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Friday, September 24, 2010

8:30 – 8:45 Opening remarks

8:45 – 9:30 Plenary lecture (Chairman: David Teis)

Maria Sibilia
Institute for Cancer Research,
Medical University of Vienna, Austria
EGFR signaling networks in cancer development

9:30 – 9:45 Break

9:45 – 10:00

10:00 – 10:15

10:15 – 10:30

10:30 – 10:45

Session 1: Nucleic acids and interacting partners, short talks
Chairman: Alexander Hüttenhofer
Folding of a transcriptionally acting PreQ1 riboswitch
Ulrike Rieder (Institute of Organic Chemistry)

Non-coding RNAs in Epstein-Barr virus infection
Roland Hutzinger (Division of Genomics and RNomics)

Novel insights into the functional role of three protein arginine methyltransferases
in Aspergillus nidulans
Ingo Bauer (Division of Molecular Biology)

Electron induced splitting of the cyclobutane pyrimidine dimer: an important step in 
the DNA damage repair via DNA photolyase
Achim Edtbauer (Institute of Ion Physics and Applied Physics)

10:45 – 11:15 Break

11:15 – 11:45

Session 2: Bioinformatics, short talks
Chairman: Reinhard Kofler
Bioinformatics for cancer immunology
Zlatko Trajanoski (Division of Bioinformatics)
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Friday, September 24, 2010

11:45 – 12:00

12:00 – 12:15

12:15 – 12:30

Delineating the transcriptional response of acute lymphoblastic leukemia cells to 
glucocorticoid treatment
Johannes Rainer (Division of Molecular Pathophysiology)

Backbone Flexibility Controls the Activity and Specificity of a Protein-Protein 
Interface – Specificity in Snake Venom Metalloproteases (SVMPs)
Hannes G. Wallnoefer (Institute of General, Inorganic and Theoretical Chemistry)

A novel pipeline for automated assembly and analysis of high throughput cDNA
libraries
Marek Zywicki (Division of Genomics and RNomics)

12:30 – 14:00 Lunch

14:00 – 14:15

14:15 – 14:30

14:30 – 14:45

14:45 – 15:00

Session 3, Cell proliferation in development and regeneration, short talks
Chairman: Dirk Meyer
Stem cell-specific activation of multiple ancestral forms of the myc protooncogene
in the early metazoan Hydra 
Markus Hartl (Institute of Biochemistry)

Flatworms as model systems to study stem cells, regeneration, and reproduction
Peter Ladurner (Institute of Zoology)

Molecular and Cellular Studies of Islet Cell Regeneration in Zebrafish
Robin Kimmel (Institute of Molecular Biology)

Spindly/CCDC99 Is Required for Efficient Chromosome Congression and Mitotic 
Checkpoint Regulation
Marin Barisic (Division of Molecular Pathophysiology)

15:00 – 16:30
,

Poster session (odd numbers – 1, 3, 5, ...)

16:30 – 16:45

Session 4, Signaling and gene regulation, short talks
Chairman: David Teis
Late endosomal p14/MP1-MAP kinase signaling couples IQGAP1 and Rac1 to 
focal adhesion dynamics and cell migration
Natalia Schiefermeier   (Division of Cell Biology)
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Friday, September 24, 2010

16:45 – 17:00

17:00 – 17:15

Role of TIS7 and SKMc15 in lipid metabolism
Domagoj Cikes (Division of Cell Biology)

Investigating the Role of PIDD in the DNA Damage Response
Florian Bock (Division of Developmental Immunology)

17:15 – 17:30 Break

17:30 – 18:15 Plenary lecture (Chairman: Bernhard Kräutler)
Adriano Aguzzi
Institute of Neuropathology, University Hospital of Zürich, Switzerland
Mammalian Prion Biology

18:15 ,Barbecue dinner for registered participants
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Saturday, September 25, 2010

8:30 – 9:15 Plenary lecture (Chairman: Peter Ladurner)
Rik Korswagen
Hubrecht Institute, Utrecht, Netherlands
Wnt signaling and cell migration in C. elegans

9:15 – 9:30 Break

9:30 – 9:45

9:45 – 10:00

10:00 – 10:15

10:15 – 10:30

10:30 – 10:45

Session 5: Drug discovery and disease targets, short talks
Chairman: Andreas Bernkop-Schnürch
Gating properties of a human disease-causing mutation in a CaV1.3 L-type 
calcium channel splice variant
Alexandra Koschak (Institute of Pharmacy/Pharmacology and Toxicology)

Identification of novel antiinfluenza constituents from Alpinia katsumadai
Ulrike Grienke (Institute of Pharmacy/Pharmacognosy)

Coloured Pigments from Chlorophyll Breakdown
Markus Ulrich (Institute of Organic Chemistry)

Development and in vivo evaluation of an oral drug delivery system for paclitaxel
Javed Iqbal (Institute of Pharmacy/Pharmaceutical Technology)

Role of neuropeptides in fear, anxiety and depression
Simone B. Sartori (Institute of Pharmacy/Pharmacology and Toxicology )

10:45 – 12:15 Poster session (even numbers – 2, 4, 6, ...)

12:15 – 13:00 Plenary lecture (Chairman: Lukas Huber)
Reinhard Fässler
Max-Planck-Institute of Biochemistry, Martinsried, Germany
Genetic analysis of integrin signalling

13:00 – 13:15 Award session, poster prizes and closing of the symposium
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Posters

P1 Unexpected association of apoE2 genotype with  polyglutamine expansions in the human androgen receptor (SBMA)
Köhler A, Achmüller C, Karagiannidis AI, Bösch S, Klocker H, Schoser B, Löscher WN, Schneider R

P2 The Nogo Receptor 2 (NgR2) is Required for Proper Innervation of the Skin
Bastian E. Bäumer, Alesja Rjabokon, Michaela Kress and Christine E. Bandtlow

P3 Investigating gene deregulation in the CNS of the NgR2 knockout mouse
Sarah C. Borrie, Simone Sartori, Nicolas Singewald, Christine E. Bandtlow

P4 Identification and characterization of Nogo protein complexes
Levent Kaya, Barbara Meissner, Christine E. Bandtlow

P5 Highly Flexible System based on Mammalian Cell Culture for Identification of new Protein‐Protein Interactions
Florian Kern, Bettina Sarg, Herbert Lindner, Christine E. Bandtlow, Rüdiger Schweigreiter

P6 The role of Nogo in the epileptic rat brain
Barbara Meissner, Meinrad Drexel, Günther Sperk, Christine Bandtlow

P7 Lentivirus‐based knockdown of Rtn1A in cerebellar granule cells in vitro
Sickinger, S., Schweigreiter, R., Kistner, S., Sigl, R., Geley, S., Bandtlow, C. E.

P8 Thiolated polymers: development and in vivo evaluation of an oral delivery system for leuprolide
Javed Iqbal and Andreas Bernkop‐Schnürch

P9 Thiolated chitosans: in vitro comparison of mucoadhesive properties
Christiane Müller, Andrea Verroken and Andreas Bernkop‐Schnürch

P10 Enhanced transport of Rhodamine 123 in presence of thiolated hydroxyethylcellulose in Caco‐2 cells
Deni Rahmat, Duangkamon Sakloetsakun, Gul Shahnaz, Federica Sarti, Andreas Bernkop Schnürch

P11 NOVEL THIOLATED MUCOADHESIVE NANOPARTICLES: FOR SUSTAINED DELIVERY AND DRUG TARGETING
Gul Shahnaz, Deni Rahmat and Andreas Bernkop‐Schnürch

P12 Novel and conserved function of the regulatory subunit of protein kinase A
Stefan E, Malleshaiah M, Michnick S , Bister K
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Posters

P13 Role of arginine methylation in the control of nuclear factor‐κB (NF‐κB)
Valovka T, Reintjes A, Khan MI, Hartl M, Bister K

P14 Vibrational spectroscopy as a Tool to monitor the microwave‐assisted drying process of wood
L. Bittner, C. Lux, V. Huck‐Pezzei, J. Pallua, C. Pezzei, S. Schönbichler, H. Pulker, G.K. Bonn, C.W. Huck

P15
Fourier transform infrared imaging analysis in discrimination studies of prostate cancer and prostate cancer cell lines
J. D. Pallua, C. Pezzei, G. Schaefer, C. Seifarth, G. Dobler, V. Huck‐Pezzei, L. K. Bittner, H. Hahn, H. Klocker, G. Bartsch, G. K. 
Bonn and C. W. Huck

P16
Collisionally Activated Dissociation (CAD) and Electron Detachment Dissociation (EDD) of proteins in negative ion mode
Electrospray Ionization (ESI)
Barbara Ganisl, Monika Taucher, Kathrin Breuker

P17
Identification, localization, and relative quantitation of pseudouridine in RNA by tandem mass spectrometry of hydrolysis 
products
Taucher M, Ganisl B, Breuker K

P18 Isolation and identification of novel substrate proteins of a protein arginine methyltransferase specific for filamentous fungi 
Allipour Birgani Sh, Bauer I, Golderer G, Lindner H, Brosch G

P19
STAT1 Deficiency Results in Resistance of Neu/ErbB2‐induced Mammary Tumors to Chemotherapy
Lára Hannesdóttir, Nina Daschil, Sebak Datta, Sonja Philipp, Johann‐Benedikt Koller, Nirmala Parajuli,  Elisabeth Müller‐
Holzner, Wolfgang Doppler

P20 The Role of Tumor‐Infiltrating Myeloid Cells in Mammary Tumors of MMTV‐neu Stat1 WT and KOMice
Tymoszuk P, Hannesdóttir L, Daschil N, Datta S, Nogalo A, Philipp S, Doppler W

P21 Investigation of Spindly domains
Friederike Finsterbusch, Marin Barisic,Veronika Rauch, and Stephan Geley

P22 Molecular characterisation of the orphan cyclin dependent kinase PCTAIRE‐1/CDK16
P. Mikolcevic, R. Sigl, Benedicte Sohm, K. Pfaller, M. Hess and S. Geley

P23 Human chromokinesins hKid/Kif22 and Kif4A are required for chromosome arm movement and congression
Wandke C, Barisic M, Sigl R, Rauch V and Geley S

P24 Investigating the role of vertebrate Fzr1, amaster regulator of G1phase
Reinhard Sigl, Giridhar Shivalingaiah, Anamika Dayal, Manfred Grabner, Dirk Meyer, Pia Aanstad, Stephan Geley
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Posters

P25 Phosphorylation of p27Kip1 by JAK2 directly connects cytokine signaling to cell cycle control
Heidelinde Jäkel, Christina Weinl, Dominik Wolf, Ludger Hengst

P26 FHL2 is a negative regulator of the cell cycle inhibitor p57Kip2
Michael Kullmann and Ludger Hengst

P27 Generation of transgenic flatworms
Glashauser J, De Mulder K, Berezikov E, Ladurner

P28 frizzled genes are expressed dynamically in Hydra axial patterning
Jenewein M. and B. Hobmayer

P29 Advanced Electron Microscopical Methods for Hydra
Salvenmoser W , Hess MW , Eder MK , Hobmayer B 

P30 The life cycle of the acoel flatworm Isodiametra pulchra under laboratory culture
Schnegg R, Hobmayer B

P31 Regulation of the endosomal p14/Mp1‐MAP kinase scaffold complex by the proteasome
de Araujo M.E.G., Taub N., Teis D. and Huber L.A.

P32
Conditional Gene Ablation of the MAP Kinase Adapter Protein p14 in Dendritic Cells leads to Severe Disturbance of Tissue
Homeostasis
J.Scheffler, F. Sparber, B. Reizis, P. Stoitzner, N. Taub, N. Romani, L. A. Huber

P33
Late endosomal p14/MP1‐MAP kinase signaling couples IQGAP1 and Rac1 to focal adhesion dynamics and cell migration
Natalia Schiefermeier, Taras Stasyk, Mariana E.G. de Araujo, David Teis, Zhigang Li, Hannes L. Ebner, Julia Scheffler, Martin Offterdinger, 
Sebastian Munck, Michael W. Hess, Sara A. Wickström, Anika Lange, David B. Sacks, Reinhard Fässler and Lukas A. Huber

P34
Screening for MAP kinase scaffold inhibitors for proliferative and inflammatory diseases
Simon Schnaiter, Winfried Wunderlich, Beatrix Fürst, Johannes Kirchmair, Waczek Frigyes, Thierry Langer, Gyorgy Keri, Lukas 
Huber

P35
Proteomic analysis of endosomes from genetically modified p14/MP1 mouse embryonic fibroblasts
Taras Stasyk, Johann Holzmann, Sonja Stumberger, Hannes L. Ebner, Michael W. Hess, Guenther K. Bonn, Karl Mechtler, 
Lukas A. Huber

P36 P14 – A Potential Novel Host Defense Factor
N. Taub, M. Nairz, D. Hilber, G. Weiss, L.A. Huber
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Posters

P37 The role of Myosin Vb in the pathogenesis of  Microvilli inclusion disease
C.Thöni , N. Schiefermeier, N.Yannoutsos, P.Filipek, T.Mueller, A.Janecke , H.Ebner, M.Hess, K.Pfaller, S.Geley, L.A.Huber

P38 Non‐coding RNAs in Epstein‐Barr virus infection
Hutzinger R, Feederle R, Mrazek J, Schiefermair N, Zavolan M, Polacek N, Delecluse HJ and Hüttenhofer A

P39 Aptamers as diagnostic markers in Chronic Kidney Disease
Andreas Ploner, Herbert Schramek, Günter Mayer and Alexander Hüttenhofer

P40
Identification of non‐coding RNAs involved in neural differentiation
Konstantinia Skreka, Irina Roxanna Nat, Marek Zywicki , Mathieu Rederstorff,Mathias Heiss, Ahmad Salti, Marcel Scheideler, 
Georg Dechant and Alexander Hüttenhofer

P41 “Bimbam”, a novel glucocorticoid‐regulated BH‐3 containing transcript from the BCL2L11/Bim Locus
Trockenbacher A , Mansha M, Carlet M, Ploner C, Geley, S, Rainer J and Kofler R

P42 A Blue Breakdown Product of Vitamin B12
Markus Ruetz, Sergey Fedosov, Karl Gruber, Christoph Kratky and Bernhard Kräutler

P43 Chlorophyll Breakdown in Senescent Leaves of the Lime Tree (Tilia cordata)
Mathias Scherl, Thomas Müller and Bernhard Kräutler

P44 Chlorophyll Breakdown in the Tropical Evergreen Spathiphyllum wallisii
Clemens Vergeiner, Thomas Müller, Srinivas Banala, Simone Moser, Andreas Holzinger, Cornelius Lütz, Bernhard Kräutler

P45 Shape and Dynamics of Transcription Factor Binding Sites
Julian E. Fuchs, Gudrun M. Spitzer, Ameera Javed, Hannes G. Wallnoefer, Roland Huber, Klaus R. Liedl

P46 From Ensembles to Entropy – A Thermostatistical Approach
Roland G. Huber, Julian E. Fuchs, Monika Laner, Gudrun M. Spitzer, Hannes G. Wallnoefer, Romano T. Kroemer, Klaus R. Liedl

P47 Searching for small‐molecule interactions sites in DNA‐binding proteins. Case study: FOXO3a
Kaserer T, Markt P, Ausserlechner MJ, Schuster D, Obexer P

P48 Molecular modeling of telmisartan analogues as new PPARg agonists
Mauersberger R., Schuster D., Gust R.
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Posters

P49 Development of a pharmacophore model for inhibitors of the NF‐κB(p50)/DNA‐interface
Noha SM, Grzywacz AM, Fakhrudin N, Schuster D, Heiss E, Atanasov AG, Rollinger JM, Dirsch, VM, Stuppner H, Wolber G

P50
In silico toxicology predictions via pharmacophore‐based virtual screening: The discovery of the UV filter benzophenone‐1 as
inhibitor of testosterone synthesis
Schuster D, Nashev LG, Laggner C, Sodha S, Langer T, Wolber G, Odermatt A

P51 What Thermodynamic Profiles Tell Us About DNA Recognition Site Geometry
Spitzer GM, Fuchs JE, Biela A, Javed A, Kreutz C, Klebe G, Liedl KR

P52 Trying to understand the complex dialogue of epigenethics: The role of mammalian chromatin remodeling factor CHD1
Paolo Piatti, Claudia Soratroi, Hildegard Wörle, Stephan Geley, Andreas Villunger, Nikos Yannoutsos and Alexandra Lusser

P53 Purification of CHD1 protein complexes and characterization of potential interacting partners in Drosophila melanogaster
Zeilner A, Morettini S, Sarg B, Lindner H, Lusser A

P54 Electron induced damage of DNA compounds
AnderLan L, Denifl S, Märk TD, Scheier P

P55
Electron induced splitting of the cyclobutane pyrimidine dimmer: an important step in the DNA damage repair via DNA
photolyase
Edtbauer A, Russell K, Feketeova L, Mitterdorfer C, O´Hair RAJ, Wille U, Denifl S, Märk TD and Scheier P

P56 Low energy electron interactions with amino acids in the gas phase : effect of the isomers geometry
V.Vizcaino, S.Denifl, T.Märk and P.Scheier

P57 Analysis of the beta‐cell specific regulation of the zebrafish hb9 gene
V.ARKHIPOVA, N DEVOS, B. WENDIK, B. PEERS AND  D. MEYER.

P58 Characterization of a novel type of Retinoid‐binding protein in zebrafish
Hao Chen, Sabrina Vorwerk, Valeryia Arkhipova, Dirk Meyer

P59 A Transgenic approach to identify target genes of the Currarino syndrome related Hlxb9/Hb9 protein
Elisabeth Ott, Björn Wendik, Monika Srivastava, Dirk Meyer

P60 Multiple roles for Sox17 in endoderm development in zebrafish
Claudia Ralser, Dirk Meyer and Pia Aanstad
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Posters

P61 Hedgehog signalling controls proliferation in the early zebrafish endoderm
Tom Stückemann and Pia Aanstad

P62 Chemical synthesis of 2'‐azido modified RNA and its potential for bioconjugation and siRNA technologies
Aigner M, Hartl M, Fauster K, Steger J, Bister K, Micura R

P63 Semisynthesis of a stable E.coli tRNA‐3'‐NH‐Val‐Val‐Leu‐Leu‐Met conjugate containing genuine tRNA modifications
Geiermann A‐S, Graber D, Steger J, Moroder H, Trappl K, Polacek N, Micura R

P64 Screening method for cardiovascular diseases in zebrafish
Zipperle, J and Schwerte, T

P65 Influence of hypoxia and the circadian clock on Hif‐1α‐protein in zebrafish
Köblitz L, Baus K, Kopp R, Egg M, Pelster B

P66 Revealing the elusive molecular biology of the vault RNA
Amort M, Nauchbauer B, Nandy C, Polacek N

P67 Does the “RNA world” still communicate with the translation machinery?
Kamilla Bąkowska‐Żywicka, Marek Żywicki, Norbert Polacek

P68 Atomic mutagenesis reveals a common mechanism for GTPase activation on translational G proteins
Nina Clementi, Ronald Micura and Norbert Polacek

P69 Deciphering Translational Processes Using Chemically Engineered Ribosomes
Erlacher M.D., Micura R. and Polacek N.

P70 Genomic screens for regulatory ncRNAs targeting the ribosomes in archaea and basal flatworms
Gebetsberger J, Ladurner P, Norbert Polacek

P71 Probing the ribosomal exit tunnel with tRNA‐peptide conjugates
Krista Trappl, Jessica Steger, Dagmar Graber, Holger Moroder, Ronald Micura, Norbert Polacek

P72 A ligand‐based 3D‐pharmacophore model for the µ opioid receptor: application to the morphinan class of opioids
Asim MF, Wolber G, Spetea M, Schmidhammer H
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Posters

P73
In vitro and in vivo pharmacological profile of 6‐glycine substituted 14‐phenylpropoxymorphinans, high affinity and potent 
opioid antinociceptive agents
Spetea M, Windisch P, Guo Y, Bileviciute‐Ljungar I, Schütz J, Riba P, Kiraly K, Fürst S, Schmidhammer H

P74
Role of I‐II loop in the plasma membrane targeting of L‐Type Voltage Gated Calcium Channels
Gurjot Kaur, Mathias Gebhart, Martina Sinnegger‐Brauns, Gerald J. Obermair, Bernhard E. Flucher, Alexandra Koschakand
Jörg Striessnig

P75
Identification of biochemical pathways contributing to the aberrant behavioural phenotype induced by dietary‐induced Mg‐
deficiency
Whittle N, Sartori SB, Li L,Chen W‐Q, Yang J‐W, Sinnegger‐Brauns MJ, Lubec G, Singewald N

P76 Treatment of the Metabolic Syndrome by Traditional Chinese Medicine (TCM)
Steinmann D, Baumgartner RR, Dirsch VM, Stuppner H, Ganzera M

P77 In silico discovery of novel acidic microsomal prostaglandin E2 synthase 1 inhibitors
Waltenberger B, Wiechmann K, Schuster D, Wolber G, Rollinger JM, Werz O, Stuppner H

P78 Disassembly of the ESCRT‐III complex
Manuel Alonso Y Adell, David Teis

P79 Functional Genomic Characterization of a potential Membrane Stress Response pathway
Marietta Brunner, Daniel Bindreither, Johannes Rainer, Reinhard Kofler, David Teis

P80 Identification of novel regulators in cell surface receptor degradation via the multivesicular body pathway
Martin Müller, Marcus Smolka, David Teis

P81 TIS7 interacts with and regulates the methylosome
K. Patsch, T. Stasyk, M. Offterdinger, N. Schiefermeier, G. Brosch, J. Fürst, K. Pfaller,  L.A. Huber, I. Vietor

P82 Investigating the Role of PIDD in the DNA Damage Response
F. Bock, G. Krumschnabel, C. Manzl, A. Villunger

P83 Investigating the Role of the BH3‐only Proteins Bim and Bmf in Mammary Gland Development and Breast Cancer
F. Baumgartner, V. Labi, F. Grespi, G. Krumschnabel, E. Müller‐Holzner, C. Marth, W. Doppler and A. Villunger

P84 Elucidation of the Physiological Role of the Bcl‐2 Pro‐Survival Homologue A1
E. Ottina, F. Grespi, S. Geley, N. Yannoutsos, M. Herold and A. Villunger
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Posters

P85 Investigating the role of the PIDDosome in B cell lymphomagenesis
Peintner L. ,Manzl C., Krumschnabel G. and Villunger A.

P86 Investigating the role of BH3‐only proteins in B cell development
C Wöss, V Labi, P Schneider and A Villunger

P87 The role of fibroblasts and macrophages in capsular fibrosis
Plank N, Pfaller K , Wolfram‐Raunicher D, Wick G

P88
HSP60 T cell epitopes and anti‐HSP60 autoantibody are involved in the initiation and progression of atherosclerosis
Giovanni Almanzar, Cecilia Grundtman, Robert Öllinger, Ruurd van der Zee, Julianna Leuenberger, Elisabeth Onestingel, and
Georg Wick

P89 The activity of iron salophene complexes against tumor cells
Benjamin Ma and Ronald Gust

P90

AKAP79/150 Palmitoylation is Required for Endosomal Targeting and Regulation of Neuronal Postsynaptic Structure and
Function
Dove L. Keith, Emily S. Gibson, Jennifer L. Sanderson, Holly R. Robertson,Kyle Olszewski, Rujun Kang, Alaa El Husseini, Mark L. 
Dell’Acqua
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EGFR signaling networks in cancer 
development
Maria Sibilia
Institute for Cancer Research,
Medical University of Vienna, Austria

Mammalian Prion Biology

Adriano Aguzzi
Institute of Neuropathology,
University Hospital of Zürich, Switzerland

Wnt signaling and cell migration in C. elegans

Rik Korswagen
Hubrecht Institute, Utrecht, Netherlands

Genetic analysis of integrin signalling

Reinhard Faessler
Max-Planck-Institute of Biochemistry, Martinsried, Germany
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Folding of a transcriptionally acting PreQ1 riboswitch

Rieder U1, Kreutz C1, Micura R1
1Institute of Organic Chemistry and Center for Molecular Biosciences, University of
Innsbruck, Innrain 52a, Innsbruck, Austria.

7‐Aminomethyl‐7‐deazaguanine (preQ1) sensitive mRNA domains belong to the
smallest riboswitches known to date [1]. Although recent efforts have revealed the
three‐dimensional architecture of the ligand–aptamer complex less is known about
the molecular details of the ligand‐induced response mechanism that modulates
gene expression [2,3]. We present an in vitro investigation on the ligand‐induced
folding process of the preQ1 responsive RNA element from Fusobacterium
nucleatum using biophysical methods, including fluorescence and NMR
spectroscopy of site‐specifically labeled riboswitch variants [4,5]. We provide
evidence that the full‐length riboswitch domain adopts two different coexisting
stem‐loop structures in the expression platform. Upon addition of preQ1, the
equilibrium of the competing hairpins is significantly shifted. This system therefore,
represents a finely tunable antiterminator/terminator interplay that impacts the in
vivo cellular response mechanism. A model is presented how a riboswitch that
provides no obvious overlap between aptamer and terminator stem‐loop solves
this communication problem by involving bistable sequence determinants.

Acknowledgement: Austrian Science Foundation FWF (P21641, I317 to R.M.);
Ministry of Science and Research (GenAU project ‘Non‐coding RNAs’, P0726‐012‐
012 to R.M.).
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Non‐coding RNAs in Epstein‐Barr virus infection

Hutzinger R1, Feederle R2, Mrazek J3, Schiefermair N4, Zavolan M5, Polacek N1,
Delecluse HJ2 and Hüttenhofer A1
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Center, Department of Virus Associated Tumours, Im Neuenheimer Feld 280, 69120
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Non‐coding RNAs (ncRNAs) do not encode proteins but function on the level of the
RNA itself. Members of a special ncRNA class, designated as small nucleolar RNAs
(snoRNAs), are localized within the nucleolus, a sub‐nuclear compartment, in
which they guide ribosomal or spliceosomal RNA modifications, respectively. Until
now, snoRNAs have only been identified in eukaryal and archaeal genomes, but
are notably absent in bacteria. By screening of B lymphocytes for expression of
ncRNAs induced by the Epstein‐Barr virus (EBV), we here report, for the first time,
the identification of a snoRNA gene within a viral genome, designated as v‐
snoRNA1. This genetic element displays all hallmark sequence motifs of a canonical
C/D box snoRNA, namely C/C‘‐ as well as D/D‘‐boxes. The nucleolar localization of
v‐snoRNA1 was verified by in situ hybridisation of EBV‐infected cells. We also
confirmed binding of the three canonical snoRNA proteins, fibrillarin, Nop56 and
Nop58 to v‐snoRNA1. The C‐box motif of v‐snoRNA1 was shown to be crucial for
the stability of the viral snoRNA; its selective deletion in the viral genome led to a
complete down‐regulation of v‐snoRNA1 expression levels within EBV‐infected B
cells. We further provide evidence, that v‐snoRNA1 might serve as a miRNA‐like
precursor, which is processed into 24 nt sized RNA species, designated as v‐
snoRNA124pp. A potential target site of v‐snoRNA124pp was identified within the 3’‐
UTR of BALF5 mRNA which encodes the viral DNA polymerase. v‐snoRNA1 was
found to be expressed in all investigated EBV‐positive cell lines, including
lymphoblastoid cell lines (LCL). Interestingly, induction of the lytic cycle markedly
up‐regulated expression levels of v‐snoRNA1 up to 30‐fold. By a computational
approach, we identified a v‐snoRNA1 homolog in the rhesus lymphocryptovirus
genome. This evolutionary conservation suggests an important role of v‐snoRNA1
during gamma‐herpesvirus infection.

This work is done in cooperation with febit biomed gmbh and supported by the
GEN‐AU.
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Novel insights into the functional role of three protein arginine 
methyltransferases in Aspergillus nidulans

Bauer I, Graessle S, Loidl P, Hohenstein K, Brosch G
Division of Molecular Biology, Biocenter – Innsbruck Medical University, A‐6020 
Innsbruck, Austria. 

Protein arginine methylation has been implicated in different cellular processes 
including transcriptional regulation by the modification of histone proteins. Here 
we demonstrate significant in vitro activities and multifaceted specificities of 
Aspergillus protein arginine methyltransferases (PRMTs) and we provide evidence 
for a role of protein methylation in mechanisms of oxidative stress response. We 
have isolated all three Aspergillus PRMTs from fungal extracts and could assign 
significant histone specificity to RmtA and RmtC. In addition, both enzymes were 
able to methylate several non‐histone proteins in chromatographic fractions. For 
endogenous RmtB a remarkable change in its substrate specificity compared to the 
recombinant enzyme form could be obtained. Phenotypic analysis of mutant 
strains revealed that growth of DrmtA and DrmtC strains was significantly reduced 
under conditions of oxidative stress. Moreover, mycelia of DrmtCmutants showed 
a significant retardation of growth under elevated temperatures.

Acknowledgement: Supported by the Austrian Science Fund (P21087 to GB, P19750 
to SG), the Tyrolean Research Fund (GZ 0404/113 to IB), and by a PhD fellowship of 
the Innsbruck Medical University to IB.

Electron induced splitting of the cyclobutane pyrimidine dimmer:
an important step in the DNA damage repair via DNA photolyase

Edtbauer A1, Russell K2, Feketeova L2, Mitterdorfer C1, O´Hair RAJ2, Wille U2, Denifl
S1, Märk TD1 and Scheier P1
1Institute of Ion Physics and Applied Physics and Center of Molecular Biosciences, 
University of Innsbruck, Technikerstraße 25, 6020 Innsbruck, Austria
2School of Chemistry, Bio21 Institute, The University of Melbourne, 30 Flemington 
Road, Parkville 3010 Victoria, Australia and ARC Centre of Excellence for Free 
Radical Chemistry and Biotechnology

A major DNA damage induced via UV radiation is the formation of cyclobutane
pyrimidine dimers (CPD). These dimers represent a genotoxic lesion since they 
block the correct replication of DNA. CPDs play a major role in the formation of skin 
cancer [1], thus the repair of such damages is a process indispensable to life. A 
repair mechanism of nature (DNA photolyase) is capable of repairing these 
damages with the help of a sunlight activated electron transfer to the dimer. DNA 
photolyase was found in bacteria, fungi, plants invertebrates and many vertebrates 
but not in humans [1, 2]. In the marsupials CPD photolyase is present. It has been 
shown that mice provided with a transgene for marsupial DNA photolyase exhibit a 
significant increase of repair for CPD lesions [3].
Thus we carried out free electron attachment measurements to CPDs to gain a 
deeper insight into the reductive splitting of these dimers [4, 5]. For this study we 
employed a double focusing mass spectrometer. We observed an unusual rich 
fragmentation pattern upon electron attachment of electrons with energies close 
to 0 eV. The most abundant fragment was observed for the half split dimer. 
Additionally we were able to observe the parent anion which so far has not been 
observed.
The study was supported partially by the FWF (P19073) and the European 
Commission, Brussels. S.D. gratefully acknowledges an APART grant from the 
Austrian Academy of Sciences.
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[2] Li YF, Kim ST and Sancar A, Proc. Natl. Acad. Sci. USA 1993 May; 90(10):4389‐
4393.
[3] Schul W, Jans J, Rijksen YMA, Klemann KHM, Eker APM, De Wit J, Nikaido O, 
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RAJ, Märk TD, Scheier P and Wille U, Chem. Commun. 2009 Nov; 47:07291‐7293
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Feketeova L, O'Hair RAJ, Märk TD, Illenberger E, Scheier P, ChemPhysChem, 2010 
Feb; 11(3):561‐564
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Bioinformatics for cancer immunology

Zlatko Trajanoski, Division of Bioinformatics, Innsbruck Medical University

In this talk bioinformatics requirements and solutions for cancer immunology
research are reviewed. First the various sources for generating data including large‐
scale approaches are highlighted. Then an overview on the bioinformatics tools
necessary to analyze the data is given. In a case study on colorectal cancer we
demonstrate the power of a combined computational‐experimental approach.
We used data integration and biomolecular network reconstruction to generate
hypotheses about the mechanisms underlying immune responses in colorectal
cancer that are relevant to tumor recurrence. Mechanistic hypotheses were
formulated on the basis of data from 108 colorectal carcinomas and tested with a
combination of different assays (gene expression, phenome mapping, tissue‐
microarrays, TCR‐repertoire). This integrative approach revealed chemoattraction
and adhesion to play important roles in determining the density of intratumoral
immune cells. The presence of specific chemokines and adhesion molecules
correlated with different subsets of immune cells and with high densities of T cell
subpopulation within specific tumor regions. High expression of these molecules
correlated with prolonged disease‐free survival.

Delineating the transcriptional response of acute lymphoblastic
leukemia cells to glucocorticoid treatment

Rainer J1,2, Lelong J1, Bindreither D1, Trockenbacher A1 and Kofler R1,2
1Division Molecular Pathophysiology, Biocenter, Medical University of Innsbruck
2Tyrolean Cancer Research Institute, Innsbruck, 6020‐Austria

Glucocorticoids (GCs) have a variety of physiological effects on different cell types,
including regulation of glucose synthesis and suppression of inflammation in
response to stress. In malignant cells of the lymphoid lineage GCs specifically
induce cell death, which led to their inclusion in essentially all treatment protocols
for lymphoid malignancies, especially acute lymphoblastic leukaemia (ALL). Almost
all effects of GCs are mediated through their cognate receptor, the glucocorticoid
receptor (GR), a ligand activated transcription factor (TF), and are thus of
transcriptional nature.
The transcriptional response of leukaemia cells was studied both in‐vivo and in‐
vitro, previously, however, with microarray technologies detecting only the 3' ends
of transcripts and thus unable to identify gene variants that are regulated by GCs.
We have now employed high density Exon microarrays and combined this with the
ChIP‐chip technology in two ALL systems, i.e., a precursor B‐ALL and a T‐ALL in vitro
model. The former analysis was used to delineate the transcriptional response of
all exons over the first 24 hours of treatment and the latter to reveal DNA binding
sites of the GR.
To analyse data from the high density Exon arrays both for transcript expression as
well as for differential splicing, we developed a new method based on a re‐
alignment and annotation of the oligonucleotide probes of the microarray. An
increasing transcriptional response to GC treatment was identified in this analysis,
especially in the T‐ALL system, where it is accompanied with, and can be explained
by, the strong auto‐induction of the GR. In line with the results form the ChIP‐chip
analysis, that revealed both shared and lineage specific binding sites, the
transcriptional response of the two ALL systems was only partially overlapping. For
about 50% of the regulated genes (mostly induced genes after 2 and 6 hours) a GRE
(glucocorticoid response element) was identified in the ChIP‐chip analysis. The
other genes might be under the control of another TF, or the GR might bind to the
DNA outside of the promoter regions detectable on the microarray.
Several potentially new gene isoforms induced by GCs in these cells were identified
by the differential splicing analysis of the data set. In depth verification was
performed for one of these candidates, ZBTB16. The results from the splicing
analysis were reconfirmed and a yet unknown exon, termed exon 1b, was
identified by 5' RACE. Expression and regulation of this new exon and the new
ZBTB16 isoform was verified by real time RT‐PCR in 4 different B‐ALL cell lines, and
also in in‐vivo GC treated B‐ALL patients.
Taken together these results indicate a highly tissue specific response to GC
treatment and the transcription of novel, potentially GC specific, gene isoforms.
Whether these new transcript variants have an impact on cell death induction has
to be further investigated.
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Backbone Flexibility Controls the Activity and Specificity of a 
Protein‐Protein Interface – Specificity in Snake Venom 
Metalloproteases (SVMPs)

Hannes G. Wallnoefer†, Torsten Lingott‡, José María Gutiérrez§, Irmgard Merfort‡, 
Klaus R. Liedl†
†Institute of General, Inorganic and Theoretical Chemistry, Faculty of Chemistry 
and Pharmacy, University of Innsbruck, Innrain 52a, A‐6020 Innsbruck, Austria
‡Institute of Pharmaceutical Sciences, Department of Pharmaceutical Biology and 
Biotechnology, University of Freiburg, Stefan‐Meier‐Str. 19 (VF), D‐79104 
Freiburg,Germany
§Instituto Clodomiro Picado, Facultad de Microbiología, Universidad de Costa Rica, 
San José, Costa Rica

Protein‐Protein interfaces have crucial functions in many biological processes[1]. 
The large interaction areas of such interfaces show complex interaction motifs. 
Even more challenging is the understanding of (multi‐)specificity in protein‐protein 
binding. Many proteins can bind several partners to mediate their function[2].
A perfect paradigm to study such multi‐specific protein‐protein interfaces are 
snake venom metalloproteases (SVMPs)[3]. Inherently, they bind to a variety of 
basement membrane proteins of capillaries, hydrolyze them, and induce profuse 
bleeding. However, despite having a high sequence homology, some SVMPs show 
a strong hemorrhagic activity, while others are (almost) inactive[4].
Our results indicate that the activity to induce hemorrhage, and thus the capability 
to bind the potential reaction partners, is related to the backbone flexibility in a 
certain surface region[5]. A subtle interplay between flexibility and rigidity of two 
loops seems to be the prerequisite for the proteins to carry out their damaging 
function. Presumably, a significant alteration in the backbone dynamics makes the 
difference between SVMPs that induce hemorrhage and the inactive ones.

