd with enhancad irasscriptional ac-

thvity and which will impair substrate recognition by the

Suvddh HMTases, For clarity, modifications ane only shown

a3t one pair of histone H3 and H4 per nucleosome. In chro-

mosomal regions dewoid of transcriptional actvity (eg. cen-
trgmeres and elomeres) or under conditions whene histone
H3 N-torrini are largely unmadified (8.q. after replicalion or

becauss of reduced transcriptional acfivity), the Sudh
HiTases methylate LysB in HE (Ma) which s proposed 1o
enesate a binding site tor heterochromatin-assaciated pro
feéns (ot shawn). Althaugh this model centers an H3, it
thoes mot exclude K4 modilications in participating in the
formation of chramosomal subdomains.

®

Figure 2: Increased aneu-
ploidies in Suv39h double
null PMEFs.

Karyolype anakysis of passage 3 primary
mousd fibroblasts (PMEFS) from wild-
Ly (Wt i = 40} and Suv30h double
il celis, mdicating a hyper-tetrapioid
i = B2) set of mouse chromsomes.

wild-type (n = 40)

aneuploidies in the mutant cells (see Figure 2). We
are currently investigating whether this compromised
chromosomal stability can be correlated with an in-
creased risk for tumorigenesis, as it has been sugge-
sted for the etiology of many human cancers. These
in vive data would characterise Suv3gh? and Suvagh
as potential tlumor-suppressor genes and suggest
that Suvagh-mediated higher-order packaging of chro-
matin eould provide a »protectives function for mam-
malian chromosomes,

The Polycomb-group gene Ezh2 is required for
early mouse development

Among the = 15 known Polycombegroup (Pc-G) genes,
the Efz)-related gene family contains the evolutiona-
rity conserved SET domain which has recently been
shown to confer methyltransfarase (MTase) activity
fséa above). Murine Efz) genas are encoded by two
loci, Ezht and Ezh2, of which Ezh2 is predominantly
expressed during early mouse development. Although
Ezh proteins have not {vet) been associated with di-
rect MTase activity, Ezh2 is a member of a histone de-
acetylase (HDAG) complex. To investigate the in vive
function of mammalian Ezh genes, we di:srupla:i hoth
loci in the mouse germiine, Whereas Ezh! null mice
are viable, Ezh2-deficient mice die around day E7.5,
with lethality also observed before implantation.
Moreover, Ezh2-deficient blastocysts display impaired
outgrowth potential, preventing the establishment of
Ezh2 null ES cells. Together, these data define an es-
sential role for Ezh2 during mouse embryogenesis
and phenotypically link Ezh2 with esd and Y7, the
only other Pe-G genes that are crucial for early
mouse development.

Suv3gh double null (n = 82)
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Asymmetric cell division in Drosophila
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While most call divisions are symmelric and produce two identical daughter cells, some cells can divide

asymmetrically into two different daughter cells. Such asymmetric cell divisions can be generaled by the segregation

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

fruitly Drosophila melanogaster as a mode! system fo understand how determinants can be segregated during mitosis

and how asymmetric cell divisions are coordinated with the general body plan to ensure that the right cell types are

generated at the correct positions.

In Drosophila, asymmetric cell divisions are involved
in the development of both the central and peripheral
nervous system. In both tissues, the protein Numb
plays an important role during these asymmetric cell
divisions. Numb is a membrane associated protein
which localizes asymmetrically in mitotic neural
precursor cells and segregates into one of their two
daughter cells (Figure 1A, B). In the absence of
Mumb, this daughter cell is transformed into its si-
ster cell, whereas the overexpression of numb leads
1o the opposite cell fate transtormation. Thus, Numb
acts as a segregating determinant during the deve-
lopment of the Drosophila Rervous systam,

Correct asymmetric segregation of Numb requires
the protein Inscuteable. Like Numb, Inscuteable is
asymmetrically localized in dividing neural precursar
cells, However, Inscuteable localizes already in inter-
phase -before Numb- and it localizes to the opposite
site of the call (Figure 1C). In Ihe absence of Inscu-
teable, Numb either fails to localize asymmetrically or
the Numb crescents form at random positions aro-
und the cell (Figure 1D). Inscuteable is also required
for the correct orientation of the mitotic spindle,
which determines the division plane. Neuroblasts
which normally divide along the apical-basal axis
{Figure 1D} divide with random division planes in
inscuteable mutants. Conversely, ectopic expression

of Inscuteable in epithelial cells which normally divide
parallel to the epithelial surface leads to recrientation
of the mitotic spindle and cell division perpendicularly
to the surface. Thus, Inscuteable directs and coordi-
nates several events during asymmetric cell divisions.
Over the past year, we could show that a complex
containing the PDZ domain proteins Bazooka and
DmPar-6 directs the apical localization of Inscuteable
(Markus Schober, Matthias Schaefer, Mark Petronczkl).
Meuroblasts, the precursors of the fiy CNS, arise
fram polarized epithelial cells. In these epithelial
cells, the PDZ domain proteing Bazooka and DmPar-6
localize to the apical cell cortex (asterisks in Figure 24)
and are required for apical-basal polarity. When neu-
roblasis delaminate, these proteins remain apically
localized (arrowhead in Figure 24), Inscuteable binds
to Bazooka and in neuroblasts, both Bazooka and
DmPar-6 are required for the apical localization of
Inscuteable. Thus, Bazooka and DmPar-G cooperate
in translating epithelial potarity into asymmetry during
neuroblast division (Figure 28) and to make sure thal
neuroblasts always divide along the apical-basal axis.
To determine how apically localized Inscuteable pro-
tein orients asymmetric cell division, we have used
preparative immunoprecipitation and mass-spectros-
copy (Matthias Schaefer in collaboration with Anna
and Andrej Shevchenko, EMBL Heidelberg) to iden-
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Figgurg 1: Asyminetric call desion in Drosophila meuroblasts. (A,
B) Mismb protein (green), DNA (red) andl centrosomes (gresn, cen)
N thviding Drosophsta nourcbiasls. Nemb locakizes asymimaotrically
bn anaphase calls (A) and segregates inlo one daughler cell in lelo-
phsasa (B). (C) Wile Bumd localiration (green) pocurs mometa-
phase, Inscubsablé (orange) k& aiteady asymmetncally locatived in
interphase newroblasts. (D) In wild-type newrohizsts, the mitotic
spindie s oriemed along the aplcal basal axis. Numb forms a basal
crescant, wheress the Inscudeable crescent ks localed apically, In
ngeufeatie mudants, spindle orlentatson and Numb localization be-
come randem and are ne longer colrdinated

