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The IMP is a basic research instilile supported by the research orienfed infemational pharmaceutical
company Boehinger Ingatheim (B, Tha IMP's goals are iwofold: lo conduct innovative basic research

and Io use this experience in adwsing Bl about potential new drug discovery programs.

The IMP was founded, planned. and subsequently diracted for fen years by Max Bimsiial, who refired at
the end of 1996. The institute was conceived in 1885 and opened its doors in 1988, It was joined four years
faler by five biplogical institutes of the Universily of Vienna, with whom the IMP shares an intemational PRD
program and both #brary and lecture hall faciities. The IMP and these five universily instifiies now form
what is known as the Vienna Blocenter. The inslilute conlains tirteen research groups, four run by senior
scigntists with longlerm conlracts and ning run by young group leaders on shorter ones. Al research al

the IMP is driven by our groug leaders’ curiosity and not by Bl's requirements. Our progress and proposed
future directions are assessed annually by an intemational Scientific Advisory Board [SAB] whosg chalman
Is presently Michae! Bishop. The IMP has a staff of 159, among them 27 technicians, 42 PhD students

{1 externall, and 34 Postdocs {5 with extemal stipends). More than 20 different nationalilies are represented
af the IMP. Cur working language & English, and our annual budget fincluding exfernal grants] s about

U5 § 18 mitfiorn.

Change i a key aspect of the IMP’s distinctive character, PhD students and Postdocs come and go with
the seasons in most institutas, but only in some instiutes do most group feaders only slay for a limiled period
[usually eight years In the case of the IMP]. This lurnover ensures the continual flow of new blood and
prevenis an intefleciual atharosclerosis. This year has been no exceplion. We are delightad to welcome
two new group leadars: Bary Dickson and Annetle Neubdser who heads the "Wittgenstein' group.

Bath bring lotally mew areas of expertise info the IMP. Bary is & Drosophila neurabiologis! who studies how
sensory neurons in reting make the correct connactions with neurons in the brain, whareas Annelle studies
cranio-facial development in chicken and mice. With their arrival, Developmental biology now becomes

a major focus within the IMP. There have also been several changes in our Scientific Advisory Board.

We welcome Janet Rossant and sadly said goodbye to Jelf Schaiz and Tada Taniguchi, Jeff had been on
the Board since the IMP's founding, whereas Tada had been with us for five years. Both have been the
source of much valuable advice. We also welcome Bemd Welzel, who replaces Chiistoph Hohbach.

Anottier major change at the IMP this year has been the establishment of a suite of offices for several
group fleaders on the top floor and an adjacent ‘communication area’. This so-cafled 'glass palace’ has not
only enabled us to convert old offices into much needed lab space but also, by bringing together people
whosa offices had been scattered around the bullding, created a focal point for the institule. We also nearly
complated the expansion of the animal house, the bullding of a fly kitchen and a new lab for Gotthold
Schaffner's service group, all of which was masterminded by Alex Chiup, who managed simuftaneously

to keep the rest of the bullding running smoothly. Next year, we hope o improve the Institute’s Cafeleria.

This year also witnessed our firsf confact with mambers of the Boghuinger family who collsctively wsited
the institite and wera enfartainad by explanations of the awesome pawer of genelicanalysis in the warm

“and the mouse. The Austrian Minister of Science and Transport, Caspar Einem, also visited the IMP and we

atfernpled o persuade him thal tha IMIP might be a good model for fultire inifiatives in basic research in Austria.

As head of R&D worldwide, Chrisloph Hohbach was largely responsible for establishing and strengihening
the connections between the IMP and Boehvinger. This is a process that continues fo evolve. Thanks fo
Lukas Huber, we have initiated a series of mestings at Gmunden in Uipper Austria, af which scientisis from
the IMP and BJ exchange, in an informal and relaxing selling, ideas about polential new dnig discovery
projects. Furthermore, we are about 1o initiate a series of informal meetings every month or two with our
colleagues from Bender and Biberach. Such meetings are not mtended o raplace aftendance at each
other’s annual reviews but rather to provide a relaxed forum for infellectual exchange, We will miss Christoph
but look forward fo further developing our refafionship with the company with Bamd Welzel, his successor.

One of the sciantific highlights of the year was the discovery by Anne-Karina Perl in Gerhard Christofor’s
mmmmmwwmmﬁmmmmmmmwmmmamm
malignant carcinoma. The diversily of Subjects studied at the IMP has greatly increased in the last three
years. We now have groups siudying ail the major model genetic sysiems, including yeast, worms, ffies,
frogs, and mice as well as strong Cell bictogy. Where do we go from here? it is clear that genetic analysis
will continue to have an importan! role in identifying new players for some fime fo come. Ganetics provides
the ‘apening moves’ but the end game cinnot be won without biochemistry and ultimately Structural biology:
The possible amval of 2 new deparment of Struciual biokagy at the miversity will be a welcome addifion fo
the Blocenter site. Another direction in which genetic studies in mode! systems can and should be fafiowed
up is in their appfication fo human biclogy and pathology. As estmales for partial completion of ihe human
genome creep evar ngarer, a new era of Human genetics beckons. The era of wallowing around without an
accurate map of the genome is drawing to a close and there will be unprecedanted cpportunitiss for map-
ping human fraits. How and whether the Vienna Biocenter, and with it the IMFP, grasps these opponiunities
will undoubtgdly affect the job opportunities of many of the PhO students flowing out of our doors.

The founding of intercell by Alex von Gabain and Max Bimstig! will hopefully be only the first of many
biofech venfures planning lo capitalize on expertise within the Vienna Biocenter. Our challenge for the
filurs is fo ensure thal not only BI but also our focal communily bes! exploits the tnly excellent science
being conducted at the IMP

Prod. Kim Nasmyth, ER.S, Vianna, Decamber 1998




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

A-1030 Vienna

Austria

Phone +43/1/797 30

Fax +43/1/798 71 53
hitp://www.imp.univie.ac.at

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

Contents

Research Groups
Hartmut BEUG
Meinrad BUSSLINGER
Garfiard CHRISTOFORI
Matt GOTTEN

Barry DICKSON
Michael GLOTZER
Lukas HUBER
Thomas JENUWEIN
Jiirgan KNOBLICH
Kim NASMYTH
Annatte NEUBUSER
Jan-Michael PETERS
Erwin WAGNER

Computer and Service Departments
Computer Group

Service Depariment

BioOptics Department

Electron Microscopy Service

Animal House | Mouse Service Department

The Scientific Advisory Board
Life at the IMP

Vienna | Austria

Publications 98

Seminar Speakers al the IMP 98

Impressum

10
12
14
16
18
20
22
24
26
28
30




Group Members

Stafan GRUNERT | Postdoc
Johannes HOFMANN | Postdoc
Waolfgang MIKULITS | Postdoc
Dorothea von BEREDOW | Postdoo
Anton BAUER | PhD Student
Eizbieta JANDA | PhD Student

Hartmut BEUG | Senior Scientist

Martin JECHLINGER | PhD Student
Matthias KIESLINGER | PhD Studer
Alexandra PACHER | PhD Student
Uwe SCHMIDT | PhD Student
Eva-Maria DEINER | Technician
Gabriele LITOS | Technician
Gabriele STENGL | Technician

Developmental plasticity: important for oncogenesis?

Among other functions, oncoprofeins dereguiate the balance between proliferation, differentiation andlor apoptosis of

progenitor cells In various lissues. In our two Systems [erythroleukernia and breast carcinoma, developmental plashi-

city of normal progenifors and abnormal behavior of respective cancer cells involve molecular players denived from

the same gene families. The expansion of erythroid progenitors during siress erythropoiesis and epithelialimesenchy-

mal lransitions during embryonic development are paradigms of normal progenitor plasticily crucial for lumaongenesrs,

Expansion of erythroid progenitors

during stress erythropoiesis:

a process subverted in erythroleukemia?

In human, murine and avian enyihroblasts, the receptor
tyrosine kinase [RTK] c-Kil [using stem cell factor
[5CF] as a ligand] cooperates with the erythropoiatin
|Epo] receptor to enhance profiferation of differentia-
ling pro-erythroblasis and thus increase erythrocyte
numbers. These two plasma membrang receplors
cooperate with a member of the nuclear hormone re-
ceptor [NR] family, the glucocoorticoid receptar
[GR]. to induce sustalined cell proliferation and diffe-
rentiation arrest of enythroid progenitors. These nor-
mal cells are indistinguishable from erythroleukemic
cells exprassing v-ErbB and v-ErbA. The RTK-onca-
protein v-ErbB is a ligand-independent, constitutively
active EGF-receptor. The NR family member v-ErbA is
a mutated thyroid hormone receptor [TRod/c-ErbA|
unable to bind ligand and “frozen” in a constitutively
repressing state [see report 1997).

Data from genetically moedified mice show that

EpoR and c-Kit are required for erythropoiesis in vivo,
Mo such role was obvious for the GR. Using GR-deficient
mice, we showed that the GR is essential in stress ery-
thropoiesis, caused by exparimentally induced anemia
or oxygen deprivation [equivalent to 5000 m]. In wild-
type mice, these treatments strongly upregulated

spleen arythroid progenitors and caused increased
levets of ervthrocytes and hemoglobin to ocour in pen-
pheral blood, Simitarly treated GR-deficlent mice showed
no respective rasponses. Thus, EpoR, c-Kit and the
GR expand the erythroid progenitor compartmen!
during stress erythropoiesis in vivo, corresponding

to the abnormal self renewal of v-ErbAN-ErbB trans-
formed eryibroleukemic cells [Figure 1].

Recently, we started to screen for target penes
requlated by the ER, GR and nonliganded c-ErbA,
alone or in coooperation with RTKs [EGFR, c-Kit] or
relevant downstream signal transducers [e.g. Stat 5b],
For this, we used a new method for differential scree-
ning of mRNA preparations. As a prerequisite for using
this technology, v-ErbA, v-ErbB and the respective
protooncogenes c-ErbB and TRe/c-Erba are
currently introduced Into immortal, but otherwise
'normal’ erythroblasts from p53-/- mice. In addition,
wa try to identily the in vive functions of c-ErbB
[embryonic enthropoiesis?] and TRave-ErbA,

which substitutes for the function of the GR in
cultured avian cells, when overexpressed and
deprived of ligand [see report 1997).
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Ha-Fas is required for maintenance of TGF-induced EMT
Fras-transtormed mamrany epithalial cells [Ep-Ras] undarge EMT and establish an
awtoceing TEF loop afber in vilro treatiment wilh TGS of in lumars, To andlyse i Aas
is assential for maintaining this phenotype, mesenchypmal cells wolated from EpRas-
induced fumors [EpRaskT] were culthvated in colagen geis and treated [rght pansls]
o niol treated (el panets] wilh 2 specific Ha-Ras Barnesylation inhititor [ExBW36).
Semithin roen sections from struclures. grawn in collagen gels are shown. Lel pa-
ek pnireated cells, solid conds outlined in red. Right paneis; nhibilor-rested ceils;
hallow tubtles, red oulling; lamen, wiile line. Top pansis: sections stainsd with anl-
bodies to vimentin jgreen], TERR [red] and cell nuctes [DNA, bive). Boitom paneds;
spetions stamed with nil-fibeonectin [green] and the epifhelial marker 20-1 [red).
Mote that controd EpRasiT eslls corxpress vimentin, and TGFR [top left, ned o yed-
iow color], The inhibitor-treated cotis hine oSt these markers and exhibit ateral 20-
1 staining instead [blue arrowheats|

Epftas-XT comrol EpRas¥T + Ha-Rax inhiblior

Signal transduction by the TGF#-receplor: requi-

red for tumor cell invasiveness and metaslasis

In camcincmas, epithelial cells lose the strict polarity
required for the protective barrier function of epithelia.
They may even acquire attributes of mesenchymal celis,
particularly when colonizing distant organs during me-
tastasis. This process, referred lo as epithelial-mesen-
chymal transition [EMT], also accurs during normal
embryogenesis, tissue remodeling and wound healing.
In both cases, polarized epithelial cells transiently or
permanently aguiré molecular markers and functional
aspects of motile, mesenchymal cells.