Reference
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A novel pipeline for automated assembly and analysis of high
throughput cDNA libraries

Zywicki M, Bakowska‐Zywicka K, Polacek N

In recent years increased interest in identification of novel functional transcripts 
can be observed. Fast development of high throughput DNA sequencing methods 
allowed the scientist for more complex investigation of cell’s transcriptome
dynamics. However analysis of huge amounts of data produced by such 
approaches requires highly specialized tools in order to fish out the interesting 
cases from hundreds of thousands of sequences of transcriptomic “noise”.
We have developed a novel pipeline for automated assembly and analysis of cDNA
libraries obtained with next generation sequencing methods. It is optimized for 
work with noncoding RNA derived libraries. The main advantages include dealing 
with non‐unique reads, identification of RNA processing products and prediction of 
possible functions for intergenic transcripts. We have also proposed a novel 
method for estimation of the ncRNA expression levels which takes into 
consideration a possibility of processing of the primary transcripts. There is also 
possibility of using the pipeline in a fully automated way. In this mode, a set of 
optimized parameters for every step of the analysis is used. Thus, involvement of 
the user can be restricted to providing the raw sequencing data. Presentation of 
the results allows easy and convenient verification of the predictions and 
identification of sequences of interest.

Acknowledgement: Supported by GEN‐AU grant No. D 110420‐012—012 to N.P.
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Stem cell‐specific activation of multiple ancestral forms of the myc
protooncogene in the early metazoan Hydra

Hartl M1,3, Glasauer S2,3, Valovka T1,3, Hobmayer E2,3, Bister K1,3
1Institute of Biochemistry, 2Institute of Zoology, and 3Center for Molecular 
Biosciences (CMBI), University of Innsbruck, Austria
The myc oncogene was originally identified as a transduced allele (v‐myc) in the
genome of highly oncogenic retroviruses [1, 2]. The cellular c‐myc protooncogene
encodes the transcription factor Myc, a bHLH‐Zip DNA binding protein controlling
fundamental cellular processes [3]. Deregulation of myc leads to tumorigenesis
and is a hallmark of many human cancers [3]. We have recently identified two
ancestral forms of myc from the early diploblastic cnidarian Hydra, the most
primitive metazoan organism employed so far for the structural, functional, and
evolutionary analysis of this gene [4]. Hydra myc1 is specifically activated in all
rapidly proliferating cell types of the interstitial stem cell system and in
proliferating gland cells. The paralogous gene Hydra myc2 is more abundantly
expressed and also detectable in regions where myc1 mRNA is absent. The
ancestral Hydra Myc1 and Myc2 proteins display the principal design of their
vertebrate derivatives, with the highest degree of sequence identities confined to
the bHLH‐Zip domains. Furthermore, the Hydra Myc proteins contain basic forms
of the essential Myc boxes I through III [4]. The promoter of the myc2 gene
contains the consensus sequence 5’‐CACGTG‐3’ (E‐box) to which recombinant
Hydra Myc1 and Myc2 proteins bind with high affinity. The myc2 gene is located
immediately adjacent to the Hydra CAD gene. The human CAD gene encoding
carbamoyl‐phosphate synthetase, aspartate transcarbamoylase, dihydroorotase
required for pyrimidine nucleotide biosynthesis represents a bona fide
transcriptional Myc target [3]. The amino acid sequence of the 2170‐amino acid
Hydra CAD protein was deduced from the genomic DNA sequence of Hydra
magnipapillata published recently [5]. Hydra CAD displays 59% sequence identity
with the 2225‐amino acid human ortholog. The promoter of the Hydra CAD gene
was defined by transcriptional mapping using Hydra mRNA isolated from whole
animals. Similar to the human CAD regulatory region, the Hydra CAD promoter
contains two Myc binding sites in close proximity to the transcription start site,
suggesting that CAD is an essential transcriptional Myc target from the base of
animal evolution. Also, the oncogenic potential of Myc has evolved very early since
hybrid proteins composed of segments from the retroviral v‐Myc oncoprotein and
of Hydra Myc1 or Myc2 display oncogenic potential in cell transformation assays.
Our results suggest that the principal functions of the Myc master regulator arose
very early in metazoan evolution, allowing their dissection in a simple model
organism showing regenerative ability but no senescence.
Supported by FWF (P17041, P18148, P20734) and TWF (UNI‐0404/688).
[1] Bister K, Hayman MJ, Vogt PK (1977) Virology 82:431‐448.
[2] Duesberg PH, Bister K, Vogt PK (1977) Proc. Natl. Acad. Sci. USA 74:4320‐4324.
[3] Eisenman RN (2001) Genes Dev. 15:2023‐2030.
[4] Hartl M, Mitterstiller AM, Valovka T, Breuker K, Hobmayer B, Bister K (2010) 
Proc. Natl. Acad. Sci. USA 107:4051‐4056.
[5] Chapman JA, et al. (2010) Nature 464:592‐596.

Flatworms as model systems to study stem cells, regeneration,
and reproduction

Peter Ladurner
Institute of Zoology and Center for Molecular Biosciences, University of Innsbruck, 
Technikerstrasse 25, Innsbruck, Austria.

The extraordinary capacity of flatworms to regenerate a complete animal from any
tiny piece of tissue of the body is based on the presence of a remarkable stem cell
type ‐ Neoblasts. They are undifferentiated cells that can self‐renew and can
differentiate into all cell types of the animal including germ cells. Neoblasts are
responsible for cell renewal during regeneration, homeostasis, development,
growth, and regrowth after starvation. The molecular regulation of these stem cells
is of great interest not only for flatworms but also for stem cell systems of higher
organisms and humans since the pathways appear to highly conserved.
In recent years, the simple flatworm Macrostomum lignano has emerged as a
complementary model system to study development and regeneration. M. lignano
is a small (1,5mm), marine free‐living flatworm, a basal member of the
Platyhelminthes. It can easily be cultured in the laboratory, is highly transparent,
has a short generation time of 18 days, and a high regeneration capacity. M.
lignano is an obligatory cross‐fertilizing hermaphrodite that reproduces exclusively
sexually and produces offspring all year round in the laboratory. The animal
morphology is well known and its tissues and organs are organized in a simple way.
The animals exhibit a high degree of plasticity and adapt to e.g. starvation by
substantial degrowth or they can phenotypically adjust testis size to group size.
We have established this animal as a laboratory flatworm model system. We
described this new species, adapted immunocytochemical and histological
methods, and applied electron microscopy. We established in situ hybridization,
RNA interference and generated monoclonal antibodies. We initiated an EST
sequencing project and set up a large‐scale whole mount in situ hybridization
screening system. We are member of an international consortium headed by Dr.
Eugene Berezikov (Hubrecht Institute, Utrecht, NL) to sequence the genome of M.
lignano (http://www.macgenome.org/). As a breakthrough for the field, we
succeeded in the generation of transgenic animals. In cooperation with other
groups we studied embryonic development, the regeneration capacity,
reproductive biology, neuropeptide families, and aging.
We currently address the function of boule, a member of the DAZ gene family.
These genes pay critical roles during gametogenesis. In about 15% of sterile human
males a mutation in DAZ genes accounts for the defect in sperm production. We
show that Macrostomum boule can rescue fly spermatogenesis, and it in known
that human boule can promote sperm production in boule mutant Drosophila.
Therefore we aim to elucidate the underlying molecular mechanisms to
understand flatworm spermatogenesis and human disease.
Acknowledgement: Supported by the Austrian Research Fund (P18099) and TWF 
(0404/777) to PL.
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Spindly/CCDC99 Is Required for Efficient Chromosome 
Congression and Mitotic Checkpoint Regulation

Marin Barisic*, Bénédicte Sohm*, Petra Mikolcevic*, Cornelia Wandke*,Veronika
Rauch*, Thomas Ringer†, Michael Hess‡, Günther Bonn†,and Stephan Geley*
*Division of Molecular Pathophysiology, Biocenter, ‡Division of Histology and 
Embryology, Innsbruck, Medical University, Innsbruck, Austria; †Institute of 
Analytical Chemistry and Radiochemistry, Leopold Franzens University, 6020 
Innsbruck, Austria

Spindly is required to recruit cytoplasmic dynein to kinetochores for poleward
movement of chromosomes and control of mitotic checkpoint signaling. Here we
show that human Spindly is a cell cycle–regulated mitotic phosphoprotein that
interacts with the Rod/ZW10/Zwilch (RZZ) complex. The kinetochore levels of
Spindly are regulated by microtubule attachment and biorientation induced
tension. Deletion mutants lacking the N‐terminal half of the protein (Ndel253), or
the conserved Spindly box (delSB), strongly localized to kinetochores and failed to
respond to attachment or tension. In addition, these mutants prevented the
removal of the RZZ complex and that of MAD2 from bioriented chromosomes and
caused cells to arrest at metaphase, showing that RZZ‐Spindly has to be removed
from kinetochores to terminate mitotic checkpoint signaling. Depletion of Spindly
by RNAi, however, caused cells to arrest in prometaphase because of a delay in
microtubule attachment. Surprisingly, this defect was alleviated by co‐depletion of
ZW10. We believe that Spindly regulates ZW10 function on KCs and that this
process could favour the establishment of initial monopolar attachments over
syntelic or merotelic ones to prevent chromosome segregation errors and
aneuploidy. Thus, our conclusion is that Spindly is not only required for
kinetochore localisation of dynein but is a functional component of a mechanism
that couples dynein dependent poleward movement of chromosomes to their
efficient attachment to microtubules.
Supported by SFB021 ‘Cell Proliferation and Cell Death in Tumors’ (FWF), FWF‐DK‐
W11 ‘MCBO, Tiroler Zukunftsstiftung and assets from Eva v. Lachmüller (Brixen,
Italy).
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Molecular and Cellular Studies of Islet Cell Regeneration in 
Zebrafish

Kimmel, RA, Eduardoff, M, Onder, L, Meyer, D.

Type 1 and type 2 diabetes result from the loss or dysfunction of insulin‐producing
β‐cells of the pancreas. Better understanding of pancreas formation and the
mechanisms causing diabetes is vital for developing new therapeutic strategies to
regenerate functional insulin‐producing beta‐cells. Pdx1 and Hb9 are genes of
critical importance in beta‐cell specification and islet formation, and have
overlapping expression patterns, but little is known about their functional
interactions. The zebrafish is a vertebrate model system well suited for studying
pancreas development, combining rapid development, the possibility for direct
observation of internal organogenesis, and ease of genetic manipulation. In
zebrafish embryos, protein depletion via morpholino knockdown of pdx1 or hb9
individually transiently disrupts early β‐cell development, with later recovery of
some insulin‐positive cells. By contrast, knockdown of both hb9 and pdx1 leads to
irreversible beta‐cell loss. Analysis of marker gene expression and proliferation
within pancreatic precusor and differentiated cell types was used to clarify the
localization and mechanism of regeneration of beta cells. Our data suggests that
beta‐cell regeneration may be mechanistically different following loss of pdx1
versus hb9 function. Furthermore, simultaneous knockdown of both pdx1 and hb9
leads to failure of beta cell differentiation from early endocrine progenitors and
appears to deplete the precursor population for late‐arising beta cells.
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Late endosomal p14/MP1‐MAP kinase signaling couples IQGAP1
and Rac1 to focal adhesion dynamics and cell migration

Natalia Schiefermeier1, Taras Stasyk1, Mariana E.G. de Araujo1, David Teis1, 
Zhigang Li2, Hannes L. Ebner3, Julia Scheffler1, Martin Offterdinger1, Sebastian 
Munck4, Michael W. Hess3, Sara A. Wickström5, Anika Lange5, David B. Sacks2, 
Reinhard Fässler5 and Lukas A. Huber1*
1Biocenter, Division of Cell Biology, Innsbruck Medical University, Austria; 
2Department of Pathology, Brigham and Women's Hospital, Harvard Medical 
School, Boston, Massachusetts 02115, USA; 3Division of Histology and Embryology, 
Innsbruck Medical University, Austria; 4Department of Molecular and 
Developmental Genetics, Flanders Institute for Biotechnology, Leuven, Belgium; 
5Department of Molecular Medicine, Max Planck Institute of Biochemistry, 
Martinsried, Germany

Focal adhesions govern cell motility. Asymmetric distribution and dynamics of focal
adhesions rely on a variety of signaling cascades and require polarized cellular
distribution of molecular components. Enabled by scaffold complexes, endosomes
can ensure optimal coupling of molecular effectors to compartmentalize cellular
signaling. Here we show that late endosomes, carrying the p14/MP1 MAPK scaffold
complex can move to the cell periphery where they specifically target focal
adhesions. In the absence of the signaling complex on late endosomes we
observed strongly impaired cell migration and a defect in focal adhesion
remodeling. Our data suggest that binding of the signaling complex through MP1
to the IQ‐domain of IQGAP1 is required for IQGAP1 localization to the plasma
membrane, activation of Rac1 at the leading edge and proper focal adhesion
remodeling. We propose a novel role for late endosomes carrying the p14/MP1
MAPK scaffold complex in signaling compartmentalization and cell migration.

Role of TIS7 and SKMc15 in lipid metabolism

¹D. Cikes, ¹R. Gstir, ¹Ch. Zwicker, , ²J.Rainer, ²M.Eduardoff, ³E. Demetz, ³P.Eller, ³I. 
Tancevski, 4K.Pfaller, 5V. Kuhn, 6F. Stellaard,¹L.A. Huber, ¹I. Vietor
¹Division of Cell Biology, Biocenter Innsbruck, ²Expression Profiling Unit, 
³Department for Internal Medicine, 4Depatment for Histology, 5Department for 
Trauma Surgery and Sports Medicine, Innsbruck Medical University, A‐6020 
Innsbruck, Austria
6University Medical Center Groningen, Groningen, The Netherlands

TPA induced sequence 7 (TIS7) and its homologue SKMc15 are members of a novel
gene transcription regulators family. We have previously shown that TIS7 acts as a
transcriptional co‐repressor. TIS7 and SKMc15 double knockout mice have a
significant decrease in overall body size, organ size, fat deposits and are resistant
to high fat diet‐induced obesity. Food consumption of TIS7 SKMc15 double
knockout mice was normal but the entry of dietary fat into the circulation was
reduced. Affymetrix analysis of the small intestines shoved among other regulated
genes, a decrease in expression levels of CD36. This protein is crucial for the
transport of very long chain fatty acids (VLCFA) in several organs involved in lipid
metabolism e.g. intestines, liver, muscles and adipose tissue. Loss of CD36 results
in decreased intestinal absorption of VLCFA [1] and resistance to diet induced
obesity [2]. Independent experiments confirmed reduced of CD36 RNA and protein
levels in several organs of TIS7 SKMc15 double knockout mice.
Immunofluorescence analyses documented reduction in CD36 protein expression
in enterocytes. At the moment we propose that decreased CD36 RNA and protein
levels may be cause the decreased efficiency of intestinal fat absorption in TIS7
SKMc15 double knockout mice. Lack of CD36 may result in increased secretion
rather than storage of dietary fat in white adipose tissue. The ultimate goal of our
study is to prove that TIS7 and/or SKMc15 regulate CD36 expression on the
transcriptional level and thereby affect the lipid metabolism. Our results may have
an application in the treatment of obesity.

This project was supported by the FWF grant FWF P18531 – B12 to I.V.

[1] Drover VA, Nguyen DV,  Bastie CC, Darlington YF, Abumrad NA, Pessin JE
London E, Sahoo D, Phillips MC J Biol Chem,
May 9, 2008VOL. 283, NO.   19, pp. 13108–13115 

[2] Hajri T, , Angela M. Hall, Dalan R. Jensen, Terri A. Pietka, Victor A. Drover,  
Huan Tao, Robert Eckel, and Nada A. Abumrad Diabetes, 
July 2007 VOL. 56
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Investigating the Role of PIDD in the DNA Damage Response

F. Bock, G. Krumschnabel, C. Manzl, A. Villunger

The p53‐induced protein with a death domain (PIDD) is involved in cellular
pathways which can induce programmed cell death (apoptosis), survival via the
activation of NFkB and/or DNA‐repair after DNA‐damage. Depending on the
duration, type and severity of genotoxic stress, PIDD, together with the adapter
molecule RAIDD, can aid in the formation of an activating platform for Caspase‐2,
the so‐called “PIDDosome”, or together with RIP1 assist in the activation of NFkB
by promoting sumoylation of NEMO. Most recently, PIDD has also been shown to
form complexes with DNA‐PK, assisting DNA repair by enabling non‐homologous
end‐joining. While the first complex induces apoptosis, the latter two prevent
apoptosis by enabling the cell to repair the damage. PIDD therefore plays a role in
the integration of at least two opposing signalling pathways. This dual role is based
on the capacity of PIDD to auto‐proteolytic cleavage, which leads to the generation
of two different protein fragments, PIDD‐C and PIDD‐CC, each of which is involved
in the induction of one of the aforementioned pathways.
In order to shed further light on these roles and to investigate the in vivo function
of PIDD, we have generated a mouse model lacking the pidd gene. Using mouse
embryonic fibroblasts (MEF) derived from those mice we performed survival assays
and monitored NFkB activity in response to genotoxic stress.
Treatment with inflammatory cytokines did not reveal any differences in NFkB
activation between wild type and PIDD deficient MEF. In contrast, there was a
significant delay in activation of NFkB in response to DNA damage. Furthermore,
various inhibitors of NFkB could sensitize wild type cells, but not PIDD deficient
cells towards DNA damage induced apoptosis. Unexpectedly, we observed no
differences of short and long term survival between wild type and PIDD deficient
cells. However, PIDD deficient cells show a deficient cell cycle arrest in response to
DNA‐damage.
In conclusion, our results suggest that PIDD plays a rate‐limiting role in NFkB
activation following DNA damage. Surprisingly, this defect is not reflected in
differences in cell survival.

Gating properties of a human disease‐causing mutation in a CaV1.3
L‐type calcium channel splice variant

Alexandra Koschak1, Shahid M. Baig2, Mathias Gebhart1, Claudia Dafinger3, Gudrun Nürnberg4, 
Niels Brandt5,6, Jutta Engel5,6, Amjad Ali2, Ilyas Ahmad2, Martina J. Sinnegger‐Brauns1, Matteo E. 
Mangoni10, Muhammad Farooq2, Habib U. Khan7, Peter Nürnberg4,8,  Hanno J. Bolz3,9 and Jörg 
Striessnig1
1Pharmacology and Toxicology, Institute of Pharmacy, CMBI, University of Innsbruck, Austria
2National Institute for Biotechnology and Genetic Engineering, Faisalabad, Pakistan; 3Institute 
of Human Genetics, University Hospital of Cologne, Cologne, Germany; 4Cologne Center for 
Genomics and Institute for Genetics, Cologne, Germany; 5Institute of Physiology II and 
Tübingen Hearing Research Centre, University of Tübingen, Tübingen, Germany; 6Department 
of Biophysics, Saarland University, Homburg/Saar, Germany; 7Department of Pathology, 
Khyber Teaching Hospital, Peshawar, Pakistan; 8Cologne Excellence Cluster on Cellular Stress 
Responses in Aging‐Associated Diseases, University of Cologne, Cologne, Germany; 
9Bioscientia, Center for Human Genetics, Ingelheim, Germany; 10CNRS, UMR 5203, INSERM  
U661, Université de Montpellier 1 et 2, Institut de Génomique Fonctionnelle, Département de 
Physiologie, Montpellier F‐34094, France.

Cav1.3 voltage‐gated L‐type calcium channels (LTCCs) mediate window currents at negative
membrane voltages allowing them to function as pacemaker channels in the sinoatrial node
(SAN) and neurons and to trigger neurotransmitter release in cochlear inner hair cells (IHCs).
Mice lacking Cav1.3 a1‐subunits are congenitally deaf and show SAN dysfunction. We have
identified families with deafness and SAN dysfunction resulting from a homozygous mutation
in the splice variant exon 8B of the CACNA1D gene encoding CaV1.3 a1‐subunits which, in
mouse, are preferentially expressed in IHCs and SAN. The mutation leads to an amino acid
insertion in a highly conserved region near the pore‐forming transmembrane S6 helix.
To determine the functional consequences of the mutation we expressed wildtype (WT) and
mutant (MUT) Cav1.3 channel complexes in tsA201 cells and analyzed their biophysical
properties by whole‐cell patch‐clamp. Although expressed at protein levels comparable to WT,
MUT channels did not conduct significant Ca2+ currents (ICa) (peak ICa 1.2 ± 0.14 pA/pF, n = 12)
in contrast to WT (15.9 ± 1.7, n = 17). However, ON‐gating currents were readily recorded in
both WT and MUT channels during depolarization to the reversal potential where
contaminating ionic current is absent during test pulses but can be quantified from the tail
currents (Itail) upon repolarization. In WT, integrated ON gating charge (QON) increased with
increasing ionic current whereas no Itail was detectable in MUT channels even at QON that
resulted in robust Itail in WT. MUT QON exhibited a typical non‐linear voltage‐dependence of
activation, and neither the size of QON (p = 0.2, Mann Whitney) nor its voltage‐dependence was
affected by the Ca2+ channel activator BayK8644 (5µM). Amplitude and QON were significantly
smaller than in WT. MUT channel ON‐gating current also showed pronounced kinetic
differences from WT evident as a significantly shorter width, faster time‐to‐peak, and shorter
time constant of decay (p<0.05, Mann‐Whitney test).
The presence of intra‐membrane charge movement in the absence of ionic currents implies
that voltage‐sensors in MUT channels move but either fail to trigger pore opening or opened
MUT channels cannot conduct Ca2+. Since the mutation is not located within voltage‐sensing
S4 helices the pronounced kinetic changes of gating currents suggest that the mutation in the
pore indirectly alters gating by affecting the mechanistic coupling that exists between S4
voltage‐sensor movements and the gate mediating pore opening. Our data also for the first
time provide direct evidence that loss of Cav1.3 function causes deafness and SAN dysfunction
in humans. The patients’ phenotype and our electrophysiological findings strongly suggest that
the exon 8B splice variant is predominant in human IHC and SAN pacemaker cells.
Support: Austrian Science Fund (JS: P20670; AK: P22528), Geers‐Stiftung, Bonn; Imhoff‐
Stiftung, Köln; Köln Fortune, University Hospital of Cologne, Agence Nationale pour la 
Recherche (ANR‐06‐PHYSIO‐004‐01), European Community (CavNET, MRTN‐CT‐2006‐035367), 
University Innsbruck and the CMBI
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Identification of novel antiinfluenza constituents from Alpinia
katsumadai

Grienke U1, Schmidtke M2, Kirchmair J3, Stuppner H1, Liedl KR3, Rollinger JM1

1 Institute of Pharmacy/Pharmacognosy and Center for Molecular Biosciences, 
University of Innsbruck, Innrain 52c, Innsbruck, Austria.
2 Institute of Virology and Antiviral Therapy, Friedrich Schiller University, Hans‐
Knöll‐Straße 2, Jena, Germany.
3 Institute of Theoretical Chemistry and Center for Molecular Biosciences, 
University of Innsbruck, Innrain 52a, Innsbruck, Austria.

Currently, neuraminidase (NA) inhibitors are the preferred class of antiviral drugs
targeting the influenza virus.[1] There is a high medical need to find novel NA‐
inhibitors to overcome the emerging anti‐influenza drug resistances.
In this study, the seed extract of Alpinia katsumadai Hayata (Zingiberaceae), which
has been used in Traditional Chinese Medicine in antiviral formulas, was
phytochemically investigated and tested for its potential to inhibit the influenza
NA. Among the six isolated and identified constituents, four diarylheptanoids
showed in vitro NA inhibitory activities in low micromolar ranges against human
influenza virus A/PR/8/34 of subtype H1N1. Katsumadain A, the most effective
compound, revealed an IC50 of 1.05 ± 0.42 μM. This secondary metabolite also
inhibited the NA of four H1N1 swine influenza viruses (IC50 values between 0.9 and
1.64 μM) and demonstrated antiviral effects in plaque reduction assays.[2]
Taking into account the complex and flexible architecture of the macromolecule
NA, binding interactions of the T‐shaped Katsumadain A were investigated
performing extensive molecular dynamics (MD) simulations. Well‐established
interactions between the protein and the core of this novel NA‐inhibiting natural
scaffold could be observed by computational docking. In addition, excellent
surface complementarity to the simulated binding pocket and concordance with
experimentally‐derived SAR data could be confirmed.[2] These results have already
provided a valuable tool for the identification of further novel natural leads to
combat flu.

[1]  Krug RM, Aramini JM, Trends Pharmacol. Sci. 2009;30(6):269‐277.[2] Grienke
U, Schmidtke M, Kirchmair J, Pfarr K, Wutzler P, Dürrwald R, Wolber G, Liedl KR, 
Stuppner H, Rollinger JM, J. Med. Chem. 2010;53(2):778‐786.

Coloured Pigments from Chlorophyll Breakdown

M. Ulrich, Th. Müller, B. Kräutler*; Institute of Organic Chemistry and Center for
Molecular Biosciences, University of Innsbruck, Innrain 52a, Innsbruck, Austria

The appearance of the fall colours is commonly associated with chlorophyll
breakdown in higher plants. The first chlorophyll catabolites from higher plants
were structurally characterized as colourless linear tetrapyrroles (non‐fluorescing
chlorophyll catabolites, NCC) [1]. The colourless NCCs were commonly considered
to be the ‘final’ tetrapyrrolic products of chlorophyll catabolism in higher plants,
which are found in degreened leaves and in ripened fruit [2].
Our new findings indicate chlorophyll breakdown in senescent plants to proceed
beyond the stage of the NCCs to give yellow [3] and other new brilliantly coloured
tetrapyrroles. The same pigments were identified in freshly prepared extracts of
deep yellow senescent leaves of Cercidiphyllum japonicum and in senescent leaves
from other plants. This would suggest that part of the fall colours arise from
chlorophyll breakdown products directly.

[1] P. Matile, S. Hörtensteiner, H. Thomas and B. Kräutler, Chlorophyll
Breakdown in senescent leaves, Plant Physiol., 1996, 112, 1403‐1409
[2] T. Müller, M. Ulrich, K. H. Ongania and B. Kräutler, Colorless
Tetrapyrrolic Chlorophyll Catabolites Found in Ripening Fruit are
Effective Antioxidants, Angew. Chem. Int. Ed., 2007, 46, 8699‐8702
[3] S. Moser, M. Ulrich, T. Müller and B. Kräutler, A Yellow Chlorophyll
Catabolite is a Pigment of the Fall Colours, Photochemical &
Photobiological Sciences, 2008, 7, 1577‐1581

We thank G. Scherzer for technical assistance.
Financial support by the Austrian Science Fund (FWF, P19596) is gratefully 
acknowledged.
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Development and in vivo evaluation of an oral drug delivery
system for paclitaxel

Javed Iqbal1 and Andreas Bernkop‐Schnürch1.
1Department of Pharmaceutical Technology, University of Innsbruck, Innrain 52c, 
Innsbruck, Austria.

Paclitaxel is one of the most important drugs widely used for the treatment of
various types of cancers. Poor aqueous solubility, affinity for intestinal and liver
cytochrome P450 metabolic enzymes and paclitaxel efflux are the major
contributors for its low bioavailability. Due to these reasons paclitaxel is currently
administered via i.v. infusion which is associated with certain complications. 1‐2
Over the past few years thiolated polymers (thiomers) have appeared as a
promising excipient for drug delivery and demonstrated improved mucoadhesive,
controlled release, permeation enhancing and enzyme inhibitory properties.3‐4
The aim of the present study was to investigate the effect of the poly(acrylic acid)‐
cysteine (PAA‐cysteine) and reduced glutathione (GSH) on the absorption of P‐
glycoprotein (P‐gp) substrate paclitaxel (taxol) in vitro and in vivo. In vitro transport
studies were performed with Caco‐2 monolayers. Furthermore, the delivery system
based on PAA‐cysteine, GSH and paclitaxel was evaluated in vivo in rats. In vitro,
the formulation comprising 0.5 % (m/v) PAA‐cyteine (100 kDa)/0.5 % (m/v) GSH
(Papp = 8.7 ± 1.3 x 10‐6 cm/s) improved the transport of paclitaxel 6.7‐fold in
comparison to paclitaxel served as a buffer control (Papp = 1.3 ± 0.4 x 10‐6 cm/s).
Moreover, in the presence of formulation containing 0.5 % (m/v) PAA‐cyteine (250
kDa)/0.5 % (m/v) GSH (Papp = 9.7 ± 0.3 x 10‐6 cm/s) paclitaxel absorption was even
7.4‐fold in comparison to the buffer control. In vivo, the administration of oral
formulations containing 1 mg of paclitaxel, 1 mg of GSH and 8 mg of PAA‐cysteine
conjugate (100 kDa or 250 kDa) resulted in an improved paclitaxel plasma
concentration and bioavailability. The area under the plasma concentration time
curve (AUC 0‐8) of paclitaxel was 4.7‐fold and 5.7‐fold improved in comparison to
the oral control, respectively. Moreover, cmax was improved by 6.3–fold and even
7.3‐fold in comparison to the oral control, respectively.
Thus, according to the achieved results it is suggested that PAA‐cysteine in
combination with GSH would be a potentially valuable tool for improving the oral
bioavailability of P‐gp substrates such as paclitaxel.

Acknowledgement: The authors wish to thank Higher Education Commission
Pakistan and Austrian Agency for International Cooperation in Education and
Research (ÖAD) for their support and funding.

[1]  van Asperen, J.; van Tellingen, O.; Sparreboom, A.; Schinkel, A.H.; Borst, P.; 
Nooijen, W.J.; Beijnen, J.H. Br J Cancer. 1997, 76, 1181‐1183. 
[2]  Walle, T. Methods Enzymol. 1996, 272, 145–151.
[3]  Bernkop‐Schnürch, A.; Schwarz, V.; Steininger, S. Pharm Res. 1999, 16, 876‐881. 
[4]  Bernkop‐Schnürch, A.; Zarti, H.; Walker, G.F. J Pharm Sci. 2001, 90, 1907‐1914.

Role of neuropeptides in fear, anxiety and depression

Sartori SB1, Hauschild M1, Muigg P1, Ebner K1, Neumann I2, Landgraf R3,
Singewald N1

1Institute of Pharmacy and Center for Molecular Biosciences, University of 
Innsbruck, Peter‐Mayr‐Str 1, Innsbruck, Austria
2Department of Zoology, University of Regensburg, Universitätsstrasse 31, 
Regensburg, Germany
3Max Planck Institute of Psychiatry, Kraepelinstrasse 2‐10, Munich, Germany

Current procedures to cure psychopathologies such as anxiety disorders and
depression involve both psychotherapy and pharmacotherapies. Although a
number of clinically effective drugs are available, an improvement of their
therapeutic efficacy, treatment resistance and the number of side effects is
desired. Neuropeptides, a group of neurotransmitters/modulators with distinct
expression in the brain, are thought to represent novel drug targets for the
treatment of these mental disorders. Anxiolytic and/or antidepressant effects of
diverse neuropeptide ligands have been demonstrated in normal animals reflecting
physiology rather than pathophysiology. We now used the rodent HAB lines
selectively bred for a high anxiety‐related phenotype to elucidate the role of
selected neuropeptides including substance P or the recently discovered
neuropeptides S in enhanced (pathological) fear, anxiety and depression. Control
animals were either normal anxiety NAB or low anxiety LAB rodents. Application of
selective neuropeptide receptor ligands such as a neurokinin‐1 receptor antagonist
attenuated exaggerated conditioned and unconditioned anxiety responses of HAB
animals relative to their comparators. In addition, enhanced depression‐related
behavior could be reduced by this intervention. Using immediate‐early gene
mapping a distinct set of neuronal populations in defined cortical, limbic,
hypothalamic and brainstem areas showed aberrant activation in HAB compared to
NAB or LAB counterparts mimicking to a large extent observations in patients with
anxiety disorders or depression. Modulation of neuropeptide receptor activity
caused a normalization of many of these dysfunctions suggesting that these brain
areas mediate the observed behavioural effects. Using real‐time PCR, in situ
hybridisation and microdialysis approaches, dysregulations of gene expression and
neurotransmitter release were revealed in these brain areas. Taken together, HAB
animals represent a clinically relevant model for studying neuropeptidergic drug
targets with potential clinical benefit in pathological fear, anxiety and/or
depression.

Acknowledgment: Supported by the FWF (NS), TWF and Nachwuchsförderung der
Universität Innsbruck (SBS).
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Unexpected association of apoE2 genotype with  polyglutamine
expansions in the human androgen receptor (SBMA)

Köhler A1,2, Achmüller C1,2, Karagiannidis AI1, Bösch S2, Klocker H3, Schoser B4, 
Löscher WN2, Schneider R1

1Institute of Biochemistry, Center of Molecular Biosciences Innsbruck (CMBI), 
University of Innsbruck, Austria 
2Department of Neurology, Medical University of Innsbruck, Austria
3Department of Urology, Medical University of Innsbruck, Austria
4Friedrich‐Baur Institute, Department of Neurology, Ludwig‐Maximilians University 
Munich, Germany

Apolipoprotein E (APOE) is a carrier protein and directly involved in the uptake and
distribution of plasma lipids and cholesterol. Maintaining normal levels of
cholesterol is essential for prevention of cardiovascular disease, including strokes
and heart attacks. The polymorphic ApoE gene is characterized by three major
alleles, ApoE2, ApoE3 and ApoE4.
ApoE2 shows less than 2% of receptor binding activity and is associated with type
III hyperlipoproteinemia and atherosclerosis. It is linked to lower serum cholesterol
and higher ApoE concentration.
Spinal and bulbar muscular atrophy (SBMA) is a rare neurodegenerative disease of
the lower motor neurons caused by a polyCAG expansion mutation in the
androgen receptor. Besides the main neurodegenerative symptoms of SBMA,
many patients are also affected by hypertension, hyperlipidemia, liver dysfunction,
and glucose intolerance. Since androgens potentiate the severity of the disease
and since cholesterol is the essential precursor of androgens, we hypothesised that
the ApoE genotype could be a potential disease modifier.
In a pilot study we analyzed the apoE genotype of 20 diagnosed SBMA patients and
found an increased frequency (P = 0.0218) of the apoE2/E3 genotype. Several
hypotheses for a potential role of the ApoE genotype in the development and
severity of Kennedy's disease are discussed.

