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Introduction

Dear all,

We would like to thank all of the participants for taking the time and energy to
join

our

1st

Symposium

on

“Physiology

and

Dynamics

of

Cellular

Microcompartments”. The Symposium is jointly organized by the Integrated Research
Training Group (IRTG) of the SFB 944 and the Graduate College “Membranes and
Cellular Communication” (funded by the State of Lower Saxony). We thank all of you
for sharing your expertise and knowledge and wish you an informative and
productive time during the Symposium.
The Symposium will take place at the Harnack House (Ihnestraße 16-20,
14195 Berlin) in the Dahlem district of Berlin from 3rd to 5th of November, 2011. The
Harnack House was opened in 1929 as a center for German scientific and intellectual
life and was founded by the Kaiser Wilhelm Gesellschaft (KWG), the predecessor of
the Max-Planck Society.
Maps for the Meeting will be provided as an attachment to this booklet. Points
of interest will be indicated and local transportation suggested (S and U-Bahn, Bus).
Additional information will be distributed via e-mail. In case you have questions, don’t
hesitate

to

contact

our

coordinator

Katrin

Klempahn

or

e-mail

to

“office.irtg@biologie.uni-osnabrueck.de”.
Accomodation for most of the participants will be in the St.-Michaels-Heim (St.Michaels-Heim Jugendgästehaus & Hotel, Bismarckallee 23, 14193 Berlin).
We are looking forward to an exciting Symposium!
Prof. Dr. Christian Ungermann (Speaker of the SFB 944)
Prof. Dr. Achim Paululat (Speaker of the Graduate College “Membranes and
Cellular Communication”)
Prof. Dr. Roland Brandt, Prof. Dr. Renate Scheibe, Prof. Dr. Heinz-Jürgen
Steinhoff (Speakers of the IRTG)

Organizing committee:
Katrin Klempahn, Ioan Orban,
Christian Rickert, Daniel Klose,
Henning Arlt and Britta Barlag.

Program
Thursday, November 3rd, 2011

16:00

Opening – Prof. Christian Ungermann
Session I
Chair: Markus Staufenbiel

16:05 –
16:50
16:50 –
17:10

Invited Lecture: Prof. Robert Bittl
Paramagnetic protein cofactors studied by in cell-EPR
Daniel Klose
Simulation and reality: prediction and measurement of intermolecular
DEER- & FRET-distances

17:10 –
17:30

Coffee break
Session II
Chair: Henning Arlt

17:30 –
18:15

Invited Lecture: Prof. Volker Hauke
Molecular mechanism of endocytosis at synapses

18:15 –
18:35

Mirjana Nordmann
The Mon1-Ccz1 complex is the GEF of the late endosomal Rab7
homolog Ypt7

18:35 –
19:00

Shuoshuo Wang
Biotubes

19:00 –
20:00

Dinner

20:00

Poster Session (even numbers)

Friday, November 4th, 2011

Session III
Chair: Daniel Klose
09:15 –
10:00
10:00 –
10:20

Invited Lecture: Prof. Klaus Peter Hofmann
The opsin receptor at different levels of biological organisation
Stephan Wilmes
Dynamics of the Type I interferon receptor assembly in the plasma
membrane
Session IV
Chair: Dr. Heiko Harten

10:20 –
11:05

Invited Lecture: PD Dr. Christina Kühn
Regulation, subcellular localisation and protein-protein interactions of
plant sucrose transporter SUT1

11:05 –
11:25

Coffee break

11:25 –
11:45

Rabea Bartölke
Disaccharide transport across animal membranes
Invited Lecture: Prof. Bernd Müller-Röber

11:45 –
12:30

Gene regulatory networks in plant ROS biology

12:30 –
12:50

Manuel Twachtmann
Recruitment of ferredoxin-NADP+-Reductase to the thylakoid membrane

12:50 –
13:45

Lunch

13:45 –
16:00

Guided tour through Dahlem

16:00 –
17:00

Poster Session (odd numbers), with coffee

Session V
Chair: Dr. Anne Gauthier-Kemper
17:00 –
17:45

Invited Lecture: Prof. Gerd Multhaup
Transmembrane sequences of APP and BACE are the key to
understanding amyloid production

17:45 –
18:05

Katharina Moschner
Fluorescence photoactivation as a tool to determine the dynamics of tau
mRNA binding proteins

18:05 –
18:30

Athira Naduviledathu Raj
High quality monodispersed silica functionalized NaYF4:Yb3+, Er3+
core/shell upconversion nanocrystals for biological applications

18:30 –
19:30

Dinner

19:30

Visiting “Reichstag”

Saturday, November 5th, 2011

Session VI
Chair: Dr. Jörg Deiwick
09:30 –
10:15

Invited Lecture: Dr. Matthias Selbach
Global quantification of mammalian gene expression control

10:15 –
10:35

Janina Wittland
Sensors triggering cell wall integrity signaling in S. cerevisiae

10:35 –
10:55

Britta Barlag
Cooperation of two protein secretion systems during the interaction of
Salmonella enterica with host cells

10:55 –
11:15

Marco Kelkenberg
Functional analysis of the peritrophic matrix in insects

11:15 –
11:40

Coffee break
Session VII
Chair: Jennifer Selinski

11:40 –
12:25
12:25 –
12:45

Invited Lecture: Prof. Dr. Bernhard Grimm
Subcompartmental organisation of tetrapyrrole metabolism
Minhee Kang
Transfer of redox-signals from chloroplast to nucleus by transient
microcompartmentation of metabolic enzymes

12:45 –
13:00

Closing remarks – Prof. Roland Brandt

13:00 –
14:30

Lunch

14:30

Departure

Lectures & Talks Abstracts

Paramagnetic protein cofactors studied by in cell-EPR
Robert Bittl
Freie Universität Berlin, Fachbereich Physik, Berlin, Germany
robert.bittl@fu-berlin.de

During the last few years we have applied electron paramagnetic resonance (EPR) and
electron nuclear double resonance (ENDOR) spectroscopy under in cell conditions to proteins
containing organic and inorganic cofactors showing paramagnetic intermediates in the protein
function. Cryptochrome blue-light photoreceptors from plants and animals serve as examples
for proteins containing an organic chromophore. The detection of the semiquinone radical
form of the FAD cofactor upon illumination and the absence of an EPR signal for darkadapted cells shows the fully oxidized FAD as the dark state and the radical as the signalling
state [1–3]. Ongoing work using orientation selection high-field ENDOR on small but
significant differences between experiments under in cell vs. isolated protein conditions will
be discussed.

Figure 1. A, X-band cw-EPR frozen solution spectra of intact Sf21 cells expressing N-terminal
His-tagged Cry2 and Sf21 control cells. Shown are Cry2-expressing cells (A–D) and control cells
(F, G) after different blue light illumination times and : 0 min (traces A, F), 6 min (trace B), 12 min
(traces C, G), and 26 min (trace D). Trace E, sample from trace D refrozen after dark incubation
overnight at 277 K. B, X-band-pulsed ENDOR spectrum of trace C in panel A. (from [2])

EPR spectroscopy applied to the NiFe center in an oxygen tolerant hydrogenase under in cell
conditions in conjunction with vibrational spectroscopy under the same conditions allowed
recently to investigate the relevance of putative reasons for the remarkable oxygen tolerance
of the protein [4].
References
[1] Bouly, J.-P. et al., Cryptochrome blue-light photoreceptors are activated through interconversion of
flavin redox states, J. Biol. Chem, 282, 9383-9391, (2007)
[2] Banerjee, R. et al., The Signaling State of Arabidopsis Cryptochrome 2 contains Flavin Semiquinone, J. Biol. Chem., 282, 14916-14922, (2007)
[3] Hoang, N. et al., Human and Drosophila cryptochromes are light activated by flavin photoreduction
in living cells. PLoS Biol 6 e160 (2008)
[4] Horch, M. et al., Probing the active site of an O2-tolerant NAD+-reducing [NiFe]-hydrogenase from
Ralstonia eutropha H16 by in situ EPR and FTIR spectroscopy, Angewandte Chemie Int. Ed., 49,
8026-8029, (2010)

Simulation and Reality: Prediction and Measurement of
Intermolecular DEER- & FRET-Distances
Daniel Klose1*, Dina Grohmann2, Johann P. Klare1, Finn Werner2, Christopher
W.M. Kay2, Heinz-Jürgen Steinhoff1
1

University of Osnabrück, Department of Physics, Osnabrück, Germany
University College London, Institute of Structural & Molecular Biology, London, UK
*Correspondence to dklose@uos.de
2

Structural elucidation based on inter label distance determination by the pulse EPR method
DEER or by FRET faces a resolution limit mainly determined by the number of available
constraints and by the deviation of the label centers from the protein backbone. Since
experimental inter label distances (or distributions) cannot directly be translated to constraints
in a structural model, different simulation techniques are used to provide orientation
distributions of labeled side chains. Achieving correctly simulated distributions is essential if
precise constraints are to be derived.
Here we present results on this problem using a model system, the subunits F and E from the
archaeal RNA polymerase1, which form a stable heterodimer (F/E)².
In this study we focus on a comparative evaluation of experimental and simulated distances,
or distributions for DEER and FRET, respectively. Cysteine mutants within F/E were
spinlabeled for DEER- or derivatized with fluorescence labels for FRET experiments.
Accordingly, simulated orientation distributions of the labeled side chains are calculated using
conformational sampling3 by molecular dynamics- (MD) as well as by Monte Carlo (MC)
simulations and, for the spin labels, by a rotamer library based approach4. This versatile
approach allows not only for comparison of experimentally determined inter-label distances
(or distributions) to the simulated
orientation distributions for both EPR- &
FRET labels, but additionally, it allows
for cross validation of the different
simulation techniques and protocols. As
illustrated in Fig. 1, simulations reveal
the different conformational freedom of
both types of labels. The comparison
with the experimental data shows
reasonable agreement for spin labels,
especially in terms of mean distances, Figure 1 Conformational distributions of spin labels (A) and
while for FRET labels simulations prove FRET labels (B). Dark and light gray clouds correspond to a
probability of 50% and 99.5%, respectively.
to be possible yet more challenging.
This comparative study is aimed at developing the simulation methodology in order to
increase the efficacy of structural modeling of proteins.
References
[1] Werner, F. (2008) Trends Microbiol. 16, 247-250.
[2] Todone, F., Brick P., Werner F., Weinzierl R.O., Onesti S. (2001) Mol.Cell 8, 1137-1143.
[3] Beier, C. and Steinhoff, H.-J. (2006) Biophys. J. 91, 2647-2664.
[4] Polyhach, Y., Bordignon E., Jeschke, G. (2011) Phys. Chem. Chem. Phys.13, 2356-2366.

