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PROGRAMME 
 
 
Friday, 26th of September 
 
 
08:00  Registration 
 
08:20  Welcome 
 
 
  Session 1: (Chair: Harald Sitte) 
 
08:30 Speaker 1: Gerhard Ecker (University of Vienna):  

 Optimizing Ligands of Promiscuous Targets – A Case Study for  
P-glycoprotein Inhibitors. 

09:00 Speaker 2: Lutz Schmitt (Heinrich Heine University Duesseldorf):  
The ABC transporter Pdr5p and its role in the PDR network of yeast. 

09:30 Speaker 3: Clemens Glaubitz (Goethe University, Frankfurt):  
Solid-state NMR Studies on Multidrug Efflux Pumps. 

 
 
10:00  Coffee/Tea break 
 
 
  Session 2: (Chair: Heinz Bönisch) 
10:30 Speaker 1: Ulrik Gether (University of Copenhagen):  

The dopamine transporter: Molecular structure and cellular regulation. 
11:00 Speaker 2: Michael Freissmuth (Medical University Vienna):  
 Trafficking of the GAT 1 through the secretory pathway is specified by 

at least 3 motifs in the C-terminus. 
11:30 Speaker 3: Aurelio Galli (Vanderbilt University):  

Insulin regulation of dopamine transporter activity. 
 
12:30 Reception at the Town hall of Vienna,  

Welcome address from the Mayor of Vienna 
 
 
14:30  Postersession & Coffee/Tea:  
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  Session 3 (Chair: Martin Hohenegger) 
15:30 Speaker 1: Maureen Hahn (Vanderbilt University):  

A Functional Promoter Polymorphism in the Human Norepinephrine 
Transporter (NET) Gene Associates with Attention Deficit Hyperactivity 
Disorder (ADHD). 

16:00 Speaker 2: Matthäus Willeit (Medical University Vienna):  
Studying in-vivo dopamine release using D2/3 agonist imaging and 
positron emission tomography. 

16:30 Speaker 3: Oliver Langer (Medical University Vienna):  
Translational neuroimaging of efflux transporter activity at the blood-
brain barrier with positron emission tomography 

 
 
17:00  Refreshments 
 
 
17:30 Plenary lecture 1: (Chair: Peter Chiba) 

Robert Tampé (Goethe-University Frankfurt):  
The ABC of self-defense: views & news 

 
18:30 Plenary lecture 2: (Chair: Christoph Baumgartner) 

Adriaan Lammertsma (VU University Medical Centre, Amsterdam): 
PET as an in vivo tool for measuring P-gp expression and function. 

 
 
20:00  Heurigen Restaurant "Ing. Werner Welser - Probusgasse" 
 

Probusgasse 12, A-1190 Wien,  
Tel.: +43 (1) 318 97 97 

 
 

Public transport:  
Take tram no. 37 in direction „Hohe 
Warte“ and get off at the last stop. 
From there walk down Hohe Warte 
(keeping the direction of the tram 
line), cross Grinzinger Straße, enter 
Armbrustergasse, first right is 
Probusgasse. Alternatively, you can 
take underground U4 (green line) 
until last Stop Heiligenstadt, then 
take bus no. 38A until Stop 
Armbrustergasse. 
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Saturday, 27th of September 
 
 
08:00  Registration 
 
 
  Session 4 (Chair: Christian Pifl) 
08:30 Speaker 1: Arne Schousboe (University of Copenhagen):  

Non-GAT1 GABA transporters as targets for antiepileptic drugs. 
09:00 Speaker 2: Volker Eulenburg (Max Planck Institute for Brain 

Research):  
Glycine transporterers: regulators of glycine dependent 
neurotransmission. 

09:30 Speaker 3: Peter Hinterdorfer (Johannes Kepler University of Linz): 
 Molecular Recognition Force Microscopy/Spectroscopy on Cells. 