Acknowledgement: Supported by SFB021/03 and IFTZ‐03, TZS‐Huntington Project

The Nogo Receptor 2 (NgR2) is Required for Proper Innervation of 
the Skin

Bastian E. Bäumer1, Alesja Rjabokon, Michaela Kress2 and Christine E. Bandtlow1

1 Division of Neurobiochemistry, Medical University Innsbruck;
2 Division of Physiology, Medical University Innsbruck
contact: bastian.baeumer@i‐med.ac.at

While the first identified receptor of the Nogo Receptor family (NgR1) signals
axonal growth inhibition via its coreceptors P75NTR and Lingo and the interactors
Nogo, MAG or OMgp for NgR2 just MAG as binding partner was identified and its
biological relevance is largely unknown. Therefore we obtained a mouseline
deficient in NgR2 to investigate its function in more detail with respect to the
molecular and histological effects of the receptor deletion. Surprisingly these mice
show a significant increase of sensitivity to mechanical stimuli in behavioural
experiments and in vitro single cell assays respectively but no other obvious
abnormalities.
First we could show that the deletion of NgR2‐/‐ results not in a shift or loss of
neuron subpopulations in the dorsal root ganglia (DRG) what could led to the
hypersensitivity phenotype. In this study we investigate weather the deletion of
NgR2 effects the nerve innervation of the epidermis as the first source of tactile
recognition. In the process the total number of free nerve endings in glabrous skin
of the hindpaw from NgR2 deficient mice in comparison to the wildtype situation
was significantly increased. Since the most dens innervation of the epidermis is
observed at post natal day five and decreases drastically afterwards we addressed
the question at which developmental stage a defect occurs and if this is restricted
to a specific subpopulation of nerve endings namely CGRP+ or Mrgprd+ fibres.
Finally these data identify NgR2 as a receptor required for proper cutaneous
innervation and could give a deeper insight in the largely unknown signal
transduction and procession of mechanical stimuli. Additional cell culture based in
vitro assays could show if the defect in axonal outgrowth is DRG‐autonomous or
dependent on factors secreted e.g. from keratinocytes of the epidermis.
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Investigating gene deregulation in the CNS of the NgR2 knockout 
mouse

Sarah C. Borrie1, Simone Sartori2, Nicolas Singewald2, Christine E. Bandtlow1

1 Division of Neurobiochemistry, Innsbruck Biocenter, Innsbruck Medical 
University, Fritz‐Pregl‐Strasse 3, Innsbruck.
2Department of Pharmacology and Toxicology, Institute of Pharmacy & Center for 
Molecular Biosciences Innsbruck, University of Innsbruck.

NgR2 is a member of the Nogo‐receptor family, members of which are known to
bind inhibitors of axonal regeneration in the CNS. Thus far the only known ligand of
NgR2 is myelin associated glycoprotein (MAG). High expression of NgR2 mRNA has
been reported in neurons of the rodent CNS, including hippocampal formation and
amygdala. We have generated a NgR2 knockout mouse line to study NgR2
function. Behavioral studies show that under mild stress conditions, Ngr2‐/‐ mice
have a behavioral phenotype of reduced anxiety and depression compared to
wildtype controls. An anxiolytic effect was seen in the increase in exploratory time
in the open field test, and decreased depressive‐like behavior was observed in
decreased immobility time in the tail suspension test. To investigate the underlying
molecular mechanism linking this receptor to behavioral changes, potential
deregulated genes are being investigated in adult NgR2‐/‐ CNS at the mRNA and
protein level. The ATF/CREB family of transcription factors, particularly CREB, have
been implied in the molecular changes associated with depression and anxiety.
Investigation of brain structures implicated in depression and anxiety, such as the
hippocampus and amygdala, showed increased levels of activating transcription
factor 3 (ATF3), an adaptive response gene, in the hippocampus of NgR2‐/‐ mice
compared to wildtype controls. Preliminary results suggest there is no
phosphorylation of c‐Jun in the hippocampus, suggesting ATF3 does not
heterodimerize with c‐Jun to mediate its downstream effects. Increased levels of
phosphorylated CREB were seen in the amygdala, supporting our behavioural data
as the amygdala is reported to have decreased CREB activity under conditions of
anxiety. Investigations into which particular intracellular pathways are activating
CREB and ATF3 in this model are ongoing, and downstream targets of this
transcription factos will also be examined.

Identification and characterization of Nogo protein complexes

Levent Kaya, Barbara Meissner, Christine E. Bandtlow
Division of Neurobiochemistry / Biocenter, Innsbruck Medical University

RTN‐4/Nogo proteins are myelin‐associated proteins intimately implicated to
impair axonal regeneration and structural plasticity in the adult mammalian
nervous system. Apart from this well characterized function, recent in vitro studies
have suggested that related to their subcellular localization to the endomembrane
system, Nogo proteins may subserve additional roles, such as regulation of
membrane curvature and protein trafficking [1‐3].
To further investigate this hypothesis and to unravel possible molecular
mechanisms of Nogo function in neurons, we aimed to identify interaction
partners of Nogo in adult mouse brains.
For this purpose, we performed pull‐down experiments using NiR, the N‐terminal
domain of Nogo‐A and Nogo‐B. Recombinant Nogo domain protein NiR (‐GST) was
used as bait to interact with proteins from mouse brain lysate. The pull‐down
products were analyzed by Mass Spectrometry (MS). This approach identified a
number of proteins, majority of which had been classified as signal transduction,
cytoskeleton dynamics related, and synaptic‐vesicle and vesicle trafficking
(endocytosis/exocytosis) associated.
We are currently in the progress of validation of these interactions for selected
candidates, by performing co‐immunoprecipitation, and colocalization studies by
advanced microscopy techniques. Furthermore, in‐detail biochemical
characterization e.g. site/domain specificity of these potential interactions are
being conducted.
As an outlook, we plan to address the functional importance and physiological
significance of Nogo interactions. In brief, we envision to investigate the effect of
these interactions in neurons, to close the gap of knowledge of how does Nogo
function at a cellular level, for instance via the study of subcellular structures and
related cellular mechanisms, such as endocytosis and exocytosis [4].
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Highly Flexible System based on Mammalian Cell Culture for Identification of new 
Protein‐Protein Interactions

Florian Kern1, Bettina Sarg2, Herbert Lindner2, Christine E. Bandtlow1, Rüdiger 
Schweigreiter1
1 Innsbruck Medical University, Biocenter, Division of Neurobiochemistry
2 Innsbruck Medical University, Biocenter, Division of Clinical Biochemistry
Contact: florian.kern@i‐med.ac.at

Protein production in mammalian cells offers great advantages for proteins that
can not be expressed in bacteria or that have certain eukaryotic posttranslational
modifications (PTMs), such as glycosylation. The establishing of stable cell lines and
the screen for high producing clones is labour intense and time consuming. For
getting good expression often gene amplification is needed, which requires
additional selection rounds. Therefore at least several months are needed to get a
high producing clone. But if the protein of interest is of any harm to the cell, the
stability of the clones is an additional concern, which might lead to the complete
loss of expression after some passages. A pull‐down system that offers the
advantages of mammalian protein production without the need for stable clones
would be of great help in finding new protein‐protein interaction.
We developed a system that uses Chinese Hamster Ovary (CHO) cells, grown in
suspension and large scale transient transfection for protein production. In
combination with the ONE‐STrEP tag (IBA, Göttingen) and state of the art mass
spectrometry we have a highly flexible system for pull down experiments in our
hands. This technology will help us to identify new interaction partners and will
lead to a better understanding of biological processes in the future.

The role of Nogo in the epileptic rat brain

Barbara Meissner1, Meinrad Drexel2, Günther Sperk2, Christine Bandtlow1

1Division of Neurobiochemistry, Biocenter, Medical University of Innsbruck, Fritz‐
Pregl‐Str. 3, Innsbruck, Austria.
2Institute of Pharmacology, Medical University of Innsbruck, Peter‐Mayr‐Str. 1A, 
Innsbruck, Austria. 

The most common histopathological findings of mesial temporal lobe epilepsy 
(TLE) include neuronal cell loss as well as gliosis. Another characteristic 
phenomenon in TLE is termed mossy fiber sprouting – relating to the axons of 
granule cells ‐ which is believed to enhance excitability. RTN‐4A – better known as 
Nogo‐A – is a possible candidate molecule which might be implicated in the 
regulation of activity‐dependent plasticity. This protein is a member of the 
conserved family of endoplasmic reticulum‐associated reticulon proteins and is 
best studied for its neurite outgrowth inhibitory effect when being expressed on 
the surface of myelinating oligodendrocytes after nerve injury.
High levels of Nogo‐A can be detected in certain neurons of the CNS ‐ not only 
during development, but also in the adult rodent brain. The intracellular 
localization of the protein – displaying a reticular pattern – suggests that Nogo‐A 
might exert additional functions, such as a signaling molecule.(1) In studies of 
human(2) and experimental(3) temporal lobe epilepsy it was shown that Nogo‐A 
mRNA and immunoreactivity were clearly up‐regulated in hippocampal neurons 
and their processes. As it is believed that axonal and synaptic re‐organizations in 
the hippocampal formation are promoting epileptogenesis, our group wants to test 
the hypothesis that knocking down Nogo‐A leads to a change in the pathology of 
seizures in a rat model of temporal lobe epilepsy. Recombinant adeno‐associated 
viral particles, containing shRNA targeted against Nogo‐A, are injected into the rat 
hippocampus. After the system has reached peak expression, kainic acid is 
administered intra‐peritoneally. This algae‐derived acid is a specific agonist of the 
kainate receptor, mimicking the effects of glutamate and thereby eliciting seizures. 
The severity of the status epilepticus gets rated and continuous observation via 
video monitoring gives insight into seizure frequency and duration. 
Immunohistochemical techniques will be used to further characterize the plastic 
changes within the epileptic rat hippocampus.

Acknowledgement: Supported by the IFTZ.
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Lentivirus‐based knockdown of Rtn1A in cerebellar granule cells in
vitro

Sickinger, S1., Schweigreiter, R1., Kistner, S1., Sigl, R2., Geley, S2., Bandtlow, C. E.1
1Division of Neurobiochemistry
2Division of Molecular Pathophysiology
Innsbruck Medical University, Biocenter, Fritz‐Pregl Strasse 3
6020 Innsbruck‐Austria

Rtn1A is a member of the reticulon protein family which also contains the neurite
growth inhibitor Nogo (Rtn4). Reticulon proteins are associated with the ER
membrane, and in particular Rtn1A is thought to be involved in trafficking and
secretion of vesicles.

In preliminary experiments we observed enhanced neurite length following siRNA
mediated downregulation of Rtn1A in cerebellar granular neurons (CGN).
Interestingly, this effect was accompanied by a slight increase in BDNF secretion
into the growth medium, implying that Rtn1A negatively modulates secretion of
the neurite growth promoter BDNF. However, in those experiments only a small
fraction of the CGN appeared to be transfected by siRNAs. Therefore we aimed to
achieve high efficient down regulation of Rtn1A by taking advantage of lentivirus
mediated gene transfer which has been reported to be superior to other viral
mediated transfer systems because of its high infectivity for postmitotic cells
including neurons.

We succeeded in the construction of vesicular stomatitis virus glycoprotein G
pseudotyped lentiviruses expressing shRNAs targeting either all isoforms of Rtn1 or
specifically Rtn1A, respectively. Two types of vectors were constructed: One set of
vectors allowing constitutive bidirectional expression of both the shRNAs and red
fluorescent protein (RFP), the other set allows tetracycline inducible expression of
the shRNAs and eGFP.

We have achieved highly efficient infection of HeLa cells as well as of CGN isolated
from P7 mice demonstrating the validity of our shRNA delivery approach.
Furthermore, significant downregulation of Rtn1A in CGNs was observed by
western blot analysis.
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Thiolated polymers: development and in vivo evaluation of an oral
delivery system for leuprolide

Javed Iqbal1 and Andreas Bernkop‐Schnürch1.
1Department of Pharmaceutical Technology, University of Innsbruck, Innrain 52c, 
Innsbruck, Austria.

Leuprolide acetate is a synthetic nanopeptide and a potent agonist of the
luteinizing hormone‐releasing hormone (GnRH or LH‐RH) receptor. It is widely used
for the non‐surgical hormonal treatment of advanced prostate cancer,
endometriosis, uterine fibroids and central precocious puberty in children.1‐2 Due
to poor oral bioavailability leuprolide is currently administered via parenteral
routes, which are often painful and inconvenient. Thus, development of non‐
invasive delivery systems is strongly on demand. Over the past few years, thiolated
polymers (thiomers) have appeared as a promising candidate to improve the oral
bioavailability of various hydrophilic macromolecules including peptide and
protein drugs.3
The aim of the present study was to develop an oral delivery system for the
peptide drug leuprolide. Gel formulations based on unmodified chitosan/reduced
glutathione (GSH) and chitosan‐thioglycolic acid (chitosan‐TGA)/GSH were
prepared and their effect on the absorption of leuprolide was evaluated in vitro
and in vivo. Transport studies were performed with freshly excised rat intestinal
mucosa mounted in Ussing‐type chambers. Due to the addition of gel formulations
comprising 0.5 % (m/v) unmodified chitosan/0.5 % (m/v) GSH and 0.5 % (m/v)
chitosan‐TGA/0.5 % (m/v) GSH, the transport of leuprolide across excised mucosa
was improved up to 2.06‐fold and 3.79‐fold, respectively in comparison to
leuprolide applied in buffer (Papp = 2.87 ± 0.77 x 10‐6 cm/s). In vivo, the addition of
oral gel formulation comprising 8 mg of unmodified chitosan, 1 mg of GSH and 1
mg of leuprolide increased the area under the plasma concentration time curve
(AUC 0‐8) of leuprolide 1.39‐fold in comparison to leuprolide having been
administered just in saline. Moreover, the administration of oral gel formulation
comprising 8 mg of chitosan‐TGA, 1 mg of GSH and 1 mg of leuprolide resulted in a
further enhanced leuprolide plasma concentration and the area under the plasma
concentration time curve (AUC 0‐8) of leuprolide was increased 3.72‐fold in
comparison to the control. With the oral gel formulation comprising 8 mg of
chitosan‐TGA, a relative bioavailability (versus s.c. injection) of 4.5 % was achieved
in contrast to the control displaying a relative bioavailability of 1.2 %.
Thus, according to the achieved results it is suggested that chitosan–TGA in
combination with GSH is a valuable tool for improving the oral bioavailability of the
peptide drug leuprolide.
Acknowledgement: The authors wish to thank Higher Education Commission
Pakistan and Austrian Agency for International Cooperation in Education and
Research (ÖAD) for their support and funding.
[1] Adjei, A.; Love, S.; Johnson, E.; Diaz, U.; Greer, J.; Haviv, F.; Bush, E. J Drug 
Target 1993, 1, 251–258.
[2] Fu lu, M.; Reiland, T. Compositions and method for the sublingual or buccal
administration of therapeutic agents. US Patent 5,284,657 1994. 
[3] Bernkop‐Schnürch, A.; Krauland, AH.; Leitner, VM.; Palmberger, T. Eur J Pharm
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Thiolated chitosans: in vitro comparison of mucoadhesive
properties

Christiane Müller1, Andrea Verroken1 and Andreas Bernkop‐Schnürch1
1 Department of Pharmaceutical Technology, Institute of Pharmacy, University of 
Innsbruck, Innrain 52, Innsbruck, Austria

Mucoadhesive drug delivery systems enhance the contact to mucosal surfaces and
prolong the residence time of dosage forms at the site of drug absorbtion [1].
Many attempts have been undertaken to improve the bioadhesive properties of
various polymers. Thiolated polymers, also referred to as thiomers are capable of
forming covalent bonds and thereby display much higher mucoadhesion. Due to
thiol/disulfide exchange reactions and oxidation process, disulfide bonds serve as
bridging system between thiol bearing side chains of these polymers and cysteine
rich subdomains of glycoproteins in the mucus [2].
The purpose of the present study was to compare the mucoadhesive properties of
thiolated chitosan with regard to the molecular mass and the chain length of
various introduced thiol bearing ligands. For this purpose, thioglycolic acid, 2‐
iminothiolane HCl, N‐acetyl‐cysteine, glutathione, 4‐mercaptobenzoic acid and 6‐
mercaptonicotinic acid were covalently attached to primary amino groups of
chitosan under formation of amide bonds mediated by a carbodiimide. The
chitosan conjugates obtained by this method displayed 320±50 µmol immobilized
free thiol groups per gram polymer (mean±SD; n=5). In order to guarantee
comparable mucoadhesive systems, all conjugates exhibited an amount of free
thiol groups in this close range.
The mucoadhesion of chitosan conjugates adjusted to pH 4 was evaluated in vitro
by using the rotating cylinder method and tensile studies on excised porcine
intestinal mucosa. Results showed enhanced mucoadhesion of all thiolated
chitosans (P < 0.05) compared to the unmodified polymer. The total work of
adhesion (TWA) was in good correlation with the adhesion time.
Among all tested conjugates, a rank order of mucoadhesion of thiolated chitosans
could be determined: Chitosan‐TBA > Chitosan‐4‐MBA > Chitosan‐GSH > Chitosan‐
6‐MNA > Chitosan‐NAC > Chitosan‐TGA > unmodified Chitosan. According to this
outcome, it could be claimed that aryl thiol bearing compounds and long‐chain
alkyl thiol groups displayed a stronger improvement of the residence time of
chitosan compared to chitosan coupled with short aliphatic thiols.
In addition, the findings of this work give an extensive characterisation of a broad
range of thiolated polymers, which were synthesized in the last years.

[1] Smart JD, The basics and underlying mechanisms of mucoadhesion, Adv
Drug Deliv Rev. 57 (2005) 1556‐1568

[2] Bernkop‐Schnürch A, Schwarz V, Steiniger S, Polymers with thiol groups:  
a new generation of mucoadhesive polymers? Pharm Res 16 (1999) 876‐
881

Enhanced transport of Rhodamine 123 in presence of thiolated
hydroxyethylcellulose in Caco‐2 cells

Deni Rahmat*, Duangkamon Sakloetsakun*, Gul Shahnaz*, Federica Sarti*, 
Andreas Bernkop Schnürch*
• Department of Pharmaceutical Technology, Institute of Pharmacy, University of

Innsbruck, Innrain 52c, Josef Möller Haus, 6020 Innsbruck, Innsbruck, Austria.

Bioavailability is a very crucial factor in drug development. Chitosan and thiolated
chitosan have shown to improve drug bioavailability (1) but the effect of
hydroxyethylcellulose (HEC) and thiolated HEC on the bioavailability have not been
investigated yet. After a drug has permeated into the cytosol of an enterocyte, it is
often subject to efflux by apical membrane ATP‐binding cassette (ABC) efflux
transporters, for instance, P‐glycoprotein (Pgp) (2). HEC is an inert cellulose and its
properties such as biocompatibility, physiochemical stability and solubility in water
make it suitable excipient for drug delivery (3). Thus, this study proposed to
discover the effect of unmodified HEC and thiolated HEC on Pgp inhibition in Caco‐
2 cells using rhodamine 123 as a Pgp substrate. For thiolation of HEC we used
cysteamine as ligand. The viability and cytotoxicity test of the polymers were
performed using MTT and LDH assays in Caco‐2 cells. HEC‐cysteamine conjugate
showed 536 ± 56 µmol free thiol groups and 850 ± 18 µmol disulfides bound to one
gram of polymer. Unmodified HEC and HEC‐cysteamine at concentration of 0.2%
(m/v) did not effect viability of Caco‐2 cells and resulted in significant by improved
transport of rhodamine 123 compared to the control (medium treated only). These
findings suggested that both unmodified HEC and HEC‐cysteamine could attenuate
the activity of Pgp in Caco‐2 cells.

Föger F, Schmitz T, Bernkop‐ Schnürch A. In vivo evaluation of an oral delivery
system for P‐gp substrates based on thiolated chitosan. Biomaterials. 2006;
27:4250‐5.
Sachs‐Barrable K, Thamboo A, Lee SD and Wasan KM. Lipid Excipient Peceol and
Gelucire 44/14 Decrease P‐glycoprotein Mediated Efflux of Rhodamine 123
Partially Due to Modifying P‐glycoprotein Protein Expression within Caco‐2 cells. J
Pharm Sci. 2007; 10:319‐331.
Roy DS, Rohera BD. Comparative evaluation of rate of hydration and matrix erosion
of HEC and HPC and study of drug release from their matrices, European Journal of
Pharmaceutical Science. 2002; 16:193‐199.
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NOVEL THIOLATED MUCOADHESIVE NANOPARTICLES: FOR 
SUSTAINED DELIVERY AND DRUG TARGETING

Gul Shahnaz * Deni Rahmat* and Andreas Bernkop‐Schnürch*
* Department of Pharmaceutical Technology, Institute of Pharmacy, University of 
Innsbruck, Innrain 52c, Josef Möller Haus, 6020 Innsbruck, Innsbruck, Austria.

Prolonged residence time at the site of drug absorption maximizes not only drug
concentration gradient but also influences the localization at a given target site.
Accordingly, various approaches have been reported to prolong GI residence time,
the use of bioadhesive polymers has been most investigated [1]. Thiolated polymers,
or the so‐called thiomers, are supposed to interact with cysteine rich subdomains of
mucus glycoproteins via disulfide exchange reactions [2]. Based on thiol/disulfide
exchange reactions (TDE) was formed, leading to even 6‐fold improved viscosity of
mucin [3]. Therefore, the overall objective of this study was to enhance the
mucoadhesive property of a nanoparticulate delivery system which can be used in
sustained delivery and targeting of drugs. Mediated by a carbodiimide, L‐cysteine was
covalently attached to the carboxymethyl dextran (CMD). The resulting
carboxymethyl dextran–cysteine conjugate (CMD‐Cys conjugate) displayed 273 ± 20
μmol thiol groups per gram of polymer (mean ± S.D.; n=3). CMD‐Cys conjugate
nanoparticles were prepared via a well‐established high pressure homogenization
technique. In the present study, nanoparticles were loaded with model compound
fluorescein diacetate (FDA) instead of a therapeutic agent for analytical reasons. Zeta
potential and mean particles size measurement of the unmodified nanoparticles and
modified CMD‐Cys conjugate nanoparticles in dialyzed water was performed using a
PSS Nicomp 380 ZLS Particles Sizer. Transmission electron microscope (ZEISS
LIBRA®120) was also used to examine size of nanoparticles. The mucoadhesive
properties of CMD‐273 conjugate nanoparticles in comparison to unmodified
nanoparticles were performed on porcine intestinal mucosa. Results showed that the
CMD‐Cys conjugate nanoparticles were to be a size of 275–300 nm. The zeta
potential of the CMD‐Cys conjugate nanoparticles was ‐24.69 ± 2 mV. The model
compound FDA encapsulation efficiency ranged from 4.2 ± 0.98 to 10.6 ± 0.87%
depending on the homogenization pressure and cycles. The pH dependent release of
the entrapped model compound from these nanoparticles revealed about 83%
release at pH 7.4. Mucoadhesive properties of CMD‐Cys conjugate nanoparticles
were eleven times as high as the mucoadhesive properties of unmodified CMD
nanoparticles. According to these results, thiolated CMD‐Cys conjugate nanoparticles
described here might be a promising tool in transmucosal drug delivery targeting for
poorly absorbed drugs such as class II and IV drugs according to the
biopharmaceutical classification scheme.
REFERENCES
Ch’ng, H.S., Park, H., Kelly, P., Robinson, J.R., Bioadhesive polymers as platforms for
oral controlled drug delivery II: synthesis and evaluation of some swelling, water‐
insoluble bioadhesive polymers. J. Pharm. Sci. 1985; 74: 399–405.
Marschütz MK, Veronese FM, Bernkop‐Schnürch A. Influence of the spacer on the
inhibitory effect of different polycarbophil–protease inhibitor conjugates. Eur J Pharm
Biopharm 2001; 52: 137‐144.
Marschütz, M.K.; Bernkop‐Schnürch, A. Thiolated polymers: self‐crosslinking
properties of thiolated 450 kDa poly (acrylic acid) and their influence on
mucoadhesion. Eur. J. Pharm. Sci. 2000; 15: 387–394.
ACKNOWLEDGEMENT
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Novel and conserved function of the regulatory subunit of protein
kinase A

Stefan E1,2, Malleshaiah M2, Michnick S2 , Bister K1
1Institute of Biochemistry and Center for Molecular Biosciences (CMBI), University 
of Innsbruck, Austria;  2Department of Biochemistry, Université de Montréal, 
Canada

The G‐protein coupled receptor (GPCR) signal transduction pathways are regulated
at several critical points via feedback loops and cross‐talk. Elucidation of dynamic
physical connections between pathways may help to understand how cells
respond to environmental cues and integrate information through shaping of
spatiotemporal signaling responses [1]. Using protein‐fragment complementation
assays [2, 3], we have identified an unforeseen active role of the cAMP‐bound
regulatory subunit (Reg) of protein kinase A (PKA) in feedback regulation and cross‐
talk between GPCR pathways. Classically, cAMP binds to Reg and induces the
dissociation of the PKA holo‐tetramer resulting in activation of kinase activity [4].
We have discovered that cAMP‐bound Reg forms specific complexes with the
inhibitory G protein ai (Gai), independent of PKA kinase activity. We demonstrate
that these complexes affect conformation and activities of the trimeric G proteins
ai:bg resulting in increased sensitivity, amplitude, and duration of GPCR‐mediated
MAP kinase activation in mammalian cells. We further demonstrate that this
mechanism is conserved in a Gai‐mediated pheromone response MAPK signalling
pathway in budding yeast serving to control the sensitivity to pheromone and
modulate the decision to mate, depending on nutrient availability. Similar tuning of
Gai‐coupled GPCR hormone responses through inputs of Gas‐coupled signals may
be a common event. Gas‐coupled GPCRs are frequent targets for therapeutic
intervention for a number of human diseases and thus, cAMP‐mediated tuning of
Gai‐coupled GPCR signalling could result in many and varied indirect effects of Gas‐
coupled receptor targeted drugs.

Supported by FWF (P22608) and LFU (Junior Researcher Support).

[1] Fisher TL, White MF (2004) Curr. Biol. 14:R1005‐1007.
[2] Michnick SW, Ear PH, Manderson EN, Remy I, Stefan E (2007) Nat. Rev. Drug 
Discov. 14:569‐582.
[3] Stefan E, Aquin S, Berger N, Landry CR, Nyfeler B, Bouvier M, Michnick SW 
(2007) Proc. Natl. Acad. Sci. USA 104:16916‐16921.
[4] Taylor SS, Kim C, Cheng CY, Brown SH, Wu J, Kannan N (2008) Biochim. Biophys. 
Acta 1784:16‐26.
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Role of arginine methylation in the control of nuclear factor‐κB
(NF‐κB)

Valovka T, Reintjes A, Khan MI, Hartl M, Bister K
Institute of Biochemistry and Center for Molecular Biosciences (CMBI), University 
of Innsbruck, Austria.

Nuclear factor‐κB (NF‐κB) is an inducible transcription factor which regulates the
expression of a large number of genes critical for several processes, including
apoptosis, viral replication, tumorigenesis, inflammation, and various autoimmune
diseases. Transcriptional activity of NF‐κB is regulated by complex mechanisms
dependent on cellular localization, promoter specific exchange of NF‐κB dimers,
and modification of the transactivating p65 subunit of NF‐κB by phosphorylation,
acetylation, ubiquitination, or prolyl isomerization [1, 2]. Recently, protein arginine
methyltransferases (PRMTs) have been identified as co‐regulators of NF‐κB
dependent gene expression [3, 4]. However, the molecular mechanisms of PRMT
mediated regulation of NF‐κB remain elusive. Here we report that PRMT1 forms a
constitutive complex with the p65 subunit of NF‐κB. A deletion analysis of p65
indicated that the N‐terminal Rel‐homology domain (RHD) of p65 mediated direct
interaction between p65 and PRMT1 in vitro and in vivo. Furthermore, we found
that p65 was specifically methylated by PRMT1 in vitro. Several arginine residues
located within the RHD were predicted as methylation sites for PRMT1 using
bioinformatic tools. The methylation sites were experimentally confirmed by
mutating the corresponding arginines to lysines or alanines. Sequence alignment of
the RHD proteins from different organisms revealed that the identified methylation
sites were evolutionary conserved from drosophila to man indicating their
potential importance. We are currently investigating the regulatory role and the
physiological significance of multiple arginine methylation of the p65 subunit of
NF‐κB.

[1] Perkins ND (2006) Oncogene 25:6717‐6730.
[2] Buerki C, Rothgiesser KM, Valovka T, Owen HR, Rehrauer H, Fey M, Lane WS, 
Hottiger MO (2008) Nucleic Acids Res. 36:1665‐1680.
[3] Covic M, Hassa PO, Saccani S, Buerki C, Meier NI, Lombardi C, Imhof R, Bedford 
MT, Natoli G, Hottiger MO (2005) EMBO J. 24:85‐96.
[4] Hassa PO, Covic M, Bedford MT, Hottiger MO (2008) J. Mol. Biol. 377:668‐678.

Vibrational spectroscopy as a Tool to monitor the microwave‐
assisted drying process of wood

L. Bittner1, C. Lux2, V. Huck‐Pezzei1, J. Pallua1, C. Pezzei1, S. Schönbichler1, H. 
Pulker2, G.K. Bonn1, C.W. Huck1
1Institute of Analytical Chemistry and Radiochemistry, Leopold‐Franzens University, 
Innrain 52a, 6020 Innsbruck, Austria
2Insitute of Ion Physics, Leopold‐Franzens University, Technikerstraße 25, 6020 
Innsbruck, Austria

Fourier transform mid‐infrared spectroscopy with attenuated total reflection (FTIR‐
ATR), near infrared spectroscopy (NIRS) and infrared reflectance imaging
spectroscopy (FTIRimaging) in combination with multivariate data analysis is used
to determine wood moisture, as well as chemical changes in a microwave assisted
drying process of timber. Being a fast, non invasive method with high automation
potential vibrational spectroscopy is of high interest for industrial use especially
regarding Process Analytical Technology (PAT). FTIR‐imaging opens access to the
areal distribution of spectra down to a resolution of 6.25 5m which is applied to
show the changes in wood samples during the drying process. For future research
it is planned to couple the NIRS and the microwave oven with a light fibre to allow
online monitoring of the drying process. The potential of mid‐ and near‐infrared
spectroscopy for the characterization of physical and chemical parameters in the
microwave assisted drying process of wood is demonstrated and discussed in the
proposed poster.

References:
1. Fengel, D. and G. Wegener, Wood: chemistry, ultrastructure, reactions. Berlin,
New York, 1984.
2. Nuopponen, M., et al., Thermal modifications in softwood studied by FT‐IR and
UV resonance Raman spectroscopies. Journal of Wood Chemistry and
Technology, 2005. 24(1): p. 13‐26.
3. Tjeerdsma, B. and H. Militz, Chemical changes in hydrothermal treated wood:
FTIR analysis of combined hydrothermal and dry heat‐treated wood. European
Journal of Wood and Wood Products, 2005. 63(2): p. 102‐111.
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Fourier transform infrared imaging analysis in discrimination
studies of prostate cancer and prostate cancer cell lines

J. D. Pallua1*, C. Pezzei1*, G. Schaefer2, C. Seifarth2, G. Dobler2, V. Huck‐Pezzei1, L. K. 
Bittner1, H. Hahn1, H. Klocker2, G. Bartsch2, G. K. Bonn1 and C. W. Huck1
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Innrain 52a, 6020 Innsbruck, Austria

2Department of Urology, Medical University of Innsbruck, Anichstraße 35, 6020 
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Corresponding author: Ao.Univ.‐Prof. Mag. Dr. Christian Huck, Institute of 
Analytical Chemistry and Radiochemistry, 
Leopold‐Franzens University, Innrain 52a, 6020 Innsbruck, Austria.
E‐Mail Christian.W.Huck@uibk.ac.at

Fourier transform infrared (FTIR) imaging is a vibrational spectroscopic technique
that uses infrared radiation to image molecules of interest in thin tissue sections.
Major advantage of this new technology is the acquisition of local molecular
expression profiles, while maintaining the topographic integrity of the tissue.
Therefore this technology has become an essential tool for the detection and
characterization of the molecular components of biological processes, such as
those responsible for the dynamic properties of tumor progression.
Using this method it is possible to investigate the spatial distribution of proteins
and small molecules within biological systems by in‐situ analysis. In this study, we
have evaluated the potential of FTIR imaging to study biochemical changes during
prostate cancer development. Selected tumor samples and prostate cancer cell
lines were measured and analyzed by univariate and cluster analyses. For the
interpretation and calibration of the system we correlated the FTIR‐images with
the histopathological information. With this new method it is possible to
distinguish between tumor and non‐tumor areas within a prostate cancer tissue
with a resolution of 6.25 µm x 6.25 µm.
The possibilities, ad‐ and disadvantages and limits of this approach compared to
other analytical techniques, including e.g. mass spectrometry, are discussed in
detail within this proposed presentation.

Collisionally Activated Dissociation (CAD) and Electron Detachment
Dissociation (EDD) of proteins in negative ion mode Electrospray
Ionization (ESI)

Barbara Ganisl, Monika Taucher, Kathrin Breuker

Institute of Organic Chemistry and Center for Molecular Biosciences, University of 
Innsbruck, Innrain 52a, Innsbruck, Austria

Electron capture dissociation (ECD) and collisionally activated dissociation (CAD)
give complementary sequence information in top‐down mass spectrometry (MS)
experiments using multiply protonated protein ions, (M + nH)n+, from electrospray
ionization (ESI) [1]. Acidic proteins, however, can be ionized more efficiently in
negative ion mode ESI [2]. Here we investigate the use of collisionally activated
dissociation (CAD) and electron detachment dissociation (EDD) [3] for top‐down MS
of multiply deprotonated protein ions, (M ‐ nH)n‐. We anticipated that
unimolecular protein dissociation in negative ion mode is affected by precursor ion
charge, as in EDD of RNA [4]. We found that ESI additives of differing gas phase
basicity can be used for efficient manipulation of protein ion charge in (‐)ESI, and
that high negative precursor ion charge is critical for high sequence coverage in
EDD of proteins. Studies aimed at understanding the mechanism of EDD reveal that
it involves deprotonation of the backbone amide, which is facilitated by ionic
hydrogen bonds with side chains of T, S, Q and N. We demonstrate ~60% sequence
coverage for melittin (2.8 kDa) and ubiquitin (8.6 kDa) in EDD experiments.

Acknowledgement: The Austrian Science Fund is acknowledged for financial 
support (FWF project Y372)

[1] K. Breuker, M. Jin, X. Han, H. Jiang, F.W. McLafferty, J. Am. Soc. Mass Spectrom.
19, 2008, 1045.
[2] P. Pan, H.P. Gunawardena, Y. Xia, S.A. McLuckey, Anal. Chem. 76, 2004, 1165.
[3] B.A. Budnik, K.F. Haselmann, R.A. Zubarev, Chem. Phys. Letters 342, 2001, 299.
[4] M. Taucher, K. Breuker, J Am. Soc. Mass Spectrom, 21, 918.
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Identification, localization, and relative quantitation of 
pseudouridine in RNA by tandem mass spectrometry of hydrolysis 
products

Taucher M, Ganisl B, Breuker K
Institute of Organic Chemistry and Center for Molecular Biosciences, University of 
Innsbruck, Innrain 52a, Innsbruck, Austria.