Molecular mechanism of endocytosis at synapses
Volker Haucke1-3, Kononenko N1, 2, Koo S-J.1, Puchkov D.1, Kintscher M.2, Schmitz D.2, and
Maritzen T1
1

Institute of Chemistry and Biochemistry, Department of Membrane Biochemistry, Freie
Universität Berlin, 14195 Berlin, Germany; 2 Charite University Medicine Berlin, Neurocure,
Germany; 3 Leibniz Institute for Molecular Pharmacology, 13125 Berlin, Germany
The maintenance of synaptic transmission depends on the biogenesis and recycling of
presynaptic vesicles (SVs), specialized organelles that store and secrete non-peptide
neurotransmitters. How the full complement of synaptic vesicle (SV) proteins is maintained
during multiple rounds of exo-endocytosis [1-3] is unknown. While some data suggest a SV
clustering-based mechanism other results argue in favor of a model whereby SV proteins
dispersed at the axonal surface are sorted individually, presumably in a cargo- and adaptorspecific fashion. As the endocytic adaptors that recognize SV cargo remain largely unknown
it has been difficult to distinguish between these models.
We have recently identified the ANTH domain containing endocytic proteins AP180
and CALM as specific sorters of the v-SNARE synaptobrevin 2 at synapses. Given that key
residues involved in synaptobrevin 2-ANTH domain complex formation are also essential for
SNARE assembly, we propose that disassembly of SNARE complexes is a prerequisite for
synaptobrevin 2 retrieval, thereby preventing endocytic mis-sorting of the plasma membrane
Q-SNAREs syntaxin 1A and SNAP-25 [4].
Stonin 2 (Stn2), a mammalian ortholog of Drosophila stoned B, acts as an AP-2dependent sorting adaptor for synaptotagmin 1 (Syt1), a function conserved from worms to
mammals. Stn2 expression in the brain dramatically increases postnatally with highest protein
levels within the stratum lucidum of the hippocampal CA3 region. To address the role of Stn2
in SV protein sorting we have generated mice lacking Stn2 expression. Surprisingly, Stn2 KO
mice are viable and fertile but display defects in short-term plasticity at mossy fiber synapses.
Synapses lacking Stn2 show a significant decrease in release probability as well as a dramatic
increase in SV number. These structural and functional alterations appear to be caused by
specific repartitioning of Syt1 but not synaptophysin from internal vesicular pools to the cell
surface in vivo, whereas the localization of other SV proteins remains unchanged. PHluorinbased live imaging experiments demonstrate that lack of Stn2 specifically affects endocytic
sorting of Syt1 but not synaptophysin or synaptobrevin 2. Strikingly, surface-stranded Syt1
remains clustered within the active zone rather than being dispersed throughout the axon,
suggesting that endocytic sorting operates at or near the active zone membranes.
Collectively, our results indicate that SV recycling occurs by cargo-specific sorting
mechanism involving dedicated sorting adaptors such as Stn2 and AP180/ CALM.
References:
[1]
Haucke, V. et al (2011) Protein scaffolds in the coupling of synaptic exocytosis and
endocytosis. Nat Rev Neurosci. 12, 125-136
[2]
Pechstein, A. et al (2010) Regulation of synaptic vesicle recycling by complex
formation between intersectin 1 and the clathrin adaptor complex AP2. Proc. Natl.
Acad. Sci. USA, 107, 4206-4211
[3]
von Kleist, L. et al (2011) Role of the clathrin terminal domain in regulating coated pit
dynamics revealed by small molecule inhibition. Cell, 146, 471-484
[4]
Koo, S.Y. et al (2011) SNARE motif-mediated sorting of synaptobrevin by the
endocytic adaptors CALM and AP180 at synapses. Proc. Natl. Acad. Sci. USA, 108,
13540-13545

The Mon1-Ccz1 Complex Is the GEF of the Late Endosomal Rab7
Homolog Ypt7
Mirjana Nordmann1,2, Margarita Cabrera1,2, Angela Perz1, Cornelia Bröcker1,
Clemens Ostrowicz1, Siegfried Engelbrecht-Vandre1, and Christian
Ungermann1*,
1

Biochemistry Section, Department of Biology/Chemistry, University of Osnabrück, Barbarastrasse 13,
49076 Osnabrück, Germany
2
These authors contributed equally to this study
*Correspondence to cu@uos.de

Rab GTPases coordinate membrane fusion reactions. Rab-GDP requires a guanine nucleotide
exchange factor (GEF) for its conversion to the active GTP form. It then binds to effectors
such as multimeric tethering complexes and supports fusion [1]. GTPase-activating proteins
(GAPs) promote GTP hydrolysis to inactivate the Rab. GEFs are thus critical activators of
fusion reactions [2]. At the late endosome, Rab7 activation is critical for endosomal
maturation. The yeast Rab7 homolog Ypt7 binds to the homotypic fusion and protein sorting
(HOPS) complex. Its subunit Vps39/Vam6 has been proposed as a GEF for Ypt7 [3] and the
Rag GTPase Gtr1 [4], but other genetic evidence has implicated the endosomal protein Ccz1
as a GEF for Ypt7 [5]. Ccz1 and its binding partner Mon1 have been linked to endosomal
transport and maturation [6–8]. We now provide evidence that the dimeric Mon1-Ccz1
complex is the Rab7/Ypt7 GEF. The Mon1-Ccz1 complex, but neither protein alone,
counteracts GAP function in vivo, rescues in vitro fusion of vacuoles carrying Ypt7-GDP, and
promotes nucleotide exchange on Ypt7 independently of Vps39/HOPS. Our data indicate that
the Mon1-Ccz1 complex triggers endosomal maturation by activating Ypt7 on late
endosomes.
References
[1] Markgraf, D.F., Peplowska, K., and Ungermann, C. (2007). Rab cascades and tethering factors in
the endomembrane system. FEBS Lett. 581, 2125–2130.
[2] Barr, F., and Lambright, D.G. (2010). Rab GEFs and GAPs. Curr. Opin. Cell Biol. 22, 461–470.
[3] Wurmser, A.E., Sato, T.K., and Emr, S.D. (2000). New component of the vacuolar class C-Vps
complex couples nucleotide exchange on the Ypt7 GTPase to SNARE-dependent docking and
fusion. J. Cell Biol. 151, 551–562.
[4] Binda, M., Péli-Gulli, M.P., Bonfils, G., Panchaud, N., Urban, J., Sturgill, T.W., Loewith, R., and De
Virgilio, C. (2009). The Vam6 GEF controls TORC1 by activating the EGO complex. Mol. Cell 35,
563–573.
[5] Kucharczyk, R., Kierzek, A.M., Slonimski, P.P., and Rytka, J. (2001). The Ccz1 protein interacts
with Ypt7 GTPase during fusion of multiple transport intermediates with the vacuole in S.
cerevisiae. J. Cell Sci. 114, 3137–3145.
[6] Wang, C.W., Stromhaug, P.E., Shima, J., and Klionsky, D.J. (2002). The Ccz1-Mon1 protein
complex is required for the late step of multiple vacuole delivery pathways. J. Biol. Chem. 277,
47917–47927.
[7] Poteryaev, D., Datta, S., Ackema, K., Zerial, M., and Spang, A. (2010). Identification of the switch
in early-to-late endosome transition. Cell 141, 497–508.
[8] Kinchen, J.M., and Ravichandran, K.S. (2010). Identification of two evolutionarily conserved genes
regulating processing of engulfed apoptotic cells. Nature 464, 778–782.

Biotubes
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The formation of tubular structures such as respiratory tracts, blood and lymph vessels,
intestines etc. in multicellular organisms depends on the ability of epithelial or endothelial
cells to polarize and to form basal and apical membrane compartments de novo. While tube
formation and tube branching differ mechanistically between tubular organs, the polarization
process is common to all systems. For example, in the embryonic salivary glands of
Drosophila, apical membrane expansion is the driving force to enlarge an initially small
lumen inside the organ. In contrast, the heart lumen arises from the migration and bending of
cardiomyocytes which seal dorsally and ventrally to enclose an inner heart lumen which stays
stable by the activity of repellent proteins located at distinct membrane compartments.
Here I report on the discovery of a novel ArfGEF Gartenzwerg (Garz) that turned out to be
crucial for tubulogenesis in several organs such as the salivary glands, trachea and in the
heart. The fact that garz homologues are present in all eukaryotic genomes implies a universal
underlying cellular mechanism. Beside newly generated antibodies which we used for
colocalization studies, I generated a series of loss of function mutants for this gene that is
expressed ubiquitously in the embryos with significantly higher abundance in cells forming
diverse tubular structures. In the salivary glands and the trachea (the respiratory system of
insects), the absence of functional Garz protein results in the desintegration of Golgi
apparatus. As a result, both transport of cargo proteins and directed apical membrane delivery
are severely disrupted. Thus, apical membrane expansion and thereby lumen formation fails.
Whereas the role of Garz seems to be clear in some tissues, its function in heart lumen
formation is not understood yet because membrane expansion is not part of the lumen
formation process. Our recent working model is that Garz potentially might play a role in
endocytosis in heart cells and that this process is crucial for lumen formation in this tissue. I
will present ideas and approaches to prove our hypothesis.