Flgure 1

In viva function of the GR in stress erythropoiesis
Tr G s a majar rode in stress-indused phenomena, If wild-
Py [wit) mice ane subjected lo stress érythropolesis at kow ooypen
concentrations [11%, eguiv. 1o S000m abowe sea level], anvthiocyie
count and blood hemoglabin levels are strongly upreguiated

Mics carying & kiockad-In, mitan GR délective for ransactivation
bt nol transrepression [dim) do ool respond 10 oopgen stress, this
baiisg defective far stress enythiopoiesis.

Mormal epithelial cells requeire minute amounts of
TGFB for morphogenesis i vive and i vitro, while
higher doses of TGFR induce cell cycla arrest and
apoptosis. Affer transformation by oncogenic v-Ha-Ras
or constitutively activated EGFR2 [HER2*), the calls
become insensitive to growth arrest by TGFR, undergo
EMT in witro and cause twmaors in mice. EMT is main-
tained in these cells by an autocrine toeop involving
TGFR. Using a dominant-negative, kinase-dead version
of the TGFp-receptor subumnit || [TGRBRI-dn), we show
that cell-autoromous TGFRR signalling is required for
EMT, tumorigenesis and metastasis. Ouverexpression
of TGFRRII-dn in various TGF-resistant muring and
human tumor cells caused reversion of EMT, preven-
ted invasiveness in wire and inhibited tumor growth
and metastasis in vivo, This even occurred when graen
fluarescent protein [GFP]-labelled, TGFAAI-dn expres-
sing cells were mixed with unmoedified lumeor cells,
demonstrating the call-autonomous nature of TGERR
signalling in fate stage carcinogenesis [see report 97].
In an attempt to analyse which signal transdiction
path-ways crosstalk with TGFRR signalling during EMT
induction, we showed that Bas- or Mek-1 inhibitors
abolished EMT, reverting the cells to an epithelial
phenotype. Ras inhibition also restored sensifivity to
cell cycte arrest and apoptosis induced by TG,
When cooperating with Bel-2 Instead of Ras, TGFR
induced Initial stages of EMT [motility] but failed to
induce stable EMT. Thus, TGFS alone can induce
transient morphological changes, but Ras Is required
to suppress apoptosis as well as to induce complate,
stahle EMT [autocrine loap] [Figure 2]. Future research
will focus [1] on further elucidation of the interplay
batween RTK- and TGFA-R signal transduction inter-
mediates-and [Il] on identifying genes involved in
EMT induction by differential screening, using the
differential screening approach described above.
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Pax gene function in brain development, hematopoiesis and disease

The mammaiian Fax [paired box] genes code for sequence-specific transcription factors which are essential for
embryanic patiem formation and organogenesis. How these important regulators exert their developmental function
al the molecuiar level is, however, still largely unknown. In our group we are interested in the role of Pax-5 [BSAP]
and its related family members Pax-2 and Pax-8 during embryogenesis, B-lymphopotesis and human disease.

A combination of transgenic, cell biological and biochemical approaches is used lp investigate the molecular function
of these Pax proteins in the regulatory cascades underlying midbrain and B cell development,

Midbrain development

The midbrainand cerebelium develop from an organi-
zing center which is located at the midbrain-hindbrain
boundary [mhb] of the vertebrate embryo, This orga-
nizer depends on the function of several transcriptional
regulators [Pax-2, Pax-5, En-1, En-2, Otx-2, Gbx-2]
and secreted factors [Wnt-1, Fgi-B]. How these factors
interact in the same pathway Is, however, difficult to
determine genetically, as they show similar loss-of-
function phenctypes, To gain further insight into this
regulatory cascade, we are characterizing the midbrain-
specific enhancers of Pax-2 and Pax-5, Recently, we
demonstrated that the expression of Pax-5at the

mhb requires the Pas-2 [noi] function in the zebra-fish
embryo [Figure 1A, B). In agreement with this result,
a functional Pax-binding site was identified

in the midbrain-specific enhancer of mouse Pax-5
[Figure 1C, D), indicating that this gene is under direct
cross- and auto-regulatory control during brain deve-
lopment. Transcription factors binding to other critical
enhancer elaments are currently under investigation.
Pax-2 and Pax-5 appear to have partially redundant
functions in mhb development, as suggested by gene
largeting and expression analyses. To test this hypo-
thesis, the coding sequences of Pax-2 have been

replaced with those of Pax-5in the mouse germline.
Most aspects of the Pax-2 phenotype are rescuad in
homozygous knock-in mice, indicating that Pax:ﬁ is
able to compensate for the Pax-2 function during
brain development. A search for neuronal Pax target
genes has bean Initiated by analyzing neuroepithelial
precursor cells derived from the mhb region of wild-
type and mutant embryos. Hance, loss-of-function,
transgenic and cell culture experiments are currently
used to ldentify upstream regulators and downstream
targets of Pax-2 and Pax-5 in midbrain devalopment.

B-lymphopoiesis

Pax-5 plays an essential role in early B-lymphopolesis.

as it Is raquired for progression beyond an early pro-
genitor [pro-B] cell stage. The pro-B cells from the
bone marrow of Pax-5 [-/-] mice can be cultured ax
vivo on stromal cells in the presence of IL-7. In vitro
differentiation experiments demonstrated that these
garly "pro-B cells" are in fact non-committed hemato-
poietic pragenitors which are able to differentiate
upon appropriate stimulation to T cells, natural killer
[NE] cells and different cell types of the myeloid
lineage [Figure 2]. Hence, Pax-5 expression restricls

Paxb

lasZ

Pax-5-I-] pro-B calls —

Cross-regulation of Pax gemas during midbrain-
hirigtbrain boundary [mhb] development. (A, Bf
Loss of Pax-5 mANA expression in Pax-24 fnoif
mutant embiyos of 2ebrafish compared o wild-
type fwif embryos af the 5-zomite stage flateral
view]. [C. Of Functional reguirement of a Pax-
binding site in the midbrain-specific enhancer of
Pax-5, LacZ staining of mouse E17.5 embryos
carying a Pax-5-lacZ lransgena.

Mut: mutation of the identiffed FPax-Binding site
i the Pax-5 enharncer.

Figure 2

B-lineage commitment by Pax-5 [BEAF], Pax-5
[=~| pro-8 cells represent hemalopoiefic progeni-
tor calls which are blacked in thelr B-ymphoid
developmental pofenfial, but which are able to !
differentiate along the indicated hematopoietic
lineages. The momphology of Pax-5 [~/ pro-8
cells fleft] and macrophages [right] is shown,

A Beells
~ = Tecelis

— ——— NKicells
= dendrilic cells
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the developmental potential to the B-lymphoid lineage,
and its absence allows the ex vivo expansion of an
early hematopoietic progenitor cell which is charac-
terized by the promiscuous expression of genes spe-
cific for different lingages. Pax-51s expressed through-
out B cell development and plays an essential role also
at late stapes of B-lymphopoiesis, as shown by con-
ditional gene inactivation using the Cre-loxP system.
A major effort is therefore devoled to the identification
of Pax-5 target genes which contribute to B-lineage
commitment and/or the late function of Pax-5,

The transcription factor Pax-5 is able to activate or
repress gene expression, depending on the specific
regulatory sequence context. In agreement with this
observation, yeast 2-hybrid screens have led to the
idantification of interacting proteins which function
either as co-activators or co-repressors of Pax-5.
Human disease

An unusual feature of mammalian Pax genes is thair
haploinsutficiency, which results in the frequent asso-
ciation of heterozygous Fax gene mutations with
human disease syndromes and mouse developmental
mutants, Last year, we were able to demonstrate that
mutations in the human PAX-8 gene are responsible
for congenital hypothyroidism. Our finding that Pax-5
15 predominantly transcribed from only one of its two
alleles in individual B-lymphocytes suggests that the
haploinsufficient phenotypes of Pax genes may be
caused by their monoallelic expression pattern,

PAX genes can also be recruited as oncogenes by
gain-of-function mutations in human tumours. PAX-5
has been implicated as an oncogene in the genesis of
a subset of non-Hodgkin's lymphomas containing the
1[9:13][p13;032] translocation which brought the
PAX-5 gene under the transcriptional control of the
Immunoglobulin heawy-chain [igh] locus. To gain
further insight into the oncogenic role and allele-spe-
cific regulation of Pax-5, we are using gene targeting
and transgenic techniques 1o overexpress Pax-5
gither from its own locus or from the endogencus
lgH locus, thus mimicking the translocation present
in non-Hodgkin's lymphomas. 9
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Molecular mechanisms of multistage tumor development

The major objective of our research Is the identification and characterization of molecular evenis involved in mulli-

stage tumorigenesis. In addition fo tumor cell fines in vitro, we empioy transgenic mouse models of tumorigenasis

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

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

pancreatic 3 cell lumors In a mullistage lumor progression pathway

Tumor cell survival

Qur recent work demonstrated that insulin-like growth
factors [IGFs] and their receptor exert a critical survi-
val function for tumar cells [Christoforl et al,, 1994).
Moreover, we have assessed the importance of survi-
val factor function for tumor growth and for tumor
therapy. A novel flucrescence-activated cell sorting
[FACS] method [Lamm &t al., 1997] was developed to
show that the impairment of 1GF survival signalling
potentiates conventional chemotherapautic treatment
of tumor cells [Lamm and Christofori, 1998)
Currently, we are investigating the communication
pathway batween IGF survival factors and the apop-
totic machinery, 1.e, the signalling pathway that
suppresses the execution of tumor cell apoptosis.
Our results indicate that in tumor cells |GF-mediated
signal transduction ditfers from the pathway described
in non-transformed cefls, such as fibroblasts and
neurons. In particular, 1GF-mediated survival signal-
ling in B umor cells does not involve the activation
of PI3-kinase and protein kinase B.

Tumor angiogenesis

During our studies on tumor angiogenesis we deve-
loped a particular interest in the functional role of
FGF family members in tumor progression.