 
 
10:00  Coffee/Tea break 
 
  Session 5 (Chair: Markus Müller) 
10:30 Speaker 1: Kaspar Hollenstein (ETH Zurich):  

Structure and mechanism of ATP-binding (ABC) transporters 
11:00 Speaker 2: Karl Kuchler (Medical University Vienna):  

Molecular structure-function analysis of yeast ATP-binding cassette 
transporters. 

11:30 Speaker 3: Donald W. Miller (University of Manitoba):  
Use of the near infrared fluorescence probe Rhodamine 800 to assess 
P-glycoprotein (P-gp) activity in the blood brain barrier (BBB). 

 
 
12:00  Lunch  
  (Closed session SFB Adv. board) 
 
 
13:00  Postersession & Coffee/Tea: 
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14:00 Plenary lecture 3: (Chair: Peggy Stolt-Bergner)  

Baruch Kanner (The Hebrew University of Jerusalem):  
Mechanism of chloride interaction with neurotransmitter:sodium 
symporters. 

15:00 Plenary lecture 4: (Chair: Lukas Pezawas) 
Gary Rudnick (Yale University): 
A mechanism for alternating access in neurotransmitter transporters. 

 
 
16:00  Coffee/Tea break 
 
  Session 6 (Chair: Michael Freissmuth) 
16:30 Speaker 1: Mike Strauss (Max Planck Institute for Biophysics): 

 Electron Tomography of Mitochondria at Molecular Resolution. 
17:00 Speaker 2: Jürgen Bereiter-Hahn (Goethe-University Frankfurt):  

The cation transporter TRPV4 in cellular volume regulation. 
17:30 Speaker 3: Christopher Tate (MRC Laboratory of Molecular Biology, 

Cambridge):  
Structural analyses of EmrE. 

 
 
18:00  End of meeting 
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POSTERS: 
 
1) Being there: conformational and topological heterogeneity of cell surface P-
glycoprotein 

Zsolt Bacsó, Katalin Goda, Zsuzsanna Tóth, Zsuzsa Birko, Sándor Biró, Tamás Janáky, 
Zoltán Krasznai, Ferenc Fenyvesi and Gábor Szabó 

 
 
2) Functional characterization of GPR55 as a novel cannabinoid receptor 

N. Balengaa, C. M. Henstridgeb, A. J. Irvingb and M. Waldhoera 
 
 
3) ATP-binding cassette transporters A1 and G1 promote cholesterol efflux from fetal 
endothelial cells of human placenta 

Ute Panzenboeck, Tatjana Becker, Jasminka Stefulj, Birgit Hirschmugl, Cornelia 
Schweinzer, Gunther Marsche, Uwe Lang, Gernot Desoye and Christian Wadsack 

 
 
4) Identification of candidate pharmaco-chaperones and chaperone interaction sites on 
human P-glycoprotein 

Caterina Bentele, Edina Csaszar, Stephan Kopp, Sandra Pferschy, Peter Chiba 
 
 
5) The SLC6/NSS family members KAAT1 and CAATCH1 are weakly Cl-dependent 

Michela Castagna, Sara Bettè, Massimo Santacroce, and V. Franca Sacchi 
 
 
6)..Application of Non-Substrate Transmembrane Efflux Pump Inhibitors with 
Potential Benefit for Combined Antiretroviral Therapies 

Coburger Claudius, Wollmann Jörg, Richter Martin, Hilgeroth Andreas 
 
 
7) The carboxyl terminus of neurotransmitter transporters as independent folding 
domain 

Ali El-Kasaby 
 
 
8) Glutamate uptake is dissociated from substrate-induced glutamate release as 
evidenced by conformationally constrained aspartate and glutamate analogues. 