tify the Inscuteable binding protein Pins (Partner of
Inscuteable). Pins colocalizes with Inscuteable in
neuroblasts (Fig. 2A, B) and Inscuteable is required
and sufficient for Pins localization. Pins mutants
have an Inscuteable-like phenotype suggesting that
Inscuteable functions = at least in part = through
Pins. Pins contains three so-called Goloco domains
which bind heterotrimenic G-proteins and indeed, we
also find a heterotrimeric G-protein aipha subumil in
a complex with Inscuteablg, Heterotrimeric G=pro-
teins have been implicated in cell polarity and verte-
brate homologs of Pins can activate heterotrimenc
G-protein signalling. We are currently testing the ex-
citing hypothesis that Inscuteable functions by ac-
tivating heterotrimeric G-protein signalling at the api-
cal {but not basal) neuroblast cell cortex (Matthias
Schaefer, Mark Petronczki, Daniela Dorner).

In addition, we have carmied out a large scale genetic
screen for mutations affecting asymmetric cell division
{Daniela Berdnik, Tibor Tardk, Andrea Hutterer). We
have identified at least 20 genes that are required for
different aspects of asymmetric call division. All com-
plementation groups are mapped 10 narrow intervals
in the genome and we are in the process of cloning
and characterising some of them. Taken together, we
believe that these experiments will ultimately tell us
how the two daughter cells of asymmetric cell divisi-

ans can become different,

Figure 2. (A} Localization of Bazooka (green, kit panels), rtcuteable (greem, middle pancis)
and Ping (gréen, right panats) in epithelial cells (asterigks) and neunodlasts (amowheads). Epithalal
cells express Barooks and Ping, but not inscuseabls. n conbrast to Bazeoks, Pins is not agymmatn-

@ Pins delarminating neurotiast eally bocafized in opithelial colls. In delaminating meuroblasts (top panols) Bazooka, Pins and Inscu-
Mumi teable colpcadize ina stalk that is lall behind In the epdlhelial ceflf loyer, In metaphase neroblasts
l (boltam panels). all thies proising cobocalin a1 the apecal call contex. (B) Grapcal reprasentation
of the profein lecalimlion dala shown in (A). Inscuteabls (red) lomms a molecular fnk batwedn Ba-
@ 2opka (green) and Pins (bhse) and recnsts Pins to the apical coll corlex to orienl asymmaetric cell
divigions in neuroblasts. and ensure the proper segregation of Numb (yeliow] ima the basal Gaugh-

mtaphase neuroblas! e calt
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Chromosome segregation during mitosis and meiosis

The simultaneous separation of 46 pairs of sister chromalids at the metaphase lo anaphase transition is one of the most

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

threads to spiit longitudinally acts simultaneously on all of them«, Chromosome splitting is an ireversible event and

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

easily be repaired using racombination nor can mistakes in chromosome alignment be corrected,

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 because their kinetocho-
res attach lo microtubules emanating from opposite
poles: Chromosomes are nol mere passengers du-
ring this process. During metaphase, the tendency of
micratubules to move sisters apart is counteracted
by cohesion holding sisters logether. Cohesion there-
fore generates the tension by which cells align sister
chromatids on 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 sud-
den loss of cohesion, rather than an increase in the
exertion of microtubules, is thought to trigger sister
separation during anaphase.

What holds sister chromatids together after chromo-
some replication, what is Flemming’s impetus that
triggers loss of cohesion, and how do cells ensure
that sister separation never occurs before all pairs of
sister chromatids have been aligned on the meta-
phase plate? Such questions are equally pertinent to

metosis, where loss of sister chramatid cohesion
within chromosome arms and centromeras 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 between sister chro-
matids (madiated by cohesin) are established al re-
plication forks with the aid of a protein called Ecolp,
They persist until the onset of anaphase, whergupon
activation of a cysteine protease called separase
{also known as Esp1p or separin) induces the pro-
teolytic cleavage of the Scel1p cohesin subunit, which
is the trigger for sister chromatid separation (Fig. 1).
Separase is kept inactive from S phase till the onset
of anaphase by its association with a securin protein
{Pds1p). The liberation of separin from its securin Is
mediated by a multisubunit ubiguitin protein ligase
cailed the Anaphase Promoting Complex or cyclo-
some (APC/G), which promotes the ubiguitination



and hence proteolysis of securin, We have succee-
ded in reconstructing the yeast cohesin complex
using baculoviruses angineered to express all four
yeast cohesin subunits in insect cells. We are cur-
rently studying the interactions between subunits and
their structure using electron microscopy. Our goal is
to understand how cohesin mediates bridges hat-
Ween sister chromatids and how these bridges are
destroyed by separase.