Previously, we had documented that, despita the
lack of a signal sequence for secretion, acidic and
basic fibroblast growth factors [FGF-1 and FGF-2,
respectively] are exported by highly angiogenic
fumor cell lines but not by their normal counterparts
[Christofori and Luef, 1997]. However, the functional
contribution of FGFs lo tumor progression and/or
tumor angiogenasis still remains unknown. To inter-
fere with FGF activity, we have generated transpenic
mice that express dominant-negative versions of FGF
receplors undar the control of the tetracyeline-indu-
cible system. Currenthy, we are using these mice to
determine the functional role of FGFs during embryo-

nic development and tumorigenesis mn wivo.

Tumor cell invasion and metastasis

lin collaboration with the laboratory of H. Semb,
Umed University, Umed, Sweden]

The molecular events that are involved in the transi-
tion frand benign tumars to malignant tumars and
metastasis are a major focus in our laboratory,
Previously, we had demonstrated that the loss of
E-cadherin-mediated cell-cell adhesion is causally
invohied in the transition from well-differentiated

adenoma to invasive carcinoma [Perl et al.. 1998a).

E-cadharin

avarkay

Figure 1

Subeceliutar localization of E-cadherin [green] and
fcatenin fredf in B tumor ceil linas. Note that -
catenin co-localizes with E-cadherin in E-cagherin
exprassing cells foveriay; yellow), whereas in the
ahsence of E-cadherin f-catenin is readily de-
graded by the APCiprofeasome pathway and is
thus not detectable foverlay control],

Figure 2

In Rip1Tag2 transgenic mice, loss of E-cadharin-
mediated cell-cell adhesion is causally invoived
in the transition from adenoma to carcinoma.
In contrast, foss of N-CAM cell adhesion is

a rate-fimiting even! in the aclusl metastatic dis-
semination of § tumor cells,

Progression to tumor malignancy

Less of N-CAM.-cradialod

overlay contral

The results indicate that the loss of E-cadherin-
mediated cell-cell adhesion activates downstream
signalling pathways, A major component of the E-cad-
herin cell adhesion complex is -catenin, a central
player in the Wnt-signalling pathway. Henca, we are
currently investigating the possibifity that changes in
E-cadherin-mediated cell-cell adhesion modulate the
Wht-signalling pathway and thus gene expression,

During the development of many human cancers,
expression of newral cell adhesion molecule [N-GAM]
changes from the 120 kd isofarm in normal tissue

i the 140/180 kd isoforms in tumor tissue. How-
ever, the functional contribution of N-CAM to tumor
progression remaing unknown, We have demonstra-
ted that a similar switch of N-CAM isolorms occurs
during tumor progression in Rip1Tag2 transgenic
mice, and we have employed a two-pronged approach
to determine the functional role of N-CAM during
tumor progression: loss of N-CAM function by
crossing RipiTag? transgenic mice with N-GAM
knock-out mice, and gain of funclion by maintaining
the expression of N-CAM 120 in § tumor cells of
Rip1Tag?2 transgenic mice. The results indicate thal
downregulation of N-CAM expression is a rate-limit-
ing evenl in the aclual metastatic dissemination of
tumor cells [Perl et al., 1998b],
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Adenovirus and DNA delivery

The research efforts in our group are concentrated on adenovirus and DNA delivery into higher eukaryotic cells.
The adenovirus topics include an analysis of viralthost cell interactions, especially in the area of viral entry and host
responses to viral entry, and an analysis of the avian adenovirus CELO early gene functions. A second area of
research involves the development of gene transfer systems, with special emphasis on large DNA delivery and

on the development of CELD virus-based recombinant vectors,

Characterization of the novel sequences in CELD
The genomic organization of CELD differs from other
adenoviruses, especially in the non-capsid genes
[Figure 1]. Amang these peculiar genes we have
identified an anti-apoptotic gene [GAM-1], a novel
gene with E2F activating/pRb binding function [orf8),
an assential gene that is related to the parvovirus
Rep genes, and a gene encoding a protein that inter-
acts with p300. These gene products are being
further characterizad.

Development of CELO virus as a gene transfer veclor
We have generated a method of screening the CELO
genome to determing the essential, non-essential,
and complementable sequences. This effort has
provided a functional map of the CELO genome,
useful for the development of CELO vectors, A CELD
variant was created which Is replication competent
and bears an expression cassette for novel sequences.
Vectors based on this variant can be grown to high
yield in embryonated chicken eggs. CELO-based
vectors transduce both avian and mammalian calls
with efficiencies comparable to the current adeng-
virus type 5 veclors.

These vectors will be developed both as gene delivery
tools for molecular biology and as vaccine reagents.
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The organization of open reading frameas in
the genome of the avian adenovines CELO,
Capsid, and E2 sequences homaldgous 1o
Mastadenovires genas arg shown in blue,
open reading framés novel to CELC are in
yallow or red, and dispensable open reading
Irames are shown in green

Analysis of the adenovirus entry pathway
Despite years of application in molecular biology,

the entry pathway of adenovirus into the cell nucleus
i5 slill poorly understood. A variety of methods,
including immunofluorescence [Figure 2], and GFP
marking, are being used to clarify the inl:acel!ular‘l
route, the required host structures and the kinetics
of the virus movement In infected cells.

Large ONA delivery

A major problem in gene delivery to mammalian cells
1 the maintenance of expression of the introduced
genes. Genes carried on non-integrated DMNA mole-
cules are lost upon cell division, while genes that
intagrate into the host chromosome are frequently
sitenced. In efforts to solve these difficulties we
are developing large DNA vectors [>150 kb] thal
maintain gene expression, exist in a non-integrated
form and are reliably transferred to daughter cells
during mitosis,

Figure 2

Liistnbution of adenowvirus particles in human cells
T hour aftar infection, visuafized by anti-capsid
staming fgreen/yaliow] and microtubule staining
[redl. The virus is seen 1o acctnulate at the
nuchaar membrana before entyy into the nucleus.
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Electrical engineers lay out the wiring instructions for digital computers in the two-dimensional form of electronic
circuif diagrams. Evolution has encoded the wiring instructions for nature’s computers in the one-dimensional form
of a genetic program. Our goal is to unravel such genetic circuit diagrams. We have chosen Drosophila as a model
system, as it offers both a sufficiently complex nervous system and powerful mathods for genetic analysis.

During development of the narvous system, each
individual nauron sends ut an-axon, which seeks out
and then forms a synapse with one or more specific
target cells — eithar other neurons or muscle cells,
These target cells may be located in very distant parts
of the embryo, but axons nevertheless follow direct
and reproducible pathways in order to reach thelr own
specific targat cells, ignoring many other potential
larget cells en route — cells-that may themselves be
the targets of other axons. Axonal traffic is controlled
by guidance cues in the extracellular environment.
These cues are read by a specialized structure, cailed
the growth cone, at the tip of each axon. Since the
number of neuronal connections in the nenvous sy-
stem exceeds the number of genes in the genome by
many orders of magnitude, it is clear that there can-
not be specilic cues for each axon any more than
there can be specific sipnposts for every driver on
the highway. Rather, there must be a system of gene-
ral signposts and each axon [or driver] decides
which signs to follow and which to ignore. Our ap-
proach to studying the control of axanal traffic is to
try 1o create havoc on the neural highways: we try to
remove the signposts, or put them in the wrong
place, and to make axons blind to signals they
should Tollow or follow signals they should ignore.

Photoreceptors in the developing compound eye of
Drosaphila project their axons into the optic lobes of
the brain [Figure 1]. We have used a novel genetic
strategy to screen for mutations that lead to abnormal
photoreceptor axon projections. We created ganetic
mosaics in which the photoreceptors of the eye are
mutant, while the brain Itsell is normal. We then looked
for mutations that disrupt the pathfinding abilities of

mutant photoreceptor axons in a normal brain [Figure 1].

After screening over 32,000 mutant lines, we identi-
fied some 200 mutations that disrupt genes required
for photoreceptor axon guidance. Complementation
and mapping indicate that these mutations represent
a total of approximately 20 ditferent genes, We have
thus far identified 5 of these genes. Three encode cell
surface molecules: two cadherins [calclum-dependent
cell adhesion molecules], and a receptor tyrosing phos-
phatase. The other two genes characterized so far
encode a previously identified adaptor protein [called
dreadlocks], consisting of SH2 and 5H3 domains, and
a newly discoverad member of the guanine nucleotide
exchange factor [GEF) family. GEF proteing catalyze
the exchange of GDP for GTP on the small GTPase
proteins, molecular switches that are active in the
GTP-bound form and inactive in the GOP-tound form.
The new GEF we have identified is predicted to be

Flgure 1

Photoreceptors project axons flabefled brown]
from the developing eye info the brain flefi].
Photoreceptor axons lacking the protein fyrosing
phosphatase PipB90 [centre] or a Rho-subfamily
GEF [righl] make various pathfinding arrors in
the brain.

Fgure 2

in the embryonic CNS left], axons form two mafor
longitudinal tracts fwhite arrowheads| connected
by two commissures [black arowheads| in each
segmant, The commizsures are formed by axons
that cross the midine before timing into one

ol the fongitudinal tracts. If axons express high
ievels of a roundabout-iike gene [right], they are
prevented from crossing the midline, resuffing
ina CNGS with greatly reduced commissures.

specific for the Rho subfamily of GTPases, whii:h are
known to control the actin cytoskeleton. So this GEF
provides a potential link between cell surface recap-
tors that recognize extracellular guidance cues, aod
the Rho family GTPases that then regulate the aclin
cyloskeleton to alter the direction of axon outgrowth,
Ongoing research is aimed at exploring the possible
Iinks between the receptors and signal transduction
components we have thus far identified, and charac-
terizing the 15 or so genes that still await molecular
analysis.

In the embryo, axons of the CNS form two main
longitudinal bundles, one on each side of the CNS
midline. Before joining these longitudinal pathways,
some, but not all, axons first cross the midline,

These axons form the commissures that connect the
two longitundinal tracts ke the rungs on a ladder
[Figure 2]. Why do some axens cross the midline
and not others, and what guides them first towards
and then away from the midline? The midling se-
cretes both chemoattractants, netring, and as yet
unidentified chemorepellents that CNS axons sense
through the receptors frazzled and roundabout res-
pectively. In order to determine how CNS axons res-
pond to these two cues, and why commissural and
longitudinal axons respond differently, we are cur-
rantly trying to identify mutations that interact gene-
tically with mutations in either the frazzled or rounds-
bout genes, Such mutaticns are likely to lead to the
idantification of other components in this pathway,
such as the signal transduction molecules down-
stream of frazzled andfor roundabout.

In paraliel to these loss-of-function approaches. we
are also taking a gain-ol-function approach by look-
ing for genes that, when misexpressed, can redirect
axons to inappropriate targets. [n this approach we
take advantage of a recently developad mathod for
placing random genes under the comrol of defined
regulatory elements. This is achieved by placing such
regulatory elements on a transposable element [the
P element] that is then mobilized to aliow it to insert
at random sites in the genome. (na pilot screen we
identified one new gene, related to roundabour, that Is
capable of redirecting axonal projections in both the
embryonic CNS [Figure 2] and in the visual system.
Ectopic expression of this gene in the CNS causes
most commissural axons to follow longitudinal
pathways, exactly the opposite phenotype to thal
seen in Ioss-of-function mutations in the roundabout
pene itsell, We are presently investigating the normal
function of this roundabout-like gene, while simulta-
necusly preparing to conduct such misexpression
screening on a much larger scale. 15
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Cylokinesis leads la the formation of two daughter cells from a single progenitor. The division process is spalially

and temporally regulaled so that each daughter cell receives a full complement of chromosomes and other

essential organelles.