Simona Colleonia, Elisa Landuccic, Paola Contib, Andrea Pintob, Giovanni Graziosob, 
Domenico E. Pellegrini-Giampietroc, Carlo De Michelib, Tiziana Menninia and Marco 
Gobbia 

 
 
9) Partial agonism for the induction of SERT-mediated 5-HT release and currents in 
vitro 

Marco Gobbia, Gianbattista Bonannob, Miguel Reyes-Paradac, Harald H Sitte, and 
Tiziana Menninia  
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10) ABCC2 genetic variants Affect significantly duodenal MRP2-protein expression and 
Bioavailability of Talinolol 

S. Haenisch, K. May, D. Wegner, R. Warzok, I. Cascorbi, W. Siegmund 
 
 
11) Depression Vulnerability is Reflected in Midcingulate Cortex Structure and 
Function 

Hartinger, Kasess, Kandler, Scharinger, Huf, Pail, Nagl, Kalcher, 
Russo-Schwarzbaum, Erfurth, Esterbauer, Windischberger, Kasper, Moser, Pezawas; 

 
 
12) Synthesis of serotonin reuptake inhibitor probes to study the serotonin transporter 
using atomic force microscopy (AFM) 

Thomas Haselgrübler, Linda Wildling, Peter Hinterdorfer 
 
 
13) KP772, a lanthanum drug targeting ABCB1-mediated Chemotherapy resistance: 
Preliminary Vivo Results 

P. Heffeter, M. A. Jakupec, W. Körner, P. Chiba, C. Pirker, R. Dornetshuber,  
U. Jungwirth, L. Gal, L. Elbling, M. Micksche, B. K. Keppler, W. Berger 

 
 
14) MS-binding-assays – a new screening technique applied to the GABA transporter 
GAT 1  

Georg Höfner, Christine Zepperitz, Klaus T. Wanner 
 
 
15) Effective connectivity as a depression vulnerability marker 

Kasess, Hartinger, Kandler, Scharinger, Huf, Pail, Nagl, Kalcher, 
Russo-Schwarzbaum, Erfurth, Esterbauer, Windischberger, Kasper, Moser, 
Pezawas 

 
 
16) P-glycoprotein is a „cosmopolitan” present in both raft and non-raft membrane 
microdomains 

Katalin Goda, Zsolt Bacsó, Ákos Fábián, Annamária Téglási, Orsolya Bársony, Ferenc 
Fenyvesi, Gábor Szabó 

 
 
17) Molecular structure-function analysis of yeast ATP-binding cassette transporters  

Cornelia Klein, Martin Valachovic and Karl Kuchler 
 
 
18) Substrate and Antidepressant Binding and Dynamics in the Human Serotonin 
Transporter 

Heidi Koldso, Leyla Celik, Steffen Sinning, Kasper Severinsen, Ove Wiborg and Birgit 
Schiott 
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19) Location of the antidepressant binding site in the serotonin transporter: Importance 
of Ser438 in recognition of citalopram and tricyclic antidepressants 

J. Andersen, O. Taboureau, K. Hansen, L. Olsen, J. Egebjer, K. Stromgaard, 
 
 
20) GABA transporter localization to membrane raft microdomains. 

Karsten K. Madsen, Darryl Pickering, Gert H. Hansen, E. Michael Danielsen, Orla M. 
Larsson and Arne Schousboe 

 
 
21) Stress and cytokine regulated neuronal membrane glycoprotein (M6a) interacts with 
and regulates the serotonin transporter (SERT) 

Malynn S., Grudzinska J., Campos-Torres A., Haase J. 
 
 
22) Intracellular calcium store-dependent modulation of EAAC1-mediated glutamate 
transport  

Alice Vines, Andrew Murphy and Gethin McBean 
 
 
23) Multiple actions of tricyclic antidepressants on exogenously expressed GABA 
transporter GAT1 and endogenous ionic channels in xenopus oocytes 

Andreea Miszner, Stefano Giovannardi, Elena Bossi, Francesca Cherubino and Antonio 
Peres 

 
 
24) US28 in melanoma growth 

Elisabeth Moser, Joshi Shripad, Helmut Schaider, Maria Waldhoer 
 
 
25) Surface based analysis of cortical morphology with focus on cortical thickness in 
healthy and remitted depressed subjects 