The opsin receptor at different levels of biological organisation
Klaus-Peter Hofmann
Institut für Medizinische Physik und Biophysik, Charité – Universitätsmedizin Berlin and Zentrum für
Biophysik und Bioinformatik, Humboldt-Universität zu Berlin, 10115 Berlin, Germany
Correspondence to kph@charite.de

G protein-coupled receptors (GPCRs) are ubiquitous signal transducers in cell membranes
and important drug targets. Interaction with extracellular activating ligands (agonists) turns
the seven transmembrane helix (7TM) scaffold of a GPCR into a catalyst for GDP and GTP
exchange in heterotrimeric Gαβγ proteins, which transmits the signal into the cell interior.
The model GPCR and retinal photoreceptor rhodopsin bears its ligand 11-cis-retinal
covalently bound via a protonated Schiff base to the opsin apoprotein (1). Rhodopsin couples
to the G protein transducin and triggers a cascade of interactions. The cascade is an example
of a functional module, by definition a molecular ensemble with an autonomous function in
cells (2) (www.sfb740.de). Based on interactions at the molecular level, modular functions
such as amplification and feedback emerge.
This contribution will focus on the molecular level. Absorption of a photon by rhodopsin
causes retinal cis/trans isomerization and generates the agonist all-trans-retinal in situ. The
active G protein-binding intermediate metarhodopsin II (Meta II) is formed. Dissociation of
the proton from the Schiff base breaks a major constraint in the protein and enables further
activating steps, including an outward tilt of helix TM6 and formation of a large cytoplasmic
crevice for uptake of the interacting C terminus of the Gα subunit (1). We have solved the
structure of the apoprotein opsin alone (3) or in complex with an 11-amino-acid fragment
from the Gα C terminus (4). Recently, we also solved the structure of reversibly formed
Meta II, resulting from soaking opsin crystals with all-trans-retinal (5).
In the light of computational modelling (6) and spectroscopy (7), implications of the crystal
structures for the mechanism of signal transfer to the G protein will be discussed.
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Dynamics of the Type I interferon receptor assembly in the
plasma membrane
Stephan Wilmes1*, Dennis Janning1, Sara Löchte1, Cindy Kroll1, Oliver Beutel1,
Changjiang You1, Christian Paolo Richter1, Véronique François-Newton2,
Sandra Pellegrini2 and Jacob Piehler1
1

University of Osnabrück, FB Biology, Department of Biophysics, Osnabrück, Germany
Institut Pasteur, Départment Immunologie, Unité de Signalisation de Cytokines, Paris, France
*Correspondence to stephan.wilmes@biologie.uni-osnabrueck.de
2

Type I Interferons (IFN) are key cytokines in the regulation of the innate immune response.
All IFNs bind to a shared cell surface receptor comprised of two subunits, IFNAR1 and
IFNAR2. Detailed structure-function analysis of IFNs has established that the IFN-receptor
interaction dynamics plays a critical role for signalling specificities. Here we have explored
the dynamics of receptor diffusion and IFN-induced assembly of the ternary signalling
complex. By using highly specific orthogonal posttranslational labelling with photostable
organic fluorophores combined with TIRF-microscopy we probed the spatio-temporal
dynamics of receptor diffusion and interaction in the plasma membrane of live cells on the
single molecule level. Diffusion and lateral distribution of IFNAR1 and IFNAR2 was mapped
with very high spatial and temporal resolution by using single particle tracking (SPT) and
single molecule localization imaging. Dynamic association and transient confinement of the
receptor to binding sites at the cortical actin cytoskeleton indicates a role of adaptor proteins
in receptor trafficking and assembly. Dual-color single molecule tracking and quantitative
ligand binding assays with endogenous IFNAR suggested stabilization of the ternary IFNreceptor complex by interactions mediated through the intracellular domains and their
associated Janus-family tyrosine kinases (JAKs) JAK1 and Tyk2. An important role of the
associated JAKs for receptor assembly is in line with the phenotype observed upon expression
of Ubiquitin Specific Protease 18 (USP18), a putative competitor for the JAK1 binding-site
on IFNAR2. Quantitative analysis of ligand binding and receptor dimerization confirmed that
the stability of ternary complexes is reduced in presence of USP18. Thus, negative feedback
regulated by USP18 may differentially affect the long-term activity of IFNs, which is required
only for a subset of cellular responses.

Regulation, subcellular localisation and protein-protein
interactions of plant sucrose transporter SUT1
Christina Kühn1*, Johannes Liesche2, Undine Krügel3
1

2

Humboldt University of Berlin, Plant Physiology, Germany Same University of Copenhagen,
3
Danmark University of Zurich, Switzerland *Correspondence to christina.kuehn@biologie.hu-berlin.de

The plant sucrose transporter SUT1 from Solanaceae exhibits redox-dependent dimerization
and is present in motile vesicles when expressed in tobacco cells. Its targeting to the plasma
membrane is reversible since StSUT1 is internalized in the presence of brefeldin A (BFA) in
yeast, plant epidermal cells, and in mature sieve elements. Inhibitor studies revealed the
involvement of actin filaments in the endocytosis of SUT1-GFP. SUT1 internalization was
found to be dependent on the plasma membrane lipid composition. SUT1 belongs to the
detergent-resistant membrane (DRM) fraction in planta and is targeted to membrane
microdomains when expressed in yeast (Krügel et al., 2008). Analysis of yeast mutants
defective in endocytosis suggest a strong link between SUT1 microdomain association, the
sterol composition and membrane potential of the yeast plasma membrane, and the capacity
of the SUT1 protein to be internalized by endocytosis (Liesche et al., 2010). We identified
SUT1-interacting proteins that might be involved in localisation, endocytosis and targeting of
the protein by yeast two hybrid split ubiquitin system. One of the interacting protein, a protein
disulfide isomerase (PDI), interacts also with other sucrose transporters and was identified in
the detergent-resistant membrane fraction as well (Krügel et al., 2011). A potential role of the
PDI as secretion factor of sucrose transporters will be discussed.
Figure 1. Hypothetical
model of SUT1 protein
targeting from
companion cells into the
sieve elements via the
desmotubulus of
plasmodesmata.
Modified from Kühn &
Grof (2010)(Kühn and
Grof, 2010).
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Disaccharide transport across animal membranes
Rabea Bartölke, Olga Vitavska, and Helmut Wieczorek*
University of Osnabrück, FB Biologie, Osnabrück, Germany
*Correspondence to wieczorek@biologie.uni-osnabrueck.de

The transport of disaccharides across animal membranes has long been neglected and has
instead been ascribed to plants and prokaryotes. Now the first functional sucrose transporter
(SCRT) in Drosophila melanogaster has been described [1]. Localization studies of this
transporter suggest a role in substrate uptake across the apical membrane of hindgut epithelial
cells and in melanin synthesis.
There are several reasons to believe that mammals, too, are able to transport disaccharides.
The members of the solute carrier family 45 (SLC45) show significant homologies to SCRT
and plant sucrose transporters. In addition, genetic studies of the SCRT homolog SLC45A2
demonstrate a vital role in pigmentation. Mutations in this gene cause oculocutaneous
albinism type 4 (OCA4), an autosomal recessive disorder of melanin biosynthesis. SLC45A2
(MATP) may be involved in the osmotic regulation of melanosomes by transporting sugars
and thus regulating the volume of these organelles during melanin synthesis.
Interestingly, expression of the members of the solute carrier family 45 is not exclusively
restricted to melanocytes and the brain, but is also found in other organs, including parts of
the small intestine, the testis and the kidney. Functional analysis of the four members of the
solute carrier family 45 of mouse may thus lead to a new and better understanding of
disaccharide transport in animals.

Figure 1. sucrose as a compatible osmolyte during melanin synthesis?
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Gene regulatory networks in plant ROS biology
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Our group studies the functions of transcription factors (TFs) and the gene regulatory
networks (GRNs) they control.
We have discovered a TF of the NAC family (called JUB1) that controls juvenility and
tolerance to abiotic stresses. JUB1 expression is induced by stresses that trigger an
intracellular rise of H2O2 level, such as heat, salinity and ozone treatment. Under non-stress
conditions JUB1 overexpressors exhibit extended longevity compared to wild-type plants. To
explore the function of JUB1 further we determined its preferred binding site by BSSA
(binding site selection assay). Additionally, we identified the TF gene DREB2A as a direct
downstream target of JUB1 (shown by transactivation assay, EMSA, and ChIP-PCR).
DREB2A is located upstream of a known gene regulatory network that controls expression of
the heat-shock factor gene HsfA2. Both, DREB2A and HsfA2 are known to be important for
establishing thermotolerance. Enhanced JUB1 expression lowers cellular H2O2 level possibly
though its regulatory link to HsfA2; the opposite is observed in the jub1-1 knock-down
mutant. The JUB1-mediated control over H2O2 may explain its aging-control property.
In a screen for TFs controlling leaf growth we discovered RPX, encoding another NAC TF,
that shows enhanced expression during the late phase of leaf expansion. We found that RPX
functions as a negative regulator of leaf expansion, leading to increased leaf size in knock-out
lines. RPX regulates the expression of genes encoding subunits of the 26S proteasome,
suggesting a regulatory role of proteasome-mediated protein degradation during leaf growth.
RPX expression is rapidly enhanced by heat stress and according to computational analyses of
time series data it appears to be downstream of HsfA2 (data from J. Szymanski, MPI Golm).
Results from our network analysis will be presented.

Figure 1: Gene regulatory
network connecting JUB1 to
downstream targets. The heat
shock factor HsfA2 may link
JUB1 action to RPX.