In animal cefls, cytokinesis can be subdivided into
five subprocesses. cleavage plane specification, fur-
row assembly, furrow ingression, midbody forma-
tion, and cell separation [Figure 1], In anaphase, the
mitotic spindie specifies tha site at which the cleay-
age furrow will form. A contractile ring containing
actin and myosin assembles. The ring contracts, fur-
rowing the averlying plasma membrane, A transien
structure, the midbody, forms when the furrow rea-
ches the remnants of the mitotic spindle. Finally, the
common membrane that surrounds the two nascent

cells is divided so that the cells may separate.

All of these subprocesses are poorly understood;
moreaver, it is likely that much of the machinery that
parficipates in cylokingsis remains to be identified
Although several profeins are known fo be required
for cytokinesis (tubulin, actin, myosin, and various
actin-binding protelns), most of these proteing ara
required for a diverse variety of cellular functions and
it is likaly that there are specific regulatory molecules
that coordinate them during cytokinesis,

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

Thus, a major goal will be to identify prateing that
control and participate In cytokinesis. Genelic analy-
sis is needed to identify such molecules. As we are
particularly interested in animal cell cytokinesis, the
mode] arganism that we have selected for this anaby-
sis is tha nematode C. elegans. This organism |5 par-
ticularty well-suited for this analysis because one can
easlly follow the progress of the sarly divisions by
high resolution microscopy. The C. elegans genome
project is almost completed and this wealth of se-
quence data will greatly facilitate both forward and
reverse genetics. We will identify and characierize
mutations in which cytokinesis is impaired, but in
which other evants such as pronuclear migration,
spindie assembly, spindle origntation, and anaphasa
appear normal. We have already identified several
mutants with these proparties by screening a mutant
collection assembled by the Schnabel laboratary.
One mutant has a defect in the early stages of cyto-
kinesis, prioe to furrow ingression while, others

fail al later stages. The mutant phenotypes will be
characterized genetically and cytologically and

some of the corresponding genes will be cloned,

We will then study the localization and biochemical
properties of the encoded proteins.

A schematic view of cytokinesis Figure 1

The stages of cytokinesis

Wa are already in the process of studying. on the
tinchemical level, a family of proteins that are re-
quired for cytokinesis in budding yeast and in Droso-
phila, Tha septins. Using Xenapus embryos and ex-
tracts prepared from Xanopus eggs, we have shown
that the septins are required for furrow ingression,
they bind to both actin fitaments and microtubules,
and they can be purified from Xenopus extracts ina
filamentous state. We will be primarily concerned
wilh three questions, which will be addressed big-
chemically using Xenopus extracts.

How do septing assembla into filaments?

Do saptins associate directly with actin filaments and
with microtubules? How does septin binding affect

the organization of actin filaments and microfubules?
How tlo septins promote furrow ingression? Is their
ahility to-associate with actin filaments and with micro-
lubules essential for thelr function in cytokinesis?

One other project is to explore the role of membrane
insertion in cytokinesis. During the course of cyto-

kinesis of Xenopus embryos, membrane is inserted
specilically into the furrow region. Interastingly, in-
hibition of cytokinesis by perturbing actin-cuﬁtaining

The first cytokinesis of a C. elegans embryo

structures does not affect insertion of these mam-
brangs. Thus, insertion of cleavage membranes is in-
dependent of the contractile events that occur during
lurrow Ingression, Interestingly, ane of the few simi- Figure 3
larities between cytokinesis In plant and animal cells
15 Ihe insertion of membranes. Thus, characterization
of cleavage membrane insertion may provide insight
Into an evolutionarily conserved, and hence funda-
mental, feature of cytokinesis. This project would
Initially focus on identifying the machinery that
mediates this fusion event. Once the machinery is
known, it will be possible 1o inactivate this Process
50 that we can assess the role of membrane in-
sartion in cytokinesis,

The distribution of seplins in a dividing cell 17
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The central aim of our laboratory is to understand how the complex three-dimensional organization of polanized

epithelial cells is fost during early sfages of carcinogenesis, As our main model syslem, we Use & mouse mammary
gland epithelial cell line, expressing an estrogen-inducible c-JunER fusion prolein, in which reversible loss of

epithelial polarity can be studied.

Our results show that this transient loss of polarity has
ta be regulated by a fine-tuned interphay of intracellutar
signalling systems, rearrangemant of extracellutar
contacts and the cytoskeletal and protein transport
machinaries involved, and that these processes might
be much more tightly interconnected than previously
appreciated. Our major research focus will continue
to be on:

Gane expression during loss of epithelial polarity, and

Protein transport and sorting.

Gene expression during loss of epithelial polarily
Last year we reparted the identification of the im-
mediate early gene product TIS7/PC4 as a JunER
target gene by PCR-based differential display [0D].
The protein localizes at the inner teaflét of the baso-
lateral plasma membrane in the vicinity of adherens
junctions. Upon hormone-induced loss of polarity in
c-JunER celis, the protein i upregulated, translocates
to the cytoplasm and then accumulates in the nucleus.

\n addition, the TIST/PC4 gene prodict interacts with
componeants of the Wnl-signalling pathway, We are
now generating inducible cell lines expressing wild-
type and mutated TIST/PC4 to study if this protein
could be a co-repressor of mesenchymal genes,
necessary for the correct expression of the differen-
tiated phenotype of an epithelial cell,

In a ralated project we observed that c-JunER activa-
tion results in a reversible loss of tight junctions
accompanied by a redistribution of occludin and
Z0-1 from the cell membrane to the cytoplasm.
Treatment of polarized monolayers with occludin
loop peptides has a similar effect [Figure 1] but
additionally induces transcription of 20-1 and E-cad-
herin, and leads to the formation of multi-layered
cell clusters. This indicates a cross-talk between
adherens and tight junctions during loss of epithelial
polarity. We initiated studies with polyArg-tagged
anti-Z0-1 antibodies as well as with antisense probes
to functionally interfere with tight junction formation

in epithelial cultures.

Protein transport and sorting

Atter subealiular fractionation and 2-D gel-analysis of
organelle-associated proteins we discovered and
microsequenced a novel proteln of about 14 kD,
Following cONA cloning and generation of antibodies
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Figure 1

Examples of & morphology assay. n-callagen cuf-
furas of mouse marmmary epithedial calls develop
Intera branched lubwlar nstwaork, Normral epitieiial
celis are fully pofarized with the apical surface {o-
wiards the lumen. Treafment with extraceliufar loop
| or loop l paptides of the transmembrane prolen
aeciudin resull in the loss of epdthelial polanly
wherg ne umen is formed, Loop I-freated calls
form lomg sofid twbules, white loop 1-treated cells
devalop rmudtiple branched cell clusters an short
solfd tubiies. Shown on the fap is the overall
mmorphology of controfs, ioep - or loop ll-breated
cells in collagen, respectively. Below arg Ivpical
thin sections of each condition. The Immumofiuo-
rescence features Z0-1 [green], occludin fred]
and the merged piclures including cell nuclel
[itie).

The basolateral proteins CD44 and annexin || re-distribute
all over the cell, including apical plasma membrane, upon
thepletion of membrane cholesterol.

we were able to Incalize the protein 1o the membrang
of the Golgi apparatus and additional vesicular
structures by immunofiuorescence and elactron
microscopy. The protgin s extractable by mild deter-
gent treatments before fixation, indicative as an
association with the cytoplasmic phase of the
respective membranes, whera most of the regulatory
complexes in protein transport are assembied.

We started a yveast two-hybrid screen to identify
interacting molecules. We are presently establishing
epithefial lings with tet-inducible p14 which will be
instrumental for functional protein transport assays
with GFP-tagged, viral reporter molecules specific
for apical vs. basolateral sorling.

In another project we were interested in the sorting of
proteins within the plane of the plasma membrane.
We found that CO44 can act as an integral trans-
membrane protein in cholesterok-enriched micro-
domains |lipid rafts] of the basolateral plasma mem-
brane [Figure 2], These CD44-lpid raft complexes
are stabilized by an interaction of annexin-11 with the
underlying actin cytoskeleton. We will now investi-
gate which physiological stimuli [e.g., ligand binding]
would regulate CD44's enfry into or loss from [ipid
ralts, with a possible extension of the prajact to

compare normal and metastatic Wwmor cells.

Figure 2

Vertical sections of control leff] and cholestero-
depleted fright| cells are shown, Both CO44 and
annaxin il colecalize fo the basolateral plasma
membrane domain in mammany epithefial cell ing
Epi4, Upon dapletion of membrane cholesterol
with cholestarol-sequastenng agents, such as
digitaninn mathyl-f-cyclodaxtrin, both proteins
can ba found all over the plasma membrane;
howewvar, they do nol colocalize any mare, which
indicates that thely interaction iz nol direct and
moast possibly is mediated by lipids.
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Higher order chromatin has been implicated in epigenetic gene control fe.g. 'franscriptional memory’ mediated by
Polycomb-group genes] and In regulating chromosomal architecture [e.g. centromere activity, and mitolic and meiptic

chromosome segregation]. To start analyzing componenis and functions of mammalian higher order chromatin,

we recently isolated homologues of the Drosophila Polycomb-group gene Enhancer of zeste and of the dominant
Drosophila suppressor of position-effect-variegation [PEV] Su{var)3-9. Both of thase mouse [designated Ezh1,
Ezh2 and Suv39h1, Suv38h2], and the comesponding human homologues are represented by fwo loci in the

mammalian genome [Laible et al., 1997: O'Carroll et al., 1998].

Ezh and conserved gene silencing

Condensed chromatin reglons [heterochromating, for
example al centromeric positions in Drosophila or at
S.ceravisiae lelomearas, repress transcriptional activity
in a gene non-specific manner. To demonstrate func-
tion of the mammallan Ezhand Suvagh homologues,
we examined their potential to silence gene activity

in both of these model systems. Exra gene copies of
human EZH2 in transgenic Tlies enhance suppression
of pericentromeric PEV alleles of e.g. the white gene,
and over-gxpression of EZH2 or murine Ezh{ restores
gene repression in S.cerevisize mutants that are im-
paired in telomeric silencing [reviewed in Jenuwein et
al,, 1998]. These data provide a direct functional link
between Polycomb-dependent gene repression and in-
active chromatin domains, and indicate that silencing

mechanism(s| may be broadiy conserved in eukaryotes,

A similar modification of PEV has also been shown
with transgenic flies that carry an extra gene copy of
human SUV39HT [Aagaard et al., 1998).