Nagl, Kandler, Scharinger, Hartinger, Kasess, Huf, Pail, Kalcher, 
Russo-Schwarzbaum, Erfurth, Esterbauer, Windischberger, Kasper, Moser, Pezawas; 

 
 
26) The surface expression of the glutamate transporter EAAC1 is controlled by 
balanced interactions between PDZ proteins and clathrin adaptors, in epithelial cells 

Andrea Soragna, Anna D’Amico, Anzai Naohiko, Nicola Panzeri, Eliana Di Cairano, 
Giorgio Fantin, V. Franca Sacchi and Carla Perego 

 
 
27) Do the binding sites of substrates and tricyclic antidepressants overlap on the 
serotonin transporter? 

Subhodeep Sarker and Ilka Steiner 
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28) Subcortical brain morphology in healthy and remitted depressed subjects 

Scharinger, Kasess, Kandler, Hartinger, Huf, Pail, Nagl, Kalcher, 
Russo-Schwarzbaum, Erfurth, Esterbauer, Windischberger, Kasper, Moser, Pezawas; 

 
 
29) Model structure of human copper transporter 1, a transmembrane protein of novel 
fold, provides insight into its transport mechanism  

Yariv Barkan, Maya Schushan, Adva Yehezkel, Christopher J. De-Feo, Vinzenz M. Unger 
and Nir Ben-Tal 

 
 
30) S-Layer Stabilized Lipid Membranes: 
Reconstitution Matrix for Transmembrane Proteins 

Bernhard Schuster, Sabine Kempinger, Elisabeth Kiene, and Uwe B. Sleytr 

 
 
31) Modulation of Multidrug Resistance Proteins by statins in human neuroblastoma 

Sieczkowski and Hohenegger 

 
 
32) Identification and Characterization of Thermostable and Loss-of-Function Peptide 
Transporter Mutants 

Elisabeth Malle, Bettina Spitzenberger, and Peggy Stolt-Bergner 

 
 
33) A conserved threonine residue in the amino terminal plays a critical role in the 
function of monoamine neurotransmitter transporters 

Sucic, Dallinger, Holy, Seidel, Freissmuth M. and Sitte H. 

 
 
34) Interaction of retinoids with Pgp 

Gábor Szalóki, Ferenc Fenyvesi, Gábor Szabó, Katalin Goda,  

 
 
35) GASP in the post-endocytic sorting and signaling of virally encoded chemokine 
receptor US28 

Pia Tschische, Jennifer Whistler, Lene Martini and Maria Waldhoer 

 
 
36) Substrate selectivities of hSERT and hDAT 

Katrine Almind Vinberg 
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37) Development of a new potent mGAT4 inhibitor with improved chemical stability as 
compared to (S)-SNAP-5114 

Jörg Pabel, Georg Höfner, Klaus T. Wanner 

 
 
38) Molecular Modelling Studies for Analyzing Differences in Interactions between 
Substrates and Inhibitors of the Serotonin Transporter 

Weissensteiner R., Demel M., Winkler M., Sitte H., Ecker G. 

 
 
39) Biofunctionalization of Atomic Force Microscopy Tips with a Modular Linker 
System 

Linda Wildling, Andreas Ebner, Christian Rankl, Hans Oberleithner, Hermann Gruber and 
Peter Hinterdorfer 

 
 
40) Amphetamine-induced dopamine-transporter mediated efflux requires 
an intact copy of CamKII 

Marie-Therese Winkler, Kristine Norgaard-Nielsen, Ulrik Gether, Harald H. Sitte 
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PLENARY LECTURES: 
 
 
 
 
PL 1)      Robert Tampe 
 
 

The ABC of self-defense: views & news 

Institute of Biochemistry, Biozentrum, Goethe-University Frankfurt,  

 
A challenging task for the adaptive immune system of vertebrates is to identify and eliminate 
intracellular antigens. Taking advantage of the constant turnover of proteins, a highly 
specialized antigen presentation machinery has evolved that displays degradation products to 
effector cells of the immune system at the cell surface. After proteasomal degradation of 
proteins, resulting peptides are translocated into the endoplasmic reticulum by the transporter 
associated with antigen processing and loaded onto MHC class I molecules. Peptide-MHC 
complexes traffic via the secretory pathway to the cell surface where they are then inspected 
by cytotoxic T lymphocytes, which can trigger an immune response. This lecture will 
summarize the current view of the translocation machinery and of viral immune escape 
mechanisms, including new players in host-pathogen interaction. 
 