Loss of sister chromatid cohesion along chromao-
some arms is essential for chromosome segregation
during meiosis |. Meanwhile, however, cohesion bat-
ween sister centromeres persists so that it can later
be used to align sisters on the meiosis || metaphase
plate. The different timing of sister chromatid cohe-
sion loss betwean chromosome amns and centrame-
res is therefore a crucial aspect of meiosis. The bud-
ding yeast genome encodes a second Scoi-like
protein called Rec8p, which is needed for preventing
pracocious separation of sister chromatids during
meiosis. RecBp and other cohesin subunits are found
all along the longditudinal axis of chromosomes du-
ring pachytene, They disanpea{ from chromosome
arms during the first meiotic division but persist in
the neighbourhood of cantromeres until metaphase
1l. We have recently shown that separase triggers the
first meiotic division by cleaving FecB along chroma-
some arms (see Fig. 2) and are currently studying
how Rec8 in the vicinity of cantromeres is protected
from separase until the second meiotic division.
Lastly, we have identified, using a =functional geno-
micS« SCreen, a meiosis-specific protein called
Marnd which is essential for ensuring that sister ki-
netochores attach to spindles from a single pole du-
ring meiosis | {(mono-orientation) (see Fig. 3). Our
next goal is to identify Mam1 homologues in other
eukaryotic crganisms and to study the molecular

mechanism of mono-origntiation,

DAP1 tubulin myc-TEV

Scel-TEV
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Figure 1: Triggaring the segregation of sister chromatids using the foneign
TEV protease. The top panels show DNA stained by DAPL, microdubules stained
with ubuln-specific antibodies, and TEV axpression using antibodies speciic Tor
a miye tag in cells that express a version of Scet inwhich one of e two Sopa-
rase cleavage sites has been replaced by that for the TEV protease. Cells were
arrested in metaphase by Inacthating the APC activator protéin Cde20 and TEV
was then inducad Trom the GAL promater. The boltom panels show celis with
wild type Sect protein ireatad in the sama way.

Figure 2; Rec8 cleavage s required for the resofition of chissmata and for
e first migiolic divishon. Shown are DWNA (blue), spandies (green), contreameres
(vellow) and ielometes (réd) in cells that express non-degradable RecB, Centro-
mares are pulled 1o the poles but persistént sister chromatid cohesion n chro-
MOSOME Ams pravents (e resoluison of chiasmaty A% @ consaguence, 1dkame-
nic stquences lrom maternal and paternal chromosomes canndl be separated
from each other.

:
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Figure 3: A meiosis-specific protein calied Mam1 i pecessary for mong-oren-
tation of sister kinetochores. (o Mami’s absenct, sister kinetochores. B-orent
andl atlach 1o macrolubules lrom opposste pobes. However, cohesion persisting
around cantroameres prevents sister chromatid separation
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Patterning and early morphogenesis of the verlebrate face

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

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

The vertebrate face develops from buds of tissua the
facial primordia that surround the primitive mouth
(Fig. 1). Development of the midfacial region begins
with the appearance of the nasal placodes, bilateral
ectodermal thickenings at the ventro-lateral sides of
the torebrain that will give rise to the olfactory epi-
thelium, Shortly after they become morphologically
apparent the mesenchyme around them starls to
grow out to form the nasal processes. Continued
outgrowth depends on interactions between the
epithelium covering these processes and the under-
lying mesenchyme. How the areas of mesenchymal
outgrowth are established and how the early facial
region is patterned Is not well understood and is at
the focus of our interests.

The function of the nasal placodes for facial
devalopment

Through microsurgical experiments in which one of
the nasal placodes of a chicken embryo was removed
or transplanted into other areas of the face in ovo we
have found that the nasal placodes are required for
normal development of the facial mesenchyme.
When a nasal placode was removed, the nasal capsule
and the nasal bone failed to form an the operated
sithe, whereas an ectopic nasal capsule lormed around
transplanted placodes. In addition, mouse embryos
homozygaus for a point mutation in the gene encoding
the paired box transeription factor PaxG (Small eye
miustants), that fail to form a nasal placode, also lack

nasal capsules and nasal bones at later stages of
development, Molecular analysis revealed that one of
the functions of the nasal placode is the induction of
signalling molecules in the surrounding ectoderm,
This induction doas not require the underlying me-
senchyme and is mediated by a diffusible signal from
the placode. The molecular identification of this signal
is one of our long-lerm goals,

FGF8 lunction during facial development,
Fibroblast growth factor 8 (Fgf8) is one of the genes
regulated by the nasal placode signal, Fgf2 is widely
expressed in the ectoderm covering the midfacial
area al early stages but becomes restricted to a
horseshoe shaped domain of expression around the
nasal placodes at later stages of development.
Mouse embryos in which this gene has been inacti-
vated in the facial region develop severe facial defects
(Fig. 2). Such embryos display midfacial clefls and
most derivatives of the first branchial arch are se-
verely reduced or absent. Defects first become mor-
phologically apparent around E9.0 as a reduction in
the size of the facial primordia. This size reduction
can at least in part be accounted for by a dramatic in-
crease in cell death in early facial mesenchyme in the
absence of Fgis expression in the overlying surface
ectoderm. FGFR therefore seems to act as a survival
factor for early facial mesenchyme. In addition, pat-
terning In the remaining tissue is affected as judged

Micole FIRNBERG? | Diploma Student

Johannes Werzowa® | Diploma Student



Flgure 1: Scanning electron micrographs of the
facial region of mouse embryos at ES.5 and
E10.5

The nasal placedes (np), thickeqlngs of e tacial ectoderm, ane ihe
first marphotogically distingt stroctures 1o lorm in the prospectiva
midtacial reglion. By E10.5, the mesenciyme around the piacodes
has started 1o grow ol 1o foom the modial {map) and latecal {ing)
nasal processes and the placodes have now comea (o lie in shallow
depressions, the nasal pits (ng, the fulure nasal caviles), batwoen
tha nasal processes.