RECRUITMENT OF FERREDOXIN-NADP+-REDUCTASE TO
THE THYLAKOID MEMBRANE
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Genji Kurisu2, Toshiharu Hase2, and Guy T. Hanke1
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Ferredoxin-NADP+-Reductase (FNR) shows a dynamic behaviour within the thylakoids of
plant cells in terms of its localization and function. There are different isoforms of FNR,
which show altered localization dependent on the physiological state of the plant. In
Arabidopsis thaliana there are two isoforms which are both soluble and membrane bound.
However, in Zea mays there are three isoforms: ZmFNR1 (predominantly membrane bound),
ZmFNR2 (soluble and membrane bound) and ZmFNR3 (predominantly soluble). These
isoforms differ predominantly in the N-terminal part of the protein, which suggests that it
determines specific protein-protein interaction. Recently, two FNR binding proteins, Tic62
and TROL, were discovered which tether FNR to different positions of the thylakoid
membrane [1,2].
Maize is a better model to investigate the dynamics and mechanisms of FNR-thylakoid
interactions because of its three diverse FNR isoforms. The dynamic behaviour of FNR
affects the electron partitioning during photosynthesis, which in C4-plants like maize may
either promote linear electron flow or cyclic electron flow. The latter is dedicated to
photophosphorylation instead of photoreduction of NADP+ by FNR. In conclusion, the
regulation of FNR is a way for plants to response to different physiological states concerning
energy demand and redox state.
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Transmembrane sequences of APP and BACE are the key to
understanding amyloid production
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The varying strength of amyloid precursor protein (APP) dimerization mediated through Nterminal sites [1,2] or by the transmembrane sequence (TMS) [3] have been reported to
influence APP processing. APP is first cleaved by the β-site APP cleaving enzyme (BACE)
and is then processed by the γ-secretase complex to generate Aβ peptides of varying length
(Figure 1). γ-Secretase cleavage specificity is modulated by the GxxxG dimerization motif of
the APP-TMS [3]. Mutational analysis of this motif revealed, that the stronger the substrate
dimerizes, the more of neurotoxic Aβ42 peptide is generated [3]. A weakened dimerization
leads to reduced Aβ42 and Aβ40 generation and to an increase of the non-toxic Aβ38 peptide.
An impairment of the GxxxG-mediated dimerization of APP was also sufficient to rescue the
pathological processing effects of familial APP mutations (APP-FAD). On average 60% less
Aβ42 and 3-fold more Aβ38 were produced by the APP-FAD G33A mutants and therefore
rescued the pathologic effects of the APP-FAD mutants [4].
Homodimers of BACE1 isolated from human brain samples were found to be stable even in
the presence of SDS, and BACE1 oligomerization was shown to be important for its activity.
Recently, we could verify the importance of the TMS of BACE1 in stabilizing BACE1
dimers. The BACE1-TMS contains a conserved Met- and Cys-rich sequence, which is
implicated in the formation of protein−metal-ion complexes. Metal ions such as Cu(II/I) but
not Zn(II) can covalently link BACE1 oligomers. Binding of Cu(II) involves the formation of
a disulfide bridge via the central TMS Cys466. Cu-stabilized dimers lead to elevated sAPPβ
levels. Thus, BACE is a metallo-enzyme and the TMS might play a central role in the
regulation of BACE1/ substrate interaction.
Figure 1. Consecutive processing of APP
by the β-secretase BACE1 and γ-secretase
leads to the generation of the major Aβ
peptides Aβ42 and Aβ40. If the dimerization
strength is weakend Aβ42 is further cleaved
and the non-toxic Aβ38 peptides are
generated.
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Fluorescence photoactivation as a tool to determine the dynamics
of tau mRNA binding proteins
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The axonal microtubule associated protein tau plays an important role in the development of
nerve cells and in neurodegeneration. Regulation of tau expression could contribute to tau
localization and function. Biochemical studies have revealed that specific mRNA-binding
proteins (RBPs) interact with the tau mRNA in so-called RNA granules and may affect tau
expression. Here we studied two RBPs, which are known to interact with the tau mRNA,
G3BP-1 and IMP-1. Fusion constructs with photoactivatable GFP (PAGFP) were prepared
and transiently expressed in neuronally differentiated PC12 cells. To determine the
intracellular distribution and dynamics, focal photoactivation was performed and computer
assisted tracking and morphological analyses were employed. Both G3BP-1 and IMP-1 were
distributed in granular structures in PC12 cells. A fraction of the granules contained tau
mRNA as determined using a molecular beacon approach. G3BP-1 containing granules were
faster and exhibited a more dynamic protein exchange compared to IMP-1 containing
granules. Both types of granules showed similar morphological features as judged by
volumetric analysis. The data suggest that G3BP-1 and IMP-1 containing granules consist of
different mRNA species and various RBPs and represent distinct types of RNA granules.

High Quality Monodispersed Silica Functionalized NaYF4:Yb3+,
Er3+ Core/Shell Upconversion Nanocrystals for Biological
Applications
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Significant research efforts have been carried through in the area of fluorescent
upconversion nanoparticles (UCNPs) as they can be used in biomedical applications such as
in vivo and in vitro imaging, bio-labelling, drug delivery and bio-separation. Among
lanthanide-doped UCNPs, hexagonal phase NaYF4 doped with Yb3+ and Er3+/Tm3+/Ho3+ ions
is reported to be the most efficient material. Since it emits visible radiation by excitation with
near infrared (NIR) radiation, the penetration depth of the excitation light into biological cells
is high. Moreover, these particles display narrow emission peaks, good chemical stability, low
toxicity and the excitation with NIR radiation avoids the generation of autofluoresence and
hence increases the sensitivity of detection of fluorescence in biological samples. In addition,
multiple labelling using different UCNPs may be possible under excitation with the same NIR
wavelength.
Furthermore, the fluorescent efficiency can be improved by a core-shell concept,
developing a non-fluorescent passivation shell around an optically active nanoparticle core.
However, for most of the UCNPs synthesised in organic solvent/ ligands, the obtained
nanocrystals are hydrophobic and non-dispersible in water. To enable them for biological
applications surface modification is necessary to improve hydrophilicity as well as to attach
biological molecules such as proteins [1]. These properties can be achieved through a biocompactable SiO2 surface functionalization. However, final size control, size distribution and
fluorescence efficiency are important factors which should be used further improved for
biological applications.
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Our preliminary results showed that high quality monodispersed hexagonal (β) NaYF4:
Yb3+, Er3+ (average size of 12 nm) and core/shell with varying shell thickness of NaYF4:
Yb3+, Er3+@ NaYF4 (average sizes of particles 14 – 19 nm) nanocystals were synthesized by a
hot injection and seeded growth method using purified sacrificial precursor particles (approx.
3 nm in diameter). Further, a reverse micro emulsion method was successfully carried out to
achieve SiO2 functionalization by hydrolysis of tetraethyl orthosilicate (TEOS) on these
particles. TEM investigation revealed that the thickness of SiO2 shell in the range of 3-5 nm
depends on the amount of TEOS and reaction time. Fluorescence emission under NIR
radiation of core, core/shell and SiO2 modified NPs was also measured during this tenure.
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Global quantification of mammalian gene expression control
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Gene expression is a multistep process that involves the transcription, translation and turnover
of messenger RNAs and proteins. Although it is one of the most fundamental processes of
life, the entire cascade has never been quantified on a genome-wide scale. Here we
simultaneously measured absolute mRNA and protein abundance and turnover by parallel
metabolic pulse labelling for more than 5,000 genes in mammalian cells. Whereas mRNA and
protein levels correlated better than previously thought, corresponding half-lives showed no
correlation. Using a quantitative model we have obtained the first genome-scale prediction of
synthesis rates of mRNAs and proteins. We find that the cellular abundance of proteins is
predominantly controlled at the level of translation. Genes with similar combinations of
mRNA and protein stability shared functional properties, indicating that half-lives evolved
under energetic and dynamic constraints. Quantitative information about all stages of gene
expression provides a rich resource and helps to provide a greater understanding of the
underlying design principles.

Sensors triggering cell wall integrity signaling in S. cerevisiae
Janina Wittland* and Jürgen J. Heinisch
University of Osnabrück, FB Genetik, Osnabrück, Germany
*Correspondence to wittland@biologie.uni-osnabrueck.de

The cell wall of Saccharomyces cerevisiae is essential to
ensure cell shape and integrity. A set of plasma
membrane spanning sensors detects cell surface stress
and activate the small GTPase Rho1 via the guanosine
nucleotide exchange factor (GEF) Rom2. The signal is
transduced via Pkc1 to a conserved MAPK (mitogen
activated protein kinase) cascade. Ultimately, the CWI
(cell wall integrity) signaling pathway governs
appropriate gene transcription and cell cycle regulation.
Two small protein families constitute the sensors,
comprising Wsc1, Wsc2 and Wsc3 on one hand, and
Mid2 and Mtl1 on the other. They all contain a long,
highly mannosylated extracellular serine/threonine-rich
region, a single transmembrane domain and a short
cytoplasmatic tail. Wsc1 and Mid2 interact with the GEF
Figure 1. Scheme of the CWI
Rom2 and thereby trigger the activation of the pathway in S. cerevisiae
downstream signaling cascade [2]. Although Wsc1 and (Jendretzki et al. 2011)
Mid2 are believed to be the most important sensors of the
CWI pathway, we could show by Yeast two-hybrid and Bimolecular fluorescence
Complementation (BiFC) analyses that both Wsc2 and Wsc3 seem to be able to interact with
Rom2 as well.
Using GFP fusion proteins, we demonstrated that the sensors of the Wsc-family accumulate at
sites of polarized growth and that they are dynamically distributed between the cytoplasm, the
plasma membrane and the vacuole. This sensor turnover apparently depends on endocytosis
[3]. Similar to the Wsc-type sensors, the G-protein Rho1 as well as its GEFs Rom2 and Tus1
also accumulate in the growing bud and in the microcompartment of the bud neck.
A cysteine-rich domain (CRD) at the aminoterminal end of the sensor is a further
characteristic trait of the Wsc-family sensors. It is presumably attached to the cell wall [3] and
mediates clustering of Wsc1 upon environmental stress [1]. With the help of BiFC we could
detect both Wsc1 homooligomeres and Wsc1-Wsc2 heterooligomeres within the plasma
membrane of the yeast cell.
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Salmonella enterica is an important gastrointestinal pathogen of humans and animals with the
ability to invade non-phagocytic cells and to persist and proliferate within mammalian cells.
For invasion in polarized epithelial cells, Salmonella uses two protein secretion systems1. The
type 1 secretion system (SPI4-T1SS) is needed to get into closer contact with the epithelial
cell via the large adhesin SiiE, which binds to an apical glycan structure2. The type 3 secretion
system (SPI1-T3SS) translocates effector proteins leading to actin remodeling and uptake of
Salmonella. The organization of the actin cytoskeleton during contact, adhesion and invasion
of polarized cells and the target structure of SiiE were analysed. Furthermore, we investigate
the formation of a microcompartment of these two protein secretion systems at the zone of
contact between Salmonella and its target cells. The project should reveal the mechanisms of
control of the retention and release of SiiE by regulators SiiA and SiiB during the interaction
of Salmonella with host cells.