References: 
 

1) Publications: http://www.biochem.uni-frankfurt.de/tampe/index.html 

2) Koch, J. & Tampé, R. (2006) Cell. Mol. Life. Sci. 63, 653-662. 

3) Loch, S., Klauschies, F., Schölz, C., Verweij, M.C., Wiertz, E.J.H.J., Koch, J. & 
Tampé, R. (2008) J. Biol. Chem., 283, 13428-13436. 

4) Burgdorf, S., Schölz, C., Kautz, A., Tampé, R. & Kurts, C. (2008) Nature Immunol. 9, 
558-566. 
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PL 2)   Adriaan Lammertsma 
 

PET as an in vivo tool for measuring P-gp expression and function 

Department of Nuclear Medicine & PET Research 

VU University Medical Centre, Amsterdam 
 
 
Positron emission tomography (PET) is a tomographic imaging technique, which allows for 
accurate non-invasive in vivo measurements of regional tissue function in man. By using 
different tracers, a multitude of physiological, biochemical and pharmacological parameters 
can be measured. These include blood flow (perfusion), blood volume (vascularity), oxygen 
utilisation, glucose metabolism, pre- and post-synaptic receptor density and affinity, 
neurotransmitter release, enzyme activity, drug delivery and uptake, gene expression, etc. In 
fact, PET represents the most selective and sensitive (pico- to nano-molar range) method for 
measuring molecular pathways and interactions in vivo. Apart from its capacity to provide 
new information on human disease, PET is also important for the objective assessment of 
therapeutic efficacy and could play an important role in the development of new drugs. 
 
Based on the unrivalled sensitivity mentioned above, PET is also the method of choice for 
measuring P-gp activity in the brain. In theory, both expression and functionality of P-gp can 
be measured by selecting appropriate radiolabelled inhibitors and substrates of P-gp, 
respectively. Although several PET tracers (based on known P-gp substrates) have been 
developed and characterized in laboratory animals, the best validated PET tracer is 
[11C]verapamil, which has already been used in several studies in humans. Initially, a racemic 
mixture was used, but later enantiomerically pure (R)-[11C]verapamil was developed, enabling 
more accurate quantification. Using this tracer, subtle age effects on P-gp function have been 
demonstrated. In case of overexpression of P-gp, the already low (R)-[11C]verapamil signal 
will be reduced even further, and a radiolabelled inhibitor would be a more suitable tracer. To 
this end, [11C]laniquidar, a third generation P-gp inhibitor, was synthesised and its suitability 
as a tracer of P-gp expression investigated. 
 
In this contribution, first the principles of PET will be discussed with emphasis on 
quantification. Next, an overview will be given of the current status of PET studies using (R)-
[11C]verapamil and [11C]laniquidar. 
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PL 3)    Baruch Kanner 

 
Mechanism of chloride interaction with neurotransmitter:sodium symporters. 

The Hebrew University of Jerusalem 
 
  Neurotransmitter:sodium symporters (NSS) play a critical role in regulating 
neurotransmission and are targets for psychostimulants, anti-depressants and other drugs. 
Whereas the non-homologous glutamate transporters mediate a chloride conductance, in the 
eukaryotic NSS chloride is transported together with the neurotransmitter. In contrast, 
transport by the bacterial NSS family members LeuT, Tyt1 and TnaT is chloride independent. 
The crystal structure of LeuT reveals an occluded binding pocket containing leucine and two 
sodium ions and is highly relevant for the neurotransmitter transporters. However, the precise 
role of chloride in neurotransmitter transport and the location of its binding site remain 
elusive.  
 