Figure 2 : Tissue specific inactivation of Fgf& in
the faclal area resulls In severe facial defects
The face of a wildtype (A} and an Fgd& mutant embryo (B) a 165,
Embryos in which Fgf& hag been inactivated in the facial area deve-
bop a midlacsd ciedt and show a severe teduction of the [ower jaw
and peri-ocular Hssge.

Figure 3 : Thx2 is a downstream target of FGF

signalling in the facial mesenchymao.

T2 papression in facial explants consisting of ectoderm and ma-
senchyme (A), mesanchyme (B), and mesenciyme cullened in the
presence of beads soaked i recombiran FGFE (C) after 24 hours of
culture in witro, T2 exprassion & maintained in the presence o
the FGFE producing ecioderm (A) bul i losl in mésenchyme cultune
In isokation (B) and i5 induced in a talo around beads seaked in ne-
combinant FGFS protein {C).

A

] S

by the analysis of the expression of marker genes.
However, six other members of the FGF family are
expressed in partialty overlapping domains with Fgfa
during craniofacial development and may serve redun-
dant functions. In order to further characterize the
function of FGF signalling we are ysing avian retrovi-
ruses for the over-expression of soluble dominant ne-
gative versions of the FGF receptors and of Sprouty-1,
an antagonist of FGF signalling, to interfere with sig-
nalling by several FGF family members at the same

tima.

Identification ol genes franscriptionally
regulaled in facial mesenchyme in response

to FGF signalling

In order to understand how FGF8 controls develop-
ment of tha facial mesenchyme, it is important to
identify the genes induced or repressed in response
to FGF8 signalling. We are using an in vitro explant
culture system in which facial mesenchyme is cultured
in contact with faclal ectoderm, in isolation or in
contact with polymeric beads soaked in FGF2 protain
to identify such genes. Using a candidate approach,
we have so far shown that FGF signalling induces the
expression of the transcription factors Pé:r.‘?, Tha2,
Erm and Peadin facial mesenchyme (Fig. 3). To sys-
lematically screen for FGF inducible genes, we have
generated a subtracted cONA-lbrary from facial me-
senchyme cultured in the presence or absence of
FGF and have used this library to produce a customi-
zed DNA micrg-array, This micro-array was probed
with cONA derived from mesenchyme cultured with
or without FGF and we are currently analyzing clones
that show differential hybridization. We hope that the
characterization of the genes induced by FGF signal-
fing will ultimately help to understand the function of
FGF signalling for facial development on a molecular
level.
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Regulation of mitosis by the anaphase-promoting complex

The propagation of genetic information during cell profiferation requires the accurate replication and subsequent se-
gregation of chromosomal DNA. Both of these events are controlled by ubiquitin-dependent proteclysis, a regulatory

mechanism that is ideally suited to generate directionality in the cell cycle due to the imeversible nature of prolein
degradation. We are studying how ubiquitin-dependent proteolysis mediated by the anaphase-promoling complex
controls the separation of sister chromalids in anaphase and the subsequent exit from mitasis in vertebrate cells.

The initiation of sister chromatid separation at the
metaphase-anaphase transition is a =point of no re-
turn« during the eukaryotic cell cycle. High fidelity
and proper timing of this event are essential to en-
sure equal segregation of the duplicated genome lo
the forming daughter cells and are thus required to
maintain genomic stability during cell proliteration.
Defects in sister chromatid separation can cause
aneuploidy and may contribute to human diseases
such as congenital trisomies and cancer.

In presumably all eukaryotes from yeast to man, sister
chromatid separation is initiated by activation of a
multi-subunit ublguitin-protein ligase, called the ana-
phase-promoting complex (APC) or cyclosome. We
firat discovered the APC as the cell cycle-regulated
component of an enzymatic pathway that ubiquitina-
tes cyclin B at the end of mitosis and thus largets
this protein for destruction by the 265 proteasome.
Suhsequently, the APC has also bean found to ubi-
guitinate numerous other mitofic proteins, including
several protein kinases, spindie-associated proteins,
inhibitors of DNA replication and its own activator
COC20/Fizzy. We are using Xenopus eggs and human
celis to address the following questions:

How is the activity of the APC regulated?
The vertebrate APC is composed of at least eleven
subunits that are part of the complex throughout the

cell cycle, whereas two activator proteins, called
CDG20 and COH1, bind to the APC in a cell cycle-re-
gulated manner and thereby activate it specitically in
mitesis and G1. We have shown that CDC20 can only
hind to the mitotically phosphorylated APC, explaining
why the activity of APGEDS0 s restricted to mitotic
cells. In contrast, the interaction of COH1 with the
APC is inhibited by phosphorylation of COH1 during
5 and G2 phase and most of mitosis, restricting the
existence of APCEOH! complexes to the G1 phase.
These antagonistic effects of phosphorylation reactions
on APCEOC0 and APCEOM Ralp to explain thi tempaoral
arder of APC activation by CDG20 and COH1.

Earfier work in yeast suggested that CDC20 and
GDH1 may target different sets of substrates to the
APC. To test this hypothesis we compared the ability
of APCEM2 and APCEE! to ubiquitinate eight diffe-
rent substrates in vitro. We found that APCEY20 can
efficiently ubiguitinate most and APCS all substra-
tes testad. In vertebrates, GDC20 and COH1 may
therefore predominantly differ in their temporal re-
gulation but enly partly in their ability to recognize
different substrates.

Whal is the mechanism of the APC?