Figure 1: Working model for the cooperation of the SPI4-T1SS and the SPI1-T3SS during Salmonella
host cell-interaction1. The SPI4-T1SS secretes the large adhesion SiiE that is transiently present on
the bacterial surface (A). SiiE mediates binding to a yet unknown molecule on the apical site of
epithelial cells (B). This close contact allows the SPI1-T3SS to assume a proper position in contact to
the host cell membrane and to initiate translocation of effector proteins (C). SPI1-T3SS effector
proteins manipulate the organization of the host cell actin cytoskeleton, resulting in destruction of the
brush border architecture, effacement of microvilli, formation of membrane ruffles and ultimately
macropinocytosis of Salmonella (D). Some events of part (D) have been unravelled using nonpolarized cells, but events (A, B, C) are novel observations of our group.
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The peritrophic matrix (PM) is a highly specialized extracellular matrix which is situated in
the midgut of insects. It consists mainly of proteins and to a lower degree of chitin. Only little
is known about the composition and function of the insect PM [1].
In the yellow fever mosquito Aedes aegypti, it is believed to act as an infectious barrier for
various pathogens which are up taken with the blood meal of infected humans or animals.
Accordingly, the PM is built after a blood meal to completely delimitate the blood bolus.
Contrariwise, in the red flour beetle Tribolium castaneum the PM is constitutively expressed
during all feeding stages and forms a microcompartment that protects the midgut from
mechanical damage and supports digestion by sequestering digestive enzymes. In both
insects, the PM constitutes a poriferous matrix which retains macromolecules with an
exclusion size that varies between different insects. The proteins building the functional basis
of the PM are denoted as peritrophic matrix proteins (PMPs). They bind chitin microfibrils to
form a network that allows other proteins to integrate into the matrix. PMPs bind chitin by
special chitin binding domains (CBDs) which can vary in numbers in a single protein. These
structures exhibit six cysteine residues with a characteristic spacing between them.
To analyze the functions of PMPs, RNA interference experiments in combination with
functional assays to determine PM permeability will be applied. The latter assays are based on
the distribution of fluorescent nanoparticles with defined molecular masses that are fed to the
insects (Fig. 1). The results obtained for different PMPs from Tribolium castaneum and Aedes
aegypti will be compared. In further steps, special protein properties will be investigated in
vitro using recombinant PMPs expression in insect cells.
Figure 1: Adult ♀ Aedes aegypti
(left)
or
larval
Tribolium
castaneum (right) were fed with
blood serum or wheat flour,
respectively, containing FITCdextrans (10 kDa). Top panels,
bright field pictures; bottom
panels,
recording of
FITC
fluorescence using an excitation
wavelength of 488 nm and an
appropriate filter set. Scale bar, 1
mm
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Tetrapyrrole biosynthesis is a central pathway in chloroplasts and provides the vital cofactors
and pigments for photoautotrophic growth (chlorophyll), several essential redox reactions in
electron transport chains (heme), the N- and S-assimilation (siroheme) and
photomorphogenesis (phytochromobiline). The controlled metabolic flux in tetrapyrrole
synthesis is ensured by physical interactions of the consecutive series of enzymes. As almost
all genes encoding enzymes of tetrapyrrole biosynthesis have been identified and the
operation of the tetrapyrrole metabolism has been unequivocally demonstrated in plants, we
are intended to elucidate the spatial and temporal organization of the pathway next. These
studies include identification of novel regulators, multiple posttranslational control and
assembly mechanisms of multienzymatic protein complexes. A new membrane-associated
protein is identified that tightly binds to glutamyl-tRNA reductase (GluTR), the first enzyme
of tetrapyrrole biosynthesis. The depletion of this GluTR-binding protein compromises the
heme content and its absence is lethal for plants. It is proposed that this protein functions in
subcompartmental organization of a bipartite ALA synthesis for chlorophyll or heme.
An initial interactome of chlorophyll biosynthesis was established by in planta proteinprotein-interaction of tetrapyrrole biosynthesis proteins by bimolecular fluorescence
complementation (BIFC) assays. The YFP-complementation was observed by confocal laser
scanning microscopy for multiple candidate proteins of the pathway. This interactome
includes several structural and regulatory factors, such as LIL3, NTRC, GUN4, that interact
with several enzymes of tetrapyrrole biosynthesis. It is proposed that these interactions
contribute to controlled metabolic flow from one enzymatic step to the next and facilitate
delivery of distinct amounts of different endproducts as well as the avoidance of accumulating
photoreactive metabolic intermediates. Several additional approaches, such as 2D
electrophoresis, coimmune-precipitation, gradient centrifugation followed by mass
spectrometry as well as the split-ubiquitin yeast-two-hybrid system presently verify the
formation of protein complexes and the interaction partners.
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Redox regulation is a central principle of metabolism which controls enzyme activities and
gene expression. Many metabolic enzymes have been reported to be susceptible to redox
regulation by glutathionylation. The most extensively studied of these enzymes is cytosolic
glyceraldehyde 3-phosphate dehydrogenase (GAPDH, GapC), a glycolytic enzyme playing a
central role in energy production but also involved in many other functions including
regulation of apoptosis, DNA repair, or nuclear RNA export [1,2]. Most studies on protein
glutathionylation have been performed in mammals, but this posttranslational modification
has also emerged recently as a mechanism of redox signalling in photosynthetic organisms
[3,4].
In this project, we plan to correlate the redox-states of the pertinent compartments with the
subcellular localization of GapC (as a fusion with GFP) and its varying functions, to
characterize the spatio-temporal dynamics of the cytosolic and nuclear GapC-containing
microcompartments, and to finally determine their special functions in redox signalling and
gene expression.
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During neuronal development, the microtubule-associated tau proteins show a graded
proximo-distal distribution within axons with a clear enrichment at the neuronal tip. In
tauopathies such as Alzheimer’s disease (AD) or FTDP-17, tau redistributes towards the
somatodendritic compartment, where it accumulates and is thought to induce neuronal cell
death.
Previously, it was shown that the distal enrichment of tau is mediated via its aminoterminal
projection domain, which interacts with the actin-rich membrane cortex [1]. Recently we
showed that membrane cortex interaction of tau is mediated via the Ca2+-dependent
phospholipid-binding protein AnnexinA2 (AnxA2). Thus, AnxA2 may act as membrane–
cytoskeleton linker, thereby trapping tau at the distal axon in neuronal cells [2]. However, the
region of interaction of the tau proteins with AnxA2 and its regulation by Ca2+ has not yet
been identified.
To scrutinize the tau-AnxA2 interaction site and to further analyze the mechanism of tauAnxA2 interaction, we constructed a panel of tau deletion constructs based on the longest
human tau isoform (htau441). Using heterologous expression in yeast together with pull-down
assays using a GFP-trap, we obtained evidence that the aminoterminal region of tau is
required to mediate efficient interaction with AnxA2. The presence of the proline-rich region,
which contains many of the sites which are phosphorylated during AD, is dispensable for the
tau-AnxA2 interaction. Furthermore, the interaction is dependent on the presence of Ca2+.
The interaction will be further mapped using a molecular docking approach to design peptides
that may interfere with the tau-AnxA2 interaction.
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The cell wall of fungi is essential to ensure cell shape
and
cellular
integrity.
In
case
of
Saccharomyces cerevisiae a set of plasma membrane
spanning sensors detect cell surface stress. The signal is
transmitted to the guanosine nucleotide exchange factor
(GEF) Rom2, which activates the small GTPase Rho1.
The signal is transduced by a protein kinase (Pkc1) to a
conserved MAPK (mitogen activated protein kinase)
cascade composed of the MAPKKK Bck1, the two
redundant MAPKK Mkk1and Mkk2 as well as the
MAPK Mpk1. In the end, this CWI (cell wall integrity)
signaling pathway activates the transcription factor
Rlm1 as well as the heterodimeric Swi4/Swi6 SBF
complex, which trigger the expression of genes Figure 1. Scheme of the CWI
in
S.
cerevisiae
involved in cell wall synthesis and cell cycle pathway
(Jendretzki
et
al.
2011)
progression, respectively [1].
Although the Rlm1 transcription factor is regarded as
the main effector of the CWI pathway, a deletion mutant lacks typical cell wall defects. In
contrast to other CWI pathway mutants Δrlm1 cells are able to grow without osmotic
stabilisation and display resistance to some cell wall affecting agents such as Congo Red and
Calcofluor White. For that reason, we are currently performing a genetic screen for other
possible targets of the MAPK cascade in Saccharomyces cerevisiae.
Our group has also been studying the CWI pathway in considerable detail in the milk yeast
K. lactis [2]. Homologues to almost all genes encoding S. cerevisiae CWI pathway
components were identified in the K. lactis genome. Interestingly investigations on the
KlRlm1 transcription factor show strong differences to the one in S. cerevisiae, although all
important sites seem to be conserved. Furthermore cross complementation failed in both
organisms, probably caused by different DNA binding abilities of the heterologous
transcription factors. We are now further investigating those differences to gain deeper insight
into putative targets of Rlm1 and to explain the unusual lack of a strong phenotype in the S.
cerevisiae null mutants.
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In vitro analysis of CaaX processing of Chs4, a regulatory subunit
of the Chitinsynthase III complex in yeast
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CaaX processing is a posttranslational modification affecting more than one hundred proteins
in eukaryotes that are essential for growth, development and survival. The CaaX processing
microcompartment is transiently formed at the ER and required for the modification of Chs4,
a regulatory subunit of the chitin synthase III complex. The catalytic subunit of this complex
is Chs3, one of three chitin synthases in yeast. It accounts for about 90% of the chitin
deposited in the cell wall and provides strength and rigidity to the cell [1].
Deletion of Chs4 impairs chitin formation in yeast. While it appears not to be directly
required for Chs3 activity, it seems to mediate interaction between Chs3 and Bni4, which
promotes chitin synthesis and proper localization [2]. Chs4 contains a CaaX motif, which is
processed by prenylation, cleavage and carboxymethylation. Defects in CaaX processing lead
to mislocalization of Chs3 and Chs4 [3].
To obtain a better understanding of CaaX processing of Chs4 and its role in chitin synthesis,
this project will focus on protein-protein-interactions between Chs4, Chs3 and Ste24, the
enzyme responsible for the CaaX cleavage of Chs4. In particular, yeast-2-hybrid analyses
shall be conducted for mapping the interacting domains and additional players will be
identified by co-immunoprecipitation and crosslinking experiments. Binding constants will be
determined for the recombinant proteins using ITC and TIRF-RIF. Perspectives of these
examinations will be the reconstitution of the constituents of the CaaX machinery.