Among the numerous (>100) currently known post‐transcriptional modifications of
RNA, the conversion of uridine (U) into pseudouridine (Ψ) is the most common
[1,2,3,4]. Clustering of Ψ residues in functionally relevant regions, and a high degree
of conservation throughout phylogeny indicate an important role of this
modification in cellular processes; nevertheless, the biochemical function of
pseudouridylation is not yet understood [5]. A prerequisite for making out the
meaning of pseudouridylation is to identify where, when, and to what extent the
modification occurs.
Because the conversion of U into Ψ is a "mass‐silent" post‐transcriptional
modification, the majority of mass spectrometry based approaches for the
detection of Ψ in RNA uses chemical labeling reactions that alter the mass of Ψ
residues. However, chemical labeling is generally laborious, and has limited
selectivity for Ψ [6]. Here we propose a new mass spectrometry based method for
identification, localization, and relative quantitation of Ψ in RNA consisting of ~20
nucleotides that does not require chemical labeling. Our straightforward approach
combines RNA hydrolysis with MS/MS techniques, taking advantage of the
different fragmentation behavior of uridine (N‐glycosidic bond) and pseudouridine
(C‐glycosidic bond) residues in RNA upon collisionally activated dissociation [7].

Acknowledgement: We thank Barbara Puffer, Michaela Aigner and Ronald Micura
(R.M.) for discussion, and R.M. for providing the oligonucleotide samples. The
Austrian Science Fund is acknowledged for financial support (FWF projects Y372 to
K.B. and I317 to R.M.)

[1]   Limbach PA, Crain PF, McCloskey JA, Nucleic Acids Res. 1994, 22:2183. 
[2]   Grosjean H, M. Sprinzl M, Steinberg S, Biochimie 1995, 77:139. 
[3]   Rozenski J, Crain PF, McCloskey JA, Nucleic Acids Res. 1999, 27:196
[4]   http://rna‐mdb.cas.albany.edu/RNAmods/
[5]   Hammal T, Ferre‐D'Amare AR, Chem. & Biol. 2006, 13:1125‐35.
[6]   Durairaj A, Limbach PA, Anal. Chim. Acta 2008, 623:117‐25.
[7]   Taucher M, Ganisl B, Breuker K, Int. J. Mass Spectrom. In press.

Isolation and identification of novel substrate proteins of a protein 
arginine methyltransferase specific for filamentous fungi 

Allipour Birgani Sh1, Bauer I1, Golderer G2, Lindner H3, Brosch G1

1Division of Molecular Biology, 2Division of Biological Chemistry, 3Division of 
Clinical Biochemistry,   Biocenter, Innsbruck Medical University, A‐6020 Innsbruck

In the filamentous fungus Aspergillus nidulans three distinct protein arginine
methyltransferases (PRMTs) are present which all possess in vitro and in vivo
methyltransferase activity [1]. One of these enzymes, termed RmtB, has an
exceptional position because it displays both enzymatic and structural properties
in comparison to other known PRMTs [1]. Thus, our long term objective is to clarify
the functional role of this fungal specific PRMT. For this purpose we want to
separate RmtB protein complexes, to identify interacting proteins and to isolate
novel substrate proteins, to finally get more information on the implication of this
enzyme in fungal specific pathways. Recently, we have generated mutants of the
corresponding PRMT genes by targeted gene replacement. Protein extracts of
mutant mycelia were separated by ion exchange chromatography (IEX) and
resulting fractions were used for the in vitro labeling of proteins with purified RmtB
(IEX, gelfiltration) [2]. Labeled substrate proteins were further separated and
analyzed by 2D gel electrophoresis and fluorography, respectively, and will be
subsequently identified by mass spectrometry.
In an initial screen, we could identify several selective and non‐selective proteins
as putative targets of Aspergillus RmtB. The subsequent analysis of these protein
fractions by 2D gel electrophoresis allowed the high resolution separation for the
identification by mass spectrometry. Our results have confirmed our previous
findings that demonstrated significant in vitro methylation potential of
endogenous RmtB and the presence of a variety of yet unknown substrate proteins
in Aspergillus nidulans. Importantly, our in vitro methylation assays revealed the
presence of selective and non‐selective substrate proteins in Aspergillus protein
extracts depending on the initial methylation status of these proteins in vivo.

Acknwledgment: Supported by  Austrain Research Fund (P21087 to Gerald Brosch). 

[1]  Trojer P,  Dangl M,  Bauer I,  Graessle S,  Loidl P,  Brosch G,  Biochemistry
2004; 43, 10834‐43
[2]  Bauer I,  Graessle S,  Loidl P,  Hohenstein  K,  Brosch  G, Fungal Genetics and
Biology 2010; 47, 551‐561
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STAT1 Deficiency Results in Resistance of Neu/ErbB2‐induced
Mammary Tumors to Chemotherapy

Lára Hannesdóttir1, Nina Daschil1, Sebak Datta1, Sonja Philipp1, Johann‐Benedikt 
Koller1, Nirmala Parajuli1,  Elisabeth Müller‐Holzner2, Wolfgang Doppler1 
1Division of Medical Biochemistry, Biocenter and 2Department of Obstetrics and 
Gynecology,  Innsbruck Medical University

The signal transducer and activator of transcription STAT1 is a key mediator of cell
cycle arrest and apoptosis (1). Furthermore, STAT1 is implicated in tumor immuno‐
surveillance (2). By analysis of the STAT1 activation status in human primary
tumors we have observed a correlation between loss of STAT1 activation and bad
prognosis (3). One hypothesis to explain these findings is that impaired STAT1
function promotes resistance to chemotherapeutics, in particular to genotoxic
drugs: by cooperation with p53 and participation in ATM DNA damage response
STAT1 is postulated to induce tumor epithelial cell death via cell autonomous
mechanisms (4). Another possible mechanism is the participation of STAT1 in the
described enhancement of tumor immunosurveillance by genotoxic drugs (5).
To further resolve these issues MMTV‐neu (N) mice are investigated in our labor‐
atory as an animal model for erbB2 positive breast cancer. We have recently
shown that the ex‐vivo activation of the STAT1 target gene iNOS in tumor
infiltrating myeloid cells from these mice can induce apoptosis (6).
We now have created STAT1 deficient FVB/N‐MMTV‐neu mice and have assessed
the effect of STAT1 deficiency on tumor biology and response to
chemotherapeutics. Our experiments revealed that STAT1 deficient MMTV‐neu (N)
mice exhibit shorter latency in the development and faster growth of erbB2 driven
mammary adeno‐carcinomas. Most interestingly, the response of the tumors to
doxorubicin and/or lapatinib treatment in vivo is decreased in STAT1 deficient
animals, demonstrating the important role of STAT1 for the response to
chemotherapy. Surprisingly, STAT1 deficient mice are susceptible to a combined
treatment with IFN‐g and lapatinib and/or doxorubicin, implicating that stimulation
of IFN‐g triggered signaling pathways can compensate for STAT1 deficiency in
tumor therapy.

Acknowledgement: Supported by IFTZ, Innsbruck Medical University  
(1) Kim, H. S., and Lee, M. S. (2007) Cell Signal 19, 454‐465
(2) Dunn, G. P., Koebel, C. M., and Schreiber, R. D. (2006) Nat Rev Immunol 6, 836‐848
(3) Widschwendter, A., Tonko‐Geymayer, S., Welte, T., Daxenbichler, G., Marth, C., and
Doppler, W. (2002) Clin.Cancer Res. 8, 3065‐3074
(4) Townsend, P. A., Scarabelli, T. M., Davidson, S. M., Knight, R. A., Latchman, D. S., and 
Stephanou, A. (2004) J Biol Chem 279, 5811‐5820
(5) Zitvogel, L., Apetoh, L., Ghiringhelli, F., and Kroemer, G. (2008) Nat Rev Immunol 8, 
59‐73
(6) Parajuli, N., Muller‐Holzner, E., Bock, G., Werner, E. R., Villunger, A., and Doppler, W. 
(2010) Int J Cancer 126, 896‐908

The Role of Tumor‐Infiltrating Myeloid Cells in Mammary Tumors
of MMTV‐neu Stat1 WT and KO Mice

Tymoszuk P1, Hannesdóttir L1, Daschil N1, Datta S1, Nogalo A1, Philipp S1, Doppler 
W1

1 Division of Medical Biochemistry, Biocenter, Innsbruck Medical University

In the vast majority of human and murine malignancies tumor‐infiltrating myeloid
cells play important roles in creating an immunosuppressive environment [1] and
supporting the growth of the tumor [2]. More specifically, CD11b+ CD11c+ myeloid
cells in mouse mammary gland tumors of MMTV‐neu origin were described to
possess the ability to suppress antitumor adaptive immune response by expression
of arginase‐1 [3]. However, several cancer treatment protocols were reported,
where myeloid cells can be activated in order to elicit potent antitumor T‐cell
response [4, 5].
Our previous results indicate that CD11b+ infiltrate cells may be responsible for
mediating tumor cell death induced by IFN‐γ [6]. We also found that tumors from
STAT1 KO mice are less sensitive to therapy, and this could not be recapitulated ex
vivo with explant cultures of pure tumor epithelial cells, which are devoid of CD11b
cells (Hannesdóttir et al., in preparation).
In the current work we focus on the function and properties of infiltrating CD11b+
cells in MMTV‐neu mammary adenocarcinomas under steady‐state conditions. Our
goal is (a) to elucidate their possible contribution in tumor interaction with the
immune system, and (b) to test, whether an impaired function and/or abundance
of these cells in Stat1 KO mice are responsible for the resistance of tumors to
chemotherapy. The tumor‐infiltrating CD11b+ cells were characterized with
specific myeloid, macrophage and dendritic cell surface markers and their fractions
in MMTV‐neu Stat1 KO and WT tumors were determined. We also checked the
expression of a panel of genes with known functions in immune response
modulation, antigen presentation and immune cell trafficking.

Acknowledgement: Supported by the Molecular Cell Biology and Oncology (MCBO) 
program.
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Investigation of Spindly domains

Friederike Finsterbusch, Marin Barisic,Veronika Rauch, and Stephan Geley
Division of Molecular Pathophysiology, Biocenter, Innsbruck, Medical University, 
Innsbruck, Austria

Human Spindly recruits a fraction of cytoplasmic dynein to kinetochores which is
required for prometaphase poleward movement of chromosomes as well as for
stripping off particular proteins from kinetochores. These processes are essential
for proper chromosome congression and for control of mitotic checkpoint
signalling. Besides known dynein‐dependent functions, Spindly also regulates the
function of ZW10, which promotes formation of stable end‐on microtubule
attachments and is required for mitotic checkpoint signalling. How Spindly
interacts with ZW10 (or another member of the Rod/Zwilch/Zw10 complex), with
the dynein motor complex and how it exerts its functions is still unclear.
Here, we have analysed a series of Spindly truncation and point mutants and
investigated the effect of these alterations on protein localisation and function.
These analyses revealed that the localisation of Spindly to kinetochores requires
multiple domains. The N‐terminal region of Spindly, encompassing one of the
coiled‐coil domains, is required for interaction with the dynein complex, while the
C‐terminal part seems to interact with ZW10. Although Spindly is phosphorylated
at S515 in mitosis, this phosphorylation is not important for its localization.
Interestingly, we showed that the C‐terminal CPQQ sequence, which is suggested
as a potential farnesylation site, plays an important role in kinetochore localization.
Substitution of cystein to serine (C602S), depletion of the two last C‐terminal
amino acids and substitution to lysine and asparagine prevent Spindly from binding
to the KCs. But an exchange of the whole motif to a consensus farnesylation site
(CAAX) show kinetochore localisation. In further experiments we will investigate
the potential farnesylation site and its role for dynein and ZW10 interaction in
more details.
By using N‐terminal truncation mutants as well as a mutant lacking the conserved
‘Spindly box’, we found that the dynamic behaviour of Spindly at kinetochores was
abrogated and Spindly failed to translocate to the spindle poles during the process
of chromosome bi‐orientation. Interestingly these mutants exerted a dominant
negative effect and blocked the onset of anaphase by maintaining the activity of
the mitotic checkpoint.

Supported by SFB021 ‘Cell Proliferation and Cell Death in Tumors’ (FWF), FWF‐DK‐
W11 ‘MCBO, and assets from Eva v. Lachmüller (Brixen, Italy).

Molecular characterisation of the orphan cyclin dependent kinase
PCTAIRE‐1/CDK16

P. Mikolcevic1, R. Sigl1, Benedicte Sohm1, K. Pfaller2, M. Hess2 and S. Geley1.
1Division of Molecular Pathophysiology, Biocenter, 2Department of Anatomy,
Histology and Embryology, Medical University of Innsbruck, Innsbruck, Austria.

Cyclin‐dependent kinases (CDKs) are well known for their function in cell cycle or
transcriptional control, but the functions of several other members of this large
serine/threonine kinase family are still elusive. CDK16, 17, and 18 (previously
known as PCTAIRE kinases 1, 2 and 3) are highly conserved among metazoans but
neither activator nor substrates of CDK16‐18 are well established. CDK16 is
expressed at high levels in the brain and in the testis but it is also found in several
other tissues and cell lines. In the testis, CDK16 expression is highest in
differentiated spermatids, suggesting a role in the differentiation of spermatozoa.
Here we summarize our biochemical, cell biological as well as genetic analysis of
CDK16. In gel filtration experiments using mouse testis cell lysate, Cdk16 eluted as
a ~115 kDa complex and immunoprecipitated Cdk16 phosphorylated a ~116 kDa
protein in an in vitro kinase assay using dephosphorylated testis cell lysate as
substrate. These data suggested that active Cdk16 was associated with other
proteins, which encouraged us to perform yeast two hybrid interaction screens.
We used GAL4‐ and LexA‐based systems in mating or conventional co‐
transformation approaches to identify potential proteins expressed in the testis for
their ability to interact with Cdk16. Of 15 candidate proteins, only cyclin Y (CCNY)
could be confirmed to interact with Cdk16 in co‐immunoprecipitation and
colocalisation experiments of epitope‐tagged proteins expressed in human cells. In
addition, when overexpressed Cdk16 is immunoprecipitated in the presence of
overexpressed tagged CCNY, Cdk16 showed increased kinase activity towards
myelin basic protein in an in vitro kinase assay. To determine the role of mouse
Cdk16 in vivo, we created a mouse strain harbouring a conditional Cdk16 allele.
Cdk16 deficient male but not female mice were found to be infertile. Histological
examination of testis sections, however, demonstrated robust spermatogenesis,
but spermatozoa from Cdk16 null mice were hypomotile and structurally abnormal.
Transmission and scanning electron microscopy of epididymal sperm showed
aberrantly formed sperm heads which contained an excess of residual cytosol. In
addition, the annulus was disconnected from the neck region, causing
spermatozoa to bend. In summary, our data suggest that Cdk16 is activated by a
cyclin and is essential for the differentiation of spermatozoa.

Supported by FWF projects P20860, SFB021 and ÖNB grant 12787.
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Human chromokinesins hKid/Kif22 and Kif4A are required for 
chromosome arm movement and congression

Wandke C, Barisic M, Sigl R, Rauch V and Geley S
Institute of Molecular Pathophysiology, Biocenter, Medical University of Innsbruck, 
Fritz‐Pregl‐Str.3, Innsbruck, Austria.

The human chromokinesins hKid/KIF22 and Kif4A are plus‐end directed motor
proteins which can bind to both microtubules and chromosomes during mitosis.
While the frog proteins Xkid and Xklp1 were shown to be essential for establishing
a bipolar spindle, the role of human chromokinesins is less well established. While
hKid was described to generate the ‘polar ejection force’ pushing chromosomes
towards the metaphase plate, Kif4A has mainly been implicated in late mitotic
functions such as central spindle assembly and cytokinesis.
Here we used siRNA to deplete human HeLa cells for hKid, Kif4A or both and found
that simultaneous knockdown of the two motors arrested cells in prometaphase
while knockdown of either protein did hardly affect the mitotic timing. Arrested
cells were characterized by prolonged spindles with multiple, disintegrated
centrosomes. While hKid‐depleted cells had shorter spindles, knockdown of Kif4A
or both motors resulted in a broader interkinetochore distance, suggesting an
excess of pulling forces. We could not detect any differences in kinetochore
microtubule stability using cold treatment assays in Kif4A‐depleted cells but we
observed reduced microtubule flux, indicating that arm microtubules are less
dynamic after knockdown of Kif4A. High resolution 4D time lapse imaging of
histone H2B‐GFP labeled HeLa cells revealed that chromosomes congressed with
normal kinetics in Kid/Kif4A‐knockdown cells with chromosome arms pointing
towards the spindle poles, indicating improper attachment. After being retained in
that state for a while, chromosomes became moved out of the plate until the
metaphase plate finally fell apart.
We propose that hKid generates a pushing force which helps to move chromosome
arms to, and keep them at, the metaphase plate, while Kif4A regulates microtubule
dynamics allowing the rapid correction of attachment failures. Thus, human
chromokinesins are required to establish and maintain a metaphase plate – a
mechanism which provides robustness to the human spindle and might distinguish
it from that of other species.

Supported by SFB021 ‘Cell Proliferation and Cell Death in Tumors’ (FWF), the
Tiroler Zukunftsstiftung and FWF‐DK‐W11MCBO.

Investigating the role of vertebrate Fzr1, amaster regulator of G1 phase

Reinhard Sigl1, Giridhar Shivalingaiah1, Anamika Dayal2, Manfred Grabner2, Dirk 
Meyer3, Pia Aanstad3, Stephan Geley1
1 Div. of Molecular Pathophysiology, Biocenter, 2 Div. of Biochemical Pharnmacology, Dept. of 
Human Genetics, Buiocehmical and Clinical Pharmacology, Innsbruck Medical University and 3 
Institute of Molecular Biology, Leopold‐Franzens University, Innsbruck

The anaphase promoting complex / cyclosome (APC/C) is a cell cycle‐regulated
multisubunit ubiquitin ligase. In mitosis, the APC/C is activated by mitotic
phosphorylation as well as association with CDC20, a seven WD40 repeat
containing protein that serves as activator and substrate recruitment factor. The
APC/C targets securin as well as the mitotic cyclins for ubiquitin‐dependent
proteolysis and is, thus, essential for the onset of sister chromatid separation
(anaphase) as well as exit from mitosis. As CDK activity declines during anaphase,
the CDC20‐related protein FZR1 replaces CDC20 as APC/C activator and substrate
recruitment factor to keep the APC/C active during the exit from mitosis and during
the ensuing G1‐phase. By using cellular model for FZR1 function, e.g., by RNAi‐
mediated depletion of FZR1 in human cells, we have found that FZR1 is not
required for completion of mitosis but that it plays a crucial role in G1‐phase. In the
absence of FZR1, G1‐phase is shortened and cells prematurely initiate DNA‐
synthesis. In addition, FZR1 knockdown cells exhibit a strong DNA damage
response, which impairs proliferation. Thus, loss of FZR1 function appears to
induce replication stress followed by p53 induction and proliferation arrest. To
investigate the function of FZR1 in vivo, we have generated a conditional knockout
mouse and used antisense morpholino‐mediated suppression of FZR1 expression
in the zebrafish. Deletion of Fzr1 in the mouse causes embryonic lethality due to a
placenta failure. By restricting Fzr1 depletion to the epiblast (using a Sox2‐Cre
deleter strain), we could overcome this early embryonic lethality, which allowed
Fzr1 deficient mice to develop to term. These mice are significantly smaller (~50%)
and look much frailer than their wild‐type littermates. In contrast, mice lacking Fzr1
in the hematopoietic system (Vav‐Cre), the skin (K5‐Cre) or the central nervous
system (Nex2‐Cre) did not show obvious phenotypes. We are currently analysing
tissue homeostasis by investigating the expression of cell cycle markers and APC/C
substrates in Fzr1 deficient tissues and primary cells. In developing fish, a small
amount of Fzr1 can be detected in the zygote but Fzr1 becomes undetectable by
immunoblotting until the mid‐blastula transition, which coincides with the
establishment of G1‐phase during development. Injection of two independent
morpholino antisense oligonucleotides targeting sequences in the Fzr1 mRNA
surrounding the translation initiation codon delayed development beyond epiboly
and arrested embryos in early segmentation stage. The embryos showed
prominent extension but little or no conversion defects, as observed by in situ
hybridization and antibody stainings. The morphant embryos displayed irregular
somites and developed cardiovascular defects and defects in brain development
during later stages of development, which depicts the importance of Fzr1 during
development. We further investigate the regulation of Fzr1 during organogenesis
using organ specific markers and transplantation experiments, which could gain an
insight about the role of Fzr1 during development of an organism.
Supported by the FWF‐funded projects SFB021 ‘Cell Proliferation and Cell death in
tumors’ and DKW11 MCBO.
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Phosphorylation of p27Kip1 by JAK2 directly connects cytokine 
signaling to cell cycle control

1Heidelinde Jäkel, 1Christina Weinl, 2Dominik Wolf, 1Ludger Hengst
1Division of Medical Biochemistry, Biocenter, Innsbruck Medical University, Fritz‐
Pregl Straße 3, A‐6020 Innsbruck, Austria. 2Department of Hematology and
Oncology, Innsbruck Medical University, Anichstr. 35, 6020 Innsbruck, Austria

Janus kinase 2 (JAK2) couples ligand activation of cell surface cytokine receptors to
the regulation of cellular functions including cell cycle progression, differentiation
and apoptosis. It thereby coordinates biological programs including development
and hematopoiesis. Unscheduled activation of JAK2 by point mutations or
chromosomal translocations can lead to hyperproliferation and hematological
malignancies1. The best‐characterized signal transduction pathway by the JAK2
tyrosine kinase involves phosphorylation STAT transcription factors. Here we
describe the identification of a novel JAK2 substrate, the cyclin dependent kinase
(CDK) inhibitor p27Kip1. JAK2 can directly bind and phosphorylate p27Kip1. The JAK2
FERM and kinase domains are involved in complex formation with p27Kip1. JAK2
mediated phosphorylation of p27Kip1 occurs at tyrosine 88. We previously reported
that tyrosine 88 phosphorylation impairs p27Kip1 mediated CDK inhibition and
initiates its ubiquitin‐dependent degradation2,3. Accordingly, we now find that the
activated JAK2V617F mutant reduces p27Kip1 expression in patient‐derived cell lines
harboring this mutation. p27Kip1 levels are restored upon JAK2 inactivation by
shRNA or JAK inhibitor treatment. Tyrosine 88 phosphorylated p27Kip1 can be
detected in primary erythroid progenitors cells and high levels of active JAK2
correlate with elevated tyrosine 88 phosphorylation of p27Kip1 in cells derived from
polycythemia vera patients. Activation of JAK2 by interleukin 3 induces tyrosine 88
phosphorylation of p27Kip1, suggesting a role of p27Kip1 tyrosine 88 phosphorylation
in cytokine signaling of non‐transformed cells. We propose that the interaction
between p27Kip1 and JAK2 provides a novel and direct link between cytokine
signaling and cell cycle control that may contribute to hyperproliferation of cells
transformed with oncogenic JAK2V617F.

1.Levine RL, Loriaux M, Huntly BJ, et al. The JAK2V617F activating mutation occurs 
in chronic myelomonocytic leukemia and acute myeloid leukemia, but not in acute 
lymphoblastic leukemia or chronic lymphocytic leukemia. Blood. 2005;106:3377‐
3379.
2.Grimmler M, Wang Y, Mund T, et al. Cdk‐inhibitory activity and stability of
p27Kip1 are directly regulated by oncogenic tyrosine kinases. Cell. 2007;128:269‐
280.
3.Chu I, Sun J, Arnaout A, et al. p27 phosphorylation by Src regulates inhibition of 
cyclin E‐Cdk2. Cell. 2007;128:281‐294.

FHL2 is a negative regulator of the cell cycle inhibitor p57Kip2

Michael Kullmann1 and Ludger Hengst1
1Biocenter, Division of Medical Biochemistry, Innsbruck Medical University, Fritz‐
Pregl‐Str. 3, Innsbruck, Austria.

The Cip‐Kip‐family of cyclin dependent kinase inhibitors (CKIs) consists of p21Cip1
p27Kip1 and p57KIP2. The proteins are structurally and functionally related and bind
to and usually inhibit cyclin‐CDK‐complexes thereby inhibiting proliferation. p57 is
the least studied Cip/Kip‐member and its regulation and function is not fully
understood. p57‐knock‐out mice show a severe developmental phenotype,
demonstrating that p57 is an essential gene. In order to gain more insight into the
regulation of p57, we performed a yeast‐two‐hybrid screen. In addition to
previously described binding proteins, we obtained several novel interaction
partners for p57. One of those turned out to be FHL2, a member of the four‐and‐a‐
half‐LIM‐only protein family. FHL2 is a multifunctional protein and is involved in
various cellular processes like transcriptional regulation, cell survival, cell motility
and signal transduction. We found that FHL2 specifically binds to p57 and not to
the structurally related CKIs p21 and p27. FHL2 and p57 are known to be expressed
in a cell‐type specific manner. Interestingly, both proteins are reported to be
abundant in human cardiac tissue. We were able to detect p57‐FHL2‐complexes in
the mouse cardiac myocyte cell line HL‐1 and additionally in cervix and colon
carcinoma cells, where p57‐ and FHL2 levels are lower. p57 binds and inhibits
cyclin‐CDK‐complexes and high levels of p57 arrest cells in G1‐phase of the cell
cycle. We found that coexpression of FHL2 reverts p57‐induced G1‐arrest
indicating an interference of FHL2 with the CDK‐inhibitory function of p57. The
CDK‐inhibitory domain of p57 is located in the N‐terminal part of the protein and
harbors binding motifs for both, the CDK‐ and cyclin subunits of the holoenzyme.
Preliminary results suggest that FHL2 binds to the CDK‐inhibitory domain of p57
thereby preventing it from cyclin‐CDK binding and inhibition. Based on our data we
conclude that FHL2 is a negative regulator of p57 function. Further experiments are
necessary to prove whether p57 also regulates FHL2. Molecular strategies to
interfere with p57 inhibition by FHL2 might increase p57‐CKI‐activity and may be
useful for cancer therapies.

Acknowledgement: We thank Muhammad Imtiaz Ashraf, Daniel Swarovski 
Research Laboratory (DSL), for providing HL‐1 cells.
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Generation of transgenic flatworms

Glashauser1 J, De Mulder2 K, Berezikov2 E, Ladurner1 P

1Institute of Zoology and Center for Molecular Biosciences, University of Innsbruck, 
Technikerstrasse 25, Innsbruck, Austria. 2Hubrecht Institute, Uppsalalaan 8, 
Utrecht, The Netherlands.

Flatworms become an attractive new model system to address various biomedical
questions. While many methodological approaches have been developed, the lack
of the possibility of generate transgenic animals was a major hindrance for
designing and performing particular research projects. Despite considerable effort
of the community currently no transgenic flatworms can be produced.
We have succeeded in the generation of transgenic flatworm Macrostomum
lignano. In a proof of principle we used a promoter for elongation factor alpha
driving EGFP expression in a minos transposase vector system. Constructs injected
into single cell eggs resulted in transient and stable EGFP expressing animals, i.e
partially or completely green glowing worms. These animals will be used to study
e.g. the differentiation potential of stem cells by transfer of EGFP expressing stem
cells into irradiated host animals that completely lack stem cells ‐ an approach
comparable to bone marrow transplantation. We are currently generating vectors
containing different promoters to obtain tissue or organ specific expression. The
breakthrough accomplished here will put forward M. lignano as a flatworm model
system. It will allow to address question related to flatworm biology and could also
contribute to promote human health.

Acknowledgement: Supported by the Austrian Research Fund (P18099 and 
TWF0404/777 to PL and NWO to PL and EB).

frizzled genes are expressed dynamically in Hydra axial patterning

Jenewein M. and B. Hobmayer

Institute of Zoology and Center for Molecular Biosciences, University of Innsbruck, 
Technikerstrasse 25, 6020 Innsbruck, Austria

Seven‐pass transmenbrane proteins of the Frizzled family act as receptors primarily
for secreted Wnt proteins during early embryonic development throughout the
eumetazoan clade. It is presently unclear, how many Frizzled receptors are
encoded in the Hydra genome and in which functional context they may act.
We isolated three putative frizzled genes from the Hydra genome database[1]. One
of these genes represents frizzled1, which has been previously published and
which exhibits a uniform endodermal expression pattern[2]. The three Hydra
frizzled genes cluster in three gene subfamilies that had evolved in the most basal
metazoans. This confirms an earlier report about the phylogeny of frizzled genes in
the hydrozoan Clytia[3]. For frizzled2 and frizzled3, we have performed a detailed
study of their spatial and temporal expression dynamics in adult polyps,
evaginating buds, and head regenerates. frizzled2 expression is co‐localized with
the non‐canonical Wnt pathway genes wnt8 and dsh under any experimental
regime, suggesting that it encodes a non‐canonical Wnt receptor[4]. frizzled3 is co‐
expressed with frizzled2 during tentacle formation, frizzled2 in ectodermal
epithelial cells and frizzled3 in endodermal epithelial cells. In addition, frizzled3
exhibits a gradual expression pattern during bud evagination similar to the beta‐
catenin and tcf genes. Hence, this frizzled gene may additionally act in the
canonical Wnt pathway. Changes in transcriptional activation of frizzled2 and
frizzled3 under the influence of small molecule inhibitors affecting GSK3, beta‐
Catenin‐Tcf, and JNK indicate that Wnt/beta‐Catenin signalling regulates the
interaction between canonical and non‐canonical Wnt pathways during tissue
morphogenesis and axial patterning in Hydra.
For further investigation of protein function and localization we are currently
working to establish transgenic Hydra lines expressing Frizzled proteins joined to a
GFP reporter.

[1]   Jarrod A. Chapman et al. ( 2010 ). The dynamic genome of Hydra. Nature. Mar 
25;464(7288):592‐6
[2]   Minobe, S. et al. (2000). Identification and characterization of the epithelial 
polarity receptor "Frizzled" in Hydra vulgaris. Dev Genes Evol 210(5): 258‐62.
[3]   Momose, T. (2007). Two oppositely localised frizzled RNAs as axis 
determinants in a cnidarian embryo. PLoS Biol 5(4): e70.
[4]   Philipp, I. et al. (2009). Wnt/beta‐catenin and noncanonical Wnt signaling
interact in tissue evagination in the simple eumetazoan Hydra. Proc Natl Acad Sci
U S A 106(11): 4290‐5.
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Advanced Electron Microscopical Methods for Hydra

Salvenmoser W1 , Hess MW2 , Eder MK1 , Hobmayer B1

1 Institute of Zoology, Center of Molecular Biosciences, University of Innsbruck, 
Technikerstrasse 25, Innsbruck, Austria.
2 Division of Histology and Embryology, Innsbruck Medical University,
Müllerstrasse 59, Innsbruck, Austria.

Electron microscopy of model organisms like Hydra has experienced renewed
interest since transgenic animals and genome data became available[1]. Now, the
presence or absence of genes can be compared with the appearance of structural
components. New technical advancements like high‐pressure freezing and cryo‐
substitution, as well as immunogold labelling of green fluorescence protein (GFP)
localisation in transgenic animals give new insights into ultrastructure and
biological processes. Different types of cell‐cell and cell‐matrix contacts can be
studied in more detail. Fixation artefacts like the poor preservation of the cuticle
layer in Hydra can be avoided by using cryo‐preparation techniques[2]. Precise
subcellular localisation of GFP can be achieved with immunogold labelling and
these results can be then compared with regular TEM and fluorescence
microscopic data to analyze biological processes.

[1] Chapman JA, Kirkness EF, Simakov O. et al. Nature. 2010 March 
25;464(7288):592‐6
[2] Holstein TW, Hess MW, Salvenmoser W. Methods in Cell Biology. 2010, Vol 96 
in press

The life cycle of the acoel flatworm Isodiametra pulchra under
laboratory culture

Schnegg R, Hobmayer B

Institute of Zoology, University of Innsbruck, Technikerstrasse 25, Innsbruck, 
Austria.

Acoel flatworms, a group of small marine worms, were considered to be a taxon
within the phylum Platyhelminthes[1]. In the past decade, this phylogenetic
position was put into question by several authors using modern molecular
phylogenetic analyses. These results have placed the Acoela at the base of the
Bilateria as the new phylum Acoelomorpha[2],[3],[4].
Bilaterians are thought to originate from animals of simpler, radially symmetric
body organisation. Yet the transition from radially symmetric to bilaterally
symmetric body organisation is still not well understood.The position of the
Acoelomorpha at the base of the Bilateria will likely provide new insights into the
evolutionary origin of bilateral symmetry.
The Institute of Zoology has kept a member of the acoel flatworms, Isodiametra
pulchra, in laboratory culture for several years now. Standard molecular and
histological techniques have been elaborated for this animal in our laboratory[5]. In
our work, we took a closer look on basic aspects of life history of I. pulchra such as
growth, lifespan, sexual reproduction and generation time. These results indicate
that this acoel is a potent candidate for the use as a basal bilaterian model
organism.