It is unclear how the APC mediates the assembly of

multiubiquitin chains on substrate prateins and why
it requires about a dozen subunits to catalyze these



reactions. To address this problem we first reinvesti-
pated the subunit composition of the human APC. In
addition to eight subunits that were originally descri-
bed we identified three additional subunits, called
APG10/DOCT, COC26 and APC11 (arthologs of which
had previously been found in yeast). By expressing
individual APC subunits in E. coli we discovered that
the 10 kDa RING-H2 finger protein APCG11 alone is
sufficient to mediate the ubiguitination of APC sub-
strates, although this subunit represents only about
1% of the total mass of the holo-APC. APC11 may
therefare play a céntral part in the catalysis of ubi-
quitination reactions mediatad by holo-APC, whereas
the majority of other APG subunits may have yet un-

characterized structural or regulatory roles,

How does the APC initiale anaphase?

In budding yeast APCCRCT |nitiales anaphase by mie-
diating the ubiquitin-dependent proteolysis of the se-
curin Pds1p, a protein that inhibits the separase (se-
parin) Espip. Following Pds1p protealysis, Esptp
removies a cohesin complex fram chromosomes by
Cleaving its subunit SccTpMcd1p, thereby presumably
[iberating sister chromatids for poleward movement
in anaphase (see report of Kim Nasimyth's group).

It has remained unclear how activation of APGEIG
initiates anaphase in other eukaryoles because in
vertebrates the cohesin complex dissociates from
chromatin already during prcrpflase. i.e. long before
sisters separate. By reconstituting this process in

mitatic Xenopws extracts we found that most cohasin

Figure 1; When celis are ar-
rested in motaphiase by dhig

; ; DAP
lreatmen, sister chromatid CHEST
&S Separate bt sistars re- SEGTmye
main aitachied al Senlromengs.

This immumoltunrescenca
micrograph shows thal in sisch
cells a tagged varsion of the co-
hesin subunit SCC1 (in red) can
be delecind 8l cenkrodmanes bl
nak an chipmasomea arms. Ki-
nednchores, Ranking the certrg-
misic region, wern labefed with
human CREST semum {in grean)
and DA is show in blue,

PROPHASE AMAPHASE
PATHWRY PATHWAY

N

PROPHASE METAPHASE AHAPHASE

Figure 2: A tvo-step model lor the saquential loss of sester chio-
matid cohesion inanimal cells. The bulk of cobesin (red dots) is re-
maved from condensing cheomasomes during prophass by an APC-
indepaendant patheany which might involve maolic knages, AP(ESN
then initiates anaphase by activating separse thiough ubiquitin:
dependont proteclysis of the separase inhibitar secusin, Once acli-
wiled, separase cleaves resadual cohesin complaxes thal remasn at
centromeres and may theretry liberate sister chromatids for pale-
ward movement in anaphase.

complexes dissociate from chromatin in a reaction
that does not depend on the APC and does not involve
cleavage of SCC1, the ortholog of yeast Scol/Med1.
To address how sistar chromatid coheésion is main-
tained between prophase and anaphasa we reinvesti-
gated the subcellular distribution of SCC1 in human
mitotic cells. We observed that a small amount of SCC1
remalns associated with metaphase chromosomes
where it is preferentially located at centromeres until
it disappears in anaphase. We further discovered that
a similarty small amount of SCC1 is cleaved in vivo,
specifically in anaphase, but not in pro- or melaphase.
Reconstitution of this reaction in wiro showed that
immunopurified human separase is sufficient to
cleave the SCC1 subunit of purified cohesin, provided
that separase Is activated by APC-dependent proteo-
lysis of its bound inhibitor securin. Qur resulis sug-
gest that vertebrate cohesin complexes are regulated
by two dilferent pathways that affect cohesin in a
spatially and temporally distinct manner: in prophase
a cleavage-independent pathway removes the bulk of
cohesin fram the arms of condansing chromosomes,
whereas al the metaphase-anaphase transition an
APC- and separase-dependent pathway removes cen-
tromere-bound cohesin complexes by cleaving their
subunit SCC1. In the fulure we will analyze the roles
of these pathways in chromosome condensation and

sister chromatid separation.
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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 developrent

One major focus is the analysis of AP-1 proteins such as Fos and Jun and their rofe as regulators of profiferation,
diffarentiation and cell death, We are also studying the specific functions of VEGF, Fik-1 and EGF-Receptor in bone,

gpithelial and endothelial calls.

Fos proteins in bone cell ditferentiation

Fos proteins are key regulators of bone development,
Transgenic mice expressing c-fos develop osteobla-
stie/chondrogenic bone tumors, wheraas mice
lacking c-fos are osteopetrotic due to a differentiation
hiogk in bone resorbing osteoclasts. The Fos-related
protein Fra-1, itself a c-Fos target gene, is essential
for mouse development (Fig. 1). While Fra-1 isa
potent inducer of osteoclast ditferentiation in vitro,
transgenic mice overexpressing Fra-1 develop an
osteoblastic bone disease, osteosclerosis due to in-
creased bone formation. Inlerestingly, gene replace-
mant of c-fos by fra-1 using @ knock-in approach
showed funclional equivalence of these two proteins.
To better understand the mechanisms by which
c-Fos and Fra-1 control osteoblast and osteoclast
differentiation, we have been employing cOMNA micro-
array technology to identily comman and specific
larget genes.

c-Jun and Jun kinases controlling cell differen-
liation, proliferation and apoplosis

We have used the crefoxP recombination system,
knock-in strategies and transgenic rescue experi-
ments to investigate the specific functions of Jun fa-
mily members. Specific deletion of ¢-jun in the liver
of adult mice showed that c-Jun is dispensable for
postnatal liver function, but essential for liver regene-

ration. Chondrocyte-specific inactivation using a
collagen2at-cre transgene results in severe scoliosis
caused by failure of intervertebral disc formation and
abnormal vertebral arch development, suggesting
that c-Jun is a novel regulator of sklerotomal diffe-
rentiation. Interestingly, gene replacemant strategies
indicated that JunB substitutes for c-Jun during em-
bryonic devalopment but not during adulthood. This
rescue experiment implies that JunB overexpression
can fully restore AP-1-dependent transcriptional re-
guiation, which is impaired in mice lacking c-jun.