Figure 1. CaaX processing
in yeast.
CaaX processing of Chs4
and trafficking:
1) cytosolic isoprenylation
and ER association;
2) interaction with Chs3 and
Ste24 leads to proteolytic
release of –aaX;
3) carboxyl-methylation by
Ste14
4) ER release and translocation to plasma membrane
separate from Chs3
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Determination of Chs3 topology and the role of CaaX processing
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Post-translational CaaX processing is an important determinant of eukaryotic growth,
development and survival. It is crucial for proper targeting of cytosolic proteins to their
specific membrane compartments. The C-terminal CaaX motif consists of a cysteine, two
aliphatic amino acids and any residue. CaaX processing involves isoprenylation, proteolytic
release of the aaX peptide and carboxyl methylation of the isoprenylcysteine [1].
Examples of proteins that undergo CaaX processing include small GTP-binding proteins like
Ras and Rho, nuclear lamins and certain fungal pheromones. In yeast, it is also required for
processing of Chs4, a regulatory subunit of the chitin synthase III complex. The catalytic
subunit of this complex, Chs3, interacts with Chs4 and components of the CaaX processing
machinery including Ste24, which is required to cleavage.
To understand complex formation and its regulation, we need to gain more insights into Chs3
topology, which is still unclear. Therefore, epitope tagging techniques will be used to
determine the topology of transmembrane helices and soluble domains of Chs3. Insertion of
tags such as c-Myc or hemagglutinin epitopes at different sites of Chs3 will allow
examination of domain topology by Western blots or fluorescence microscopy of
differentially permeabilized cells.
In future steps, protein interactions between Chs3, Chs4 and proteins of the CaaX processing
machinery will be studied in vivo using FRET (Förster resonance energy transfer) or BIFC
(bimolecular fluorescence complementation). The goal is to create a map of protein
interactions which are required for CaaX processing and to analyse complex formation.
Further investigations are planned to determine the influence of palmitoylation and
phosphorylation on CaaX processing. By generating Chs3 phosphorylation site mutants, the
effect on chitin synthesis or CaaX processing of Chs4 and Chs3 trafficking will be analysed.
Figure 1. Putative domain
architecture of Chs3. Horizontal
bars at the top represent
extracellular domains, horizontal
bars at the bottom intracellular
domains [2].
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Clathrin mediated endocytosis (CME) regulates many cell physiological processes such as
synaptic vesicle recycling during synaptic transmission. Within the presynaptic network
clathrin functions as an organizing platform for coated pit assembly. Although it is suggested
that CME is the dominant process for endocytosis, it seems to be too slow for fast recycling.
Therefore it was suggested that a preassembled pool of clathrin-ligand molecules exists1. By
selectively blocking the clathrin coated pit formation with a recently published compound
named PitStop2 and monitoring single clathrin molecules of hippocampal neurons and PC12
cells with super-resolution microscopy, we could image clathrin assembly at the membrane
prior to endocytosis. We could visualize several clathrin patches localized in the periphery of
active zones. Thus clusters were larger in the presence of PitStop than without. This indicates
the existence of patches of preassembled clathrin coats at the peri-active zone ready for pit
fomation and subsequent fission upon stimulation.
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Superresolution beyond the diffraction limit by e.g. photoactivation localization microscopy
(PALM) has become indispensable for studying cellular processes and structures. PALM
offers the powerful possibility to study the distribution of single labeled proteins in the nm
range. The output of this technique is a spatial point pattern of molecular positions of a given
labeled protein ensemble. These point patterns, however, should contain information about
spatial correlations like clustering. Clustering is characterised by the deviation of the pattern
from the spatial arrangement of independent random events. The random distribution is given
by a Poisson process. Thus, deviations, i.e. the degree and spatial scale of clustering or
repulsion in such patterns provide information about the underlying molecular interactions.
To this end we simulated different point patterns to explore whether spatial statistics based on
k-Nearest Neighbour Analysis, Ripley’s K- or L-functions or pair correlation analysis can be
utilized to determine the stoichiometry of macromolecular assemblies in cell membranes.
As simple model we expressed fusion constructs of the Shaker-IR potassium channel or the
in the plasma membrane of HEK293 and HeLa cells. Using quantitative analysis of TIRFPALM image stacks we succeeded in counting the exact number of monomers in these
membrane protein complexes. Comparison with simulations of point patterns of different
clustering degrees and of differing localization precision corroborates our finding that TIRFPALM data can be used to faithfully extract information about protein-protein interactions on
the nm scale.

A novel role for the non catalytic intracellular Neprilysin domain
in muscle integrity
Mareike Panz, Heiko Meyer, Mirko Hüsken, Arne Jendretzki, Jürgen Heinisch
and Achim Paululat
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Neprilysins are membrane bound M13-endopeptidases responsible for the inactivation and/or
activation of peptide signalling events on cell surfaces. Mammalian neprilysins are involved
in the metabolism of numerous regulatory peptides especially in the nervous, immune,
cardiovascular and inflammatory systems. Based on such multifaceted requirements in
significant physiological processes, proteins belonging to the family of neprilysins are
considered as therapeutic targets in different disease patterns, including Alzheimer’s disease.
Here we report on the capacity of Neprilysin 4 (Nep4) from Drosophila melanogaster to
induce a severe muscle degeneration phenotype under overexpression conditions. While an
excess of full length Nep4 in somatic muscles resulted in strong tissue degeneration combined
with severely impaired movement of larvae and lethality in late larval development,
downregulation of expression mimicked mainly the latter two effects. Endogenous expression
in the respective tissue was confirmed by reportergene expression combined with
immunostainings and semi-quantitative PCR. Apparently, the protein localizes to muscular
subcompartments, mainly the nuclear membrane and the sarcoplasmic reticulum. By
expressing several mutated and truncated forms of Nep4 in transgenic animals, we identified
the intracellular domain to be responsible for the observed phenotype while catalytic activity
of the enzyme was apparently insignificant. Yeast two-hybrid screening revealed Rpp20 to
genetically interact with the intracellular domain of Nep4. Our data represent the first report
of an intracellular neprilysin domain being involved muscle integrity.

Matrix matters - composition and function of the cardiac
extracellular matrix in Drosophila melanogaster
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The extracellular matrix (ECM) constitutes a complex micro-compartment providing
integrity to adjacent tissues, cellular adhesion and forms a platform for extracellular signaling
events. The heart of Drosophila is surrounded by a tight matrix, which contains a very
specialized Collagen IV-like protein named Pericardin (Prc). Within the cardiac ECM Prc colocalizes with the Collagen IV Viking and provides an anchor towards the alary muscles,
which attach the heart to the body cavity.
We started to characterize a prc allele, which shows no Prc protein expression throughout
development. Consequently embryos homozygous mutant for prc do not assemble Pericardin
in the matrix around the heart and show a dramatic loss of cardiac integrity, leading to
rearrangements of myofibrils within the heart cells and loss of hemolymph flow during postembryonic stages. In a genetic screen we found the gene lonely heart (loh), encoding a
metalloprotease-like protein with Thrombospondin repeats (ADAMTS-like), to be essential
for proper localization of Prc within the heart ECM. Embryos homozygous for one of the two
isolated loh alleles produce and secrete Prc properly but the protein fails to be assembled into
a matrix around the heart cells. Compared to the prc loss of function mutant loh mutant
animals show similar phenotypes during larval stages effecting myofibril orientation and
hemolymph transport.
The lack of proper hemolymph flow in either prc or loh mutants does not prevent
development into the adult but the flies show major effects concerning life span, stress
resistance and physical fitness. Taken together we provide evidence that prc and loh are
crucial for the formation of an intact cardiac ECM and that this matrix is essential for heart
integrity and has a physiological relevance for the life of the fly.

ECM of the Drosophila heart - Structure Resolution using
STORM microscopy
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The extracellular matrix of the tubular Drosophila heart harbours the unique collagen IV-like
protein, Pericardin, which is specifically delivered to the heart ECM but essentially not to
other matrices in the animal, indicating a functional role of this protein for providing unique
physical properties to the heart ECM. We identified mutants for Pericardin that reveal such an
essential function: If Pericardin fails to assemble properly or is totally missing the heart
disintegrates and collapses.
An antibody against Pericardin allows us to analyse the distribution of Pericardin at the heart but at a low resolution because confocal light microscopy is limited to the diffraction of light.
To understand how Pericardin fibers are organized, or in general terms, how the architecture
of the heart ECM looks alike, we strive to image these structure at much higher resolution.
Our aim is to establish direct STORM technology to visualize Pericardin and other proteins of
the heart ECM simultaneously.
We started to test the Pericardin antibody for super resolution with two methods; we used
reduction STORM and direct STORM. We could show that both methods work well in
dissected 3rd instar larva tissue. We want to establish dual colour super resolution microscopy
in Drosophila tissue, therefore we use direct STORM.

Multivalent chelator lipids for targeting and manipulation of
proteins in membrane nanodomains
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Membrane nanodomains based on phase-segregation of lipids have emerged as a key
organizing principle of the plasma membrane. They have been shown to play important roles
in signal transduction and membrane trafficking. We have developed lipid-like probes
carrying multivalent nitrilotriacetic acid (tris-NTA) head groups for selective targeting and
manipulation of His-tagged proteins in liquid ordered or liquid disordered phases. In giant
unilamellar vesicles strong partitioning of tris-NTA lipids into different lipid phases was
observed. For a saturated tris-NTA lipid, at least 10-fold preference for the liquid ordered
phase was found. In contrast, an unsaturated NTA lipid shows a comparable preference for
the liquid disordered phase. Partitioning into submicroscopic membrane domains formed in
solid supported membranes was confirmed by superresolution imaging. Single molecule
tracking of His-tagged proteins tethered to solid supported membranes revealed clear
differences in the diffusion behavior of the different NTA-lipids. By using vesicles as a
carrier, multivalent NTA lipids were efficiently incorporated into the plasma membrane of
live cells. Based on this approach, we established versatile single molecule methods for
probing and manipulating the spatiotemporal dynamics of membrane nanodomains in live
cells.

Effector recruitment of the type I interferon receptor
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The type I interferon receptor is comprised of two subunits IFNAR1 and IFNAR2, which are
cross-linked by their ligand. The key signaling pathway involves tyrosine phosphorylation of
signaltransducers and activators of transcription (STAT1 and STAT2) by receptor-associated
Janus kinases. We aim to unveil of the very early events of signal activation including ligandinduced receptor assembly and the recruitment of the cytoplasmic effector proteins STAT1
and STAT2 in living cells. To this end, we have explored the spatiotemporal dynamics of
STAT recruitment at the membrane on a single molecule level. The interaction of STATs to
membrane-proximal sites was detected by TIRF-microscopy, allowing for localizing and
tracking individual molecules beyond the diffraction limit. The stimulation independent
association of STAT2 with IFNAR2 was monitored and characterized. Binding events of
STAT2 but not of STAT1 were dependent on the expression level of IFNAR2 and mediated
via the coiled-coil domain of STAT2. Furthermore it could be shown by fluorescence cross
correlation spectroscopy that STAT1 and STAT2 are not preassociated but form only a
complex after interferon stimulation. In an additional approach patterning of the interferon
receptors in living cells was carried out in order to probe the specific recruitment of
intracellular effector proteins.