Suv39h1, a novel cenlromere-associated protein
To analyze chromatin association of the endogenaus
Suv39h1 and EZH2 proteins, we generated affinity-
purified, rabbit polyclonal anti-sera, In contrast to the
diffuse distribution of Ezh2/EZH2 proteins, immung-
detection of endogenous Suv3%h1/SUV3AHT in
mammalian cells indicates enriched localization at
heterochromatic foci during interphase and accu-
mulation at centromeric posmions on metaphase
chromosomes |Figure 1] [Aagaard et al., 1998].
Moreover, ectopic exprassion results in abundant
associations with mitotic chromatin, suggesting a
dynamic rolefs] for Suv39h proteins in the structural
arganization of chromosomes. Using stably trans-
fected cell lines, we idenfifiad several intaracting
proteins that specifically co-precipitate with over-
axpressed [myc)z-tagged human SUV3SH1. Based
on these interactions, we aré currently purifying the
first mammalian SUVAR complex

Immunolocalization of endogenous Suv3sht at
mouse metaphase spreads

Figure 1

Mouse PO31 pre-8 calls were treated with
colcamid, resulting in metaphase arrest of
approximataly 20% of the cells. Cells were hypo-
tonically swallen, brokan up by centrfugation and
siained prior fo fixation with an affinity-porified
rabbil anti-Suv39h! polyclonal antibody, folfowed
by a 2econdary goal anti-rabbit-antibody that
had been conjugated o CY-3. The DNA has been
staimad with DAPL

Overexpression of human [mycls-tagged
SUV3I9HT in transgenic mice induces posterior
transtormations of vertebral identities
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Modulation of higher arder chromatin in vive

To generate gain-of-function mutations i vivo, we
established transgenic mice for human EZH2 and
SUV39H1. Whereas several of the EZH2 lines display
only low to moderate expression levels, lwo mouse
lines were identified that overexpress [myc]3-tagged
SUV3IGHT and which, surprisingly, exhibil posterior
transformations of vertebral identities [Figure 2],
Since ectopic SUW39H1 is gradually fost vpon clonal
expansion of stably transfected cells and is only
detected as mosaic exprassion in these fransgenic
mouse lines, the data suggest that high SUV3ZH1
protein levels are incompatible with normal growth
control. Gonsistent with such a function, calls de-
rived from Suwaght-~ mice are aiso shifted in their
proliferative and differentiation potential. Finally, we
disrupted both Ezh loci in the mouse germline.
Whereas Ezht null mice appear phenolypically
narmal, disruption of the more embryonically ex-
pressed Ezh2 gene results in lethality during early
pestation. These mutant embryos will be used to
analyze possible perturbed patterns of gene silencing.

Figure 2

The skeletons of wild-tyoe and transgenic day 18
embryos wene cleaned and statned for bone
falizarin red] and cartilage [alcian Mual. Shiown is
a leteral view of the cervical and upper [horacic
fegion, The characlenstic cartifage exlansions

at C8 andg T2 and the attachman! of the first ribs
are schamalically waicated al (he boltiom,
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Asymmeiric cell division during Drosophila development

While most cell divisions are symmetrical and generate two identical daughfer cells, some cells are capable of dividing

asymmetrically into two different daughter cells. One way fo generale asymmeiric cell divisions is the segregation of

protein determinants info one of the two daughler cells, which makes this cell different from its sister celf,

We are using the fruitfly Drosophila melanogaster as a model system lo understand the molecular mechanisms

that generate and orient asymmetric call divisions,

Asymmetric cell divisions are involved in the deve-
lopment of both the central and peripheral nenous
systems of Drosophia. In both tissues, the protein
Numb plays an important role during these asymmet-
rig; c2ll divisions. Numb is a membrang associated
protain which localizes asymmetrically in mitotic
naural precursor cells and segregates into one of
their two. daughter calls [Figure 1], In the absence
of Numb, this daughter cell is transtormed into its
sister cell, whereas the overexpression of numb
leads 1o the opposite cell fate transformation. Thus,
Numb acts a5 a segregating determinant during the
developmant of the Drosophila nervous system,

Correct asymmetric segregation of Numb requires
the protein Inscuteable. Like Numb, Inscuteable is
asymmetrically localizad in dividing newral precursor
cells. However, Inscuteatile localizes already in inter-
phase - before Numb — and it localizes to the oppo-
site side of the cell [Figure 2A]. In the absence of
Inscuteabls, Numb either fails 1o localize asymmetri-
cally or the Numb crescents form at random posi-

tigns around the cell [Figure 2B]. Inscuteable is also

required for the correct onentation of the mitotic
spindie, which determines the division plane. In the
absance of Inscuteable, Neuroblasts which narmally
divide along the apical-basal axis divide with random
division planes. Conversely, ectopic expression of
Inscuteable in-epithelial cells which normally divide
parailel to the epithefial surface leads to reorigntation
of the mitotic spindle and cell division perpendiGu-
larly o the surface [Figure 2C). Thus, Inscuteable
directs and coordinates several events during asym-
metric cell divisions

We are using Inscuteable as a molecular entry poini
ta identity components of the cellular machingry that
directs asymmetric cell divisions. Proteins that asso-
ciate with Inscuteable are candidate components of
this machinery. As an initial step towards identifying
Inscuteable associated proteins, we have narrowed

down the functional domains of the pratein,

Figure 1

Asymmeatric locallzation of Numb during mitosis

Conlocal cross-secthons through Dresophia neurobdasts in various stapes of mit-
arsis. A i5 thown in red, ths Mumb protein and the canlrosomes [cen) 3
ahown in (reen. Prophase neurchiasts (A) show no sigre of asymmeiric iocaliza-
Lo, tat in meta- (B) and anaphaszs caiis (T}, Mumb kocalizes asymmetrically

in 1ekaphase (), the protein segregates into o of the two dasghter cells.

Fhgure 2
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Summary of Inscuteable localization and function

We have generated senal deletions of Inscuteable
and expressed them in transgenic flies. This deletion
analysis has identilied a central 364 aa domain in
the Inscuteable protein, which we call the asymmetry
domain. This domain is required and sufficient for
membrane localization and asymmetric localization
of Inscuteable. When expressed by iiself or fused to
lacZ, the asymmetry domain is sufficient to cause a
recrientation of the mitotic spindle in eplthelial cefls.
When expressed in insculeabls mutants, the same
domain can rescue the Numb localization.defect.
Thus, most of the known functions of Inscuteable

rmap 1o the same domain of the protein.

Using the yeast two-hybrid system, we have ident:-
fied a number of proteins that specifically interact
with this domain and we are currently analyzing the
function of these molecules, using the excessive ge-
netic and cell biological toals available in Drosophila,
We are also searching for other proteins involved in
asymmetric cell division using biochemical and
genatic methods, and we hope that identifying these
maolecules will help us to understand the molecular
mechanisms of asymmelric cell division.

A Asymmetng locaization of Numb and Inscuteable,

B I wild-type neieroblasts, the mitotic spindi-is oriented along
the apical basal awis. Numb forms & basal crescant, whoraas [h
Inscuteable crescent 13 located apicadly. In mecuteabie mitants,
spindhe arinmtation and Numb lcalization becoms random and
ara no longer coordinaled,

G Epdihalial colls of the prospectve epidermis nosmally devide
paraliel fo the epihelial Surfece, but afler sclope sxpression
of inscuteabie. cels reqrient their mitotic spindle and divide
perpendicolay b the surface. Nobe, howeyer, 1hat insculeshie
s nod sulficien to induce the asymmatne localzation of Murmb.
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Cell division and differentiation in yeast

An unbroken series of cell divisions connect us fo the common ancestor of all life on this planet. Cell division is the
basis of all life. Furthermorg, it plays an important part in many human diseases. A refusal of somatic calls to
continue dividing contributes fo senescence, while the unreguiated profiferation of fumor cells is a cause of cancer.
Meiosis, a variation on the mitotic theme, generales progeny with different characteristics (sexual reproduction),
which enables multicellular organisms to evade their parasiles.

Bacause most constituents of cells are synthesized

under instructions from their genomes, they take

extraordinary care in duplicating and segregating
Cell division involvas two sorts of processes; their chromosomes. Chromosome duplication during
those that duplicate the cell's contents and those that S phase produces sister chromatid pairs, which ane
segregate them equally between two daughter cells. held together by specific chromosomal proteing
called Cohesins. The subsequent separation of sister

chromatids is mediated by microtubules that connect

Sometimes, the unequal segregation of very specific
constituents, known as 'determinants’, ensures that

the two daughter cells adopt different patterns of sister kinetochores to opposite poles of the mitotic
gene expression, which is the basis for cell differen- spindle. A "tug of war' between the splitting force
liation and the development of multicetiular organisms. exerted by microtubules and cohesive forces due to
One of the revelations of the last decade of Gell Cohesins is responsible for the alignmant of sister
biology has been the recognition that ali existing chromatid pairs on the metaphase plate.
eukaryotic cells use mechanisms that clearly existed The evantual segregation of sister chromatids to
in their common ancestor. This means that the opposite poles of the cell (anaphase) is thought to be
mechanisms used by human cells are remarkably due primarily to a loss of cohesion between sisler
similar to those used by invertebrate as well as chramatids, The transition from metaphase to ana-
fungal or plant cells. Thus, much of our knowledge phase must be very tightly regulated, because it is
about the workings of human cells can be, and indeed difficult or impossible for cells to correct DNA
hag been, gleaned from work on ‘model’ organisms, damage or misaligned chromosomes afler the
which are easier to study. One of the favarite models commencement of anaphase.
for studying cell division has been the budding yeast The properties of the cohesin Scelp (2lso known as
Mcd1p) have recently shed insight into the mecha-

nism by which sister chromatid cohesion might be

Saccharomyces cerevisiae. Most work in my labora-

tory is conducted on this organism on the premiss

that its powerful genetic and physiological techniques
can be exploited to tell us more about ourselves.

lost. Seelp binds 1o chromosomes as parl of @ com-
plex with proteins of the SMC family; it is required to

’_7

Flgure 1

Asymmelric localization of ASHT mANA in yeast,
Tha messenger RNA of the transcriptional regula-
far Aship s localized dwing mitosis to the lp of
the daughter cell, Shown is a three-dimensional
image (shadow projection) of ASHT mRNA (red)
and the two nuclal (iug) dedved frorm mBRNA in
gt hybridization and DAPI staining, respectivaly.
Insat: Raduced size bright field image of tive same
matharfdaughter cell pair

Asyrimetric ASH1 mBNA localization

Figura 2

Espip is required for separation of cenV sequen-
ces marked by GFP [grean) and for the dissocia-
ffan from chromatin (biue) of the cohesin Sccip
{red), The picture shows two separafe aespl-1
mitant-machel,

Cell eyele regulated association of Scelp with
chromosomes i

@ winsochore
B smep
B Sce

B @

Anaphase

prevant premature separation of sister chromatids,
and it dissociates from chromosomes at the meta-
phase to anaphase transition. A key question is what
causes the sudden dissociation from chromosomes
of See1p. This event depends on inactivation of a
reguiatory protein called Pds1p, which, like mitotic
cycling, is proteolyzed as a consequence of its prior
ubiquitination by a large ubiquitination machine
called the Anaphase promoting complex (APC).

Our work suggests that Pdsip blocks the activity of
a protein called Esplp, which is required for the dis-
sociation of Sceip and the loss of sistar cohesion.
We are currently interested in what determines the
timing of Pds1p destruction by the APC, how surveil-
lance mechanisms called Checkpoints regulate this
process, what, in addition to Pds1p, controls the
activity of Esp1p, and how Espip causes the dis-
sociation of Sccip from chromosomes. Mast, if not
all, of these yeast proteing have homologues in
human ceils, suggesting that the mechanism by
which celis separate sister chromatids is conserved
in all eukaryotes.