An important mechanism regulating c-Jun activity is
phosphorylation of ¢-Jun at serine 63 and 73 within
its N-terminus through the ¢-Jun amino-terminal
kinases (JAKs). To study the function of JNK signal-
ling in vivo we have generated null mutitions in the
jak1 and jnk2 genes (in collaboration with M, Karin)
and mice carrying a c+un allele mutaled in the JNK
phosphoacceptor sites fjundA). Jrk-~, k2~ and
junAA mice are healthy and fertile, but the absence of
jnkt and Jun N-terminal phosphoryiation (JNP) re-
sults in growth retardation and fibroblasts from these
mice show proliferation defects. Jnk1-~ jnk2.~ double
mutants develop brain defects due 1o daregulated
apoptosis and jnk2-~ and jundA thymocytes are resi-
stant to CD3-induced apoptosis. Moreover, Jnki and
¢-Jun phosphorylation appear to be required for effi-



lzthalily at E9.5

asleosclerosis

Fra-1 K.0. viable at birth Fra-1 replaces c-Fos

Figure 1: Functional analysis of Fra-1

cient osteoctast differentiation. Therefore, JNK sig-
nalling and JNP ditferentially regulate cell prolifera-
tion, differentiation and apoptosis in different biologi-

cal processes.

Investigating the tumor suppressive function ol
JunB

Tha analysis of cells derived from transgenic mice
overexprassing JunB demonstrated that JunB is a
transcriptional activator of the cyclin-dependent
kinase inhibitor p16/INK4a and functions as a nega-
tive regulator of cell proliferation. Using different i
vivo approaches we recently found that the absence
of JunB expression in the myeloid lineage resulis in
a transplantable rrwelnpmlifemthje disease, which
eventually progresses to biast crisis thereby resemb-
ling human chronic myeloid leukemia. Furthermaore,
JunB was identified as a key transcriptional regulator
of myelopoiesis which controls the numbers of gra-
nulecyte progenitars through inhibition of prolifera-
tion and promotion of apoptosis (Fig, 2).

Functional studies of VEGF, VEGF-R2Z/Flk-1 and
EGF-R

The VEGF/Flk-1 signalling systam is essential for the
development of endothelial and hematopoietic cells,
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proliferation

Figure 2: Moded of JunB functions during
myeloid differentiation
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Figure 3: The role of VEGF in the growth plate of
bone

A conditional allele of Flk-1 was generated to test its
role in adult mice and in tumor angioganesis follow-
ing its deletion with an endothelial-specific Tia-2
CreER transgenic line. The functional importance of
VEGF-A in developing chondrogenic tissues was ana-
lysed with a conditional allele using collagen2al-Cre
transgenic lines, Deletion of a single VEGF-A allele
results in embryonic lethality at E10.5, whereas sur-
viving E17.5 mutant mice show aberrant endochan-
dral bone formation (Fig. 3) and develop a heart
phenatype,

Finally, conditional and mutated EGF-Receptor alieles
were used to study the role of EGF-R in skin tumor
development (in collaboration with M. Sibilia, Univ.
Vienna). We found that EGF-R plays a central role as
a survival factor in oncogenic transformation, 31
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Gotthold SCHAFFNER | Scientist

Elisabheth AIGNER | Technician

Ivan BOTTO | Technician

Markus HOHL | Technician

Gabriele BOTTO | Technician Media Kitchen

Christa CZAPKA | Technician Media Kitchen funati June 2000)
Ulrike WINDHOLZ | Technician Media Kitchen fsince Jurie 2000

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

invalves DNA sequencing and ofigonucieotide synthesis. Our Media Kitchen staff prepare substantial quantities of

reagent quality solutions and media for cell culture, fies and worms. We also prepare many selected reagents such

as DNA molecular weight markers, enzymes, a variely of transformation-compelent E.col sirains and we maintain a

slock of cloning vectors, primers and other cloning reagents.

Dligonuciectide synthesis

We started in 1988 with about 500 DNA oligo-
nucleotides and last year we prepared 6100 with an
average size of approximately 30 bases. From July
until December fast year the Masmyth group did
many mutation/gene disruption experiments. For this
reason, up to 25% of the synthesized oligonuclectidas
were about 70 bases long.

In the first 9 months this year we again produced
maore than 4100 oligos, an increase of almost 100%
comparad to 1997,

Production of antibodies
The production of monoclonal antibodies in collabo-

ration with IMP groups and organizing the production

of polycional antibodies with an outside company is
of increasing importance and needs part of our
capacity. We also continued, 1o a lesser extent, to
isolate and HPLG purify monoclonal antibodies from
established hybridoma cell lines.

Peptide synthesis and mass spectroscopy are no
longer part of the servica department group.

Saquencing and ONA isolation

With the two ABI PRISM 377 DNA sequencers, We
sequenced approximately 16000 samples in the first
9 months of this year (an increase of 100 % compared
1o 1998) with an average reading length of 700-300
base pairs for »good= DNA, We are saving time by
using an easy and fast clean-up protocol using small
Sephadex columns on 96-well microtiter plate format.
Since the full sequence information of several scien-
tifically important organisms 15 available, much maore
sereening experiments are going on. Thus, we will
need a reliable and even faster sequencing capacity.
We plan to develop capillary sequencing capacity for
PCR products (e.g. with ABl PRISM 3100, 3700 or
Pharmacia MegaBace) in the next months.