[1] Hyman LH, The Invertebrates. Vol II. Platyhelminthes and Rynchocoela. New 
York: McGraw‐Hill 1951.[2] Ruiz‐Trillo I, Riutort M, Littlewood DTJ, Herniou EA, 
Baguñà J, Science. 1999 March 19; 283: 1919‐23.[3] Ruiz‐Trillo I, Paps J, Loukota M, 
Ribera C, Jondelius U, Baguñà J, Riutort M, PNAS. 2002 August 20; 99(17): 11246‐
51[4] Philippe H, Brinkmann H, Martinez P, Riutort M, Baguñà J, PLoS ONE. 2007 
August 8; 2(1): e717.[5] De Mulder K, Kuales G, Pfister D, Willems M, Egger B, 
Salvenmoser W, Thaler M, Gorny AK, Hrouda M, Borgonie G, Ladurner P, BMC Dev
Biol. 2009 Dec 18; 9:69
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Regulation of the endosomal p14/Mp1‐MAP kinase scaffold
complex by the proteasome

de Araujo M.E.G., Taub N., Teis D. and Huber L.A.
Div. Cell Biology, Biocenter,Medical University Innsbruck, Austria

The endosomal adaptor p14 regulates EGF and G‐CSF dependent ERK1/2
activation, EGFR degradation as well as biogenesis and subcellular distribution of
late endosomes/MVBs. [1,2,3]. Reduced Mp1 protein levels were reproducibly found
in all p14‐deficient cellular and animal models generated up to date to study p14
functions (eg. after RNAi knockdown, MEF from p14‐/‐ mice). Interestingly, B cells
obtained from patients with a 3’UTR mutation on p14 show a similar reduction of
MP1 protein levels [3]. We have, therefore, decided to investigate the mechanisms
regulating Mp1 at the transcriptional, translational and posttranslational levels. In
contrast to the protein levels, Mp1 mRNA levels are higher in p14‐depleted MEFs
when compared to controls, excluding altered transcription and indicating a
possible compensatory mechanism. Experiments with cycloheximide and Velcade
excluded translational impairment but indicated faster proteasomal degradation.
We have also shown that Gst‐Mp1 can be polyubiquitinated in vitro and that the
rate of ubiquitination is higher in lysates of p14‐depleted MEFs. In addition, a
cytoplasmic mutant of p14 is sufficient to rescue Mp1 protein levels, confirming
that heterodimer formation alone is critical for Mp1 stability. Mutational analysis
indicated that the turnover of Mp1 is to a large extent dependent on ubiquitination
of internal lysine residues. Most importantly, in contrast to the majority of
proteins, Mp1 does not have a preferential ubiquitination site. More than one
lysine in Mp1 can be used to efficiently promote a physiological turnover rate. The
tight control exerted by the proteasome may be used to limit the abundance of
Mp1 in a time dependent manner, therefore regulating its scaffolding function.
Interestingly, we detected subunits of the proteasome co‐immunoprecipitating
with Mp1, namely PSMA3 and PSMC4. PSMC4, also known as S6, was shown to
interact with polyubiquitinated chains in an ATP dependent manner and to be
pivotal in the recognition of this signal for adequate substrate unfolding,
translocation into the inner chamber of the proteasome and degradation [4]. This
corroborates our mutational analysis indicating that lysine ubiquitination plays a
role in Mp1 degradation.
Acknowledgements: This work was supported by the Special research Program “Cell 
Proliferation and Cell Death in Tumors” (SFB021, Austrian Science Fund). Araujo
M.E.G. was a recipient from the Bertha von Suttner grant (BMBWK – Austria)
[1] Teis D, Wunderlich W, Huber LA., Dev Cell. 2002 Dec;3(6):803‐14.
[2] Teis D, Taub N, Kurzbauer R, Hilber D, de Araujo ME, Erlacher M, Offterdinger M, 
Villunger A, Geley S, Bohn G, Klein C, Hess MW, Huber LA., J Cell Biol. 2006 Dec
18;175(6):861‐8.
[3] Bohn G, Allroth A, Brandes G, Thiel J, Glocker E, Schäffer AA, Rathinam C, Taub N, 
Teis D, Zeidler C, Dewey RA, Geffers R, Buer J, Huber LA, Welte K, Grimbacher B, Klein 
C. Nat Med. 2007 Jan;13(1):38‐45.
[4] Lam YA, Lawson TG, VelayuthamM, Zweier JL, Pickart CM. Nature. 2002 Apr 
18;416(6882):763‐7

Conditional Gene Ablation of the MAP Kinase Adapter Protein p14
in Dendritic Cells leads to Severe Disturbance of Tissue
Homeostasis

J.Scheffler1, F. Sparber2, B. Reizis3, P. Stoitzner2, N. Taub1, N. Romani2, L. A. Huber1
1 Division of Cell Biology, Biocenter, and 2 Department of Dermatology and 
Venerology, Innsbruck Medical University, Innsbruck, Austria, and 3 Columbia 
University Medical Center, New York, NY, United States

Background: Dendritic cells are key players of the immune system and link innate
to adaptive immune response. Their major task is to take up pathogens, process
them and present the antigen to T cells. These processes are strongly dependent
on endosomal/lysosomal trafficking. Conditional gene disruption of the adapter
protein p14 in mice demonstrates that the late endosomal p14/MP1‐MEK1
signaling complex is required to control endosomal traffic and tissue homeostasis
(Teis et al., J Cell Biol, 2006).
Methods: To address the molecular function of p14 in dendritic cells, we generated
a conditional knock out mouse model which allowed us to specifically delete p14 in
CD11c expressing cells. The effects were analyzed in tissue (histological methods)
and primary cell culture (FACS‐Analysis, Western Blot).
Results: The mice were viable and developed a severe pathological phenotype at
the age of three months. The most obvious morphological characteristics included
enlarged lymph nodes and splenomegaly. The structural integrity of these organs
was disarranged and massive leukocyte infiltrates were observed. Furthermore,
these mice developed infiltrates of monocytes and dendritic cells in skin and liver.
The bone marrow of the CD11c‐p14 knock out mice was hyperplastic, accompanied
by an increase of hematopoetic stem cells. Furthermore a shift from the
granulocytic towards the monocytic lineage, an increase in the T helper cell
population and a decrease of the erythrocyte progenitors was observed. Bone
marrow derived dendritic cells showed an increased expression of maturation
markers after stimulation with Lipopolysaccharide. Immature dendritic cells were
able to take up latex beads and yeast to late endosomal compartments but showed
an impaired ability to migrate.
Conclusion: Taken together, p14 severely affects the tissue homeostasis of
dendritic cells. Further immunological and cell biological investigations will help us
to elucidate the role of p14 in dendritic cells.

This work was supported by the SFB021 project (FWF)” Cell proliferation and cell 
death in tumors” as well as by an IFTZ grant of Innsbruck Medical University.
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Late endosomal p14/MP1‐MAP kinase signaling couples IQGAP1
and Rac1 to focal adhesion dynamics and cell migration

Natalia Schiefermeier1, Taras Stasyk1, Mariana E.G. de Araujo1, David Teis1, Zhigang
Li2, Hannes L. Ebner3, Julia Scheffler1, Martin Offterdinger1, Sebastian Munck4, 
Michael W. Hess3, Sara A. Wickström5, Anika Lange5, David B. Sacks2, Reinhard 
Fässler5 and Lukas A. Huber1*
1Biocenter, Division of Cell Biology, Innsbruck Medical University, Austria; 
2Department of Pathology, Brigham and Women's Hospital, Harvard Medical 
School, Boston, Massachusetts 02115, USA; 3Division of Histology and Embryology, 
Innsbruck Medical University, Austria; 4Department of Molecular and 
Developmental Genetics, Flanders Institute for Biotechnology, Leuven, Belgium; 
5Department of Molecular Medicine, Max Planck Institute of Biochemistry, 
Martinsried, Germany;

Focal adhesions govern cell motility. Asymmetric distribution and dynamics of focal
adhesions rely on a variety of signaling cascades and require polarized cellular
distribution of molecular components. Enabled by scaffold complexes, endosomes
can ensure optimal coupling of molecular effectors to compartmentalize cellular
signaling. Here we show that late endosomes, carrying the p14/MP1 MAPK scaffold
complex can move to the cell periphery where they specifically target focal
adhesions. In the absence of the signaling complex on late endosomes we
observed strongly impaired cell migration and a defect in focal adhesion
remodeling. Our data suggest that binding of the signaling complex through MP1
to the IQ‐domain of IQGAP1 is required for IQGAP1 localization to the plasma
membrane, activation of Rac1 at the leading edge and proper focal adhesion
remodeling. We propose a novel role for late endosomes carrying the p14/MP1
MAPK scaffold complex in signaling compartmentalization and cell migration.

Screening for MAP kinase scaffold inhibitors for proliferative and
inflammatory diseases

Simon Schnaiter1, Winfried Wunderlich1, Beatrix Fürst1, Johannes Kirchmair2, 
Waczek Frigyes3, Thierry Langer2, Gyorgy Keri3, Lukas Huber1
1Institute for Cell Biology, Biocenter, Innsbruck Medical University
2Inte:Ligand, Innsbruck
3 Vichem Chemie, Budapest

Different scaffold proteins for the Ras‐MAPK pathway have been found to reside at
various subcellular compartments. The p14/MP1 complex, the target we are
focusing our work on, functions as an endosomal scaffold protein. Genetic
deletion experiments revealed a pronounced cell cycle progression defect, always
combined with a severe reduction in ERK activation. Together with previous
evidence demonstrating a role for the Ras‐MAPK pathway in proliferation and
apoptosis, these data emphasize scaffolds as potential targets for cancer therapy.
We performed a screening project for allosteric inhibitors of the late endosomal
p14/MP1 scaffold involving chemical screening and pharmacophore modeling.
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Proteomic analysis of endosomes from genetically modified 
p14/MP1 mouse embryonic fibroblasts
Taras Stasyk1, Johann Holzmann2, Sonja Stumberger1, Hannes L. Ebner3, Michael W. 
Hess3, Guenther K. Bonn4, Karl Mechtler2, Lukas A. Huber1
1Biocenter, Division of Cell Biology, Innsbruck Medical University, Innsbruck, Austria
2Protein Chemistry Facility, Institute of Molecular Pathology (IMP), Vienna, Austria
3 Division of Histology and Embryology, Innsbruck Medical University, Innsbruck, Austria
4 Institute of Analytical Chemistry and Radiochemistry, Leopold‐Franzens University, Innsbruck, Austria

Protein signaling complexes, which are organized by scaffold and adaptor proteins,
in specific subcellular locations, coordinate cellular functions such as proliferation,
differentiation, apoptosis and migration. We have shown previously that the
Mitogen‐activated protein kinase scaffold protein 1 (MP1) is localized to late
endosomes by the adaptor protein p14 (MP1‐interacting protein) [1]. The p14
protein forms a stable heterodimeric complex with the MP1 [2], which binds MEK1,
ERK1 and ERK2, recruits the entire complex to the late endosome and thus
facilitates signal transduction through the MAPK cascade on this specific
subcellular location [3‐6]. Recently, we described a novel human immunodeficiency
syndrome caused by genetic deficiency of the p14 and, therefore, aberrant
lysosomal signaling function [7].
By organelle proteomics we have compared the protein composition of endosomes
purified from genetically modified p14‐/‐ , p14+/‐ and p14rev mouse embryonic
fibroblasts. The latter ones were reconstituted retrovirally from p14‐/‐ mouse
embryonic fibroblasts by reexpression of pEGFP‐p14 at equimolar ratios with its
physiological binding partner MP1, shown by absolute quantification of MP1 and
p14 proteins on endosomes by quantitative mass spectrometry using the EtEP
(Equimolarity through Equalizer Peptide) strategy [8]. A combination of subcellular
fractionation, two‐dimensional difference gel electrophoresis (DIGE) and MALDI‐
TOF/TOF mass spectrometry revealed 31 proteins differentially regulated in p14‐/‐
organelles, which were rescued by reexpression of pEGFP‐p14 in p14‐/‐
endosomes. Down‐regulation of p18, the recently identified p14‐anchor protein
on late endosomes, in p14‐/‐ MEFs suggests that cells tightly control concentration
of scaffold and adaptor proteins in order to regulate signal transduction intensity
and duration in specific subcellular locations. Regulated proteins are known to be
involved in actin remodeling, endosomal signal transduction and trafficking.
Identified proteins and their in silico interaction networks suggested that
endosomal signaling might regulate such major cellular functions as proliferation,
differentiation, migration and survival.
Acknowledgements: Supported by the Austrian Proteomics Platform (APP) within
the Austrian Genome Program (GEN‐AU) and the Special research Program “Cell
Proliferation and Cell Death in Tumors” (SFB021, Austrian Science Fund).

[1] Wunderlich W, Fialka I, Teis D, Alpi A, et al., J Cell Biol 2001, 152, 765‐776.
[2] Kurzbauer R, Teis D., et al., Proc Natl Acad Sci U S A 2004, 101, 10984‐10989.
[3] Teis D, Wunderlich W, Huber LA, Dev Cell 2002, 3, 803‐814.
[4] Teis D, Taub N, Kurzbauer R, Hilber D, et al., J Cell Biol 2006 175, 861‐868.
[5] Taub N, Teis D, Ebner HL, Hess MW, Huber LA, Mol Biol Cell 2007, 18, 4698‐4710.
[6] Stasyk T, Schiefermeier N,  et al., Mol Cell Proteomics 2007, 6, 908‐922.
[7] Bohn G, Allroth A, Brandes G, Thiel J, et al. Nature Med 2007, 13, 38‐45.
[8] Holzmann J, Pichler P, Madalinski M, et al. Anal Chem 2009, 81, 10254‐10261.

P14 – A Potential Novel Host Defense Factor

N. Taub1, M. Nairz2, D. Hilber1, G. Weiss2, L.A. Huber1
1Division Cell Biology, Biocenter, Medical University Innsbruck
2Department of Internal Medicine I, Clinical Immunology and Infectious Diseases, 
Innsbruck Medical University

Signal specificity in the MAPK cascade is regulated by the assembly of different
scaffold complexes at distinct subcellular locations. The scaffold protein MP1
(MEK1 partner) is localized to late endosomes by the adaptor protein p14 thereby
regulating late endosomal traffic and cellular proliferation [1]. Interestingly, a novel
human primary immunodeficiency syndrome was identified which is due to a
homozygous single point mutation in the human p14 gene. Consequently, these
patients suffer from severe neutropenia and defective lysosomal function in
granulocytes and monocytes [2].
Therefore, we were specifically interested in addressing the molecular function of
the late endosomal scaffold complex p14/MP1 in innate immunity in vivo and in
vitro.
For this purpose, we generated conditional knock out mice expressing the Cre
recombinase under the control of the lysozyme M promoter which allowed us to
specifically delete p14 in the monocyte/macrophage cell lineage (LMCp14‐/‐ mice).
In an infection model LMCp14‐/‐ mice were more susceptible to the pathogen
Salmonella tm compared to their wild type littermates as could be judged by the
higher bacterial load in spleen and liver. Furthermore, LMCp14‐/‐ mice displayed
fewer and less defined granulomas in these organs. Interestingly, an increased
number of intracellular bacteria was observed in macrophages from LMCp14‐/‐
animals in vivo and in vitro. Though, p14 is neither involved in early events of the
phagocytic process nor does it affect the induction of caspase‐1 induced apoptosis.
However, p14 is needed for the efficient activation of ERK on late
endosomes/phagosomes which enables the targeting of Salmonella tm into the
phagolysosomal pathway for its degradation. Furthermore, p14 is involved in the
induction of host microbicidal factors, including the recruitment of the NADPH
oxidase subunit p47phox to late endosomes or the efficient induction of iNOS. As a
consequence p14 deficient macrophages provide a better niche for the survival
and replication of bacteria.
The late endosomal scaffold complex p14/MP1 governs the trafficking of
Salmonella tm into the phagolysosomal system, thus ensuring the efficient
clearance of intracellular bacteria in macrophages.
Acknowledgement: This work is supported by the Special Research Program ‘Cell
Proliferation and Cell Death in Tumors’ (SFP021).
[1] Teis D*, Taub N*, Kurzbauer R, Hilber D, de Araujo ME, Erlacher M, Offterdinger
M, Villunger A, Geley S, Bohn G, Klein C, Hess MW, Huber LA.,J Cell Biol. 2006 Dec
18;175(6):861‐8.
[2] Bohn G, Allroth A, Brandes G, Thiel J, Glocker E, Schäffer AA, Rathinam C, Taub 
N, Teis D, Zeidler C, Dewey RA, Geffers R, Buer J, Huber LA, Welte K, Grimbacher B, 
Klein C., Nat Med. 2007 Jan;13(1):38‐45.
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The role of Myosin Vb in the pathogenesis of  Microvilli inclusion disease

C.Thöni 1, N. Schiefermeier 1, N.Yannoutsos 1,P.Filipek 1, T.Mueller 2, A.Janecke 2 , 
H.Ebner 3, M.Hess 3, K.Pfaller 3, S.Geley 4, L.A.Huber 1

1 Division of Cell Biology, Biocenter Innsbruck, 2 Department of Pediadrics II, 
Medical University Innsbruck, 3 Department of Anatomy, Histology and 
Embryology, Medical University Innsbruck,
4 Division of Molecular Pathophysiology, Biocenter Innsbruck
Microvilli inclusion disease (MVID) is an autosomal recessive disease of young
children which is characterized by life – threatening malabsorption syndrome and
watery diarrhea during infancy. The reason for these severe clinical manifestations
of MVID is a disrupted brush border of the small intestine. The main pathological
hallmarks of MVID patients are loss of microvilli on the surface of the small
intestine and microvilli inclusions.
The pathogenesis of MVID is still not completely understood.
Recently different types of mutations (missense and nonsense mutations) were
found in the MYO5B gene coding for the motor protein Myosin Vb. 1, 2
Myosin Vb is a protein which is involved in intracellular trafficking processes in
epithelial cells. This motor protein transport actively vesicles along actin filaments
from basolateral to apical compartments of epithelial cells and therefore maybe
controls epithelial polarity and play a role in brush border formation.
For in vitro studies transient and stable knock down experiments are performed in
an human intestinal Coloncarcinoma cells line (CaCo 2 cells), an human intestinal
cell line showing the potential for full polarization and formation of an abundant
brush border.
In CaCo 2 cells with a transient Myosin Vb knock down the main pathological
phenotypes of Microvilli inclusion disease, loss of microvilli and microvilli
inclusions, were successfully demonstrated. 2
To see long term effects of loss of Myosin Vb in human intestinal cells, a stable
knock down in CaCo 2 cells will be established using retroviral or lentiviral shRNA
against human Myosin Vb.
For in vivo studies of loss of Myosin Vb, a conditional Myosin Vb knock out mouse
is designed in which the part of the protein which is essential for protein function
will not be expressed anymore. The knock out mouse model offers the opportunity
to investigate loss of Myosin Vb not only in the intestine, but also in other
absorptive epithelial tissues like the liver, the kidney, the bile duct, or the lung to
see other phenotypes which do not become manifest in MVID patients and to
understand the function of this motorprotein in other tissues.
Acknowledgement: Supported by the Austrian Research Fund and the MCBO program
1 MYO5B mutations cause microvillus inclusion disease and disrupt epithelial cell 
polarity.  Müller T, Hess MW, Schiefermeier N, Pfaller K, Ebner HL, Heinz‐Erian P, 
Ponstingl H, Partsch J, Röllinghoff B, Köhler H, Berger T, Lenhartz H, Schlenck B, 
Houwen RJ, Taylor CJ, Zoller H, Lechner S, Goulet O, Utermann G, Ruemmele FM, Huber 
LA, Janecke AR.  Nature Genetics, 2008
2 Loss‐of‐function of MYO5B is the main cause of microvillus inclusion disease: 15 novel 
mutations and a CaCo‐2 RNAi cell model.  Ruemmele FM, Müller T, Schiefermeier N, 
Ebner HL, Lechner S, Pfaller K, Thöni CE, Goulet O, Lacaille F, Schmitz J, Colomb V, 
Sauvat F, Revillon Y, Canioni D, Brousse N, de Saint‐Basile G, Lefebvre J, Heinz‐Erian P, 
Enninger A, Utermann G, Hess MW, Janecke AR, Huber LA.  Human Mutation, 2009

Non‐coding RNAs in Epstein‐Barr virus infection

Hutzinger R1, Feederle R2, Mrazek J3, Schiefermair N4, Zavolan M5, Polacek N1, 
Delecluse HJ2 and Hüttenhofer A1

1Innsbruck Biocenter, Division of Genomics and RNomics, Innsbruck Medical 
University, Fritz‐Pregl‐Str. 3, 6020 Innsbruck, Austria, 2German Cancer Research 
Center, Department of Virus Associated Tumours, Im Neuenheimer Feld 280, 69120 
Heidelberg, Germany; 3Department of Biological Chemistry, David Geffen School of 
Medicine, UCLA, Los Angeles, California, USA; 4Innsbruck Biocenter, Division of Cell 
Biology, Innsbruck Medical University, Fritz‐Pregl‐Strasse 3, 6020 Innsbruck, 
Austria; 5Biozentrum, Swiss Institute of Bioinformatics, University of Basel, 
Klingelbergstrasse 50‐70, 4056 Basel, Switzerland

Non‐coding RNAs (ncRNAs) do not encode proteins but function on the level of the
RNA itself. Members of a special ncRNA class, designated as small nucleolar RNAs
(snoRNAs), are localized within the nucleolus, a sub‐nuclear compartment, in
which they guide ribosomal or spliceosomal RNA modifications, respectively. Until
now, snoRNAs have only been identified in eukaryal and archaeal genomes, but
are notably absent in bacteria. By screening of B lymphocytes for expression of
ncRNAs induced by the Epstein‐Barr virus (EBV), we here report, for the first time,
the identification of a snoRNA gene within a viral genome, designated as v‐
snoRNA1. This genetic element displays all hallmark sequence motifs of a canonical
C/D box snoRNA, namely C/C‘‐ as well as D/D‘‐boxes. The nucleolar localization of
v‐snoRNA1 was verified by in situ hybridisation of EBV‐infected cells. We also
confirmed binding of the three canonical snoRNA proteins, fibrillarin, Nop56 and
Nop58 to v‐snoRNA1. The C‐box motif of v‐snoRNA1 was shown to be crucial for
the stability of the viral snoRNA; its selective deletion in the viral genome led to a
complete down‐regulation of v‐snoRNA1 expression levels within EBV‐infected B
cells. We further provide evidence, that v‐snoRNA1 might serve as a miRNA‐like
precursor, which is processed into 24 nt sized RNA species, designated as v‐
snoRNA124pp. A potential target site of v‐snoRNA124pp was identified within the 3’‐
UTR of BALF5 mRNA which encodes the viral DNA polymerase. v‐snoRNA1 was
found to be expressed in all investigated EBV‐positive cell lines, including
lymphoblastoid cell lines (LCL). Interestingly, induction of the lytic cycle markedly
up‐regulated expression levels of v‐snoRNA1 up to 30‐fold. By a computational
approach, we identified a v‐snoRNA1 homolog in the rhesus lymphocryptovirus
genome. This evolutionary conservation suggests an important role of v‐snoRNA1
during gamma‐herpesvirus infection.

This work is done in cooperation with febit biomed gmbh and supported by the
GEN‐AU.
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Aptamers as diagnostic markers in Chronic Kidney Disease

Andreas Ploner1, Herbert Schramek2, Günter Mayer3 and Alexander Hüttenhofer1

1 Innsbruck Biocenter, Division of Genomics and RNomics, 
Innsbruck Medical University, Fritz‐Pregl‐Str. 3, 6020 Innsbruck/Austria, 
2 Department of Internal Medicine IV, Nephrology and Hypertension 
Innsbruck Medical University, Anichstr. 35, 6020 Innsbruck/Austria
3 Life and Medical Sciences (LIMES)‐ Institute, 
University of Bonn, Gerhard‐Domagk‐Str. 1, 53123 Bonn/Germany

Aptamers are 3D‐structured single‐stranded DNA (or RNA) oligonucleotides that
bind different classes of molecular targets with high affinity and specificity. Similar
to antibodies, they can be used as analytical, diagnostic and therapeutic tools in
various molecular biological and medical applications. Aptamers are typically
selected from large libraries of random sequences in an approach termed Systemic
Evolution of Ligands by EXponential Enrichment (SELEX). The selection process
involves several rounds of two successive steps: (i) binding of the oligonucleotides
to the target under stringent conditions and (ii) amplification of the target‐bound
nucleic acids by polymerase chain reaction.
Chronic kidney disease (CKD), also known as chronic renal disease, is a progressive
loss of renal function over a period of months or years. It is primarily caused by
diabetes and hypertension and affects approximately 10% of the population in
western industrialized nations. In the course of the progression of the disease
glomerular filtration rates significantly decrease leading to increased blood
pressure, accumulation of urea and potassium in the blood and decreased
erythropoietin synthesis. Thus, early detection can help to prevent the progression
of kidney disease to kidney failure.
The aim of our work is the selection of high affinity aptamer sequences which serve
as molecular detection tools for diseased kidney cells. As a target for the SELEX‐
procedure we employ IL‐1β, TGF‐β1 and OSM stimulated HK‐2 and RPTEC/TERT1
cells, which mimic surface characteristics of CKD cells. After 14 selection cycles, a
significant enrichment of cell line and stimulation‐specific aptamers was observed.
Further characterization of the individual sequences will identify aptamers which
are able to discriminate between healthy and CKD cells. These aptamers can be
employed as diagnostic tools in CKD and might facilitate early treatment and thus
progression of CKD.

Identification of non‐coding RNAs involved in neural 
differentiation

Konstantinia Skreka1, Irina Roxanna Nat2, Marek Zywicki1 , Mathieu 
Rederstorff1,Mathias Heiss1, Ahmad Salti2, Marcel Scheideler3 , Georg Dechant2 and 
Alexander Hüttenhofer 1
1 Division of Genomics and RNomics, Innsbruck Biocenter, Innsbruck Medical 
University, Fritz‐Pregl Str. 3, A‐6020 Innsbruck
2Institute for Neuroscience, Innsbruck Medical University, Anichstrasse 35 / MZA, 
A‐6020 Innsbruck
3Institute for Genomics and Bioinformatics, Graz University of Technology, 
Petersgasse 14, 8010 Graz

Non‐coding RNAs are important for development, represent a significant portion of
the transcriptome and have been shown to be involved in differentiation processes
(Dinger, M.E. et al 2003). We aim to identify differentially regulated non‐coding
RNA species involved in neural cell differentiation, by combining an in vitro and an
in vivo approach. An important in vitro model system not only to study
development but also organ repair and stem cell therapy are embryonic stem cells,
which have the ability to self renew and to differentiate into functional cell types.
A significant portion of the stem cell transcriptome appears to correspond to non‐
coding transcripts, as both microRNAs and longer non‐coding RNAs have been
identified in those cells. An attractive in vivo system are dorsal root ganglia (DRGs),
since they can be isolated in different developmental stages and are an important
model system for axonal regeneration and pain.
Most, if not all biologically functional identified non‐coding RNAs in Eukarya are
known to be associated with proteins forming ribonucleo‐protein (RNP) particles.
In order to isolate non‐coding RNAs that are likely to be functional, we have
generated RNP libraries (Rederstorff, M. et al 2010) from various stages of mouse
embryonic stem cells differentiating upon addition of FGF2 and different
developmental stages of DRGs, derived from embryonic, postnatal and adult mice.
The RNP libraries raised were high‐throughput sequence and revealed a significant
amount of house keeping non‐coding RNAs and candidates mapping to intergenic
or intronic regions, which could potentially be novel functional non‐coding RNAs,
present in varying percentages between different libraries.
Candidates are verified by Northern blots and will be validated in a high‐
throughput manner by microarrays. The most interesting non‐coding RNAs will be
selected for further functional analysis, to investigate their roles in neural
differentiation. A non‐coding microarray chip will be developed as a diagnostic tool
for disease and tissue profiling.
Dinger ME, Amaral PP, Mercer TR, Pang KC, Bruce SJ, Gardiner BB, Askarian‐Amiri 
ME, Ru K, Soldà G, Simons C, Sunkin SM, Crowe ML, Grimmond SM, Perkins AC, 
Mattick JS. Long noncoding RNAs in mouse embryonic stem cell pluripotency and
differentiation.Genome Res. 2008 Sep;18(9):1433‐45. 
Rederstorff M, Bernhart SH, Tanzer A, Zywicki M, Perfler K, Lukasser M, Hofacker IL, 
Hüttenhofer A. RNPomics: Defining the ncRNA transcriptome by cDNA library 
generation from ribonucleo‐protein particles. Nucleic Acids Res. 2010 Feb 11 
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“Bimbam”, a novel glucocorticoid‐regulated BH‐3 containing
transcript from the BCL2L11/Bim Locus

Trockenbacher A1 , Mansha M 1,2, Carlet M1, Ploner C1, Geley, S1, Rainer J1,2and 
Kofler R1,2
1Division Molecular Pathophysiology, Biocenter, Medical University of Innsbruck
2Tyrolean Cancer Research Institute, Innsbruck, 6020‐Austria

Glucocorticoids (GC) cause apoptosis and cell cycle arrest in lymphoid cells and are
fundamental for acute lymphoblastic leukemia (ALL) therapy. We investigated a
potential novel splice variant of human BCL2L11/Bim, termed “Bimbam”,that was
identified in an expression profiling screen of children with acute lymphoblastic
leukemia (ALL) undergoing systemic GC monotherapy.
Bimbam encodes a putative protein consisting of the N‐terminal region of Bim
(including its BH3 domain) and 40 C‐terminal amino acids derived from Bam, a
previously postulated gene within the Bim locus, and not present in any known
Bim transcript. Bimbam is a new splice variant of Bim that encodes a protein with
almost the same MW but a different PI due to its markedly different C‐terminus.
Bimbam mRNA was verified by RT‐PCR and, similar to Bim, 3 Bimbam variants were
identified (Bimbam‐EL, ‐L and ‐S). Using a Bam‐specific antiserum, endogenous
Bimbam protein was detected in ALL and PC3 prostate carcinoma cells. Using
shRNA‐mediated knock‐down technology we are currently generating isoform‐
specific knock‐down cell lines with reduced expression of Bim, Bimbam or both
isoforms, respectively, to dissect the contribution of each isoform to apoptosis
induced by different apoptosis inducers. Recombinant Bimbam induced apoptosis
with similar potency as Bim despite their distinct C‐termini. Contrary to Bim (which
localized exclusively to mitochondria via its C‐terminal domain), Bimbam localized
both to mitochondria but also to other intracytoplasmic membranes. Whether this
is due to interaction of its BH3‐domain with other BCL2 proteins is currently being
investigated using corresponding Bimbam mutants.
In conclusion, Bimbam may contribute to the anti‐leukemic effects of GC and
perhaps other apoptotic responses by a different mechanism than Bim.

A Blue Breakdown Product of Vitamin B12

Markus Ruetza, Sergey Fedosovb, Karl Gruberc, Christoph Kratkyc and Bernhard 
Kräutlera
aInstitute of Organic Chemistry and Centre for Molecular Biosciences (CMBI) 
University of Innsbruck, Austria 
bDepartment of Molecular Biology, University of Aarhus, Denmark
cDepartment of Structural Biology, University of Graz, Austria

The biosynthesis of vitamin B12 in bacteria and its uptake in mammals are well
understood today [1]. However, the decomposition of vitamin B12 in vivo is an
unknown scientific territory.
In strongly acidic aqueous solution vitamin B12 is hydrolyzed to cobyric acid,
cobinamide and the neo series of these compounds as the main products [2].
Vitamin B12 also decomposes under basic conditions, with c‐lactams as main
products [2]. In weakly basic carbonate buffer pH 9, vitamin B12 is decomposed to
several new compounds, one of which shows a fascinating blue color. The UV/Vis
spectrum of this blue corrinoid exhibits red shifts of the main bands compared to
vitamin B12.
Here we also report the structures of this new blue B12‐derivative elucidated first
by spectroscopic studies (relying on mass spectrometry, homo‐ and heteronuclear
2D‐NMR‐spectroscopy). The results of a crystal structure analysis of this blue
corrinoid will also be presented, which confirm the spectroscopic structure
elucidation

[1] Kräutler, B., D. Arigoni, and B.T. Golding, eds. Vitamin B12 and B12‐Proteins.       
Wiley VCH: Weinheim. 1998
[2] R. Bonnet, Reactions of the Corrin Macrocycle. In B12, (Ed.: D. Dolphin), John     
Wiley & Sons, New York, Chichester, 1982, Vol. I, p. 201‐243.
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Chlorophyll Breakdown in Senescent Leaves of the Lime Tree (Tilia
cordata)

Mathias Scherl, Thomas Müller and Bernhard Kräutler
Institute of Organic Chemistry and Center for Molecular Biosciences, University of 
Innsbruck, Austria.

Chlorophyll breakdown is the visible symptom of leaf senescence. It is now known
to occur in a thoroughly controlled and (basically) common path from the protein‐
bound chlorophyll in the membranes of the chloroplasts to the "nonfluorescent
chlorophyll catabolites" (NCCs) in the vacuoles of a senescent plant leaf[1,2].

Structure of one "non‐fluorescent" chlorophyll catabolite
(called Tc‐NCC‐1) found in senescent leaves of the Lime Tree

Two colorless nonfluorescent chlorophyll catabolites (Tc‐NCCs) were identified in
extracts of senescent Tilia cordata leaves. They were isolated and characterized
based on their HPL‐chromatographic and spectroscopic data. Our latest results will
be presented.

References:
[1] Moser, S., Müller, T., Oberhuber, M., Kräutler, B. Eur. J. Org. Chem. 2009, 21 –
31.
[2] Kräutler, B. and  Matile P. Acc. Chem. Res. 1999, 32, 35 – 43.

Financial support by the Bundesministerium für Wissenschaft und Forschung
(BM.W_F, Project SPA/02‐88/Recycling the Green to T.M.) and the Austrian Science 
Foundation (FWF, Proj. No. 19596 to B.K.) is gratefully acknowledged.

Chlorophyll Breakdown in the Tropical Evergreen Spathiphyllum
wallisii

Clemens Vergeiner1, Thomas Müller1, Srinivas Banala1, Simone Moser1, Andreas 
Holzinger2, Cornelius Lütz2, Bernhard Kräutler1

1Institute of Organic Chemistry and Center for Molecular Biosciences, 2Institute of 
Botany, Department of Physiology and Cell Physiology of Alpine Plants, University 
of Innsbruck, Austria.

De‐greening of leaves and the emergence of the fall colors are consequences of
chlorophyll breakdown and are highly visible signs of leaf senescence. Until
recently degradation of the green pigments in higher plants seemed to follow a
largely common and well‐controlled catabolic path providing colorless products
[1]. When these chlorophyll catabolites were first identified in senescent leaves
and ripening fruit [2], they turned out to be colorless tetrapyrroles (typified as
"nonfluorescent" chlorophyll catabolites ‐ NCCs), which appeared to be the "final"
degradation products.
However, recent discoveries studying chlorophyll breakdown in leaves of the
tropical evergreen Peace Lily (Spathiphyllum wallisii) revealed an unexpected
divergence in the later stages of the chlorophyll degradation path suggesting
chlorophyll breakdown to be more than a mere detoxification process. Our latest
results will be discussed.

References:
[1] Kräutler, B. and Hörtensteiner, S. in Chlorophylls and Bacteriochlorophylls, 
Vol.25 (Eds.: B. Grimm, R. Porra, W. Rüdiger, H. Scheer), Springer, Dordrecht, 2006, 
pp. 237 – 260.
[2] Müller, T., Ulrich, M., Ongania, K.H., Kräutler, B. Colorless Tetrapyrrolic
Chlorophyll Catabolites in Ripening Fruit Are Effective Antioxidants. Angew. Chem. 
Int. Ed. 2007, 46, 8699 – 8702.
Financial support by the Austrian Science Foundation (FWF, Proj. No. 19596 to B.K.) 
and the Bundesministerium für Wissenschaft und Forschung (BM.W_F, Project 
SPA/02‐88/Recycling the Green to T.M.) is gratefully acknowledged.
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Shape and Dynamics of Transcription Factor Binding Sites

Julian E. Fuchs, Gudrun M. Spitzer, Ameera Javed, Hannes G. Wallnoefer, Roland 
Huber, Klaus R. Liedl
Institute of General, Inorganic and Theoretical Chemistry, Faculty of Chemistry and 
Pharmacy, University of Innsbruck, Innrain 52a, A‐6020 Innsbruck, Austria

Sequence‐specific transcription factor binding relies on two distinct mechanisms of
sequence readout: base‐wise readout based on sequence‐specific hydrogen
bonding patterns and a by now poorly understood process called indirect readout
relying on shape and deformability of DNA. In case of Hox family transcription
factors it was shown that subtle changes in DNA sequence distort local DNA shape
and therefore disrupt transcription factor binding [1]. Three‐dimensional shape of
DNA was found to be even more conserved evolutionary than pure one‐
dimensional sequence information implying a fundamental function in DNA
recognition [2].
B‐DNA dodecamers containing sequence permutations of central AT and flanking
GC base pairs were simulated as model systems for transcription factor binding
sites using AMBER 10 to investigate the impact of small changes in DNA sequence
on shape and dynamics. Molecular dynamics simulations of 10 ns show large
differences in minor groove width between the individual sequences, an important
factor for amino acid side chain insertion possibility. Pure A‐tracts show a narrower
minor groove than sequences containing TpA‐steps, reproducing effects observed
in NMR experiments [3]. Moreover, the latter sequences show additional
conformational flexibility, which presumably causes the reduced affinity for groove
binding [4] and side chain insertion of arginine and lysine residues [5].