In haploid yveast cells, cell division gives rise to a
maother cell that expresses the HO gene and switches
its mating type, and a daughter cell that falls to do
50 because of the preferential accumulation within its
nucieus of a repressor protein called Aship.

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

\ myosin (Myod) along actin cables to the distal tip
of buds, where it is anchored and transiated.

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

Figurg 3

The APC triggers sister separation by liberating
the ‘separin’ Espl from inhibition by Pdsi
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Patterning and early morphogenesis of the vertebrate face

The face is one of the most intricately shaped parts of the adult vertebrate body and in humans it is frequently
affected in congenital malformation syndromes. We are using the mouse and the chick as madel organisms to study
how the development of this complex structure is regulated during embryogenesis.

Development of the midfacial region begins with the
appearance of the nasal placodes, bilateral ectoder-
mal thickenings at the ventro-lateral sides of the
foretirain that will give rise to the olfactory epithelium
[Figure 1]. Subsequently, tissue around the nasal
placodes and the primitive mouth starts to grow out
to form distinct buds, the facial primordia, and conti-
nued outgrowth depends on epithelial-mesenchymal
interactions. How the early facial region is patterned
and how the areas of mesenchymal outgrowth are
established is not understood. In particular, it is not
chear what role the surface ectoderm, the nasal
placodes and the underlying forebrain play for patter-
ning of the neural crest-derived mesenchyme of this
region. We are using both the mouse and the chick as
experimental organisms to address these questions,
the chick to study the morphological and molecular
consequences of micro-surgical manipulations of

the early face in ovo, and the mouse for a genetic
approach towards facial development.

The lunction of the nasal placodes

for facial development

In & series of ablation experiments we demaonstrated
that the nasal placodes are required for normal tacial
mesenchyme development |Figure 2].

Praliminary data suggests that the nasal placode
may pattern the facial mesenchyme indirectly via

thi induction of signalling molecules at the boundary
between the placode and the surface ectoderm which
in turn direct mesenchyme development. However,

a direct interaction of the placode and the underlying
mesenchyme has not yet been ruled out. To further
adldress this issue, we are currently studying how
placode ablation experiments and other micro-
surgical manipulations of the face affect the expression
of marker genes. In addition, we are also studying
facial development in mouse embryos homo-
zvgous for a mutation in the gene encoding the
paired box transcription factor PaxB which fail to
form a nasal placode and display severe facial
abnormalities at later stages.

FGF8 function during facial development

Partial loss of function experiments in the mouse
from Gail Martin's laboratory have recently demon-
strated that Fgf8 is required for normal facial deve-
lapment, but the phenotype of those embryos varies
and is therefore difficult to analyze. Embryos homo-
rygous for a null allele of Fgf8 die at gastrulation.

Scanning electron micrographs of the facial reglon of
mousa embryos at ES.5 and E10LG

Ablation of the nasal placode .
affects development of the facial skleton |

Fhgura 3
Expression pattern of Fgff in mouse embryos at ED.5 and E10.5

Figure 1

The nasal plecodes fnpl, thickenings of the facial
actoderm, are the first mophologically distinct
struciures 1o form n the prospective midiacial
reguait, By E10.5, the mesanchyme around the
Pacooes has started o grow ol 1o form the
medial fmnpl and lateral [lnp] nasal processes
and the placodas have now comne to e in shallow
depressions, the nasal pits [np, the future nasal
cavilies), belween the fasal processes.

Figura 2

Top: Top view of the beak of a chick embryo
after surgical removal of the rmght nasal placode
al an ealy stage of development. Note that on
fhe operatac side famow] a vanely of skeletal
alarmants ane THssing.

Boltom; Ramoval of ectodenm betwear the

twor nasal placodes doas ol affect skelelal
devaiopment,

As a first step towards a lissue specific inactivation
of Fgig in facial ectoderm, we used a mouse line

in which the Cre-recombinase was knocked into®
the gene encoding the transcription factor BF1 fo
produce embryos in which Fgi8 is "knocked out’
only in certain regions . of the embrya.

These embryos were born with severe facial defects
and a morphological and molecular analysis of their
phenotype will serve as a starting point to address
the function of Fofg during facial development and
1o identify downstream targets of Fofs,

Regulation of Fgf8 expression

Fgfa has a complex, dynamic expression pattem
during facial development |Figure 3], To learn more
about the mechanrisms involved in patterning the
facial ectoderm, we are studying how the axpression
pattemn of Fgfg in facial ectoderm is sel up.

A major goal s o identify tissue inferactions that are
involved in patterning of the facial ectoderm and that
regulate Fgi¥ expression. For this purpose we are
using an in vitro culture systam in which various
ragions of the face can be co-cultured, This culture
system also allows us 1o directly test the effect on Fgi8
expression of growth factors and signalling mole-

cules suspected 1o be involved in facial patterning. 27
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Cell cycle control by ubiguitin-dependent proteolysis

Jan-Michael PETERS | Group Leader

Christian GIEFFERS | Postdac
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Beate PETERS | Technical Assistant [50%]

Progression through the cell cycle depends on the activity of two ubiquitinafion complexes: the SkpT-cullin-F box
protein complex [SCF] controls the initiation of DNA replication at the G1-S fransition, whereas activation of the
anaphase-promoting complex/cyclosome JAPC] is essential for the iniiation of anaphase and exit from milesis,

The APC ubiguitinates proteins whose subsaquent
degradation by the 265 proteasome is essential for
the initiation of sister chromatid separation at the
metaphase-anaphase transition. Later, in-anaphase
and telophase, the APC promotes the inactivation

of the mitotic protein kinase Cdc2 by ubiquitinating
its activating subunit cyclin B, The APC also mediates
the ubiquitin-dependent protealysis of several other
mitotic regulators, including Polo-like kinases, spindle-
associated proteins and inhibitors of DNA replication.
We are interested in understanding how the APC is
regulated and how activation of the APG initiates the
separation of sister chromatids in verlebrate cells.

Purification of the APC from Xenopus eggs and
human cells showed that the complex is composed
of at least ten subunits, nine of which are related
to subunits of the budding yeast APC,

The subunit APC2 s refated to the SCF subunil
Cdes3, suggesting thal these ubiquitination complexes
are avolutionary related and utilize similar reaction
mechanisms, Whereas the ten APC subunits identi-
fied by biochemical purification are constitutively
associated with the complex, we found that two
other proteins called COC20 and COH1 bind to the
APC in a cell cycle-regulated manner, Previous
genetic expariments in yeasts and flies and our bio-
chemical experiments suggest that activation of the
APC at the metaphase-anaphase transition requires
Its association with CDC20, whereas APC activity is
rmaintained during exit from mitosis and throughout
G1 by association with CDH1. The binding of CDC20
and COH1 appears to be reguiated by phosphory-
fation, but how COC20 and COH1 activate the APG
is presently unknown. In yeast, CDC20 and COH1
activata the APC in a subsirate-specific manner,
suggesting that these proteins may function as
specific substrate recognition factors of the APC.

Flgure 1
Micrograph of an isolated human anaphase
spiciia [slained in red! with attached chromo-
sormes fstained in blue, micrograph by

| Waizaregoer. The ¢nsed of anaphise

(& confroffed by the APC, as is discussed

frr f i et

Figire 2

Uitiginhin-dependant proteolysis medialed by the
APC regulates two impavrtani trarsitions in mifo-
sia. Proteing such as Pasl in bisdding yeast and
Cut2 in fission yeas! nead lo be degraded to in-
izt the separation of sister chromatids at the
metaphase-anaphase ransition, Destruction of
cyelin B by [he <ame pathway is-an imporiant
mechanizm thal halps lo inachivate the proteln
kingse Coed, which s 8 prersguisite for forming
daugiiar cells to exil from mitosis inta the next
lrferphase,

How activation of the APC resulls in Ihe initiation

of anaphase is not understood in animal cells,

Yeast genetics have identified the Cut1/Esp1 protein
as an activator of anaphase which triggers disso-
ciation of cohesin proteins from sister chromatids.
APC is believed to activate this process by ubiquiti-
nating an anaphase inhibitor bound to Cut1/Espl,
called Cut2/Pds1. To obtain insight into anaphase
regulation in vertebrate cells, we have begun 1o
characterize Xenopus and human komologs of Cutl/
Espt and are searching for Cut2/Pds1-like proteins
associated with them. We have also identified a chro-
matin-hinding multi-subunit complex that contains
homologs of yeast cohesins. We are analyzing the
role of vertebrate Cutl/Espl, cohesing and APC

in anaphase control by cytological experiments

in human cells and by using biochemical.assays

In Xenopus extracts which recapitulate mitotic
events such as chromosome condensation,

dissociation of cohesing trom chromatin and sister

chromatid saparation.
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Gene function in mammalian development and oncogenesis

The mouse is used as a model organism for the analysis of gane function in normal and pathological development.
One major focus is the analysis of Fos and Jun proteins and their roles as regulators of proliteration, differentiation and
cell death in bone and hematopoietic development. Furthermore, we are aiming lo define the specific funclion of EGF-
receptor [EGFR] in neural and epithelial tissues and of VEGF/FIk-1 receptor signalling in bone and endothelial cells.

Fos proteins in bone cell differentiation

c-Fos is a key regulator of bone development. Trans-
genic mice expressing exogenous Fos develop bone
tumars, whereas mice lacking ¢-Fos are osteopetrotic
due to a differentiation block in bone resorbing osteo-
clasts, We are interested in the molacular mechanisms
by which c-Fos and its related protein Fra-1, which is
c-Fos inducible, control osteoblast proliferation and
osteoctast differentiation. Fra-1 is an essential gene for
mouse development and transgenic mice overexpres-
sing Fra-1 develop the bone disease osteosclerosis,
possibly due to increased osteoblast proliteration,
However, Fra-1 can also induce osteoclast differen-
tiation in the absence of c-Fos in vitro and in vive
[Figure 1]. This system is being used to identify
¢-Fos target genes and to better characterize the role
of Fra-1 and NFAT transcription factors in controlling
bone cell devetopment and differentiation.

Jun proteins controlling cell proliferation

and apoplosis

Both c-Jun and JunB proteins play key roles in deve-
lopment since inactivation of these genes in mice
causes embryonic lethality. Mice lacking junB dia
during early ambryogenesis, mainly due to extra-
embryonic defects, whereas c-jun-/~ fetuses die at
midgestation and exhibit liver defects.