  Here we show that introduction of a negatively charged amino acid at or near one of the two 
putative sodium binding sites of the γ-aminobutyric acid (GABA) transporter GAT-1, renders 
both net flux and exchange of GABA largely chloride independent. In contrast to wild type 
GAT-1, a dramatic stimulation of the rate of net flux, but not of that of exchange, was 
observed when the internal pH was lowered. Equivalent mutations, introduced in the GABA 
transporter GAT-4 and the dopamine transporter DAT, also result in chloride-independent 
transport, whereas the reciprocal mutations in LeuT and Tyt1 render substrate binding and/or 
uptake by these bacterial NSS chloride-dependent. Our data indicate that the negative charge, 
provided either by chloride or the transporter itself, is required during translocation of the 
neurotransmitter, likely to counterbalance the charge of the cotransported sodium ions.  
 
  To address the idea that during transport the extracellular halves of transmembrane domains 
(TM) 1 and 6, TM 1b/TM 6a, move relative to the binding pocket, we have probed the 
aqueous accessibility of TM 6a and its proximity to TM 1b in the presence and absence of its 
substrates. Cysteines were introduced, one by one, at all TM 6a positions. In several mutants 
transport activity was inhibited by the impermeant sulfhydryl reagent MTSET, whereas wild 
type GAT-1 was basically insensitive. This inhibition was potentiated by sodium, whereas 
GABA was protective. Moreover we used paired cysteine mutagenesis in conjunction with 
treatments with Copper (II) (1,10-Phenanthroline)3 (CuPh). CuPh did not affect the activity of 
wild type GAT-1, but potently inhibited transport by the TM 6a mutant  
D287C. Such inhibition was not observed with D287C/C74A, indicating that Asp-287 is close 
to Cys-74 of TM 1b. Inhibition of transport of D287C by CuPh, but not by MTSET, was 
potentiated when sodium and GABA were both removed. Thus the degree of inhibition by 
CuPh is not a simple function of the accessibility of the individual cysteines, but also involves 
structural rearrangements around the TM 1b/TM 6a interface. 
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PL 4)     Gary Rudnick 
 

A mechanism for alternating access in neurotransmitter transporters. 

Yale University 
 
Crystal structures of LeuT, a bacterial homologue of mammalian neurotransmitter 
transporters, show a molecule of bound substrate that is essentially exposed to the 
extracellular space but occluded from the cytoplasm. Thus, there must exist an alternate 
conformation for LeuT in which the substrate is accessible to the cytoplasm, as well as a 
corresponding mechanism that switches accessibility from one side of the membrane to the 
other. Here we identify the cytoplasmic accessibility pathway of the alternate conformation in 
a mammalian serotonin transporter (SERT, a member of the same transporter family as 
LeuT). We also propose a model for the cytoplasmic-facing state that exploits the internal 
pseudo-symmetry observed in the crystal structure. LeuT contains two structurally similar 
repeats (TMs1-5 and TMs 6-10) that are inverted with respect to the plane of the membrane. 
The conformational differences between them result in the formation of the extracellular 
pathway. Our model for the cytoplasm-facing state exchanges the conformations of the two 
repeats and thus exposes the substrate and ion-binding sites to the cytoplasm. The 
conformational change that connects the two states primarily involves the tilting of a 4-helix 
bundle composed of transmembrane helices 1, 2, 6 and 7. Switching the tilt angle of this 
bundle is essentially equivalent to switching the conformation of the two repeats. Extensive 
mutagenesis of SERT and accessibility measurements using cysteine reagents are 
accommodated by our model. These observations may be of relevance to other transporter 
families, many of which contain internal inverted repeats. 
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SESSIONS: 
 
 
 