Controlled protein confinement in phase-separated membranes
tethered on micro-patterned supports
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Phase-separation of lipid membranes into liquid-disordered (ld) and liquid-ordered (lo)
domains has been recognized as a key principle for the functional organization of the plasma
membrane. In classic model systems such as giant unilamellar vesicles, the spatial
organization of phase separated membranes is a stochastic, time-dependent process, which
depends on the lipid composition and often leads to a complete coalescence of the lipid
phases. We have here established an approach for a spatial control of lipid phase separation in
tethered polymer-supported membranes (PSM). On a dense poly(ethylene glycol) (PEG)
polymer brush functionalized with hydrophobic tethers, contiguous, highly fluid PSM were
obtained by means of fusion of small unilamellar vesicles.1 Free diffusion of lipids and
reconstituted transmembrane proteins in these PSM was confirmed by FRAP, FCS and single
molecule tracking. Strikingly, phase separation of ternary lipid mixtures
(DOPC/SM/cholesterol) in PSM into ld and lo phases was dependent on the properties of
anchoring group. We exploited these features for assembly of lo domains in PSM into defined
structures using micropatterned tethering groups. Within isolated micropatterns, ld and lo
phases self-assembled into stable, reproducible membrane architectures. With binary micropatterning of different tethering groups in complementary areas the ternary lipids mixtures
separated into lo and ld phases controlled by the geometry of the underlying tethers.
Transmembrane proteins reconstituted in these phase-separated PSM strictly partitioned into
the ld phase. Hence, the lo phase could be used for confining transmembrane proteins into
microscopic and submicroscopic domains. The permeability of these barriers for lipids and
proteins and thus their exchange between adjacent ld compartments can be globally and
locally controlled by the temperature. These features will be exploited for probing interactions
and dynamics of a transmembrane receptor in context of ld and lo phases.
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Malate valves are an essential feature for balancing metabolic fluxes. Therefore, most cell
compartments possess oxidoreductases that catalyze the interconversion between malate and
oxaloacetate in a reversible reaction. These enzymes are either NAD+- or NADP+-specific.
In addition to the redox-modulated NADPMDH that is part of the malate valve in
illuminated chloroplasts, plastids also contain
NAD-MDH playing an important role in dark
metabolism and in non-green tissues [2, 3].
For energy supply, NADPH is generated in
the oxidative pentose-phosphate pathway.
ATP
is
formed
in
substrate-chain
phosphorylation during glycolysis, where
NAD+ needs to be continuously regenerated
by plNAD-MDH, or can be imported via
Figure 1. General scheme of the malate valve in dark ATP/ADP transporters (NTT) [4,5].
chloroplasts showing the indirect transport of reducing The expression of plNAD-MDH was found to
equivalents between the chloroplast and the cytosol [1].
PET: photosynthetic electron transport chain; OAA: be highest in heterotrophic and meristematic
tissues. Heterozygous T-DNA insertion
oxaloacetate; OPP: oxidative pentose phosphate pathway.
mutants of A. thaliana show an improved
growth on ammonium as N-source and a higher expression of NADH-GOGAT. In-situ
hybridization revealed that transcripts of plNAD-MDH were especially abundant in the male
and female gametophyte. While all ovules are fertilized and develop into viable seeds, the
plNAD-MDH knockout has a strong effect on pollen tube growth. Therefore, no homozygous
knockout plants can be obtained.

References
[1] Scheibe, R., Malate valves to balance cellular energy supply, Physiologia Plantarum 120, 21-26, (2004)
[2] Berkemeyer, M., Scheibe, R. & Ocheretina, O., A novel, non-redox-regulated NAD-dependent malate
dehydrogenase from chloroplasts of Arabidopsis thaliana L., The Journal of Biological Chemistry 273, 2792727933, (1998)
[3] Backhausen, J.E., Emmerlich, A., Holtgrefe, S., Horton, P., Nast, G., Rogers, J.J.M., Müller-Röber, N. &
Scheibe, R., Transgenic potato plants with altered expression levels of chloroplast NADP-malate dehydrogenase:
interactions between photosynthetic electron transport and malate metabolism in leaves and in intact chloroplasts,
Planta 207, 105-114, (1998)
[4] Reiser, J., Linka, N., Lemke, L., Jeblick, W. & Neuhaus, E.H., Molecular physiological analysis of the two
plastidic ATP/ADP transporters from Arabidopsis, Plant Physiology 136, 3524-3536, (2004)
[5] Reinhold, T., Alawady, A., Grimm, B., Beran, K.C., Jahns, P., Conrath, U., Bauer, J., Reiser, J., Melzer, M.,
Jeblick, W. & Neuhaus, E.H., Limitation of nocturnal import of ATP into Arabidopsis chloroplasts lead to
photoxidative damage, The Plant Journal 50, 293-304, (2007)
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The photophobic response in halophilic archaea is mediated by the membrane-embedded
signaling complex composed of the photoactive receptor and its cognate transducer protein.
Here, we report on first EPR experiments on assemblies of the photoreceptor/transducer
complex

from

the

halophilic

archaeon

Natronomonas pharaonis (NpSRII/NpHtrII) in
nano-disks containing native haloarchaeal polar
lipids from Halobacterium salinarum [1]. TEM
imaging of assembled NLPs revealed welldefined monodispersed discoidal particles. Flash
photolysis data confirmed functional activity of
reconstituted NpSRII. The cw EPR experiments
showed that there is no significant effect of the
reconstitution on the dynamic properties of both,
assembled receptor and transducer protein. EPR
data revealed different degrees of tertiary
interaction of the cytoplasmic transducer tips in
NLPs and PML-sheets, which indicate the
presence of higher-order clusters in the purple
membranes like they have been observed for bacterial chemoreceptors. Thus, the nano-disk
model can be used to study the operation of NpSRII/NpHtrII complex in its native lipid
environment by EPR spectroscopy in combination with site-directed spin labeling (SDSL).
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A role of the vacuolar tethering complex in the formation of a new
contact site between vacuoles and mitochondria in the yeast
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The viability of eukaryotic cells relies on the functionality of membrane-enclosed organelles
with distinct features. To maintain these, efficient and regulated transport of proteins and
lipids within the cell must be achieved. The investigation of membrane contact sites (MCS)
between distinct organelles opened a new field in understanding transport events that act in
addition to the well-characterized vesicular transport. Here, we present evidences for a new
contact site between vacuoles (the equivalent of lysosomes in yeast) and mitochondria, called
VMC (vacuole-mitochondria contact site). These contact sites require the fusion machinery of
the vacuole, and result in a patch-like accumulation of mitochondria at the vacuolar rim. The
apposition seems to distort the cristae structure of the inner mitochondrial membrane as
observed by EM analysis. Using fluorescent microscopy based analysis of mutant strains, we
could demonstrate that the formation of the contact is specifically mediated by subunits of the
tethering machinery of the vacuole, which may result in a change in the lipid composition of
mitochondria if deleted. Our data also show that contact occur even in mutants lacking
mitophagy specific autophagy-related (ATG) genes, suggesting that the VMC is not involved
in mitophagy. In summary, we postulate that the tethering machinery of the vacuole has a
novel role in the formation of a membrane contact site between vacuoles and mitochondria.

Coordination of Sorting Complexes at the Endosome
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During endocytosis in eukaryotic cells, cargo proteins are incorporated into vesicles, which
fuse with the early endosome. These endosomes then mature to late endosomes and fuse with
the lysosome. For the maturation of endosomes, three machineries need to be coordinated:
The ESCRT machinery, required for luminal sorting of transmembrane proteins, the retromer
to recycle sorting receptors, and the tethering machinery, including Rab GTPases and the
HOPS complex, that mediates fusion with the lysosome (see Fig.1). Although much is known
about the single sorting steps, the mechanisms that regulate the endosomal pathways are not
yet understood.
A central regulator of endosomal maturation is the Rab7 GTPase (Ypt7 in yeast).
Results in our lab revealed that Ypt7 interacts with the retromer cargo-recognition
subcomplex and overexpression of the Rab leads to retromer recycling defects, probably due
to premature fusion. In addition, impaired ESCRT function strongly affects the localization
and function of retromer and leads to decreased fusion of late endosomes with the vacuole,
raising the possibility that all three machineries crosstalk to coordinate receptor
downregulation, sorting receptor retrieval and fusion1.

Figure 1. Sorting complexes in the endocytic pathway. 7, Ypt7; 21, Vps21.

I will present resent data addressing the question, if crosstalk between the sorting complex in
the endocytic pathway occurs. I also would like to discuss, which mechanisms might be used
to achieve such a crosstalk.
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Ivy1 is a Yck3-regulated interactor of the Rab7 GTPase that
controls endosome-vacuole fusion
Johannes Numrich and Christian Ungermann
The yeast vacuole is a highly dynamic organelle which undergoes fission and fusion during
osmotic stress or vacuolar inheritance. The homotypic fusion of vacuoles is a well studied
process, which depends on a fusion machinery mainly consisting of SNAREs, the Rab7
homolog Ypt7 and its effector HOPS. Beside homotypic fusion events, heterotypic fusion
events including the fusion of late endosomes and autophagosomes occur at the vacuole for
the delivery of vacuolar hydrolases. All these fusion processes are also dependent on Ypt7
and its effector HOPS. Before fusion with the vacuole can occur, several steps are needed for
maturation of these organelles. The processes contributing to maturation are widely
understood but the question when exactly is an organelle ready for fusion is still unanswered.
A possible regulator interfering with fusion processes at the vacuole is Ivy1. The localization
of Ivy1 is dependent on Ypt7. Additionally, the overproduction of Ivy1 leads to
mislocalization of Ypt7 itself, which results in a defective vesicular transport from the Golgi
network to the vacuole, whereas other transport pathways to the vacuole are not affected. The
ability of recombinant Ivy1 to inhibit vacuole fusion in vitro strengthen our hypothesis that
Ivy1 is a regulator of fusion processes at the vacuole by interacting with Ypt7. Furthermore,
preliminary data suggest that the function of Ivy1 can be regulated by the vacuolar casein
kinase Yck3 which phosphorylates Ivy1 and might control Ivy1 activity.