To investigate the function of c-Jun in hepatocytes,
c-jun was deleted in both the fetal and the adult liver,
using the crefloxP system. Surprsingly, c-jun does not
seem o be required for liver development or function,
but appears to be essantial for liver regeneration.
N-terminal phosphorylation by the c-Jun N-terminal
kinases [JNKs] is an important mechanism regulating
the activity of c-Jun. To define the function of c-Jun
N-terminal phosphorylation [UNP] in vivo, we have gen-
erated mice carrying null mutations of JNK-1 and -2
[in collaboration with Michael Karin], as well as mice
harbouring & mutant allele of c-jun lacking the JNK
phosphoacceptor sites [jundA], JNK1~/-, JNK2-/-

and fundA mice are viable and fertile. Howevar, both
JNK1-/- and jundA mice are growth retarded, and fibro-
biasts from these mice show proliferation defects.
JNKZ-4- and junad thymocyles are resistant to anti-
CD3-induced cell death and mice lacking JNP are
protected from kainate-induced epilaptic seizures and
neuronal apoptosis [Figure 2]. Thus, JNP mediated
by distinct JNKs differantially requiates cell profiter-
alion and death in different biological processes,
Analysis of fibroblasts lacking ¢-jun revealed that
c-Jun acts as a positive regulator of the cell cycle by
suppressing the p53 pathway [in collaboration with
Peter Angel]. In contrast, analysis of fibroblasts over-
expressing junB demonstrated that JunB is a negalive

Uta MOHLE-STEINLEIN | Technician |

Figure 1
Fra-1 induces tooth eruption and osteoclast
formation in c-Fos-/- mica

#4+

Figure 2

JMP is required for kainate-induced neuronal
apoptosis [neurons are labelled in red,
apoptosiz is detected in green].

wild-type wild-1ypo + kainata JunARundul, + kalnate

Figure 3

The K&-Sos transgene [right] rescues
the viability and hair growth defects of
EGF-Racaptor -/- mics

regulator of proliferation by controlling the level of
thee COK inhibitor p16%a_ Through genetic comple-
rmentation experiments we discovered that JunB
plays a key role in myeioid cell proliferation/differen-
tiation since junB null mice rescued by a junB trans-
fene devalop chronic myeloid laukemia, probably
tue to the absence of junB expression. A causal
relationship between junB expression, pi6 levels and
the deve-lopment of myeloid leukemias is presently
being investigated in mouse and human cells.

EGF-receptor signalling in mice

Depending on their genetic background, EGFR null
mice die at midgestation, birth or can live up to
postnatal day 20 and display defects in brain and
epithelial tissues such as skin. Different genetic
approaches are being emploved to dissect the
downstream EGFR signalling pathways and 1o under-
gland the molecular mechanisms responsible for
these tissue-specific defects:

« Tha 'knock-in' of a wild-type “floxed’ human EGFR
cONA completely rescues the brain phenotype, thus pro-
longing the lifespan, but leads to the development of
a heart fypertrophy, which Is maost Iixely caused by
misexpression ol the "Hoxed’ allele. = Exprassing an
activated torm of Ras in postmitotic neurons also
réscues neuronal apoplosis, but not the viability of
EGFR knock-oul mice. = Transgenic mice expressing
an activated form of the human Son of Sevenlass
[hS0S] gene In the skin develop severe epidermal
hyparplasias and papillomas. Overexpression of
h80S can partially rescue the skin defects, restore
hair growth and prolong the lifespan of EGFR

mutant mice [Figure 3], Interestingly, the presence of
a mutant EGFR allele attenuates the development of
hS0S-dependent skin tumars, These results provide
genetic evidence for cooperation between EGFR

and S05, not only during skin development but also

during tumor formation.

Signalling in endothelial cells by VEGF/Flk-1
and PymT

The specific activity of the Polyoma middle T [PymT]
oncogene 1o transform endothelial cells and to cause
vascular tumors is belng exploited to analyze the under-
lying growth control mechanisms. We have generated
a conditional “floxed” allele of the endothellal-specific
growih factor receptor FIk-1 known to be essential
for endothelial cell formation [vasculogenesis] o test
whethar Flk-1 is essential for the action of PymT on-
cogene, It appears that PymT can functionally replace
Flie-1 and endothelial cells can be formed in its
absance in vifro. Present studies will address the role
of Flk-1 In tumaor angiogenesis and in hematopolesis,

using conditional mouse model systems, 31
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Protein modelling

The main focus of our work concemns profein sequence and structure funclion refationships.

Eiectrostatic properlies of proteins

Gerald Laffier solved the Poisson-Boltzmann equation
for a system consisting of a low dielectric cavity

[the protein] and a high diglectric environment for
the surroundings. He has developed an algorithm to
calculate the dislectric constant of a protein based

on MD simulation results

Analysis of the interaction code

for C4-zine finger proteins and DNA

There ara saveral DNA-binding motits in proteing
which have been characterized up to now, including
helix-turn-helix motifs, basic region leucine zippars,
and different classes of zing fingears.

Random mutagenesis is used as a tool to study the
proteinf/DNA-interaction of C4-zinc finger proteins.
Using mutant variants of the Grlucocorticoid receplor
[GR], the DNA-binding helix of the GR is randomly
mutated, leaving oul residues which are conserved
thraughaut the family of the Nuclear Hormone
Receptors. A functional assay in yeast, using
beta-galactosidase and the green llourescent protein
|atp] as reporter genes is used to look for functional
mutants in the pool of the protein hbrary.

Bianca HABERMANN | PhD Student
Robert HOFFMANN | Diploma Studean!

Figure 1

Side chans of the protam involwed in DA Bin-
ding are shown i spacelill fveffow). The base
pairs comtacted by the protein are coloured in
avange,

Three dimansional structure of the glucocorticoid
receptor DNA-binding domain complexed with its
response alament.

Correlated mutations in the protein and the nucleic
acid point toward physical interaction between the
two binding partnars,

In & second project, Bianca Habermann is developing
statistical methods fot the analysis of gene expras-
sion experiments.

Robert Hoffmann has started to perform a statistical
analysis of the amino acid composition of short
pleces of sequences in refation to their structural
preference in the whole protein.
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The Service Department offers a variety of high qualiy and rapid services fo IMP scientisis.

Tha hulk of our efforts involves DNA sequencing, ofigonucleolide synthesis and peptide synthesis.

Out Media Kitchen staff prepare substantial
fuantities of reagent quality solutions and media -
for cell culture, which will expand tiis year to include
madia for fes and worms.

We also prepare many selected reagenls such as
DNA molacular weight markers, enzymes, a variety
of transformation-competent E.coll strains and we
maintain a stock of cloning vectors, primers and

nlher cloning reagents.

Oligonucleotide synihesis

We started in 1988 with about 500 DNA oligonucleo-
tides per year and last year we prepared approximately
2650 with an average size of 25 bases. |n the first 9
months of 1908 we produced more than 2900 oligos,

an increase of almost 50% as compared to 1997,

AL the same time, the average length ':m:raasadlbev
caise of a much higher proportion of oligos 50 bases.

Paptide synthesis and production of monecional
antibodies

Synthetic peptides have increased in importance 10
IMP research activities. This year we synthesized a
great variety of oligopeptides, mainly coupled to PEG
or KLH for immunization purposes.

This year we injtiated the production service of
monoctonal antibodies with fusion and selection in
collaboration with IMP groups. We also continued

to isolate and HPLC purify monoclonal antibodies
from established hybridoma cell lings,

Sequencing and DNA isolation

With the twio ABI PRISM 377 DNA sequencers, we
sequenced approximately 7300 samples in the first

9 months of this year with an average reading length
of 700-800 base pairs for "good’ DNA. This increase
is mainly due to reproducible gel quality and the new
ABI/Perkin-Elmar dye-deoxy-terminator [big-tye] kits
and we are now saving time by introducing an easy
and fast clean-up protocol for the sequencing reactions,
using columns on 96-well microtiter plate format,
The protocol is readily adaptable to our robotic
system. Sequencing of BACS and other artifical
chromosomes is now established.

Figure 1

A sequencing run on ABI 377 PRISM and number

of reactions dane with dye daoxy terminators

[scale O fo 10°000] from 1597 to 1998, 33
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The BioOptics depariment was founded in 1998, This unit provides various services in the field of flow
cytometry, microscopy, Imaging, and biosensor applications to scientists at the IMP.

Over the past years, research at the IMP showed increasing demands for flow-cytomelric and microscopic
applications. Many of these applications require profound knowledge of underlying principles and a thorough
training for users. To facilitate access of scientists to these techniques, a service group was crealed which

provides this expertise to all scientists at the institute. Besides training of users and maintenance of the equipment,
development and implementation of novel techniques is a major goal of the unit

Flow cylomelry
The Flow Cytometry facility is equipped with two ana-
Iytical flow cytometers and one praparative cytomeater,
The analytical machines are used by IMP members
mainly for cell cycle analysis and immunophanotyping.
Applications involving the use of the FACS Vantage are
performed by staff members. A wide variety of appli-
cations has been established by our group including:

+ Cell and organelle sorting

« Analysis of binding and infernalization

« hnatysis of apoptosis, especialiy of calls expressing GFP
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Microscopy and imaging

Besides one micro-injection/time-lapse video micros-
cope, three fluorescence microscopes equipped with
cooled CCD-cameras [including ong motorized micros-
cope to obtain optical sections for deconvolution and
3D-reconstruction] and one Leica TCS NT laser scan-
ning microscope are managed by the department.
The microscopes are used by all scientists at the IMP
after training providad by the BioOptics stafl. Besides
basi image processing, the BioOptics group provides
deconvolution, 30-reconstruction and fluorescence
colocalization of microscopic images.

Biosensor applications

Two BIACore biosensors are currently used for the
determination of rate constants of DMNA-binding
enzymes [in collaboration with G, C. M. Smith and

5. P. Jackson, Wellcome/CRC, Cambridge, U. K.]

and for the analysis of antibody-anfigen interactions
[in collaboration with C. Koch and H. Stockinger,
University of Viennal,

Figure 1 TUMEL-assay of GFP-expressing cells
Panel A shows mouse erythroblasts co-lransfected wath & ook /-in-
hibitar and EGFP. EGFP-positive cedis used for anakysis of apopiosis
are shown in panel B. Panets Cand D show DAPI staining of DNA
[¥-axis} and Cy5-dCTP-staining of apoptotic cells [X-axis] for EGFP-
negative celts [C] and EGFP-positive cells [D]. The cell eycls protiles
of EGFP-negative cells |F) and EGFP-positive cells [E] exhibit a sign-
ficam decraase of cells in S-phate of the cell cycl in the Case of EGFP-
expressing cells. Arrest of cells in G1/G0 results in a slightly reduced
apoptotic mdex [in caltaboration with J, Hotmann, Group Bewg)-

Group Member

EM facility at the IMP

Irig KILLISCH | Postdoc

The recently established electron microscopy service makes general EM techniques and specialized applications
[e.g. EM-mmunohistochemistry of frozen sections] available to groups at the IMP and Boehringer Ingelheim.

Service fealures

The EM facility offers its services via a cooperative
and interactive approach. Projects and the necessary
experimental approaches, as well as the inpul requi-
rad from the group are discussed and determined
with the sciantists involved, Besides standard EM
work, wer establish new methods and design equip-
ment not commercially available. Interested mem-
bers of IMP groups may also be individually trained
with respect to EM methods, In order to speed up
praject progress.