[1] Joshi R et al.; Cell 131, 530‐543, 2007.
[2] Parker SCJ et al.; Science 324, 389‐392, 2009.
[3] Stefl R et al.; PNAS 101, 1177‐1182, 2004.
[4] Tanious FA et al.; JACS 126, 143‐153, 2004.
[5] Rohs R et al; Nature 461, 1248‐1254, 2009.

From Ensembles to Entropy – A Thermostatistical Approach

Roland G. Huber1, Julian E. Fuchs1, Monika Laner1, Gudrun M. Spitzer1, Hannes G. 
Wallnoefer1, Romano T. Kroemer2, Klaus R. Liedl1
1 Institute of General, Inorganic and Theoretical Chemistry, Leopold‐Franzens‐
University Innsbruck, Innrain 52a, Innsbruck, A‐6020 Austria
2 Chemical Sciences,  Sanofi‐Aventis, 13 Quai Jules Guesde, Vitry‐sur‐Seine, F‐
94403 France

Entropy plays a crucial role in ligand binding, but is in general hard to quantify
computationally. Several indirect methods have been proposed, mostly based on
properties known to correlate with entropy, such as apolar surface area, number of
rotatable bonds etc.
We demonstrate how to calculate entropy directly from state distributions.
Unrestrained explicit‐solvent Molecular Dynamics simulations using the AMBER
ff99SB force field are applied to sample phase space. Consequently, a continuous
state probability density function is derived by Kernel Density Estimation. To
calculate an entropy measure we calculate the Kullback‐Leibler Divergence, which
is a generalization of the statistical thermodynamic formulation of entropy for
continuous state distributions, over the density of states. After aligning the protein
structures to a common reference, the site of interest is superposed with a grid. In
vicinity to each probe point, solvent entropy is calculated from the rotational and
translational state distributions of local water molecules. Translational states are
considered either by clustering, or by calculation of radial density distributions. The
cluster‐based approach, though being computationally more expensive, offers
additional insights into complex characteristics of the solvation shell, including
networks of positionally restrained solvent molecules.
The local solvent entropy is derived from state distributions. As this approach is
generally applicable, ligands and proteins entropy is accessible as well. By
comparing local entropy measures for different ligands, differences in binding
entropy are approachable, and therefore guide ligand optimization.
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Searching for small‐molecule interactions sites in DNA‐binding
proteins. Case study: FOXO3a

Kaserer T1,4, Markt P2, Ausserlechner MJ1,3, Schuster D2, Obexer P1,4
1Tyrolean Cancer Reasearch Institute, Innrain 66, Innsbruck, Austria
2 Institute of Pharmacy / Pharmaceutical Chemistry, Computer‐Aided Molecular 
Design Group and Center for Molecular Biosciences Innsbruck (CMBI), Innrain 52c, 
Innsbruck, Austria
Department of II3 and IV4, Medical University Innsbruck, Innsbruck, Austria

Pharmacological targeting of DNA binding sites is a relatively new and challenging
approach, since protein‐DNA interactions take place on big surfaces and not on
small, well‐defined binding sites. Molecular modeling techniques enable the
detection of potential cavities for small molecule ligand binding and may thus be
helpful in the discovery of drugs targeting the DNA‐binding site.
We propose a combination of several techniques including site finder detection,
molecular dynamics simulation, generation of grid maps, pharmacophore based
virtual screening and docking in order to detect small, potentially active molecules.
As an application example, the DNA binding domain of forkhead boxO 3a (FOXO3a)
was investigated using complementary in silico techniques.
Forkhead boxO 3a (FOXO3a) belongs to a highly conserved family of transcription
factors which regulate expression of genes involved in apoptosis, cell cycle and
longevity [1]. The protein is a downstream target of the PI3K/Akt pathway, which is
known to be dysregulated in several malignancies including different types of
cancer [1] and therefore modulation of FOXO function can have beneficial effects
on the outcome of diseases. Currently, there are no ligands known that can
influence FOXO3a activity.
Putative binding sites were elucidated using different sitefinder programs, an MD
simulation of the related FOXO4 protein [2], information from mutational studies
[3] and the generation of GRID maps. In a second step, small molecules were
docked into the binding site and the proposed binding modes were then used to
create pharmacophore models. Several databases were screened and the results
will be tested in different in‐vitro assays.

[1] Maiese, K.; Chong, Z.; Shang, Y.; Hou, J. A "FOXO" in sight: targeting Foxo
proteins from conception to cancer.Med Res Rev. 2009, 29, 395‐418.
[2] Boura, E.; Silhan, J.; Herman, P.; Vecer, J.; Sulc, M.; Teisinger, J.; Obsilova, V.; 
Obsil, T. Both the N‐terminal loop and wing W2 of the forkhead domain of 
transcription factor Foxo4 are important for DNA binding. J Biol Chem. 2007, 282, 
8265‐75.
[3] Tsai, K.; Sun, Y.; Huang, C.; Yang, J.; Hung, M.; Hsiao, C. Crystal structure of the 
human FOXO3a‐DBD/DNA complex suggests the effects of post‐translational 
modification. Nucleic Acids Res. 2007, 35, 6984‐94.

Molecular modeling of telmisartan analogues as new PPARg
agonists

Mauersberger R.1, Schuster D.2, Gust R.1
1 Institute of Pharmacy, Department of Pharmaceutical Chemistry, Innrain 52a, 
6020 Innsbruck, Austria
2 Institute of Pharmacy, Department of Pharmaceutical Chemistry and Center for 
Molecular Biosciences Innsbruck (CMBI), Computer‐Aided Molecular Design Group, 
Innrain 52c, 6020 Innsbruck, Austria

Telmisartan, a well‐known angiotensin II receptor antagonist used in the treatment
of hypertension, revealed to be a partial agonist of the peroxisome proliferator‐
activated receptor g (PPARg), which is a pharmaceutical target of high interest due
to its potential in the treatment of diabetes type 2 and other related diseases [1].
Clinically used PPARg agonists, such as members of the thiazolidindiones
(glitazones) family, show extensive side effects like water retention leading to
edema and an increased risk of cardiovascular complications [2], while telmisartan
is well‐tolerated [3]. Therefore, telmisartan is a promising starting point for the
development of new PPARg agonists with a more advantageous pharmacological
profile. Previous studies on telmisartan analogues determined a 4’‐[(2‐Propyl‐1H‐
benzimidazole‐1‐yl)methyl]biphenyl‐2‐carboxylic acid core as the minimum
requirement for activity on PPARg [4]. This lead structure was extended by creating
a virtual database of multiple structural derivates using ilib:diverse software [5].
Based on X‐ray crystal structures of the PPARg binding pocket with synthetic
ligands, a pharmacophore model was developed and used for screening the virtual
database employing LigandScout [6]. Potential PPARg agonists that returned as
virtual hits will be synthesized and biologically evaluated.

[1] Evans RM, Barish GD, Wang YX, Nat Med. 2004 Apr;10(4):355‐61.
[2] Kaul S, Bolger AF, Herrington D, Giugliano RP, Eckel RH; J Am Coll Cardiol. 2010 
Apr 27;55(17):1885‐94.
[3] Deppe S, Böger RH, Weiss J, Benndorf RA, Expert Opin Drug Metab Toxicol.
2010 May 29.
[4] Goebel M, Staels B, Unger T, Kintscher U, Gust R, ChemMedChem. 2009 
Jul;4(7):11 36‐42.
[5] Wolber G, Langer T, CombiGen: A novel software package for the rapid 
generation of virtual combinatorial libraries. In H.‐D. Höltje and W. Sippl, editors, 
Rational approaches to drug design, pp 390‐399. Prous Science,  2000.
[6] Wolber G, Langer T, J Chem Inf Model. 2005 Jan‐Feb;45(1):160‐9.
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Development of a pharmacophore model for inhibitors of the NF‐
κB(p50)/DNA‐interface

Noha SM1, Grzywacz AM2, Fakhrudin N2, Schuster D1, Heiss E2, Atanasov AG2, 
Rollinger JM3, Dirsch, VM2, Stuppner H3, Wolber G1

1 Institute of Pharmacy / Pharmaceutical Chemistry, Computer‐Aided Molecular 
Design Group and Center for Molecular Biosciences Innsbruck (CMBI), Innrain 52c, 
Innsbruck, Austria
2 Department of Pharmacognosy, Molecular Targets Group, University of Vienna, 
Althanstrasse 14, Vienna, Austria
3 Institute of Pharmacy / Pharmacognosy and Center for Molecular Biosciences 
Innsbruck (CMBI), Innrain 52c, Innsbruck, Austria

Nuclear factor‐κB (NF‐κB) transcription factors, a family of homo‐ and
heterodimers that consist of five members including RELA (p65), RELB, c‐REL, NF‐
κB1 (p105/p50), and NF‐κB2 (p100/p52), are well accepted to regulate immune and
inflammatory responses [1]. They have been identified to be required for the
regulation of a variety of genes, of which many have a critical role in tumor genesis
and tumor promotion [2].
We report here the development of a pharmacophore model for inhibitors
interfering with the NF‐κB(p50)/DNA‐interface as well as pharmacophore‐based
virtual screening. The pharmacophore model development was based on a
previous study reporting a modeled binding site for a chemical class of potent NF‐
κB inhibitors [3]. A ligand binding pose retrieved from docking a highly active
compound with GOLD [4] into the suggested binding site of the p50 subunit was
used to create a pharmacophore model using LigandScout 3.0 [5]. The final
pharmacophore model was employed for a virtual screening campaign. Out of 13
virtual screening hits, ten were selected for biological evaluation. Four of these
compounds showed activity, one of them with about 80% inhibition at a
concentration of 30µM in a cell‐based NF‐κB transactivation assay.

Acknowledgement: Supported by the NFN‐project No. S10702‐B03 “Drugs from
nature targeting inflammation – DNTI”, from the Austrian Science Foundation
(FWF).
[1] Ghosh, S.; Hayden, M. S., New regulators of NF‐kappaB in inflammation. Nat 
Rev Immunol. 2008;8(11):837‐48.
[2] Hagemann, T.; Lawrence, T.; McNeish, I.; Charles, K. A.; Kulbe, H.; Thompson, R. 
G.; Robinson, S. C.; Balkwill, F. R., "Re‐educating" tumor‐associated macrophages 
by targeting NF‐kappaB. J Exp Med. 2008;205(6):1261‐8. 
[3] Tsai, K. C.; Teng, L. W.; Shao, Y. M.; Chen, Y. C.; Lee, Y. C.; Li, M.; Hsiao, N. W. 
The first pharmacophore model for potent NF‐kappaB inhibitors. Bioorg Med 
Chem Lett. 2009;19(19):5665‐9.
[4] GOLD Suite 1.0.1. The Cambridge Crystallographic Data CentresCCDC: 
Cambridge, 2004‐2009.
[5] LigandScout version 3.0. inte:ligand GmbH, Vienna, Austria. 
www.inteligand.com

In silico toxicology predictions via pharmacophore‐based virtual
screening: The discovery of the UV filter benzophenone‐1 as
inhibitor of testosterone synthesis

Schuster D1, Nashev LG2, Laggner C1, Sodha S2, Langer T1, Wolber G1, Odermatt A2 

1Institute of Pharmacy / Pharmaceutical Chemistry, Computer‐Aided Molecular 
Design Group and Center for Molecular Biosciences Innsbruck (CMBI), Innrain 52c, 
6020 Innsbruck, Austria
2 Swiss Center for Applied Human Toxicology, University of Basel, Klingelbergstr. 
50, 4056 Basel, Switzerland

The prevalence of male reproductive disorders and testicular cancer is steadily
increasing [1]. Because the exposure to chemicals disrupting natural hormone
action has been associated with these diseases [2], it is important to identify
endocrine disrupting chemicals (EDCs) and their targets of action. Here, a 3D
structural database that can be applied for virtual screening approaches to
facilitate the identification of EDCs was constructed. As a frist application scenario,
the database was screened using pharmacophores of 17b‐hydroxysteroid
dehydrogenase type 3 (17b‐HSD3), which catalyzes the last step of testosterone
synthesis in testicular Leydig cells and plays an essential role during male sexual
development [3]. Among other chemicals, benzophenone (BP) UV‐filters were
predicted as potential 17b‐HSD3 inhibitors. Biological analyses revealed (2,4‐
dihydroxyphenyl)‐phenylmethanone (also known as benzophenone‐1, BP‐1) as an
inhibitor of human 17b‐HSD3 (IC50 1.05 µM). BP‐1 also efficiently blocked
conversion of androstenedione to testosterone by mouse and rat 17b‐HSD3 in
whole‐organ enzyme assays. Moreover, BP‐1 antagonized the testosterone‐
dependent activation of androgen receptors (IC50 5.7 µM), suggesting synergistic
anti‐androgenic effects of BP‐1 by preventing testosterone formation and blocking
receptor activation. According to these results, virtual screening of environmental
chemical databases can facilitate the identification of compounds interfering with
hormone action.

Acknowledgement: Supported by the University of Innsbruck 
(Nachwuchsförderung and Erika Cremer Habilitation Program) and the Novartis 
Research Foundation. 

[1] Huyghe E, Matsuda T, Thonneau P. J Urol. 2003 Jul;170(1):5‐11.
[2] Parks LG, Ostby JS, Lambright CR, Abbott BD, Klinefelter GR, Barlow NJ, 

Gray LE Jr. Toxicol Sci. 2000 Dec;58(2):339‐49.
[3] Nashev LG, Schuster D, Laggner C, Sodha S, Langer T, Wolber G, 

Odermatt A. Biochem Pharmacol. 2010 Apr 15;79(8):1189‐99.
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What Thermodynamic Profiles Tell Us About DNA Recognition Site
Geometry

Spitzer GM1, Fuchs JE1, Biela A2, Javed A1, Kreutz C3, Klebe G2, Liedl KR1
1Institute of General, Inorganic and Theoretical Chemistry and Center for Molecular 
Biosciences, University of Innsbruck, Innrain 52a, Innsbruck, Austria. 2Department 
of Pharmaceutical Chemistry, Philipps‐University Marburg, Marbacher Weg 6, D‐
35032 Marburg, Germany. 3Institude of Organic Chemistry, University of Innsbruck, 
Innrain 52a, Innsbruck, Austria

The relevance of DNA shape steadily attracts attention and complements the
picture of DNA as a chain of letters. Protein side chains inserting into the minor
groove detect sequences with specific geometries instead of accomplishing base‐
wise readout. Although there exist some hypothesis on the molecular mechanisms
that may underlie sequence specific readout, this step in the control of gene
expression is still poorly understood[1].
Because of their small size minor groove binders are valuable probes for protein
DNA interactions and respective contributions to binding free energy.
Thermodynamic profiles were measured with isothermal titration calorimetry for
Dickerson‐Drew‐Dodecamer and several closely related variants thereof. We found
the profiles to correlate with minor groove width and thus DNA geometry. We
searched for reasons for minor groove contraction and its relation to binding
processes. We were not able to find support for the hypothesis that electrostatic
focusing emerging from a narrow groove drives ligands into the groove[2]. Instead,
our data confirm the importance of minor groove hydration and its relation to local
DNA shape[3,4].
Minor groove binders are a valuable tool for further detection of sequence
dependent DNA geometries and their influence on DNA recognition by
transcription factors.

Acknowledgement: Supported by the Austrian Research Fund (P19756)

[1] Joshi R, Passner JM, Rohs R, Rinku J, Sosinsky A, Crickmore MA, Jacob V, 
Aggarwal AK, Honig B, Mann RS, Cell 2007 Nov;131(3):530‐543.[2] Rohs R, West 
SM, Sosinsky A, Liu P, Mann RS, Honig B, Nature 2009 Okt;461(7268)1248‐1253.[3] 
Haq I, Arch. Biochem. Biophys 2002; 403(1):1‐15.[4] Spitzer GM, Fuchs JE, Markt P, 
Kirchmair J, Wellenzohn B, Langer T, Liedl KR, ChemPhysChem 2008; 9(18):2766‐
2771

Trying to understand the complex dialogue of epigenethics: The
role of mammalian chromatin remodeling factor CHD1

Paolo Piatti1, Claudia Soratroi2, Hildegard Wörle1, Stephan Geley2, Andreas 
Villunger2, Nikos Yannoutsos3 and Alexandra Lusser1

1Division of Molecular Biology, 2Division of Developmental Immunology, 3Division 
of Cell Biology, Biocenter, Innsbruck Medical University, A‐6020 Innsbruck. 

The chromatin structure of metazoans is highly dynamic, allowing transcriptome
changes during development and differentiation, and enforcing nuclear stability.
This is possible through the highly coordinated cooperation of different epigenetic
mechanisms. One of this is represented by ATP‐utilizing chromatin remodelling
factors and complexes that catalyze sliding and replacing of nucleosomes, and thus
are involved in transcription regulation.
Currently, we are investigating the role of the mammalian ATP‐dependent
chromatin remodelling factor CHD1 in development by generating a knock‐in
mouse model and inducible cell systems.
Here, we report on the progress in generating the CHD1 knock‐in mouse and the
inducible cell systems. We will also show that CHD1 expression appears to be
regulated by the Wnt pathway and by glucocorticoids.
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Purification of CHD1 protein complexes and characterization of
potential interacting partners in Drosophila melanogaster

Zeilner A1, Morettini S1, Sarg B2, Lindner H2, Lusser A1 

1 Division of Molecular Biology, Medical University of Innsbruck, Fritz‐
Pregl‐Str. 3, Innsbruck, Austria

2Divison of Clinical Biochemistry, Medical University of Innsbruck, 
Fritz‐Pregl‐Str. 3, Innsbruck, Austria

Nuclear DNA is packed into a highly ordered nucleoprotein structure, which is
termed chromatin. To render the nucleosomal DNA accessible for processes, like
replication, transcription, repair and recombination chromatin remodeling factors
are required for mobilizing and moving the nucleosomes along the DNA. The
chromodomain protein CHD1 is one of these factors and was identified as an ATP‐
dependent chromatin assembly factor.
To elucidate further biological functions of CHD1 we aimed at identifying potential
CHD1 interacting partners. To this end, a construct was designed, which encodes
for CHD1 fused to a Flag‐tag at the C‐terminus. This allows the purification of CHD1
and potential associated proteins by affinity purification.
The CHD1 fusion protein was stably expressed in Drosophila S2 cells upon
induction with CuSO4. It was possible to purify CHD1‐containing protein complexes
from nucleoplasm and chromatin fractions by using the anti‐Flag affinity agarose.
Potential CHD1 interacting partners, such as Antimeros (a Paf1 homologue),
proteins involved in RNA processing, RNA translocation and RNA localisation and a
FACT complex component could be identified by mass spectroscopy. Preliminary
evidence is presented confirming the specificity of the interaction of selected
proteins with CHD1.

Acknowledgement: Supported by the Austrian Research Foundation (START‐
Y275/B12)

Electron induced damage of DNA compounds

AnderLan L, Denifl S, Märk TD, Scheier P
Institute of Ion Physics and Applied Physics and Center of Molecular Biosciences, 
University of Innsbruck, Technikerstraße 25, 6020 Innsbruck, Austria 

Currently there are strong efforts in establishing new ion beam cancer therapy
(IBCT) facilities in Europe as an alternative to conventional photon radiation
therapy. For example, in Austria an IBCT facility is planned to be started for trial
operation in Wiener Neustadt in 2013 (MedAustron). One of the biggest
advantages of IBCT compared to photon therapy is the fact that the highest energy
deposition occurs closer to the end of the ion track (Bragg Peak), i.e. deeply lying
cancerous tissue can be selectively treated. However, the exact molecular and
nanoscale mechanisms of IBCT are still under debate. The two major mechanisms
of DNA damage by ion beams are indirect damage by neutral radicals and direct
damage by secondary electrons formed along the ion track. In a laboratory
experiment it was shown that low energy electrons can induce strand breaks in
plasmid‐DNA[1]. Thus the underlying effects of low energy electron damage of
various DNA components need to be investigated thoroughly.
Our working group has started a series of investigations concerning low energy
electron damage of small building blocks of DNA. Thereby an electron attaches
resonantly and the transient negative ion formed decays via dissociation of the
molecule. This dissociation can be very site specific[2], i.e. only certain bonds are
cleaved in a molecule. Our attempt is to expand our mass spectrometric
investigations in the gas phase to larger DNA compounds like nucleotides and
oligonucleotides further elucidating damage of DNA by electrons. The big challenge
is to transfer these complex biomolecules intact into the gas phase. We are
currently testing the Laser‐Induced‐Accoustic‐Desorption‐Technique, where a
titanium foil covered with thin layers of biomolecules is irradiated with green light
and the formed acoustic waves in the foil induce the desorption of biomolecules.
This method may allow the subsequent study of the damage of complex DNA
compounds by low energy electrons under single collision conditions.
Acknowledgment: The present work is supported partially by the FWF (P19073),
Vienna, Austria and the European Commission, Brussels (ITSLEIF). S.D.
acknowledges an APART grant from the Austrian Academy of Sciences.

[1] Boudaiffa B, Cloutier P, Hunting D, Huels MA, Sanche L, Science 2000, 
Mar;287(5458);1658‐1660.
[2] Denifl S, Sulzer P, Huber D, Zappa F, Probst M, Märk TD, Scheier P, Injan N, 
Limtrakul J, Abouaf R, Dunet H, Angew. Chem. Int. Ed. 2007, Jun; 46(27); 5238‐5241
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Electron induced splitting of the cyclobutane pyrimidine dimmer:
an important step in the DNA damage repair via DNA photolyase

Edtbauer A1, Russell K2, Feketeova L2, Mitterdorfer C1, O´Hair RAJ2, Wille U2, Denifl
S1, Märk TD1 and Scheier P1
1Institute of Ion Physics and Applied Physics and Center of Molecular Biosciences, 
University of Innsbruck, Technikerstraße 25, 6020 Innsbruck, Austria
2School of Chemistry, Bio21 Institute, The University of Melbourne, 30 Flemington 
Road, Parkville 3010 Victoria, Australia and ARC Centre of Excellence for Free 
Radical Chemistry and Biotechnology

A major DNA damage induced via UV radiation is the formation of cyclobutane
pyrimidine dimers (CPD). These dimers represent a genotoxic lesion since they
block the correct replication of DNA. CPDs play a major role in the formation of skin
cancer [1], thus the repair of such damages is a process indispensable to life. A
repair mechanism of nature (DNA photolyase) is capable of repairing these
damages with the help of a sunlight activated electron transfer to the dimer. DNA
photolyase was found in bacteria, fungi, plants invertebrates and many vertebrates
but not in humans [1, 2]. In the marsupials CPD photolyase is present. It has been
shown that mice provided with a transgene for marsupial DNA photolyase exhibit a
significant increase of repair for CPD lesions [3].
Thus we carried out free electron attachment measurements to CPDs to gain a
deeper insight into the reductive splitting of these dimers [4, 5]. For this study we
employed a double focusing mass spectrometer. We observed an unusual rich
fragmentation pattern upon electron attachment of electrons with energies close
to 0 eV. The most abundant fragment was observed for the half split dimer.
Additionally we were able to observe the parent anion which so far has not been
observed.
The study was supported partially by the FWF (P19073) and the European
Commission, Brussels. S.D. gratefully acknowledges an APART grant from the
Austrian Academy of Sciences.

[1] Essen LO, Klar T, Cell. Mol. Life Sci. 2006 Jun; 63(11):1266‐1277.
[2] Li YF, Kim ST and Sancar A, Proc. Natl. Acad. Sci. USA 1993 May; 90(10):4389‐
4393.
[3] Schul W, Jans J, Rijksen YMA, Klemann KHM, Eker APM, De Wit J, Nikaido O, 
Nakajima S, Yasui A, Hoeijmakers JHJ, van der Horst GTJ, EMBO J. 2002 Sept; 
21(17):4719‐4729
[4] Edtbauer A, Russell K, Feketeova L, Taubitz J, Mitterdorfer C, Denifl S, O'Hair 
RAJ, Märk TD, Scheier P and Wille U, Chem. Commun. 2009 Nov; 47:07291‐7293
[5] Edtbauer A, Denifl S, Vizcaino V, An der Lan L, Russell K, Taubitz J, Wille U, 
Feketeova L, O'Hair RAJ, Märk TD, Illenberger E, Scheier P, ChemPhysChem, 2010 
Feb; 11(3):561‐564

Low energy electron interactions with amino acids in the gas
phase : effect of the isomers geometry

V.Vizcaino, S.Denifl, T.Märk and P.Scheier
Institute of Ion Physics and Applied Physics and Center of Biomolecular Sciences, 
University of Innsbruck, Technikerstr.25/3, A‐6020 Innsbruck, Austria.

In recent years there has been a significant interest in processes induced by low‐
energy electrons to biological systems. It has been shown that a large number of
low energy electrons, which are a by‐product of high energy ionizing radiation,
participate significantly in the damage of DNA, as they can induce single and
double strand breaks in plasmid DNA through resonant scattering processes [1].
The mechanism that leads to this irreversible damage involves the capture of the
incident low‐energy electron by the molecule forming a transient negative ion
which then dissociates into a (quasi‐) stable negative ion and one or more neutral
species. This process, dissociative electron attachment (DEA), often results in either
the ion or neutral fragment being a reactive free radical. Since that discovery, many
studies have been devoted to the understanding of this mechanism by looking at
electron interactions with biologically relevant molecules such as DNA bases,
constituents of the DNA backbone but also amino acids.
Dissociative electron attachment to amino acids [2]‐[4] have been studied
extensively and it is now well established that the main reaction, at low energy,
corresponds to the loss of a hydrogen atom from the carboxyl group (‐COOH). For
all investigated amino acids, the (M‐H)‐ ion yield presents similar features, a sharp
peak at an energy of 1,2eV and a shoulder at around 1,5eV. However in this study
we show that the shape of the (M‐H)‐ ion yield changes significantly with the
position of the amino group (‐NH2) in the molecule (α‐, β‐ or γ‐ position). These
new results complement previous work on α‐amino acids and shed more light on
the origin of this low energy resonance, which to date is still a matter of
controversy.

Acknowledgment: The present work is supported partially by the FWF (P19073), 
Vienna, Austria and the European Commission, Brussels. V.V. and S.D. gratefully 
acknowledge a Lise‐Meitner and an APART grant from the FWF and Austrian 
Academy of Sciences, respectively.

[1] Boudaiffa B, Cloutier P, Hunting D, Huels MA and Sanche L, Science 287 (2000) 
1658 
[2] Ptasinska S, Denifl S, Abedi A, Scheier P, Märk TD, Anal. Bioanal.Chem. 377 
(2003) 1115.
[3] Ptasinska S, Denifl S, Candori P, Matejcik S, Scheier P, Märk TD, Chem. Phys. 
Lett. 403 (2005) 107.
[4] Sulzer P, Alizadeh E, Mauracher A, Märk TD, Scheier P, Int.J.Mass Spectrom 277 
(2008) 274‐278
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Analysis of the beta‐cell specific regulation of the zebrafish hb9
gene

V.ARKHIPOVA, N DEVOS, B. WENDIK, B. PEERS AND  D. MEYER.

The pancreas consists of two tissue types, the hormone secreting endocrine cell
clusters termed islets and an exocrine component producing digestive enzyme. In
most vertebrates the islets are formed by up to five cell types, which express
Glucagon (a‐cells), Insulin (b‐cells), Somatostatin (d‐cells) and Ghrelin (e‐cells) and
pancreatic polypetide (PP‐cells).
We are interested in genes regulating beta‐cells formation, specifically in the
Hb9/Hlxb9 homeobox factor, which it is one of the earliest beta‐cells specific
markers in all vertebrates. Loss of function studies in mouse and zebrafish showed
that hb9‐genes are required for pancreas morphogenesis and for beta‐cell
differentiation. In our approach to determine the regulatory mechanism
underlying b‐cells specific hb9 expression, we have previously defines a 3 kb
zebrafish promoter fragment, that is sufficient to drive GFP expression at various
sites of hb9 expression including b‐cells. The 3kb fragment contains two highly
conserved non‐coding regions, which have been suggested to regulate expression.
In contrast, we found that beta‐cell specific expression is regulated by a non‐
conserved 500bp element. Bioinformatics sequence analyse of this element
suggested potential binding sites for pancreas specific transcription factors
including Pax6b, NeuroD, Pdx1 and others. We now used EMSA studies to define
which of them can directly bind to the enhancer DNA. Further, we generated a
gain‐of‐function in vivo assay to determine which factors are sufficient for hb9
expression, and we used Morpholino knock‐down to define which of them is also
required for beta‐cell specific hb9 expression. So far we could show that NeuroD
and Pax6b both can bind to the different parts of hb9 pancreas enhancer and that
Pax6b is sufficient to induce hb9/gfp expression in vivo. Further we find that
NeuroD, which in mouse is required for beta‐cells differentiation, is neither
required not sufficient for beta‐cell specific hb9 expression in zebrafish. Recent
results will be presented.

Characterization of a novel type of Retinoid‐binding protein in
zebrafish

Hao Chen, Sabrina Vorwerk, Valeryia Arkhipova, Dirk Meyer
1Institute of Molecular Biology/CMBI, University of Innsbruck, Techniker Str.25, 
6020 Innsbruck; 

Retinoids are hydrophobic molecules with various important biological functions.
Because of their low solubility in the aqueous medium and also because of their
chemical instability, retinoids are bound to specific carrier proteins that facilitate
plasma and inner cellular transports are that target them to downstream signaling
receptors or enzymes for metabolism.
We previously identified a new member of the Retinol‐binding proteins (Rbp) in
zebrafish as a potential target of the Nodal‐signaling pathway. Based on sequence
similarity and conserved synteny between the mammalian rbp7 genomic region
with two zebrafish genomic regions we termed this genes as a duplication of rbp7
in zebrafish that we named rbp7b. Consistent with a regulation by Nodal we now
identified four binding sites for the Nodal signaling transcription factor FoxH1 close
to the transcriptional start site and 3’ terminal region of rbp7b and we also confirm
in vitro interaction between these sites and FoxHI in EMSA studies. However, we
also found that neither FoxH1 nor Nodal signaling is required for early regulation of
rbp7b.
During our analyses we isolated a novel isoform of rbp7b, which is a fusion
between rbp7b and the 5’ localized gene nmnat1 (nicotinamide mononucleotide
adenylyltransferase1). The fusion mRNA appears to be generated by alternative
splicing of single precursor RNA as it lacks the last exon of nmnat1 and the first
exon of rbp7b. RT‐PCR analyses show that the levels of nmnat1‐rbp7b fusion mRNA
vary during development, suggesting that splicing is developmentally regulated.
The function of this fusion protein is unknown and recent results of gain and loss of
function experiments will be presented. Notably, the close proximity of nmnat and
rbp genes is highly conserved in zebrafish and other species. As some key enzymes
for catalysis retinoids to retinoic acid depend on NAD+ which is synthesized by
Nmnat proteins, these analyze may reveal new clues in retinoid metabolism.
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A Transgenic approach to identify target genes of the Currarino
syndrome related Hlxb9/Hb9 protein.

Elisabeth Ott1, Björn Wendik2, Monika Srivastava3, Dirk Meyer1
1Institute of Molecular Biology/CMBI, University of Innsbruck, Techniker Str.25, 
6020 Innsbruck; 
2Department of Developmental Biology, University of Freiburg; 3Division of 
Immunology and Genetics, The Australian National
University** 

Hlxb9/hb9 is a homeobox gene found in cnidarians, worms, insects and
vertebrates. In humans the heterozygous loss of HLXB9/HB9 is the main cause of
sacral agenesis in patients suffering from the Currarino syndrome. Functional
studies on hb9 genes in C. elegans, Drosophila, zebrafish and mouse revealed
additional conserved roles in motoneuron development and vertebrate specific
functions in pancreas morphogenesis and beta‐cell differentiation. How Hb9 is
regulating these various activities is currently not known.
In order to identify Hb9 regulated genes we used a transgenic approach for
constitutive activation or repression of Hb9 target genes in zebrafish. Previous
studies suggest that Hb9 is mainly acting as a transcriptional repressor. To be able
to block or activate Hb9 target genes we generated transgenic lines in which either
Hb9 alone or Hb9 coupled to a viral transcriptional activator (Hb9‐VP16) are set
under the control of the heat‐shock promoter hsp70, respectively. Potential target
genes were identified by microarray based comparison of the transcriptome of
Hb9‐blocked or activated embryos and verified through in situ hybridization
analysis and Real time PCR. Among other genes we found that a member of the
Iroquois gene family is regulated by Hb9. Transplantation of cells from
tg(hsp70:hb9‐VP16) donors into wildtype host embryos and subsequent heatshock
activation resulted in a cell autonomous activation of the potential Hb9 target
mRNA in the transplanted cells. As treatment with a translation blocking agent
does not prevent its transcriptional activation, our data suggest direct regulation
by Hb9.

Acknowledgement: Supported by the Tyrolean Research Fund (TWF)
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Multiple roles for Sox17 in endoderm development in zebrafish

Claudia Ralser, Dirk Meyer and Pia Aanstad
Institute of Molecular Biology and Center for Molecular Biosciences Innsbruck, 
University of Innsbruck, Technikerstr. 25, 6020 Innsbruck

The endoderm is specified at the onset of gastrulation, and will give rise to the
epithelial lining of the gut and organs such as the liver and the pancreas. The HMG
domain Sox family member sox17 is one of the earliest markers of endoderm in
vertebrates, and in mouse and frog is essential for endoderm specification (1). In
mouse and zebrafish, sox17 is also expressed at later developmental stages in the
foregut progenitor cells. A conditional sox17 mouse knock‐out showed that Sox17
is also required for the correct cell fate decisions in the endocrine pancreas and
the gall bladder (2). In zebrafish, the role of sox17 in endoderm development is
currently unclear. The early expression of sox17 is regulated by casanova, a closely
related Sox factor which appears to be unique to zebrafish, and is absolutely
required for endoderm specification (3,4). Morpholino knock‐down of sox17 has
failed to reveal any function for Sox17 in zebrafish endoderm specification. These
results suggest that in zebrafish, the role of Sox17 may have been taken over by
Casanova.

To understand the role of Sox17 in zebrafish endoderm development, we have
characterised a novel mutant for sox17 identified in the Sanger Centre TILLING
screen. sox17 mutants do not appear to have any defects in endoderm
specification or early patterning, as assessed by a panel of regional early
endodermal markers. However, sox17 mutants show a strong genetic interaction
with casanova mutants, with double heterozygous embryos displaying a reduced
number of endodermal cells. Surprisingly, overexpression of sox17 mRNA in
casanova heterozygous mutant embryos attenuates endodermal morphogenesis,
raising new questions about the role of sox17 in early endoderm development. We
have also looked for later endodermal organ defects in the sox17 mutants.
Although the gut and associated organs appear grossly normal, we have found that
loss of Sox17, in zebrafish as in mouse, causes an expansion of endocrine
pancreatic cell fates. Suprisingly, we also found a reduction of hepatic marker
gene expression in these mutants, suggesting that the liver differentiation
programme requires Sox17 function. Our zebrafish sox17 mutant is thus a unique
tool to study the mechanism of cell fate decisions in the endodermal organs.

1. Stainier, D.Y.R. (2002) Genes Dev. 16:893‐907.
2. Uemura, M. et al (2010). Biochem. Biophys. Res. Commun. 391:357‐363
3. Dickmeis, T. et al (2001). Genes Dev. 15:1487‐1492
4. Kikuchi, Y. et al (2001).  Genes Dev. 15:1493‐1505 
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Hedgehog signalling controls proliferation in the early zebrafish
endoderm

Tom Stückemann and Pia Aanstad
Institute of Molecular Biology and Center for Molecular Biosciences Innsbruck, 
University of Innsbruck, Technikerstr. 25, 6020 Innsbruck

Cell proliferation, patterning and migration are key mechanisms of animal
development. The Hedgehog (Hh) signalling pathway has been implicated in the
control of all these processes, and dysregulation of Hh signalling is correlated with
cancer progression in basal cell carcinoma and pancreatic cancer. However,
activation of Hh signalling does not cause uncontrolled proliferation in all cell
types, although the basis for this cell type specific response to Hh is unknown.
Moreover, the role of Hh signalling in controlling cell proliferation is controversial,
with some reports suggesting Hh promotes cell proliferation, and other studies
suggesting that Hh signalling promotes cell cycle exit.