Session 1 
 
 
Speaker 1: Gerhard Ecker 
 
Optimizing Ligands of Promiscuous Targets – A Case Study for P-glycoprotein 
Inhibitors 
 
Gerhard F. Ecker, Lars Richter, P. Chiba  
 
ABC-transporters are membrane-bound, ATP-dependent transport proteins involved in the 
absorption, tissue distribution, excretion and toxicity, as well as pharmacokinetics and 
pharmacodynamics, of drugs. Several members of the ABC-transporter family, such as P-
glycoprotein (P-gp), the multidrug resistance related proteins and the breast cancer resistance 
protein have attracted particular interest, since they, in addition to their physiological role in 
tissue protection, actively extrude a large variety of therapeutically-administered drugs from 
malignant cells and thus are responsible for multiple drug resistance in cancer patients. Thus, 
inhibition of these transporters might lead to restoration of drug sensitivity. From a Medicinal 
Chemist’s point of view the most challenging aspect when designing inhibitors for P-
glycoprotein is its polyspecificity in ligand recognition. This polyspecificity might have 
several fundamental reasons, such as highly flexible receptor domains, multiple and/or in part 
overlapping binding sites and binding sites (or “binding zones”) accommodating more than 
one ligand simultaneously. Due to the lack of structural information on the molecular level, 
drug design relied on ligand-based approaches. In our attempt to design new inhibitors for P-
gp we applied Hansch-analysis, Free-Wilson analysis, hologram QSAR, CoMFA, and 
pharmacophore modeling in order to optimize our lead structure propafenone. Results 
obtained led us to apply more complex methods, such as artificial neural networks and self 
organizing maps. Although each individual model shows quite impressive performance in 
virtual screening runs, a generally applicable pharmacophoric pattern unifying the currently 
available hypotheses is still missing. Within this talk we will outline our lead optimization 
program in the series of propafenone-type modulators and related structures and highlight 
recent attempts to identifying new chemical scaffolds for P-glycoprotein inhibitors. Finally 
we will present the concept of pharmacophore-supported binding modes, which might pave 
the way for structure-based studies using an array of protein homology models. 
 
We gratefully acknowledge financial support from the Austrian Science Fund, grant # 3502. 
Lars Richter is grateful to the Austrian Academy of Sciences for financial support under the 
framework of the DOC-program (grant 2021)  
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Speaker 2: Lutz Schmitt 
 
 
The ABC transporter Pdr5p and its role in the PDR network of yeast 
 
Lutz Schmitt 
 
Institute of Biochemistry, Heinrich Heine University Duesseldorf 

 
 
In yeast, the pleiotropic drug resistance (PDR) network forms the first line of defense. For 

example, ABC transporters of the plasma membrane act in concert to actively prevent the 

entry of xenobiotcs into the cytosol. Among the PDR ABC transporters of the plasma 

membrane, Pdr5p plays an important role. Although Pdr5 has been extensively studied, many 

important aspects regarding its molecular mechanisms remain unresolved. For example, a 

striking degeneration of conserved amino acid residues exists in the nucleotide binding 

domains (NBDs), but their functional relevance is unknown. We have therefore developed a 

homologous overexpression system that enabled us to study the function of Pdr5p in the 

cellular context, in plasma membrane preparations highly enriched in Pdr5p and in the 

purified state. These studies combined with the use of mutants of Pdr5p allowed us to dissect 

the individual role of certain amino acids. Taken together, our data provide new and important 

insights into the molecular mechanism of Pdr5 and suggest that not solely the transmembrane 

domains dictate substrate selection. 
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Speaker 3: Clemens Glaubitz 
 
 
Solid-state NMR Studies on Multidrug Efflux Pumps 
 
Clemens Glaubitz 
 
Institute for Biophysical Chemistry, Centre for Biomolecular Magnetic Resonance 
Goethe University, Frankfurt 
 
Multidrug efflux pumps are found in all major transporter families and are major determinants 
for the phenomenon of multidrug resistance. Here, solid-state NMR studies¸ complemented 
by fluorescence spectroscopy, mass spectrometry and EPR spectroscopy, will be presented on 
the secondary transporter E.coli EmrE and the ABC transporter L.lactis LmrA. In particular, 
the following experiments will be discussed: 
 
(a) One of the key problems is to understand drug recognition in the context of their structural 
diversity. We have used 1H-MAS-NOESY-NMR to screen the membrane interaction of many 
different molecules and found a similar interaction pattern (Siarheyeva et al. 2006). This 
supports the hypothesis that the membrane might act as a potential selectivity filter. 
 