Flgure 1

EM micrographs of cryo-sectioned polanzed
apithelial cells grown on filters [A, or in collagen
gals [8). Nuclei are indicated with N, Microvill o
it apreal domain with arrows, apical and lateral
memibrang compartments are labelled accordingly.
The white stipled line in (A denates the border
af the fMies

EM projects; irom yeast to animal cells

At the beginning of this year, projects in yeast

[S. cerevisiae], warms |C. elegans), mice and animal
calls were initiated. One major focus of the EM
service was 10 analyze epithelial polarity and its loss
in carcinogenesis. EM analysis showed that tight
junctions formed by epithelial cells were disrupted
after oncogenic transtormation and could be restored
by inhibiting the function of this encogene. Further-
mare, fight-microscopical colocalizalion of two
epithelial cell-regulatory proteins at the cytoplasmic
face of the plasma membrane could be confirmed at
the EM lgvel by Immunogold technigues. In all these
cases, newly developed methods to obtain and pro-
cess frozen sections from epithalial cells grown

under in vive-like conditions [porous membrang sup-
ports, collagen gels] were instrumental [Figure 1],
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Group Mambers

Animal house

The animal house provides technical suppor for the
various research groups. It is divided into three main
areas and confains the following species: mica, chicken
and Xenopus, The largest and still expanding area is
the mouse section. To cope with this axpansion, during
the summer of this year construction of an annex was
completed, providing us with two rooms for housing
chickens, a room for Drosophila, a multi-purpose room
and an office. This enabled us to adapt the existing
chicken rooms, which are in the main animal house
facility, into mouse rooms, which will hold a further
3,500 mice In addition to the 10,000 already in-
house. Breeding colonies, stock and experimental
animals are maintained by the animal house stafi.
They include transgenic and knock-out mouse lines.
To provide a constant supply of mice for the various
projects, nineteen standard strains are routinely brad
In-house. In addition, eighty egas are produced each
week from our 'closed-colony’ chicken flocks.
The animal house staff also perform technical proce-
dures for the research groups, such as collection of
blood, implantation of tumors, and administration of
substances by various routes, e.g. intravenous, intra-
peritongal and subcutaneous injections. All proce-
tiures are performed 10 & high standard under appro-
priate anaesthetic regime and In conjunction with
the necessary project licence.
The major research groups using animals are;

= Mouse stedies: Hartmut Beug, Max Bimstiel, Mainrad
Busslinger, Garhard Christofori, Thomas Jenuwein,
Annette Neubiser and Erwin Wagner

+ Chicken studies: Hartmut Beug and Annette Neubiiser

» Xenopus studies: Jan Peters

= Drosophila studies: Barry Dickson and Jirgen Knoblich

Andreas BICHL | Head, Veteripanan
Erwin F. WAGNER | Scientific Coardinator

Morma HOWELLS | Consultant
Beata BALUGCINSKA | Technician Dominik MAYR | Technician

Mijo DEZIC | Technician
Erika KILIGAN | Technician

Svetlana PEKEZ | Technician

Esther ZWICKELSDORFER | Technician

Hans-Christian THEUSSL | Technician

Mouse service department

The mouse service department was set up at the be-
ginning of 1998 to cope with the increasing demand
tor mouse studies and the generation of transgenics.
To enhance the use and production of this service, an
additional injection facility was established. The main
duties of this service unit are the injection of ES cells
into hlastocysts and of ONA into the pronucleus of
fertilized mouse eggs. In addition, this service also
provides the fransfer of ‘clean” embryos Into our ani-
mal housa as well as the freezing of embryos tor
preservation of specified mouse strains. To date, 30
different ES cell clones and several DNA constructs
have been successfully injected for the four main
resgarch groups led by Meinrad Busslinger, Gerhard
Christofori, Thomas Januwein and Erwin Wagner.
The activities of this department are governad by an
Animal User Committee, which meets monthly 1o set
pricrities and coordinate the duties. At present it is
chaired by Erwin Wagner.

The Scientific Advisory Board

Members of the Scientific Advisory Board
Prof. Michas! Bishop
Dept. of Microbiclogy and Immanalogy. Univ. of Callomia. San Frangisco

Frof. Nick Hastie
MRC Human Genetics Unit, Wastern Ganeral Hospital, Edinburgh

Prof. Tim Humt
IGRF Clare Hall Laboratories, South Mimms

Prof. David Lane
Depl. of Biochemistey, Univ, of Dundes

Prof. Martin Raff
MRG Laboratory for Molecular Cell Biokogy, University Gollege London

Prof, Janat Rossan!
Mount Sinai Hospital, Tosono

Prof. Gottfriad Schatz
Alt. Bicchemie. Biozentrum der Undv. Basel

Prof. Pater Swetly
Depl. HAFE, Bendar & Co, Vienna

Prof. Tadatsugu Taniguchi
Dept. of Immunokogy, Faculty of Medigine, Univ. of Tokyo

Prof. Bernd Wetze!
Dept. Research and Development, Boehringer Ingefhelm GmbH

The SAB consists of internationally recognized scientists who are active in basic medical and biological research.

They meel once a year and, together with the IMP s‘cianu'sts. discuss the quality and the significance of research
findings as well as the main focus of future work al'tha IMP.

37




W"—_—

38

The IMP's working environment is characterized by a young and dynamic almosphers.

in accordance with the institute's philosophy, there is a high turnover rate amaong the scientific
staff. including group leaders, As an employer, the IMP is in a position to offer young scientists
just embarking on an independent research career the unique opportunity of setting up a lab
without the administrative hurdies they usually have 1o face at this stage of their careers.
@3roup Leaders’ contracts are initially for & years but they are usually extended for a further

4 years to a total of 8 following review by the Scientific Advisory Board which meets annually,

Strang collaborative links have been established, both internationally and within Austria. From
the very beginning of the IMP's existence, links to the University of Vienna have bean especially
close, Since 1992, five institites of the Faculties of Science and Medicine have been located in
a neighbouring bullding. Together with the IMP they constitute the "Vienna Biocenter’, which is
a recognized center of excellence in the biological sciences. The IMP also shares some of its
facilities. such as the lecture hall, the library and an electron microscope, with the University.
A joint intemational PhD Program has been established, which allows 10-15 students per year
to participate and receive generous gtipends. The aim of this program i3 to equip the students
with all the necessary skills required for a career in molecular biology. Emphasis is not only placed
on academic and technical excellence but alse on communication. Studants have organized
their own weekly journal club and once a year present their data to the institute at one of the
regular 'Monday seminars'. Presentation of research outside the institute is also encouraged
and students are given the opportunity o participate in international conferences. The PhD
program Is advertised in a leading journal pach autumn and students who apply are required to
undergo a selection process. Following evaluation of the applications by a committee, 20 to 30
candidates are invited for interviews in February, after which the final decisions are made,

This selection process guarantees high scientific standards and optimum training conditions.
The IMP is particularly interested in maintaining the intermational and multicultural nature of the
institute. At present, more than 20 nationalities from all continants are represented at the IMP.
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Every year, the IMP organizes a large international conference which
has already established itself as a highlight of the European scientific
calendar. In 1999, the "10th IMP Spring Gonference’ will be held once
again al Vienna's magnificent imperial Palace. It will take place from
271h to 29th May and will focus on “The Cell Biology of Cell Division'.
Apart from this international conference, which attracts around 500

scientists, the IMP hosts a series of ‘Thursday seminars’ and ‘Impromptu
seminars’ where top-ranking scientists are invited to present their latest
data. These seminars generate lively interactions as well as introducing
the IMP scientists to othier fields which stimulate their own rasearch.

The scientific staff is supported by a highly professional team of
administrative and technical personnel. The collaborative and interactive
nature of the IMP members has been encouraged from the beginning,
and newcomers are rapidly integrated. Popular events in the social
calendar include the bi-annual IMP skiing trip and joint hiking tours
['Wandertage']. Spontaneous kab ocutings to the nearby Alps are organised
by skiing/climbing enthuskasts, which the IMP seems to attract, Other
physical activities include regular games of soccer and vollsyball, and
the IMP also sponsars private sports initiatives.

Popular dally meeting places are the cafeteria, where members of staff

exchange ideas over lunch or coffee, and “Joe’s Disco’, where various

social events take place. There are always many reasons 0 celebrate

during the year, Christmas parties are 3 highlight for IMP staff and

their families, and the legendary fancy dress parties bring lorth all the

creativity and artistic talent of IMP members. Coupled with the special
atmosphere of Vienna and the beautiful Alps, scientists can get the

best of both worlds = work and pleasure. 19
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Vienna is located along the river Danube, between the eastern edge of the Alps

to the west and the plains of Central Europe to the east. This transitional character
is reflected not only in its climale and vegetation, but also in the mentality of its
inhabitants and its cultural life. In the past, Vienna was the capital city, not only

of the Austrians, but alsg of the Czechs, Slovaks, Poles, Ruthenians, Ukrainians,
Hungarlans, Romanians, Serbs, Croats, Slovenians and Itatians. During the 18th
and 19th centuries it was the centre of the Habsburg dynasty, which controlied
much of Central Eurcpe for over 600 years, Vienna's cosmopolitan nature attracted
great minds from all over Europe and it developed into a 'mecca of the ants’.

In this century, however, Yienna has had a tough time, deprived of its hinterland by

Warld War |, then trapped on the edges of western Europe by the arbitrary divisions
that followed the last war. The loss of many great artists and scientists left a

gap which was painfully falt for a long time. However tradition-bound Austrians
may be, they slowly developed a new awareness which derived from the country’s
identity as a neutral and independent republic. During the Seventies and Eighties

a refreshingly inventive cultural scene established itself in Vienna. The collapse of
the Iron Curtain all of a sudden placed the city back in the heart of Europe.

Today, Vienna has a population of just over 1.5 million and Is Austria’s political,
economic, cultural and administrative center. It has acquired a role in world affairs
as a neutral meeting place and Is seen as a gateway fo the East by many companies
Apart from its reputation as a popular venue for congresses, Vienna is the seat of a
number of United Nations bodies. The presence of large International organizations
has added a colorful, multicultural aspect to the city. American bookstores and
exotic restaurants, bifingual schools and English radio programs are appreciated

by Austrians and foreigners alike.

Following a long tradition, Vienna is also home to numerous scientific institutions.
Within the ¢ity’s boundaries are eight universities. of which the "University of Vienna'

is the biggest. Founded in 1365, it is the aldest university in the German-speaking world,
The tradition-rich academic environment is complementad by the presence of a vibrant
youth cultere, largely attributed to the high number of student enrolments - about
130,000 in total were recorded in Vienna for 1897,

Tradition, culture and vitality are factors which contribute to the city's attractive lifestyle,
with a high degree of social and moral freedom. The fact that Vienna ranks as one of the

safest metropolitan areas in the world is a quality which is immediately apparent to visitors, .

though it is something the lacals have long taken for granted.

Those who want to escape trom city life are faced with many choices. A shor drive or a
somewhat fonger boat-ride upstream will bring you to the Wachau - a romantic stretch
of Danube between vine-bearing hills. Drive for a couple of hours and you are in the
middie of the Austrian Alps, where glacier-carved lakes and craggy peaks offer a full
range of summier and winter sports. An hour's drive south, bordering on Hungary,

is the vast Neusiedl lake where the Viennese fove to spend their summer-weekends

surfing and sailing. Those with a distaste for crowds may want to turn north and explore
the Waldvierte! with its dense forests and hidden moors. The abundance of choice and
opportunity in and around Vienna catars for every taste.
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