We have found that Hh signalling cell‐autonomously regulates endodermal cell
proliferation in early zebrafish embryos. Loss of the Hh transducer protein
Smoothened causes a reduction in the endodermal cell number, whereas
activation of the pathway causes an increase in the number of endodermal cells.
This response is specific to the endoderm: mesodermal cell proliferation is not
affected by loss of Smoothened, and activation of Hh signalling in the mesoderm
reduces proliferation in these cells. We are currently investigating whether Hh
signalling affects cell cycle kinetics in the endoderm, using live cell cycle reporters,
cell transplantation techniques and live imaging. The early zebrafish embryo
offers an excellent and accessible model system to investigate the role of Hh
signalling in regulating cell proliferation.

Chemical synthesis of 2'‐azido modified RNA and its potential for
bioconjugation and siRNA technologies

Aigner M1, Hartl M2, Fauster K1, Steger J1, Bister K2, Micura R1
1Institute of Organic Chemistry and Center for Molecular Biosciences, University of 
Innsbruck, Innrain 52a, Innsbruck, Austria.
2Institute of Biochemistry and Center for Molecular Biosciences, University of 
Innsbruck, Peter‐Mayr‐Str. 1a, Innsbruck, Austria.

RNA with site‐specific azide groups represents a promising candidate for
applications in modern bioconjugation chemistry, such as Staudinger ligation or
Click chemistry [1], but also for photochemically induced crosslinks to peptides and
proteins [2]. Beside the advantage of high reaction selectivity and exceptional
bioorthogonality, the azide group can be regarded as a non‐invasive label with
respect to RNA structure. Thus, potential biochemical applications are conceivable,
e.g. in siRNA technologies.
Up to date, there is an obvious lack of methodologies for the efficient chemical
synthesis of azide‐modified RNA, most likely due to the widespread opinion that
standard RNA solid‐phase synthesis using phosphoramidite chemistry is
incompatible with azide functionalities [3]. It is therefore not surprising, that most
previous attempts to achieve azide‐modified RNA either relied on enzymatic
methods [2, 3] or on post‐synthetic approaches which involved convertible
nucleosides [4].
Here, we present a novel approach that allows for the direct and site‐specific
incorporation of 2'‐azido nucleosides into RNA by using automated RNA solid‐
phase synthesis. Furthermore, we also demonstrate first potential applications for
fluorescent labeling via Staudinger ligation and for gene silencing via siRNA
technologies [5], using the BASP1 gene encoding a potential tumor suppressor [6]
as a model system.

Acknowledgement: M.A. thanks the Austrian Academy of Science and the UNESCO
for a L’ORÉAL fellowship. Funding by the Austrian Science Foundation FWF
(P21641, I317 to R.M.; P18148 to M.H.; P17041 to K.B.) and the Ministry of Science
and Research (GenAU III, ‘non‐coding RNAs’ P0726‐012‐012 to R.M.) is
acknowledged.

[1 ]Sletten EM, Bertozzi CR. Angew Chem Int Ed 2009, 48, 6974‐6998.
[2] Manuilov AV, Hixson SS, Zimmermann RA. RNA 2007, 13, 793‐800.
[3] Sylvers LA, Wower J. Bioconjugate Chem 1993, 4, 411‐418.
[4] Wu X, Pitsch S. Bioconjugate Chem 1999, 10, 921‐924.
[5] Aigner M, Hartl M, Fauster K, Steger J, Bister K, Micura R. 2010, submitted.
[6] Hartl M, Nist A, Khan MI, Valovka T, Bister K. Proc Natl Acad Sci USA 2009, 
106, 5604‐5609.
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Semisynthesis of a stable E.coli tRNA‐3'‐NH‐Val‐Val‐Leu‐Leu‐Met 
conjugate containing genuine tRNA modifications

Geiermann A‐S1, Graber D1, Steger J1, Moroder H1, Trappl K2, Polacek N2, Micura R1
1Institute of Organic Chemistry and Center for Molecular Biosciences, University of 
Innsbruck, Innrain 52a, Innsbruck, Austria.
2Devison of Genomics and RNomics, Biocenter, Medical University Innsbruck, Fritz‐
Pregl‐Str. 3/II, Innsbruck, Austria.

The ribosomal elongation of the peptide chain takes place at the peptidyl
transferase center (PTC) of the ribosome. Thereby, the growing peptide chain has
to pass through the ribosomal exit tunnel before it can leave the ribosome.
Macrolide antibiotics, such as erythromycin, clarythromycin, roxithromycin, and
telithromycin, bind at the entrance of this tunnel and thus prevent elongation of
the peptide chain [1]. However, bacteria can show resistance by translating short
peptides that are highly conserved in their sequence. It is hypothesized that the
macrolide interacts in a specific manner with the resistance peptide and thus is
expelled from the PTC so that the ribosome is available for protein synthesis again.
In this context, non‐hydrolyzable 3'‐peptidyl‐tRNAs would represent valuable
probes to study the interaction between macrolide antibiotic and resistance
peptide in the PTC and the ribosomal exit tunnel.
Recently, we have presented a novel approach for the efficient synthesis of non‐
hydrolyzable 3'‐peptidyl‐tRNAs which contain all natural tRNA nucleoside
modifications [2]. In short, we started from natural tRNAs that were cleaved within
the TΨC loop by DNA enzymes to obtain a tRNA 5'‐fragment containing all genuine
modifications. After dephosphorylation of the 2',3'‐cyclophosphate moiety, this
fragment fulfills the structural requirements for enzymatic ligation to RNA‐peptide
conjugates which have been prepared according to a solid‐phase synthesis
approach elaborated previously in our laboratory [3]. Here, we present the
synthesis of the E.coli tRNAVal‐3'‐NH‐VVLLM conjugate whose peptide moiety
represents a sequence that confers resistance to the macrolide antibiotic
clarythromycin.

Acknowledgement: Austrian Science Foundation FWF (P21641, I317 to R.M.; Y315
to N.P.); Ministry of Science and Research (GenAU project ‘Non‐coding RNAs’,
P0726‐012‐012 to R.M. and P110420‐012‐012 to N.P.).

[1] Tenson T, Mankin AS, Peptides 2001, 22, 1661‐1668.
[2] Graber D, Moroder H, Steger J, Trappl K, Polacek N, Micura R, Nucleic Acids Res
2010, doi:10.1093/nar/gkq508.
[3] Moroder H, Steger J, Graber D, Fauster K, Trappl K, Marquez V, Polacek V, 
Wilson DN, Micura R, Angew Chem Int Ed 2009, 48, 4056‐4060.
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Screening method for cardiovascular diseases in zebrafish

Zipperle, J and Schwerte, T
Institute of Zoology, Techniker Str. 25, 6020 Innsbruck, Austria

Congenital heart disease, cardiomyopathy and heart arrhythmia are the most
frequent myocardial diseases with strong genetic influence. Some forms of
cardiomyopathy in particular are regarded as predominantly familial/genetic
diseases. There are a number of genetic mouse and rat models engineered to
address these disorders, but breeding and keeping of them is quite time‐
consuming and cost‐intensive. It is definitely not possible to generate mice/rats for
all disease‐related mutations.
The zebrafish is still underutilized in modelling human diseases despite its quick
generation cycle, short development times, and cost‐efficient keeping of large
numbers of animals. These animals are emerging as a valuable tool to identify
novel genes that are specifically involved in cardiovascular pathology. Mutant
zebrafish show phenotypes that closely correlate with those in human heart
diseases.
In this study we used the power of zebrafish as a model, and advanced image
analysis to verify the effects of suspected new disease genes and mutations for
genetic heart disease. To increase screening speed a new mounting technique was
evaluated to overcome the problem that cardiovascular malfunctions could be
seen better compared to coarser methods. We used advanced high speed digital
imaging and image data mining as a sensitive analytical tool to identify even
slightest differences in cardiovascular performance.
Our combined innovative approach will establish a “pipeline” to evaluate novel
variants and genes for congenital heart disease and cardiomyopathy with regard to
their effects in vivo. This will give us new insights into the pathogenesis of these
diseases and will hopefully show new options for therapeutic targets.

Po
st
er
 a
bs
tr
ac
ts

P63 P64



Influence of hypoxia and the circadian clock on Hif‐1α‐protein in
zebrafish

Köblitz L, Baus K, Kopp R, Egg M, Pelster B
Institute of Zoology
University of Innsbruck, Technikerstraße 25, Innsbruck, Austria.

Zebrafish is considered as one of the most suitable models for vertebrate
embryology studies and extensive genetic analysis. The possibility of genetic
manipulation and transgenesis, the optical transparency, low cost and small size of
the larvae are of increasing benefit for biomedical researchers, who are looking for
a model to investigate human disease mechanisms.[1][2]
Zebrafish are well adapted to hypoxia. Therefore we use zebrafish and zebrafish
fibroblast cell lines for our research on hypoxic signalling, which is pivotally
regulated by the hypoxia inducible factor‐1α (HIF‐1α). The concentration of HIF‐1α
in the cell is mainly regulated by oxygen dependent protein degradation. Analysis
of Hif signalling thus requires Hif‐1α specific antibodies. Unfortunately, specific
antibodies available for mammals and other vertebrates show no cross reactivity
with the zebrafish protein. We cloned the complete coding region of the Hif‐1a
protein of zebrafish and expressed it in a bacterial system. Using this protein as an
antigen we obtained specific antibodies against zebrafish Hif‐1a protein, as tested
in Western‐blots with protein obtained from cell culture systems as well as in
protein extracts obtained from larval fish.
First experiments using a zebrafish fibroblast cell line revealed an accumulation of
Hif‐1a protein during hypoxic incubation (1% oxygen). Cells overexpressing the
circadian Clock3 protein even showed a strongly elevated expression of Hif‐protein
under hypoxic conditions. These results indicate that circadian clock proteins
interact with the hypoxic signalling pathway. Taken together with our previous
results demonstrating that hypoxia interferes with the expression of clock proteins
the results suggest a bidirectional crosslink between hypoxic signalling and the
circadian clock.

[1] Patton EE, Zon LI., Nat Rev Genet. 2001 Dec;2(12):956‐66
[2] Chico TJ, Ingham PW, Crossman DC,Trends Cardiovasc Med. 2008 
May;18(4):150‐5
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Revealing the elusive molecular biology of the vault RNA

Amort M1, Nauchbauer B1, Nandy C1,2, Polacek N1

1Innsbruck Biocenter Division of Genomics and RNomics, Medical University 
Innsbruck, Fritz‐Pregl‐Straße 3 Innsbruck, Austria.
2current address: Max Planck Institute for Molecular Genetics, Ihnestraße 73, 
Berlin, Germany

In the recent past, the importance of the surprisingly diverse class of non‐protein‐
coding RNA molecules (ncRNAs) has been widely recognized. The key feature of all
ncRNAs is that they are not translated into proteins but rather exert their functions
at the RNA level. They play key roles in a variety of fundamental processes in all
three domains of life, that is Eukarya, Bacteria and Archaea. Their functions include
DNA replication and chromosome maintenance, regulation of transcription and
translation, RNA processing, protein synthesis and stability of mRNAs, and even
regulation of stability and translocation of proteins. Many ncRNAs have been
discovered fortuitously, suggesting they merely represent the tip of the iceberg [1].
In a recent genomic ncRNA screen we have identified the vault‐associated RNAs to
be significantly up‐regulated in human B cells upon Epstein‐Barr virus (EBV)
infection [2]. Vault RNAs serve as integral parts of the so‐called vault complex, a
large hollow barrel‐shaped ribonucleo‐protein complex with a size of 13 MDa [3].
Very little is known about the function of this ncRNA class, mainly because the
vault complex has been overlooked by cell biologists for many years.
As the up‐regulation of vault RNA seems indeed to be causally linked to EBV [4], we
would like to address the question which part of the virus genome is responsible
for this event. Maybe then we will be able to unravel which function the vault
RNAs might possess during virus propagation. Furthermore we want to identify the
subcellular localization of vault RNAs in EBV infected cells. Cumulatively, the
planned experimental strategy will eventually reveal the so far enigmatic molecular
biology of this interesting ncRNA species.

Acknowledgements: This work is funded by grants from the Medical University 
Innsbruck (MFI grant 9440) and the Austrian Science Foundation (FWF grant Y315) 
to N.P. 

[1] Hüttenhofer, A., Schattner, P. and Polacek, N. (2005) Trends Genet., 21, 289‐
297.
[2] Mrazek, J., Kreutmayer, S.B., Grässer, F.A., Polacek, N., and Hüttenhofer, A. 
(2007)
Nucleic Acids Res., 35(10): e73.
[3] Tanaka, H., Kato, K., Yamashita, E., Sumizawa, T., Zhou, Y., Yao, M., Iwasaki, K.,
Yoshimura, M.,Tsukihara, M. (2009) Science, 323(5912): 384 – 388
[4] Nandy, C., Mrazek, J., Stoiber H., Grässer F.A., Hüttenhofer A., Polacek N. (2009) 
J Mol Biol., 388(4): 776‐84
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Does the “RNA world” still communicate with the translation
machinery?

Kamilla Bąkowska‐Żywicka, Marek Żywicki, Norbert Polacek
Innsbruck Biocenter, Division of Genomics and RNomics, Innsbruck Medical 
University, Innsbruck, Austria

In the past years, it became evident that small non‐protein‐coding RNAs play key
roles in regulatory networks, shaping cellular life. While the list of validated non‐
coding RNAs that regulate crucial cellular processes grows steadily, not a single
ncRNA has been identified, with a notable exception of the signal recognition
particle that directly interacts and regulates the ribosome during protein
biosynthesis. All of the recently discovered regulatory ncRNAs (e.g. microRNAs,
siRNAs or antisense RNAs) target the mRNA rather than the ribosome. This is
unexpected, concerning the central position the ribosome plays during the gene
expression. The fundamental question that we are asking is: are there ncRNAs that
directly bind and possibly regulate the ribosome during translation? To address this
question, we started genomic screens for novel regulatory ncRNAs that associate
with Saccharomyces cerevisiae ribosomes under specific environmental conditions.
We have constructed a specialized cDNA library and subjected it to high
throughput deep sequencing analysis. Detailed computational analysis of 31.138
RNA sequences which were co‐purified with yeast ribosomes was performed. Our
data show that our cDNA library encodes for 107 putative ribosome‐associated
ncRNAs, including snoRNAs, highly abundant short ncRNAs derived from mRNA,
ribosomal RNA and of other origin as well as antisense RNAs. We have also
observed differential processing of tRNA and snoRNA molecules under specific
environmental conditions. For a subset of the candidates expression tests proved
their presence in the polysomes and monosomes generated from yeast as well
their influence on translation in vitro and in vivo.

Acknowledgement: Supported by FWF (M1074‐B11 to K.B.Ż.) and GEN‐AU (D 
110420‐012‐012 to N.P.).
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Atomic mutagenesis reveals a common mechanism for GTPase
activation on translational G proteins

Nina Clementi1, Ronald Micura2 and Norbert Polacek1
1 Division of Genomics and Rnomics, Biocenter, Medical University Innsbruck
2 Institute of Organic Chemistry, Center for Molecular Biosciences, University of 
Innsbruck

Following ribosomal peptide bond formation the deacylated and peptidyl tRNAs
along with the mRNA need to be translocated from the P‐ and A‐ to the E‐ and P‐
sites, respectively. This process is an intrinsic property of the ribosome, but needs
the assistance of the GTPase elongation factor G (EF‐G) during in vivo protein
synthesis. Subsequent to binding of EF‐G, its G domain is activated by the
ribosome, and GTP is hydrolyzed. Following the GTPase reaction the tRNAs and the
mRNA are translocated. In order to activate the GTPase conformational changes
within the switch regions and the P‐loop in the G domain must take place. It is
assumed that a catalytic histidine is reoriented by the opening of a hydrophobic
gate, and can then activate a water molecule to initiate GTP hydrolysis. In principle
there are two ribosomal regions, which could trigger GTP hydrolysis on EF‐G, the
GTPase‐associated‐center and the sarcin‐ricin loop (SRL) of 23S rRNA. Several
structural, biochemical and mutational studies have been performed to find the
ribosomal trigger. However none of them could unambiguously identify the
residue responsible for activation.
Using an atomic mutagenesis approach, which is based on the site‐specific
introduction of non‐natural nucleoside analogs within any desired region of the
23S rRNA, it was possible to ascertain the nucleobase of A2660 within the SRL of
the 23S rRNA to be the ribosomal element that stimulates EF‐G GTP hydrolysis [1].
Mutagenesis at the atomic level revealed the N6 exocyclic amino group of this
adenine to be the crucial factor for GTPase activation. The presence of this amine
might be necessary to mediate π‐stacking interactions of A2660 of the SRL with
residues of EF‐G, that promote conformational changes within the G domain, to
open the hydrophobic gate and reposition the catalytic histidine. Due to the
universal conservation of the SRL and the crucial elements within the G domain of
all GTPases, the hypothesized model for GTPase activation was tested with other
GTPases involved in ribosomal protein biosynthesis. Indeed it could be shown that
GTPase activation on initiation factor 2 and LepA (EF4) as well, are strictly
dependent on the presence of the amino group of A2660 of the SRL, suggesting a
common mechanism for GTPase activation on translational GTPases [1], [2].
Acknowledgements: Funded by the Austrian Science Foundation (FWF) (I317 and
P21641 to R.M. and Y315 to N.P.) and the Austrian Ministry of Science and
Research (GenAU project consortium ‘non‐coding RNAs’ P0726‐012 to R.M. and D‐
110420‐012 to N.P.)
[1] Clementi N, Chirkova A, Puffer B, Micura R, Polacek N. 2010. Atomic 
mutagenesis reveals A2660 of 23S ribosomal RNA as key to EF‐G GTPase activation. 
Nat Chem Biol 6(5): 344‐351.
[2] Clementi N, Polacek N. 2010. Ribosome‐associated GTPases: The role of RNA for 
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Deciphering Translational Processes Using Chemically Engineered
Ribosomes

Erlacher M.D.1, Micura R.2 and Polacek N.1
1 Division of Genomics and RNomics, Biocenter Innsbruck, Innsbruck Medical 
University;
2 Institute of Organic Chemistry, CMBI, University of Innsbruck;

Chemically modified macromolecules containing non‐natural residues have been
introduced in the past years into various biological systems in order to study the
mechanism of enzyme catalysis. Recently the ribosome, the largest natural
ribozyme known to date, has been added to the list of enzymes amenable to
synthetic biology. Using an in vitro reconstitution approach, we were able to
chemically engineer the ribosome and to introduce non‐natural modifications at
specific nucleotides of the 23S rRNA[1]. This experimental system, also referred to
as “atomic mutagenesis”, has already allowed us to identify crucial functional
groups of the 23S rRNA for peptidyl transfer[2], peptidyl‐tRNA hydrolysis[3] and EF‐G
GTPase activation[4]. However, all assays used so far covered only a single isolated
step of the translation cycle. To overcome this obstacle and to gain more
physiologically relevant insights into protein synthesis, we are developing in vitro
translation assays using chemically engineered ribosomes for synthesizing peptides
and proteins. We were already able to establish a poly(U) directed poly(Phe)
synthesis assay, which gave first hints on the importance of specific nucleotides in
the peptidyl transferase center for translocation[5]. However, the chemically
peculiar characteristics of the synthesized poly(Phe) peptides could lead to
poly(Phe) specific results considering protein synthesis. One known drawback of
this assay is that the synthesized poly(Phe)‐peptide most likely exits the ribosome
through the intersubunit space instead via the exit tunnel. To circumvent this and
to extend the biological authenticity of our assays we established an in vitro
translation assay using natural messages. This should allow us to investigate
interactions between the exit tunnel and various nascent peptides. Additionally, by
performing “atomic mutagenesis” translational fidelity and the overall processivity
of engineered ribosomes can be studied, leading to a more precise picture of the
mechanism of translation.
[1] Erlacher MD, Lang K, Shankaran S, Wotzel B, Hüttenhofer A, Micura R, Mankin
A, Polacek N; Nucleic Acids Res. 2005, March 14;33(5): 1618‐1627.
[2] Lang K, Erlacher MD, Wilson DN, Micura R, Polacek N; Chem Biol 2008 
May;15(5): 485‐492.
[3] Amort M, Wotzel B, Bakowska‐Zywicka K, Erlacher MD, Micura R, Polacek N; 
Nucleic Acids Res. 2007; 35(15): 5130‐5140.
[4] Clementi N, Chirkova A, Puffer B, Micura R, Polacek N; 2010; Nat Chem Biol. 
May;(6):344‐351.
[5] Chirkova A, Erlacher MD, Clementi N, Zywicki M, Aigner M, Polacek N; 2010 
Nucleic Acids Res. April 7 [in press].
Acknowledgements: Supported by the FWF (Y3150 to NP and P 22658‐B12 to ME)
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archaea and basal flatworms
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University, Innsbruck, Austria
2 Institute of Zoology, University of Innsbruck, Innsbruck, Austria

The functions of ribosomes in translation are complex and involve different types
of activities critical for decoding the genetic code, linkage of amino acids via amide
bonds to form polypeptide chains, as well as the release and proper targeting of
the synthesized protein. During the elongation cycle the ribosome has to interact
dynamically with various RNA (e.g. mRNA), RNP (e.g. aminoacyl‐tRNA‐EF‐Tu) and
protein ligands (e.g. EF‐G, RF). Since ribosomes are so fundamental to life,
understanding how they work and how they are regulated during protein
biosynthesis is at the heart of molecular understanding of biology.
Non‐protein‐conding RNAs (ncRNAs) showed in the last years to be crucial in
regulatory networks (e.g. chromosome remodelling; RNA polymerase activity;
mRNA turnover; etc). However all of the recently discovered ncRNAs involved in
translation regulation target the mRNA rather than the ribosome. This is
unexpected given the central position the ribosome plays during gene expression
and the assumption that the primordial translation system most likely received
direct regulatory input from small molecules including ncRNA cofactors.
The main goal of this project is to identify potential novel ncRNAs that directly bind
and possibly regulate the ribosome during protein biosynthesis. To address this
question our group has already started genomic screens for novel regulatory
ncRNAs that associate with Saccharomyces cerevisiae ribosomes under specific
environmental conditions.
Recently we have expanded our genomic screens to two novel model organisms:
the extremely halophilic archaea Haloferax volcanii and the basal flatworm
Macrostomum lignano. These organisms can hopefully give us a better insight into
the potential primordial regulation of translation. In order to select for ribosome‐
associated ncRNAs, we apply various stress conditions, isolate the ncRNA‐
ribosome‐complexes and subsequently the small ncRNA candidates that co‐purify
with the translating ribosomes are used for cDNA library construction. The library
will be then subjected to deep‐sequencing analyses and potential ncRNAs will be
tested for their presence and function during the ribosomal elongation cycle.

Acknowledgements: This work is funded by grants from the bm:wf (GenAU project 
consortium “non‐coding RNAs” D‐110420‐012‐012) and the Austrian Science 
Foundation (FWF grant Y315) to N.P.



Probing the ribosomal exit tunnel with tRNA‐peptide conjugates

Krista Trappl1, Jessica Steger2, Dagmar Graber2, Holger Moroder2, Ronald Micura2, 
Norbert Polacek1
1Innsbruck Biocenter, Division of Genomics and RNomics—Innsbruck Medical 
University, Fritz‐Pregl Strasse 3, 6020 Innsbruck, Austria
2Institut of Organic Chemistry and Center of Molecular Biosciences, University of 
Innsbruck, Innrain 52a, Innsbruck, Austria

The ribosome is playing the major role of protein synthesis in every living cell and
its task is to decode the mRNA into the corresponding sequence of amino acids. By
doing so each nascent peptide has to pass the ribosomal exit tunnel on it’s way
from the peptidyl transferase center, the catalytic center of the ribosome, to the
surface of the particle. The task of the tunnel, which is mainly composed of 23S
rRNA, and the interactions that are going on while the protein is passing through, is
an integral part of ribosome research in the recent years. Nevertheless it’s not jet
fully elucidated how the interaction in trans between the ribosome and the protein
which it is producing, works.
Other than that is the ribosomal exit tunnel a favored target of macrolide
antibiotics. These macrolides, like erythromycin, clarithromycin, roxithromycin or
telithromycin, are composed of a lacton ring and have a designated binding site in
the exit tunnel near the peptidyl transferase center. They interfere with the growth
of the nascent peptide, by stalling it after it reaches the length of about 5 amino
acids. However, questions concerning the exact working mechanism of these
antibiotics on the molecular level still await answers. The available data so far
indicate, that it is not just a sterical interference with the growing peptide, which
would lead to a stalling already after 2‐3 amino acids. Additionally small peptides
have been identified, which confer resistance to antibiotics sequence‐specifically,
indicating that the antibiotic must somehow sense the sequence of the peptide,
while it is passing by, taking into account that the addition of the mature peptide
alone is not leading to resistance.
Recent development in chemical synthesis enabled us the address this
fundamental question on a new level. Stable RNA‐peptide conjugates, which mimic
peptidyl‐tRNA, have been synthesized, carrying these so‐called resistance peptides.
By binding these substrates to ribosomes in the presence of macrolide antibiotics,
the in vivo situation should be simulated. The peptidyl‐tRNA/ribosome complexes
were then subjected to chemical probing using DMS and CMCT, which modify
flexible and accessible rRNA nucleobases. This experimental strategy allows
studying potential conformational changes in the nascent peptide exit tunnel in
the presents or absent of antibiotics.
The results will not only contribute to the elucidation of the working principle but
could also be an important help in drug design and development of novel
therapeutic strategies.
Funding by the Austrian Science Foundation ‐ Fonds zur Förderung der 
wissenschaftlichen Forschung (FWF) Project Y3150 to N.P. and projects I317 and 
P21641 to R. M.
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A ligand‐based 3D‐pharmacophore model for the µ opioid 
receptor: application to the morphinan class of opioids

Asim MF, Wolber G, Spetea M, Schmidhammer H
Institute of Pharmacy and Center for Molecular Biosciences, University of 
Innsbruck, Innrain 52a, Innsbruck, Austria.

Opioid receptors belong to the rhodopsin subclass within the superfamily of G‐
protein‐coupled receptors (GPCR), which are characterized by the presence of
seven transmembrane (7TM) helices. They interact with morphine and related
opioid alkaloids as well as with various endogenous opioid peptides. It is widely
accepted that there are three main types of opioid receptors, µ, δ and κ, which are
differently implicated in opioid function. Opioid compounds specifically targeting
each opioid receptor type are of high interest both as research tools and potential
therapeutic agents [1]. Activation of the µ opioid receptor produces many other
effects, besides its main involvement in pain control, including
immunomodulation, respiratory depression, constipation, tolerance and physical
dependence. With the lack of an experimental 3D structure of the µ opioid
receptor, discovery of 3D pharmacophores for the receptor that can explain the
activity of a series of ligands represent an important approach in drug discovery. In
the present study, a new ligand‐based pharmacophore model for the µ opioid
receptor was generated using the LigandScout program [2]. A database consisting of
morphinan derivatives was generated to provide the base for virtual screening and
validation studies. Opioid receptor binding activity data earlier published by our
group were included in this in‐house opioid library and a general structure‐activity
relationship (SAR) for morphinan compounds was established. A merged feature
ligand‐based pharmacophore model for the µ opioid receptor was generated using
a highly‐active training set of morphinans (in‐house opioid library). The model was
optimized, validated and was shown to be able to identify highly active µ opioid
ligands within a certain range, and excellent enrichments were achieved. The
pharmacophore model indicated that the important features for the binding
activity with the µ receptor are the presence of at least three hydrogen bond
acceptors, one aromatic ring and one positive ionisable feature. The availability of
the present pharmacophore model is expected to provide a more rational
hypothetical picture of the primary chemical features responsible for activity, to be
a valuable tool for 3D virtual screening and thus to facilitate the design of novel
active candidates targeting the µ opioid receptor.

Acknowledgement: Supported by the Austrian Research Fund (FWF: P21350).

Schmidhammer H, Spetea M, Top. Curr. Chem.
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In vitro and in vivo pharmacological profile of 6‐glycine substituted 
14‐phenylpropoxymorphinans, high affinity and potent opioid 
antinociceptive agents

Spetea M1, Windisch P1, Guo Y2, Bileviciute‐Ljungar I2, Schütz J1, Riba P3, Kiraly K3, 
Fürst S3, Schmidhammer H1

1Institute of Pharmacy and Center for Molecular Biosciences, University of 
Innsbruck, Innrain 52a, Innsbruck, Austria. 
2Department of Physiology and Pharmacology, Karolinska Institutet, Stockholm, 
Sweden.
3Department of Pharmacology and Pharmacotherapy, Semmelweis University, 
Nagyvárad 4, Budapest, Hungary.

Being a disabling symptom of many medical conditions, effective pain control is
one of the main therapeutic priorities. Among analgesic drugs, opioids (e.g.
morphine, fentanyl and oxycodone), are the most effective analgesics for the
management of moderate to severe pain, but they also share a number of adverse
effects [1]. Our research in the morphinan class of opioid analgesics has led us to
obtain several 14‐alkoxymorphinan‐6‐ones that act as effective antinociceptive
agents in various rodent pain models [2]. Herein, we describe the synthesis and
pharmacological activities of a series of 14‐phenylpropoxymorphinans containing a
glycine residue in position 6. Binding affinities at opioid receptors (µ, δ and κ) were
determined using in vitro competition binding assays in rodent brain membranes.
Antinociceptive activities were assessed in rat models of nociceptive and
inflammatory pain. In vitro binding studies showed that all compounds displayed
high affinities at opioid receptors (µ, δ and κ), for several derivatives being in the
subnanomolar range. The novel 14‐phenylpropoxymorphinans exhibited dose‐
dependent antinociceptive effects in the tail‐flick test in rats after subcutaneous
(s.c.) administration, with considerably higher potency than morphine.
Subcutaneous administration of the 14‐phenylpropoxymorphinans significantly
reduced mechanical hypersensitivity in rats with carrageenan‐induced
inflammatory pain with long‐lasting effects. Analysis of the in vitro and in vivo
opioid profile for this series of 14‐phenylpropoxymorphinans leads to an improved
understanding of the relationship between affinity and/or selectivity for the opioid
receptors, antinociceptive potency and the nature of substituents in morphinans.
On the basis of the structure‐activity relationship that has emerged, certain
modifications in the substitution pattern, e.g. introduction of a 14‐phenylpropoxy
group and/or a 6‐glycine residue, results in interesting alterations in opioid activity
by influencing the pharmacological properties of compounds interacting with µ, δ
or κ opioid receptors that may emerge as novel analgesics.
Acknowledgement: Supported by CAST, LISA, Austrian Science Fund (FWF: P15481

and P21350) (all to HS), Hungarian grant (ETT‐024/2003 to SF) and Karolinska
Institutet Foundation (to IBJ).
Benyamin R, Trescot AM, Datta S, Buenaventura R, Adlaka R, Sehgal N, Glaser SE, 
Vallejo R,  Pain Physician 2008;11:S105–20.
Schmidhammer H, Spetea M, Top. Curr. Chem. 2010;DOI:10.1007/128_2010_77.

Role of I‐II loop in the plasma membrane targeting of L‐Type
Voltage Gated Calcium Channels

Gurjot Kaur1, Mathias Gebhart1, Martina Sinnegger‐Brauns1, Gerald J. Obermair2, 
Bernhard E. Flucher2, Alexandra Koschak1 and Jörg Striessnig1 
1Institute of Pharmacy, Pharmacology and Toxicology, and Center for Molecular 
Biosciences, University of Innsbruck, Peter‐Mayr‐Strasse. 1/I., Innsbruck, Austria; 
2Department for Physiology and Medical Physics, Medical University of Innsbruck, 
Fritz‐Pregl‐Str. 3, Innsbruck, Austria

Calcium influx through L‐type voltage‐gated calcium channels (LTCCs) underlies
physiological processes like muscle contraction, neuronal excitability, modulation
of gene expression and release of hormones [1]. In the multisubunit complex of a
LTCC, the β‐subunit binds with high affinity to the cytoplasmic I‐II loop of the pore
forming α1‐subunit and thereby promotes plasma membrane targeting of the
channel and modulates gating [2]. It is believed that β‐subunit binding masks an
endoplasmic reticulum retention signal on the I‐II loop and promotes membrane
targeting [3]. The aim of this study is to investigate if the I‐II loops by themselves
can support plasma membrane targeting of LTCCs. We produced FLAG‐tagged I‐II
loops from different L‐type (Cav1.1, Cav1.2, Cav1.3 and Cav1.4) and non L‐type
(Cav2.1, Cav2.2, Cav2.3) calcium channels, transiently expressed them in tsa‐201
cells and monitored their subcellular localization by high resolution
immunofluorescence microscopy in tsA‐201 and GLT muscle cells. All L‐type I‐II
loops were localized in the plasma membrane while non L‐type I‐II loops targeted
to the nucleus. As expected, β‐subunits (β3, non‐palmitoylated β2) were evenly
distributed in the cytoplasm but were targeted to the plasma membrane by co‐
expressed L‐type I‐II loops. Mutation of a single residue (W441A) in the β‐subunit
binding motif of the I‐II loop disrupted β‐subunit interaction but not plasma
membrane targeting of the loop. This shows that independent structural motifs
determine β‐subunit binding and targeting of LTCC I‐II loops. We hypothesize that
LTCC I‐II loops recognize a binding partner in the plasma membrane which
mediates plasma membrane targeting even with the large (50‐60 kDa) β‐subunit
bound. This interaction could be important for the plasma membrane targeting of
the whole channel complex. We are currently identifying potential protein binding
partners of the Cav1.2 I‐II loop using co‐immunoprecipitaion experiments. The
nuclear targeting of Cav2 I‐II loop (which cannot take place with the intact channel)
is not studied further.