Figura 1; A sequencing ran on an ABI 377 PRISM and nurmbed
of reactions done with dy det bermimators (soale O to 200000} in
Ih years 1993 to 2000,



BioOptics Department

Peter STEINLEIN | Staff Scientist

Iris GRONERT | Postdoc (Beciron microscopy)

Sebastian CAROTTA | PhD Student fjint prosect with H. Beug)
Herbert AUER | Technician (Micro-aerays)

Karin PAIHA | Technician {Row Cytometry, Microscopy and Imaging)

In late 1999, our depariment exlended ifs services by selling up a micro-array facilily for production of cDNA ehips.

Initially, we will focus on the production and analysis of arrays of murine genes using either commercially available

clones representing known genes or clones from cDNA-fibraries produced by researchers at the IMP. Currently, the

main agplication of micro-arrays is the search for target genes. Having established more advanced image analysis

and statistical methods, comparative analyses {e.g. lime courses) will be offered,

Flow eylometry

During the past year, we still noticed a steady in-
crease in demand for flow cylometric applications
covering apoptosis assays, analysis of cell cycle,
multicolor analyses and sorting of antibody-stained
andfor fluorescent protein expressing cells.

Microscopy and image analysis

To satisfy the increasing demand lor laser scanning
microscopy, an additional laser scanning microscope
(Zeiss LEM 510) was set up allowing high resolution,
multidimensional imaging. Two existing, motorized
Huorescence micrascopes were pquipped with high
speed, high reselution CCD-cameras and adapled for
the automated acquisition of multidimensionat, time-
lapse image series of living cells. To keep track of the
dramatically increasing amount of ?mage data (>350
Ghyte in 2000 vs. <100 Gbyte in 1999), databases
for the users, as well as a backup service, have been
established.

Micro-arrays

In November 1999, a facility for the production of

cOMA-Micro-arrays was installed and became opera-

Figure 1: Detail of the 25k-micra-armay hytridi-
fed vith RNA from Pach-f- B-cefls {ned) and wild-
type B-cells (green) (Data provided by Alexandra
Schobesta, Group Busslinger)

tional in January 2000, The equipment consists of a
micro-array printer and scanner (Promedia Assocla-
tes, Larchmont, NY) allowing the production of up to
230 arrays per batch each having =40.000 features.
The scanner is a laser-based system scanning two
wavelengths simultaneously at a resolution of 10 pm,
Currently, our clone stocks consist of 6000 se-
guence verified clones from the |.M.AG.E. consor-
tium, >11000 clones from the Brain Molecular Ana-
tomy Project (both perchased Irom Research
Genetics, Groningen, ML) and 45000 clones from
different cONA-libraries produced at the IMP. Tha
service comprises storage, amplification and spotting
of clones as well as scanning and analysis of hybridi-
zed arrays. Together with Gerald Liffler (IMP Bigin-
formatics Department) a micro-array information ma-
nagement system was sel up to monitor all steps
involved in the logistics and management of clones,
PCR-products, printed and hybridized micro-arrays
and data thereof. In the future, this system will also
include more advanced statistical analysis methods
(in coligboration with Susanna Lidemann, IMP

Bioinformatics Department),




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

Norma HOWELLS | Consultant

Lina Mabel BONILLA | Technician
Mijo DEZIC | Technician

Erika KILIGAN | Technician
Dominik MAYR | Technician

Svetlana PEKEZ | Technician
Katja STEPANEK" | Technician
Esther ZWICKELSDORFER | Technician
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Animal house

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

The husbandry is divided into three main areas and
contains the following species: mice, chicken and
Xenopus. The largest area s the mouse section,
where maore than 10 000 mice are held. These com-
prise breeding colonies, stock and experimental ani-
mats, and include many transgenic and knock-out
mouse lines. To provide a consfant supply of mice
for the various projects, 21 standard strains are
routinely bred in-house. In addition, elghty eqgs are
produced each week for specified projects from our
sglosed-colony« chicken flocks.

Velerinary services, such as monitoring of the faci-
lity’s health-status (sentinel-program etc.}, experi-
mental procedures in animals such as collection of
blood, implantation of tumor cells and administration
of ather substances by various routes, e.q. intrave-
nous, intraperitoneal and subcutanous injections
etc). All procedures are performed to a high standard
under appropriate anaesthetic regimes and in con-
junction with the necessary project licenses,

Animal procurement, such as ordering of mice from
external breeding companies, organizing and hand-
ling of approximately 50 incoming and outgoing
mouse-shipments par year.

Administration of reguiatory affairs in accordance with
the Austrian laboratory animal law, which includes
updating and record keeping of laboratory animal sta-
tistics, specific documentation and recording of labo-
ratory animal exparimeants.

Mouse service depariment
Hans-Christian THEUSSL | Technician

The Mouse Service Department was sef up at the
beginning 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
inte the pronuclews of fertilized mouse eggs. This
service also provides the transter of =clean= em-
bryos into our animal house, the freezing of embryos
for preservation of specified mouse strains and the
teaching of basic embryological techniques to the
IMP staft. In-vitro fertilization experiments (IVF) were
performed and the mouse strain data base is being
established. About 30 different ES cell clones and
several DMNA constructs are being successtully injec-
ted per year, mainly for the groups of Meinrad Buss-
linger, Lukas Huber, Kim Nasmyth and Erwin Wagner.
The activities of this department are overseen by an
Animal User Committee, which meets bimonthly to
sgt priorities and coordinates the duties. At present it
is chaired by Erwin Wagner.



Karl MECHTLER | Head of Facility

Jan-Michael PETERS | Scientific Coordinator
Irmina GORNY| Technician (50%) empiayed by Intercall

The main aclivities of the Prolein Chemisiry Facilily at the IMP are fo synthesize peptides, purify antibodies and ana-

lyze proteins by mass spectrometry.