The Rab-specific CORVET subunits Vps3 and Vps8 show
functional redundancies in endolysosomal sorting
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At multiple stages in the biogenesis of the endolysosomal system, factors are required to
promote endosomal transport and organelle maturation. In particular these are factors, which
contribute to endosomal fusion events like tethers, SNAREs or the upstream regulatory Rab
GTPases. In yeast, loss of any of these activities results in an enlarged vacuole (class D
phenotype).
Vps3 and Vps8 are subunits of the CORVET complex, which is an effector of the Rab5
homologue Vps21 at endosomes. Both subunits reveal class D vacuoles upon deletion but
seem to have a distinct role from the other class D proteins, which are mostly involved in
early endosomal transport processes. In terms of localization and therefore function, the
CORVET acts at late endosomes and probably contributes to endosome maturation or fusion
events at this stage.
Vps3 and Vps8 are similar in structure and whereas their C-terminal alpha-solenoids interact
to other CORVET subunits and probably to Vps21, the functions of their N-terminal putative
ß-propeller are unknown. Each of them seems to be dispensable upon deletion, but deletion of
both ß-propeller at the same time reveals the same deficiencies as in class D situation. This
double-truncated CORVET is still assembled and in general still functional, but it is not
recruited any more to endosomal membranes. The ß-propeller of both proteins seem to have
redundant functions in localizing the CORVET to endosomes independently of Vps21.
Further studies will reveal if there are upstream binding partners or lipid requirements like
PtdI-3-P or PtdI-3,5-P2 responsible for membrane-association and function of the CORVET
complex.
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A prominent feature of the eucaryotic cell organisation is a highly complex and tightly
regulated endomembrane system. The integrity and the functionality of this system is
achieved and maintained via controlled action of small GTPases, tethering complexes and
SNAREs. Two homologous hexameric Vps-protein complexes CORVET and HOPS act in
the endolysosomal system. Both complexes possess an identical core and show similar
topologies of their specific subunits. A modular arrangement capable to bind Rab GTPases
and SNAREs is proposed for both complexes. In addition, three out of the eight Vps-protein
subunits contain RING domains at their very C-terminus. So far, the role of the ubiquitin
system during endocytosis was ascribed mainly to proteasomal degradation, modifications of
receptors at the plasma membrane and the resulting sorting processes on the maturing
endosomes.
Here, I present data showing that the subunits of the CORVET and HOPS have E3 ligase
activity. In addition, our data suggest that Vps proteins of both, HOPS and CORVET, bind
ubiquitin(chains). This proposes involvement of ubiquitin and ubiquitin conjugation
machinery as a novel functional regulator of endolysosomal tethering complexes.
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The Rab5-orthologue Vps21 in yeast is a key regulator of membrane traffic at the early
endosome [1], [2]. The late endosomes/MVBs do not harbor Vps21, but Ypt7 instead. It has
been hypothesized that a switch between these two GTPases has to occur [3]. The inactivation
and release of Vps21 from the maturing membrane must be both, spatially and temporally
well controlled. A GTPase-activating protein (GAP) is the most likely candidate to mediate
this process [4]. Until today, no specific Vps21-GAP has been identified because the yeast
GAP system is rather unspecific and of high redundancy. Identifying this factor would shed
some light on the poorly understood process of endosomal maturation and reveal new insights
into the function of GAPs.
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Vacuolar H+-ATPases (V-ATPases) are proton pumps found in every eukaryotic cell. During
starvation conditions, they are regulated by reversible dissociation of the ATP-hydrolyzing V1
complex from the membrane bound, proton translocating VO complex. This type of regulation
was first observed in the non-feeding, moulting tobacco hornworm (Manduca sexta). In the
baker’s yeast Saccharomyces cerevisiae, dissociation of the V-ATPase holoenzyme is
induced by glucose deprivation. The shut-down of this energy consumptive pump appears to
be an economic mode during diauxic shift. The re-addition of glucose induces the rapid and
efficient reassembly of the holoenzyme without the need for biosynthesis of new subunits. By
analysing localisation of GFP-marked V-ATPase subunits in living yeast cells, we found that
only the V1 subunit C and not the whole V1 complex dissociates from the membrane under
starvation conditions. Furthermore interaction studies done by FRET experiments support
these observations. We could also show that a decreased intracellular cAMP concentration,
the inhibition and/or deletion of Protein kinase A subunits and the luminal pH are involved in
regulating the dissociation of subunit C. Furthermore, dissociation is dependent on
microtubules and the glycolytic enzyme aldolase. The interaction of subunit C with the
cytoskeleton, especially with microtubules, seems to be a universal property. Finally we
found that the heterotrimeric complex RAVE may play a role not only in biosynthetic
assembly of the V-ATPase but also in the reassociation of subunit C to the holoenzyme.

Figure 1: Structure of the V-ATPase.
The schematic structure of the V-ATPase
from Manduca sexta with cytosolic V1 complex
and membrane bound VO complex [1].
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The Malpighian tubules of the yellow fever mosquito Aedes aegypti are the main organs for
the excretion of salts, water, metabolic waste products and xenobiotics, thereby regulating the
homeostasis and the osmotic balance of the hemolymph. Especially in hematophagous insects
that ingest huge amounts of blood during feeding, the Malpighian tubules fulfill a vital task,
reducing the massive payload rapidly by diuresis.
Since Malpighian tubules are not innervated, diuresis is under hormonal control. Several
diuretic peptides have been found that are presumably released into the hemolymph by the
central nervous system in order to regulate urine formation in the Malpighian tubules by the
intracellular messengers Ca2+, cAMP and cGMP.
One potential downstream target is the vacuolar H+-ATPase (V-ATPase) that is highly
expressed in principal cells of Malpighian tubules where it is almost exclusively found at the
apical membrane. The V-ATPase energizes the apical as well as the basolateral membrane
and the paracellular pathway thereby driving the transepithelial secretion of KCl, NaCl and
probably of other solutes.
The highly diverse and critical role of the V-ATPase in cellular processes requires a tight
physiological regulation of its expression and activity. Corresponding to the variability of the
physiological function of the enzyme, various regulation mechanisms were proposed so far.
Our aim is to reveal the role and regulatory mechanism of the V-ATPase in the Malpighian
tubules of Aedes aegypti using biochemical and electrophysiological approaches.
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Glutaredoxins (GRX) are small oxidoreductases present in both, prokaryotes and eukaryotes.
Participation of GRXs in many crucial processes could be shown, e.g. in oxidative stress
response, regulation or modulation of metabolic enzymes, in signalling processes or in the
assembly and delivery of Fe-S clusters. For their function they can employ one or two
conserved cysteines within the active site. The monothiol mechanism is used for the reduction
of mixed disulfide bridges (deglutathionylation), whereas the dithiol mechanism is used for
reduction of disulfide bridges in or between target proteins. All GRXs share a common socalled thioredoxin-fold structure [1].
In land plants, a specific group of GRXs is present, the CC-type GRXs, named ROXYs in
Arabidopsis thaliana. Current data show an involvement of these ROXYs in flower
development (ROXY1/2) and in pathogen response (ROXY19) [1]. ROXY1 is required for petal
primordia initiation (A. thaliana wildtype plants have 4 petals, whereas the roxy1 mutant has
on average only 2.5) and later during flower development for petal morphology. The roxy1
roxy2 double mutant shows defects in anther development and microsporogenesis. Single
roxy2 mutants have no phenotype, which indicates a redundant function of these two ROXYs.
ROXY19 participates in the signalling process according to pathogen defence through
jasmonic acid/salicylic acid signalling [1,2].
In comparison the classical two other groups, the CPYC- and the CGFS-GRXs, exclusively
the number of ROXYs expanded strongly during land-plant evolution. In the model plant
Arabidopsis 21 ROXYs are present [3]. Some of them exhibit a conserved biochemical
activity, because they can complement the ROXY1 function in the roxy1 null mutant
expressed under the ROXY1-promoter. All of these ROXYs have a conserved C-terminal
motif, which is involved in target interaction. Besides this fact not much is known of the
function of the remaining ROXYs in A. thaliana and also the catalytic mechanism of the
ROXYs involved in flower development is unclear. PERIANTHIA, a TGA transcription
factor, was identified as a ROXY1 target protein [2]. The two proteins interact in vivo in the
nucleus and the biochemical relevance of this interaction remains to be elucidated.
References
[1] Li, S. and Zachgo, S., Glutaredoxins in development and stress response of plants. Advances in
Botanical Research, 52, 333-361 (2009).
[2] Li, S., Lauri, A., Ziemann, M., Busch, A., Bhave, M. and Zachgo, S., Nuclear activity of ROXY1, a
glutaredoxin interacting with TGA factors, is required for petal development. The Plant Cell 21, 429441 (2009).
[3] Ziemann, M., Bhave, M. and Zachgo, S., Origin and diversification of land plant CC-type
glutaredoxins. Genome Biol Evol 1, 265-277 (2009).

In situ hybridization technique on whole mount tissue samples
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TCP transcription factors play a key role in the control of cell proliferation and developing
tissues in higher plants. As a member of the first land plant group that diverged from aquatic
algae, the moss Marchantia polymorpha presents an excellent model organism to enlighten
the ancestral function of the TCP genes.
In order to analyze and understand the function of TCPs in Marchantia, expression studies
will play a pivotal role. Therefore I will mainly focus in the initial phase of my PhD to
establish the high resolution, whole mount in situ hybridization method. This enables a
detailed temporal and spatial expression pattern analysis of the gene of interest.
Here, I will present the first data of the progress of establishing the whole mount mRNA
staining technique.
This technique is based on the classic in situ hybridization method using labelled mRNA
antisense probes for mRNA detection on the cellular level of two-dimensional sections of
embedded tissues [1,2].
The whole mount technique uses the intact, whole tissue samples instead of tissue sections.
This has several advantages over the classical approach, i. e. allowing a specific threedimensional mRNA visualization, hence replacing the need to reconstruct the three
dimensional structures through serial sections. If a more precise expression pattern in deeper
cell layers is needed, sections of the intact tissues can be performed subsequently [1]. Another
benefit of the whole mount in situ hybridization technique is the reduced time expense of
three days compared to the total of seven days with the classical method. At the moment, the
two techniques can be used complementary and allow to focus on different aspects. In the
future prospective the whole mount in situ technique might be able to substitute the classical
approach.
The current whole mount protocol I adapted for Marchantia was originally optimized for
Arabidopsis seedlings [2]. Although different biological samples might need further
modifications of the manual, the first alterations show promising results for young vegetative
tissues of M. polymorpha. I will also show first results regarding A. thaliana seedlings.
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