Support: FWF (P20670, W11, University of Innsbruck)
[1] Platzer J, Engel J, Schrott‐Fischer A, Stephan K, Bova S, Chen H, Zheng H, 
Striessnig J, Cell, 2000 Jul; 102(1): 89‐97.[2] Gerster U, Neuhuber B, Groschner K, 
Striessnig J, Flucher BE, J. Physiol., 1999 Jun; 517: 353 ‐ 368.[3] Petegem F Van, 
Clark KA, Chatelain FC, Minor Jr DL, Nature, 2004 Jun; 429(6992): 671‐5.
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Identification of biochemical pathways contributing to the
aberrant behavioural phenotype induced by dietary‐induced Mg‐
deficiency

Whittle N1, Sartori SB1, Li L2,Chen W‐Q2, Yang J‐W2, Sinnegger‐Brauns MJ1, Lubec
G2, Singewald N1

1 Department of Pharmacology and Toxicology and Center for Molecular 
Biosciences Innsbruck, University of Innsbruck, Innsbruck, Austria
2 Department of Pediatrics, Medical University of Vienna, Vienna, Austria

An increasing number of clinical and preclinical studies proposes that changes in
magnesium (Mg) homeostasis are involved in diverse psychopathologies including
depression, but the underlying neurochemistry remains largely unknown. Here,
mechanisms contributing to the enhanced depression‐ and anxiety‐related
phenotype of mice fed a Mg‐restricted diet (10 % of the daily requirement) which is
sensitive to chronic antidepressant treatment were investigated. Compared to
control conditions, Mg‐deficiency increased ACTH plasma levels which coincided
with an elevated abundance of the corticotropin‐releasing hormone mRNA in the
hypothalamus indicating a hyperactive hypothalamic‐pituitary‐adrenal (HPA) axis.
Furthermore, using an unbiased (proteomic) approach, the expression of four
proteins (out of 302 identified), namely manganese‐superoxide dismutase, voltage‐
dependent anion channel 1, glutamate dehydrogenase 1, and N(G),N(G)‐
dimethylarginine dimethylaminohydrolase 1 (DDAH1) were found to be altered in
the amygdala/hypothalamus of Mg‐deficient compared to control mice. Since
DDAH1 is a signalling protein regulated by nitric oxide whose production can be
regulated by NMDA receptor activity allosterically controlled by Mg, Mg‐deficiency
was induced in heterozygous nitric oxide synthase (nNOS) knockout mice. Indeed,
Mg‐deficient heterozygous nNOS knockout mice displayed an unaltered
depression‐ but increased anxiety‐like behaviour suggesting a role of the NO
pathway in altered affective behaviour by Mg‐deficiency. Chronic antidepressant
treatment with either desipramine or paroxetine normalised the dysregulations in
the identified systems strengthening the link between Mg‐deficiency and
anxiety/depression phenotypes. Collectively, the present data provide first
evidence of deranged biochemical pathways, in response to dietary‐induced
hypomagnesaemia, differently contributing to mood and emotionality.

Supported by the FWF and HDRF (NS).
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Treatment of the Metabolic Syndrome by Traditional Chinese
Medicine (TCM)

Steinmann D1, Baumgartner RR2, Dirsch VM2, Stuppner H1, Ganzera M1

1Institute of Pharmacy/Pharmacognosy and Center for Molecular Biosciences, 
University of Innsbruck, Innrain 52c, Innsbruck, Austria.
2Department for Pharmacognosy, University of Vienna, Althanstr. 14, Vienna, 
Austria.

Traditional Chinese Medicine (TCM) describes many herbal preparations that are
used against various diseases associated with the metabolic syndrome. According
to the International Diabetes Federation (IDF) this increasingly relevant disease
pattern is characterized by type 2 diabetes mellitus (T2DM), malfunctioned glucose
tolerance and pathologic insulin resistance [1]. The enzyme Protein Tyrosine
Phosphatase – 1B (PTP‐1B) is one of the major negative regulators of the insulin
signaling pathway [2] and therefore its inhibition is of substantial interest for the
treatment of T2DM and the metabolic syndrome [3].
Aim of our ongoing work is the isolation of PTP‐1B inhibiting natural products from
plants commonly used in TCM. Therefore, phytochemical and analytical
investigations were performed in conjunction with parallel pharmacological
screening (in vitro enzyme assay using human recombinant PTP‐1B and a cell‐based
assay with human Hepatoma cells). Up to now we were able to show that
Pentagalloylglucose (PGG) isolated from Radix Paeoniae Rubra [4] and Oleic Acid
(OA) isolated from Cortex Phellodendri are significantly involved in the antidiabetic
activity of these plant species. Ongoing research on other plant species used in
TCM, like Herba Agrimoniae, also shows promising initial results.

Acknowledgement: This work is supported by the Austrian Federal Ministries of
Science and Research (BMWF) and Health (BMG) [TCM and Age Related Diseases],
the University of Vienna (Initiative Group “Molecular Drug Targets”), and in part by
the Austrian Science Foundation (FWF) [NFN S10704‐B03].

[1] Unwin N, Whiting D, Gan D, Jacqmain O, Ghyoot G, IDF diabetes atlas.
International Diabetes Federation: Brussels 2009. [2]  Bandyopadhyay D, Kusari A, 
Kenner KA, Liu F, Chernoff J, Gustafson TA, Kusari J, J. Bio. Chem. 1997;272(3):1639‐
1645.[3]  Koren S, Fantus IG, Best Pract. & Res. Clin. Endo. & Meta. 2007;21(4):621‐
640.[4] Baumgartner RR, Steinmann D, Heiss EH, Atanasov AG, Ganzera M, 
Stuppner H, Dirsch VM,  submitted to J. Nat. Prod. 2010.
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In silico discovery of novel acidic microsomal prostaglandin E2
synthase 1 inhibitors

Waltenberger B1, Wiechmann K2, Schuster D3, Wolber G3, Rollinger JM1, Werz O2, 
Stuppner H1

1Institute of Pharmacy, Pharmacognosy and Center for Molecular Biosciences, 
University of Innsbruck, Innrain 52c, Innsbruck, Austria.
2Institute of Pharmacy, Pharmaceutical Analytics, Eberhard Karls University 
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Microsomal prostaglandin E2 synthase 1 (mPGES‐1) is a terminal enzyme in the
prostaglandin biosynthesis pathway that catalyzes the inflammation‐induced
conversion of cyclooxygenase (COX) ‐2‐produced prostaglandin (PG) H2 to PG E2 [1],

[2]. Specific inhibition of mPGES‐1 is expected to leave the synthesis of constitutive
PG E2 as well as other COX‐derived prostanoids unaffected [3], [4]. Thus, there is an
increasing interest in this novel therapeutic strategy as an alternative to
nonsteroidal anti‐inflammatory drugs and coxibs. At present, some inhibitors of
mPGES‐1 are known, whereas none of them has reached clinical development.
The aim of our study was the discovery of novel mPGES‐1 inhibitors. Therefore, a
ligand‐based pharmacophore model for acidic inhibitors of mPGES‐1 was
generated. The chemical database of the National Cancer Institute (NCI) was
virtually screened using the model as search query. Pharmacological investigation
of 19 selected compounds of chemically diverse structures led to the identification
of three novel mPGES‐1 inhibitors, i.e. NSC 152165, NSC 164958, and NSC 210627,
showing IC50 values of 0.4, 3.7, and 0.5 µM, respectively.

Acknowledgement: This work was granted by the Austrian Science Foundation
(S10703‐B03).

[1] Samuelsson B, Morgenstern R, Jakobsson PJ, Pharmacol. Rev. 2007; 59(3):207‐
224.
[2] Murakami M, Naraba H, Tanioka T, Semmyo N, Nakatani Y, Kojima F, Ikeda T, 
Fueki M, Ueno A, Oh S, Kudo I, J. Biol. Chem. 2000;275:32783‐32792.
[3] Mehrotra S, Morimiya A, Agarwal B, Konger R, Badve S, J. Pathol. 2006; 
208(3):356‐363.
[4] Friesen RW, Mancini JA, J. Med. Chem. 2008;51(14):4059‐4067.

Disassembly of the ESCRT‐III complex

Manuel Alonso Y Adell1, David Teis1

1Division of Cell Biology, Medical University Innsbruck,  Fritz‐Pregl‐Str. 3, Innsbruck, 
Austria

Receptor down‐regulation at the endosome requires the activity of the endosomal
sorting complex required for transport (ESCRT) proteins. The ESCRT machinery is
essential for the specific recognition and sorting of ubiquitin‐modified cargo
molecules (transmembrane proteins) into the intraluminal vesicles of
multivesicular bodies (MVBs). The ESCRT system consists of five distinct protein
complexes, ESCRT‐0, ‐I, ‐II, ‐III and Vps4. While ESCRT‐0, ‐I and –II collect
ubiquitinated cargo, ESCRT‐III functions late in the MVB sorting pathway.
Assembling of ESCRT‐III subunits on the endosomal surface probably drives
membrane deformation and scission processes during MVB vesicle generation.
ESCRT‐III is composed of four proteins which oligomerize in an ordered manner on
the endosomal membrane. The first ESCRT‐III subunit Vps20, initiates the homo‐
oligomerization of Snf7 proteins; this filament is then capped by Vps24 which in
turn recruits the last subunit Vps2.
Disassembly of the ESCRT‐III polymer and release of its individual components
from the endosome into the cytoplasm requires the activity of the AAA‐ATPase
Vps4. Interestingly, the recruitment of Vps4 to the site of MVB vesicle formation is
regulated by ESCRT‐III. However both, the molecular mechanisms of this
recruitment and how Vps4 subsequently dissociates ESCRT‐III subunits are poorly
understood. We are investigating how Vps4 disassembles ESCRT‐III and how ESCRT‐
III disassembly is involved in MVB vesicle generation. The disassembly of the ESCRT
‐III begins by the binding of Vps4 to the ESCRT‐III subunit Vps2 and “starts” the
disassembly process. Our data suggest that, once activated, Vps4 will begin to
disassemble the entire ESCRT‐III complex in an ordered and processive reaction.
The ESCRT‐III subunits are dissociated one after another, beginning with Vps2 and
ending with Vps20. Our studies might help to explain how the ESCRT‐III complex
directs and times its own disassembly on endosomes and hence could provide
understanding of the last step in MVB sorting.
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Functional Genomic Characterization of a potential Membrane
Stress Response pathway

Marietta Brunner1, Daniel Bindreither2, Johannes Rainer2, Reinhard Kofler2, David 
Teis1
1Division of Cell Biology, Medical University Innsbruck,  Fritz‐Pregl‐Str. 3, Innsbruck, 
Austria
2Division of Molecular Pathophysiology, Medical University Innsbruck, Fritz‐Pregl‐
Str. 3, Innsbruck, Austria

The degradation of intracellular proteins regulates different processes, such as cell
cycle and division, transcription factors, cellular quality control and cell surface
remodelling. Defects in protein degradation systems have been implicated in the
pathogenesis of various human diseases ranging from malignancies to
neurodegenerative disorders. Four major pathways, the ubiqutin‐proteasome
system (UPS), the ER associated degradation (ERAD), the autophagy‐ and the
multivesicular body (MVB) ‐ pathway target proteins for degradation. The MVB
pathway is, to the best of our knowledge, required for the degradation of most if
not all transmembrane proteins which constitute approximately 30% of all cellular
proteins. The pathway is mediated by the endosomal sorting complexes required
for transport (ESCRT). The ESCRT machinery plays a critical role in cellular processes
including the downregulation of cell surface receptors and formation of intra
lumenal vesicles within the MVB, viral budding from the cell surface and cell
abscission at the end of cytokinesis.
To understand how cells respond on the accumulation of transmembrane proteins
we compared the gene expression profile of wild‐type yeast cells with ESCRT
deficient yeast mutants (vps4D) and whether this would trigger a specific stress
response versus an ESCRT WT (VPS4) using microarray analyses. The analyses of
the gene‐expression profiles shows that 124 genes are differentially regulated. The
mRNA levels of 66 % are upregulated in the ESCRT deficient cells and represent
genes that are involved in stress response and water transport. 41 genes show a
decrease in mRNA levels. 70% are direct targets of the yeast MAPK pathway. The
canonical MAPK pathway transmits pheromone signals via a G protein coupled
receptor and initiates mating between two haploid cells. Consistent with the
results these results we detect a 3,5 fold decrease in mating efficiency of the ESCRT
mutant (vps4D). Importantly, neither changes in the gene expression profile of any
other ESCRT subunit nor changes of the other major degradation pathways were
be detected. Taken together, it appears that cells might activate a specific
membrane stress response when transmembrane proteins can no longer be
degraded and accumulation in cells.
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Identification of novel regulators in cell surface receptor
degradation via the multivesicular body pathway

Martin Müller1, Marcus Smolka2, David Teis1

1Division of Cell Biology, Medical University Innsbruck, Fritz‐Pregl‐Str. 3, Innsbruck, 
Austria
2 Departement of Molecular Biology and Genetics, Cornell University, Ithaca, NY, 
United States of America

Cell surface receptors are important for sensing extracellular signals and in
consequence triggering specific cellular reactions. Upon activation transmembrane
proteins are selectively ubiquitinated and subsequently internalized into the
endosomal membrane system. On endosomes, internalized receptors can either
recycle back to the cell surface or selectively degrade by the MVB (multivesicular
body) pathway. The MVB pathway is mediated by the highly conserved endosomal
sorting complexes required for transport (ESCRT). The sequential action of 5
different ESCRT complexes sorts ubiquitinated membrane proteins into the inward
budding MVB vesicles. Beside MVB vesicle formation ESCRT components are
involved in the budding of retroviruses such as HIV and EBOLA and cytokinesis.
Moreover dysfunction of the ESCRT contributes to diseases such as cancer and
neurodegeneration.
While the assembly mechanisms of ESCRT are reasonably well understood in yeast,
little is known about its regulation. Our aim is to identify regulatory mechanisms in
transmembrane protein degradation and ESCRT function using genetic and
proteomic approaches. Using a phosphoproteomic screen we have identified 25
phosphorylation sites in 7 ESCRT subunits. Some of which appear conserved in
humans. We are currently testing mutated predicted phosphorylation sites, located
on essential ESCRT subunits, to clarify their role in ESCRT regulation.
As yeast has only 133 kinases and 46 phosphatases, we are additionally conducting
a genetic screen to identify regulatory kinases and phosphatases. First results will
be presented on the poster.
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TIS7 interacts with and regulates the methylosome

K. Patsch1, T. Stasyk1, M. Offterdinger1, N. Schiefermeier1, G. Brosch2, J. Fürst3, K. 
Pfaller4,  L.A. Huber1, I. Vietor1
1Biocenter, Division of Cell Biology Innsbruck Medical University, Innsbruck, Austria
2Biocenter, Division of Molecular Biology, Innsbruck Medical University, Innsbruck, Austria
3Institute of Physiology and Medical Physics, Innsbruck Medical University, Innsbruck, 
Austria
4Division of Histology and Embryology, Innsbruck Medical University, Innsbruck, Austria

TPA Induced Sequence 7 (TIS7) was characterized by our laboratory as a
transcriptional co‐repressor [1]. The generation of TIS7 knockout mice showed that
TIS7 is involved in muscle differentiation and regeneration [2]. Using MALDI‐
TOF/TOF in immunoprecipitates of TIS7, we detected all three known components
of the methylosome complex [3, 4] protein arginine N‐methyl transferase 5 (PRMT5),
pICln and methylosome protein 50 (MEP50). The TIS7 complex contained methyl
transferase activity in vitro. FRET experiments with NIH3T3 cells confirmed the co‐
localization of the methylosome complex with TIS7 in vivo. GST pull‐down analyses
showed that TIS7 directly interacts with all 3 methylosome subunits. Furthermore,
we observed a down‐regulation of the methylosome subunits expression on RNA
and protein levels in TIS7 KO myoblasts.
As the methylation of the MyoD promoter is known to regulate muscle
differentiation [5], and we found this muscle regulatory factor to be down‐
regulated in TIS7 KO myoblasts, we are testing whether TIS7 or methylosome
subunits over‐expression in TIS7 KO muscle satellite cells can rescue the expression
of MyoD and thereby also the fusion deficiency phenotype.
Data shown here implicate that TIS7 regulates gene expression not only via its
interaction with histone deacetylases, as we have previously shown [1], but also by
affecting methylation processes. Clarification of the mechanisms directed by TIS7
during regeneration events, e.g. following muscle injury, may provide a possibility
for therapeutical application.

This work was supported by the FWF grant Nr. P 18531‐B12 to I.V.
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Investigating the Role of PIDD in the DNA Damage Response

F. Bock, G. Krumschnabel, C. Manzl, A. Villunger

The p53‐induced protein with a death domain (PIDD) is involved in cellular
pathways which can induce programmed cell death (apoptosis), survival via the
activation of NFkB and/or DNA‐repair after DNA‐damage. Depending on the
duration, type and severity of genotoxic stress, PIDD, together with the adapter
molecule RAIDD, can aid in the formation of an activating platform for Caspase‐2,
the so‐called “PIDDosome”, or together with RIP1 assist in the activation of NFkB
by promoting sumoylation of NEMO. Most recently, PIDD has also been shown to
form complexes with DNA‐PK, assisting DNA repair by enabling non‐homologous
end‐joining. While the first complex induces apoptosis, the latter two prevent
apoptosis by enabling the cell to repair the damage. PIDD therefore plays a role in
the integration of at least two opposing signalling pathways. This dual role is based
on the capacity of PIDD to auto‐proteolytic cleavage, which leads to the generation
of two different protein fragments, PIDD‐C and PIDD‐CC, each of which is involved
in the induction of one of the aforementioned pathways.
In order to shed further light on these roles and to investigate the in vivo function
of PIDD, we have generated a mouse model lacking the pidd gene. Using mouse
embryonic fibroblasts (MEF) derived from those mice we performed survival assays
and monitored NFkB activity in response to genotoxic stress.
Treatment with inflammatory cytokines did not reveal any differences in NFkB
activation between wild type and PIDD deficient MEF. In contrast, there was a
significant delay in activation of NFkB in response to DNA damage. Furthermore,
various inhibitors of NFkB could sensitize wild type cells, but not PIDD deficient
cells towards DNA damage induced apoptosis. Unexpectedly, we observed no
differences of short and long term survival between wild type and PIDD deficient
cells. However, PIDD deficient cells show a deficient cell cycle arrest in response to
DNA‐damage.
In conclusion, our results suggest that PIDD plays a rate‐limiting role in NFkB
activation following DNA damage. Surprisingly, this defect is not reflected in
differences in cell survival.
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Investigating the Role of the BH3‐only Proteins Bim and Bmf in
Mammary Gland Development and Breast Cancer

F. Baumgartner1, V. Labi1, F. Grespi1, G. Krumschnabel1, E. Müller‐Holzner2, C. 
Marth2, W. Doppler3 and A. Villunger1
1 Division of Developmental Immunology, BIOCENTER, 2 Department of Obstetrics 
& Gynaecology, 3 Division of Medical Biochemistry, Innsbruck Medical University, 
Austria

The two BH3‐only proteins Bim and Bmf were implicated in driving apoptosis upon
various stresses, but also in developmental cell death during mammary gland
formation. The aim of our study is to investigate the role of these proteins during
development and tumourigenesis of the mammary gland.
We found that Bim and Bmf are differentially expressed during mammary gland
development. As these two proteins have a proapoptotic function we investigated
in detail tissue dynamics during involution in the absence of Bim or Bmf. Inducing
the cessation of lactation by forced weaning caused delayed involution in mice
lacking Bim or Bmf, when compared to wild type or bad‐/‐mice.
Assessing tumour development, using the MMTV/neu mouse model of breast
cancer, we saw that mice lacking one or both alleles of bmf show the same tumour
latency as wildtype mice, while, surprisingly, bim+/‐ mice develop the tumours
significantly later and, so far, this is even more significant in bim‐/‐ mouse.
We accredit both proteins to contribute to the remodelling of the mammary gland
after lactation. In the MMTV/neu tumour model Bmf does not suppress breast
cancer formation while, surprisingly, Bim seems to promote malignant disease.
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Elucidation of the Physiological Role of the Bcl‐2 Pro‐Survival 
Homologue A1

E. Ottina1, F. Grespi1, S. Geley2, N. Yannoutsos3, M. Herold4 and A. Villunger1
From the 1Div. of Dev. Immunology, 2Div. of Mol. Pathophysiology, Div. of Cell 
Biology, BIOCENTER, Innsbruck Medical University, 4Walter & Eliza Hall Institute for 
Medical Research, Melbourne, Australia

The anti‐apoptotic protein A1/Bfl‐1 reportedly plays a role in lymphocyte and
myeloid cell development and maturation. The physiological role of A1, however, is
still unclear because conventional knockout techniques cannot be applied to
generate a suitable mouse model.
In order to overcome this problem we have used an alternative strategy based on
RNA interference (RNAi). We chose to generate an inducible as well as a tissue‐
specific transgenic mouse model to knock‐down A1. Therefore, we designed an
expression construct encoding a shRNA targeting A1 mRNA in the context of the
miR30 micro RNA. In one model, this miR30‐A1 sequence was embedded in the
3´UTR of a cDNA encoding the fluorescent marker gene Venus trancribed from a
modified version of the Vav‐gene promoter containing lac‐repressor (lacI) binding
sites (lacO), which is specific for the hematopoietic system and can be regulated by
IPTG in the context of lacI. In a second approach the miR30‐A1 sequence is
expressed in the context of a Tet‐CMVmin promoter followed by EGFP cDNA
sequence driven by the ubiquitin promoter. These Tet‐miR30‐A1mice were crossed
with VavP‐tTA mice in order to drive the expression of the mir30‐A1 in all
hematopoietic cells. In addition, we generated Hoxb8‐myeloid progenitor cell lines
that can be differentiated into neutrophils or macrophages in vitro from Tet‐
miR30‐A1mice to establish an in vitro system allowing manipulation of A1.
First results suggest that A1 may be important for thymocytes survival during
negative selection and for B cell maturation. Furthermore, the differentiation
potential into the granulocytic lineage also seems dependent on A1 availabilty.
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Investigating the role of the PIDDosome in B cell lymphomagenesis

Peintner L. 1,Manzl C. 1 Krumschnabel G.1 and Villunger A. 1
From the 1Division of Developmental Immunology, Innsbruck Medical University, 
Innsbruck, Austria

The “PIDDosome”, a protein complex containing the death domain containing
proteins PIDD and RAIDD is proposed to act as an activation‐platform for the cell
death‐associated protease Caspase 2. Caspase‐2 has been proposed to facilitate
apoptosis and exhibits tumor suppressor potential in fibroblasts and B
lymphocytes. In order to investigate the physiological role of the PIDDosome in B‐
cell lymphomagenesis, caspase‐2 and pidd‐deficient mice were intercrossed with
Eµ‐myc transgenic mice that develop immature pre‐B or IgM+ B‐cell lymphomas
within their first six months of life.
Consistent with published results, we observed a significantly accelerated
lymphoma onset in mice lacking caspase‐2 when compared to wild‐type mice, but
no such effect was noted in mice lacking one or two alleles of pidd.
Notably, loss of caspase‐2, but not that of pidd, favored the development of more
mature IgM+ B‐cell over pre‐B‐cell tumors. Since it is well‐known that a
considerable number of Eµ‐myc driven lymphomas show inactivation of the
ARF/mdm2/p53 signaling‐axis, we immunoblotted the arising B‐cell‐lymphomas for
p53 and ARF expression. Our analysis revealed that the rate of p53 inactivation in
caspase‐2 deficient tumors was significantly reduced.
Analysis of tumor cell apoptosis revealed that neither caspase‐2 nor pidd deficient
cells show a survival advantage, when treated with different doses of anti‐cancer
drugs for 24 hours.
Premalignant mice lacking caspase‐2 or pidd showed increased populations of pre‐
B, T1 and mature‐B‐cells, similar to the phenotype known for Eµ‐myc mice and
survival assays using isolated B‐cell subsets showed no difference in their survival
rate upon c‐myc‐induced oncogenic stress.
Taken together, we could demonstrate that caspase‐2 plays a potent role in tumor
suppression but this tumor suppressive effect does not require the PIDDosome as
an activation‐platform for caspase‐2.
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B cells undergo many selection processes before becoming mature and
immunocompetent. The TNF family ligand B cell‐activating factor (BAFF), which
binds three receptors: BCMA, TACI and BAFF‐R, plays an important role in B cell
development and survival. Its absence causes the loss of most mature B cells
including transitional 2, follicular and marginal zone B cells. This deficit can be
partially rescued by overexpression of Bcl2, the founding member of the Bcl2
family of proteins. The prosurvival function of Bcl2 is antagonized by so‐called BH3‐
only proteins, pro‐apoptotic members within the same family, such as Bim or Bmf.
Since loss of these BH3‐only proteins results in an accumulation of mature B cells
we crossed bim‐/‐ and bmf‐/‐ animals with mice that overexpress a TACI‐Ig fusion
protein, in which BAFF is sequestered and functionally inhibited.
Preliminary results suggest, that the deletion of Bim or Bmf can restore in part the
survival of T2, FO and MZ B cells in TACI Ig transgenic mice, which is even more
pronounced when both BH3‐only proteins were knocked out.
We conclude that BAFF functions by modulating the expression and/or function of
Bim and Bmf. It has to be determined if the rescue in the double‐deficient mice is
complete or if other BH3‐only proteins or even a Bcl2‐independent cell death
pathway can also be targeted by BAFF‐mediated signals.
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The role of fibroblasts and macrophages in capsular fibrosis
Plank N1, Pfaller K2 , Wolfram‐Raunicher D3, Wick G1
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of Innsbruck, Anichstrasse 35, Innsbruck, Austria.

Silicone is the most widely used inorganic biomaterial in medical practice applied in a large
variety of active (cardiac pacemakers, cochlea implants, etc) and passive (drainage tubings,
silicone mammary implants (SMIs), etc.) implants. For decades, SMIs have been accepted
to be biologically inert, even though they induce a local inflammatory response resulting in
capsular fibrosis [1]. This fibrotic consequence is characterized by an excessive deposition of
extracellular matrix (ECM) components.
Within the peri‐ SMI connective tissue capsule, we found massive infiltrates of immune
cells, predominantly T‐lymphocytes and macrophages, but also dendritic cells as well as
(myo)‐fibroblasts. Moreover, the proteinaceous film deposited on the surface of silicone
implants in vivo is presumed to be a key player in the activation of the innate and adaptive
host defense mechanisms by promoting exposure of cryptic and/or formation of altered
self epitopes. Therefore, we identified the most abundant proteins adhering to silicone
surfaces with several biochemical modifications [2,3]. One of these, fibronectin (FN) plays a
major role in cell adhesion, growth, migration and differentiation. FN is deposited during
wound healing and is crucial for the differentiation of fibroblasts into myofibroblasts,
induced by TGF‐β1. On the other hand, FN is recognized by macrophages and frequently
used in biomaterial modification to elicit greater cellular adhesion and tissue integration.
Altered FN expression, degradation and organization has been associated with fibrosis.
In this project, we focused on the role of fibroblasts and macrophages in the fibrotic
reaction to SMIs. Cell adhesion and proliferation of capsular and autologous dermal
fibroblasts as well as monocyte‐derived macrophages on textured vs smooth silicone
surfaces pre‐coated with different proteins were investigated in vitro using scanning
electron microscopy (SEM), immunohistochemistry, FACS‐analysis and cell adhesion assays.
The impact of the adsorption of FN as well as heat shock protein 60 (Hsp60) on the
morphology of fibroblasts and macrophages on the silicone surface was observed using
SEM. After 24 hours of incubation, cells on silicone pre‐coated with FN and Hsp60 already
spread out, while controls retained a spherical morphology. Without proteinaceous pre‐
coating of the silicone surface, more apoptotic cells with characteristic membrane blebbing
were found compared to controls. In addition, higher numbers of attaching cells on pre‐
coated silicone were verified with cell adhesion assays. This was also true for textured vs
smooth silicone surfaces. SEM, immunohistochemical and FACS analysis showed the
improved capability of monocyte‐macrophage differentiation on pre‐coated silicone
surfaces compared to controls.
This study showed that both surface topography of the silicone implant and deposition of
proteins on the silicone surface modulate cell morphology, differentiation and adhesion.
Acknowledgement: Supported by the Competence Center Medicine Tyrol (KMT) and the
Lore‐and‐Udo‐Saldow Donation.
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HSP60 T cell epitopes and anti‐HSP60 autoantibody are involved in
the initiation and progression of atherosclerosis

Giovanni Almanzar1, Cecilia Grundtman1, Robert Öllinger2, Ruurd van der Zee3, Julianna 
Leuenberger1, Elisabeth Onestingel1, and Georg Wick1
1 Laboratory of Autoimmunity, Division of Experimental Pathophysiology and 
Immunology, Biocenter, Innsbruck Medical University, Innsbruck, Austria
2 Division for Transplantation and Thorax Surgery, Innsbruck Medical University, 
Innsbruck, Austria
3 Department of Infectious Diseases and Immunology, Utrecht University, The 
Netherlands

Atherosclerosis is a multifactorial chronic, inflammatory disease characterized by the
appearance of intralesional T cells, macrophages, and dendritic cells. These cells
contribute to the inflammatory process in the arterial wall by mechanisms that are not
yet completely elucidated. Surface expression of HSP60 by arterial endothelial cells is
believed to be a hallmark of the earliest stages of atherosclerosis. The induction of
HSP60 and adhesion molecules is increased in endothelial cells subjected to classical
atherosclerosis risk factors. These HSP60 positive endothelial cells can then become a
target for pre‐existent innate and adaptive cellular and/or humoral immunity. To
characterize the proatherogenic HSP60 epitope/s leading to early atherosclerosis could
therefore lead to new therapeutic interventions targeting the actual disease process in
the arterial wall.
The aim of this study was to phenotypically and functionally characterize T cells isolated
from early atherosclerotic lesions and to determine the potential reactivity to HSP60.
Iliac arteries and peripheral blood were collected from transplantation organ donors
(n=6) and analyzed by immunohistochemistry and flow cytometry. The T cell immune‐
response was determined by proliferation assays against total recombinant human
HSP60 protein (hHSP60) and HSP60 15mer overlapping peptides thereof.
Immunohistological analysis demonstrated the presence of CD4+, CD8+, dendritic cells
(CD1a+), and macrophages (CD68+) within the intima in early atherosclerotic lesions.
Surface expression of HSP60 was detected in endothelial cells and HLA class II cells. The
predominant phenotype of intralesional T cells was defined as
CD4+CD45RO+CD28+CD25+FoxP3+ cells. Both, CD4+ and CD8+ T cells showed an increased
production of IFNγ compared to IL‐10 and TGFβ. Interestingly, a considerable
percentage of CD4+ T cells still produced IL‐4 as well as IL‐17. In vitro, isolated intra‐
lesional early atherosclerotic T cells proliferate in response to whole hHSP60 protein
and derived peptides suggesting the presence of HSP60 atherogenic epitopes.
Significantly increased levels of circulating anti‐HSP60 autoantibodies were found in sera
of patients with early lesions and even more pronounced in patients with late lesions as
compared to normal donors.
In conclusion, this is the first demonstration in early, clinically still inapparent human
atherosclerotic lesions that proves our previously proposed concept that HSP60 reactive
T cells initiate the early inflammatory stage of atherosclerosis by recognition of
atherogenic HSP60 epitopes and the anti‐HSP60 antibodies accelerate and perpetuate
the disease. These epitopes may be an attractive diagnostic and therapeutic target for
atherosclerosis.

This project is funded by the Austrian Research Fund (FWF; Project: P19604‐B05) and by
the European Union, FP7 health research, grant number HEALTH‐F4‐2008‐202156
(TOLERAGE).

LIFESCIENCEMeeting_Innsbruck 24.-25.September 2010 

Universities

Po
st
er
 a
bs
tr
ac
ts

P87 P88



The activity of iron salophene complexes against tumor cells

Benjamin Ma1 and Ronald Gust1
1 Department of Pharmaceutical Chemistry, Institute of Pharmacy, University of 
Innsbruck, Innrain 52a, 6020 Innsbruck, Austria

Iron salophene complexes have outstanding biological activity in different types of
tumor cells. The influence of the central atom and the role of the ligand on
cytotoxic activity have been examined in previous studies for the lead substances
[FeII(salophene)] and [FeIII(salophene)Cl]. Iron as central atom is essential for
growth inhibitory effects compared to manganese, cobalt, nickel, copper and zinc.
Iron complexes induce the generation of free radicals within the cells which leads
to the release of superoxide dismutase and induces apoptosis via the
mitochondrial pathway. Furthermore [FeIII(salophene)Cl] shows the ability to
overcome resistance in tumor cells which are resistant against chemotherapeutics
like Daunorubicin, Doxorubicin and Vincristin. Contrariwise healthy leucocytes are
not harmed by this compound. Cytotoxic effects are drastically reduced when 1,2‐
phenylenediamine (salophene) is replaced by 1,2‐diaminocyclohexane (saldach). In
vitro structure‐activity‐relationship studies with [FeIII(salophene)Cl] complexes in
MCF7‐, MDA‐MB231 breast cancer, and HT29 colon carcinoma cells demonstrated
the regulation of antitumor activity by the position of electron donating groups
(e.g. ‐OMe) in the salicylic moieties.[1]
Future research will involve synthesis and exploration of different complexes
based on the salophene matrix since those complexes are proved as chelating
agents with high cytotoxic activity. The focus will be on modification and
enlargement of aromatic parts of the chelating agent in order to obtain even more
active complexes. Another aim is the development of an in vitro method to show
once more increased cytotoxic activity of those complexes under magnetic
influence. Besides iron, cytotoxic potential of nickel‐ and platinum‐complexes of
novel chelating matrices will be investigated.

[1] Hille et. Al. J Biol Inorg Chem (2009) 14:711–725
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P89 AKAP79/150 Palmitoylation is Required for Endosomal Targeting
and Regulation of Neuronal Postsynaptic Structure and Function

Dove L. Keith3,4, Emily S. Gibson1, Jennifer L. Sanderson1, Holly R. Robertson1,2,Kyle 
Olszewski1, Rujun Kang3, Alaa El Husseini3, Mark L. Dell’Acqua1
1University of Colorado Denver, Anschutz Medical Campus, Dept of Pharmacology, 
Aurora, CO USA; 2Present Address: Duke University, Dept. of Neurobiology, 
Durham, NC USA; 3University of British Columbia, Vancouver, BC Canada; 4Present 
Address: Oregon State University, Corvalis, OR USA

AKAP79/150 is a postsynaptic scaffold protein for PKA, PKC, and Calcineurin (CaN)
that is enriched in dendritic spines and is thought to play important roles in
regulating AMPA receptor (AMPAR) activity and spine structure. AKAP spine
targeting is controlled by a poly‐basic N‐terminal domain that binds acidic
phospholipids, F‐actin, and cadherin cell adhesion molecules. NMDA receptor‐CaN
signaling pathways implicated in AMPAR depression and spine shrinkage in LTD
disrupt AKAP79/150 interactions with actin, MAGUKs and cadherins and lead to
loss of the AKAP and anchored PKA from synapses. Recently, we identified
AKAP79/150 as a palmitoylated protein in rat brain synaptasomes. We have now
mapped two conserved Cysteine residues within the AKAP targeting domain (C36
and C129) as the sites of palmitoylation. In addition, we have found that
endogenous AKAP79/150 in hippocampal neurons is subject to dynamic
palmitoylation and depalmitoylation in response to stimuli that induce LTP and
LTD, respectively. Importantly, in imaging experiments we observe palmitoylation
dependent spine recruitment of AKAP79‐GFP coincident with spine enlargement
and increased GluR1‐AMPAR surface expression during chemical induction of LTP
(cLTP) in hippocampal neurons. A palmitoylation deficient 79C36,129S mutant is
not recruited to spines and blocks both cLTP spine enlargement and GluR1 surface
expression increases. We are currently further exploring the mechanism for the
lack of spine recruitment and inappropriate AMPAR regulation seen following cLTP
for 79C36,129S. One recent finding we are actively pursuing is that AKAP79WT
assembles signaling complexes with PKA, CaN and the MAGUK SAP97 not only at
the plasma membrane but also in endosomes including early and recycling
compartments. However, while 79C36,129S and its associated binding partners are
still targeted to the plasma membrane, they are largely absent from endosomes.
Importantly, interfering with recycling endosome trafficking by overexpression of a
Rab11 dominant‐negative mutant blocks cLTP‐induced recruitment of AKAP79WT
to spines. These observations are potentially significant because AMPAR recycling
is regulated by PKA and recycling endosomes provide the AMPARs necessary for
synaptic potentiation and the membrane cargo required for spine enlargement
during LTP. Thus, AKAP79 localization to endosomes controlled by palmitoylation
may be required for regulating AMPAR endocytic recycling and spine enlargement
in LTP.
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