Mass spectrometry allows the determination of
molecular masses of peptides and of many other
molecules of biological interest with high accuracy,
For this purpose, the mass to charge ratio (mvz) of
ionized molecules is measured during separation of
the sample in vacuem, Only femtomole amounts are
required for this measurement, making mass spec-
trometry a particularly sensitive analytical method. In
recent years, mass spectrometry has also been used
to determing the saquence of peptides and to identily
their posttransiational modifications such as phos-
phorylation. Due to these applications mass spectro-
metry has become an invaluable tool in molecular

biology.

Al the IMP we established a new mass spectrometry
facility at the beginning of tha year D000. This facility
presently uses a matrix-assisted laser desorption
ionization (MALDI-TOF) and electrospray quadrupole
time of flight {ESI-Q-TOF) instruments. In the future,
bath of these Instruments will be focated in the new
Intercell bullding (Rennweg 95b) and will be opera-
ted together with the company Intercell and with the
Institutes of the Vienna Biocenter,

Mass Speclrometry

The most sensitive method in mass spectrometry is
MALDI {matrix assisted laser desorption ionization).
We adapled a new »anchor target«= sample prepara-
tion method for identifying proteins in the tow femto-
maol range which can be used to identify even bands
Isolated from silver-stained gels.

If database searches with the resulting data are am-
biguous, additional sequence information is nbtaine.tl
by acquiring post source decay spectra (PSD), For
samples which cannot be found in protein databases
we use de novo sequencing with the classic Nang-
spray approach on a O-TOF machine.
Postiranslational modifications and very heteroge-
neous samples arg analyzed by Nano-HPLC coupled
to an lon Trap Mass Spectrometer adapied with a
Nano-spray source.

To avoid comman keratin contamination problems
we developed a modified protocol for the preparation
of Coomassie blue-slained samples.

Peptide Synthesis and antibody purilicalion

We are synthesizing about 200 peptides per year, in-
tluding an increasing number of peptides bearing
acetylated, phosphorylated or methylated amino acid
residues. We further developed a new protocol for
the affinity purification of acid-sensitive peptide anti-
bodies at high flow rates up to 7.5 mbimin,
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Life at the IMP continues to be dynamic and challenging. As new groups and faciiities are set up,
labs and offices are being restructured or reiocated. A constant turnover of the scientific staff is
achieved by assigning temporary contracts 1o Group Leaders, Postdocs, PhD- and Diploma Stu-
dents. At the beginning of the year, employees working at the IMP totalled 175 plus 9 scientists
with external grants,

Apart from being a very young institute — the average age Is 35 years — the IMP is also fruly inter-
national in character. Today, more than 25 nationalities are represented at our institute, the war-
king language is English. An international PhD-Program appeals to students from all continents.
Every year, the program s advertised in a leading journal, prompting numerous applications.
Following a competitive selection process and several interviews, about 10 1o 15 students are
finally accepted into the program annually. The PhD-Program is carried oul jointly with the Univer-
sity of Vienna, which has had close ties to the IMP right from tha start. Since 1992, five institules
of the Faculties of Seience and Medicine have been located in a neighbouring building. Together
with the IMP. they constitute the »Vienna Bio Center«, which has become recognised as a center
of excellence in the biological sciences and a role model for other academic institutions in Austria.
By hringing the two institutions together, a »critical mass« of resources has been generated which,
in turn, has led to a number of further spin-off projects. In an ambitious effort, with the support of
the city of Vienna and the Austrian government, the IMP’s neigbourhood is rapidly developing into
a veritable biotech-campus, combining university- and industry-based institutes, start-up compa-
nies and a new branch of the Austrian Academy of Sciences. This »Institute of Molecular and
Callular Bioinformatics (IMBA)« will be set up next to the IMP, building upon the IMP’s expertise
and complementing its résearch. The two units will collaborate under the name =IMP/IMBA
Gename Research Center«. To design the new building, an international architecture competition
was held. In September, the winner Boris Podrecca presented his design to the public. Construe-

tion on the new institute will start in 2001, its completion is expected to ba in the year 2003,




Interaction and communication are key elements in establishing successtul re-
search structures. They are highly encouraged, both on an informal basis and
as organized events, On the social side, employses meet over lunch at the
IMP’s cafeteria, relax al manthly =beer hours«, play soccer or volleyball to-
gether, enjoy occasional parties in =Joe's Disco«, organize lab-outings to the
nearby Alps and go on an annual skiing-trip.

Amang the scientific events, the »IMP Spring Conferénce« is the largest and
most ambitious. In 2000, it was held for the 11th time under the title =From
Development to Molecular Medicine«. |n the future, the conference u:—iib lake

place every other year, starting from 2002

Throughout the year, the IMP hosts a series of »Thursday seminars= and «im-
promptu seminarse«, where top-ranking scientists are invited to lecture on their
latest findings. These seminars, which are also open to the public, generate

lively interactions and introduce the IMP-scientists to other fields of research

On Mondays, the IMP's own progress is presented and discussed. Students
are expected to prepare a seminar once a year and expose their work to the
critical minds of their colleagues. Weekly lab-meetings, a journal ¢lub and the
advice of the PhD committee ensure requiar Interaction and constant monito-
ring of students” progress. After three to four years of work and the comple-
tion of a thesis, students graduate with a PhD from the University of Vienna.
With the experience they have gathered, the international contacts they have
established and their first papers published, they are well equipped for a
CAFBET IN SCIBNCE.
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& The architect’s vision of the new IMBA building adjacent »
to the IMP {by courlesy of architect Boris Podrecca)

& |MP scientists take time off from lab work to savour the fresh mountain air.
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& The annval IMP Christmag Party

Poster discossion at the IMP recess meeting &

& The IMP Spring Conference 2000 — artistically

presented (poster by Matt Cotten)
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