(b) EmrE and its homologues bind antibiotics and transport them across the membrane in 
exchange for protons. The transport cycle must involve various conformational states of the 
protein needed for substrate binding, translocation and release. We show the existence of a 
substrate-transporter complex for EmrE and its substrate ethidium bromide by fluorescence 
spectroscopy. Our findings support a model with a single occluded intermediate state in which 
the substrate is highly immobile (Basting et al. 2008). 
 
(c) EmrE is a functional dimer. We have used double quantum filtered 13C-MAS-NMR to 
probe its dimerisation interface. Essential residues were selectively labelled using cell free 
expression. Chemical shift and line shape analysis are discussed in the context of an 
asymmetry at the dimerisation interface (Lehner et al. 2008). 
 
(d) One of the key questions for ABC transporters is the link between catalytic and transport 
cycle. Steadystate and time resolved solid-state 31P-and 19F-solid state NMR has been used 
to probe ATP hydrolysis by LmrA and its interaction with substrates and phospholipids 
(Hellmich et al. 2008). Its molecular dynamics will be discussed based on 2H NMR 
(Siarheyeva et al. 2007) and multidimensional 13C-MAS NMR data.  
 
References: 
Siarheyeva, A., Lopez, J.J., Glaubitz, C. (2006. Biochemistry 45, 6203-11. 
Basting, D., Lorch, M., Lehner, I., Glaubitz, C. (2008) FASEB J 22, 365-373. 
Lehner, I., Basting, D., Meyer, B., Haase, W., Manolikas, T., Kaiser, C., Karas, M., Glaubitz, 
C. (2008) J. 
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Session 2 
 
 
Speaker 1: Ulrik Gether 
 
 
 
The dopamine transporter: Molecular structure and cellular regulation 
 
University of Copenhagen 
 
The dopamine transporter (DAT) belongs to the SLC6 (solute carrier 6) gene family of 
Na+/Cl- dependent transporters and mediates rapid reuptake of dopamine from the synaptic 
cleft. Moreover, the DAT is the principle target for widely abused psychostimulants, such as 
cocaine and amphetamines. The long-term goal of our research is to understand the molecular 
and cellular mechanisms governing the activity and availability of the DAT and related 
transporters in the synaptic membrane. By the combined use of molecular modeling, site-
directed mutagenesis, cysteine reactivity assays and fluorescence techniques we are currently 
trying to define the structural basis for conformational transitions in the transport cycle as 
well as we aim at characterizing the structural basis for the action of cocaine, amphetamines 
and related psychostimulants at DAT. In parallel, we investigate how protein-protein 
interactions regulates DAT activity and DAT trafficking. We have for example shown that 
Ca2+/Calmodulin dependent kinase IIα(CaMKIIαbinds the DAT C-terminus and that this 
binding facilitates phosphorylation of the DAT N-terminus, which in turn mediates dopamine 
efflux in response to amphetamine. Recently, we have developed a series of fluorescently 
tagged cocaine analogues that for the first time have allowed visualization of natively 
expressed DAT and it trafficking properties in dopaminergic neurons. DAT was constitutively 
internalized into vesicular structures likely representing intracellular transporter pools. The 
internalization was blocked by lentiviral-mediated expression of dominant-negative dynamin 
and internalized DAT displayed partial co-localization with the early endosomal marker 
EGFP-Rab5. However, DAT trafficking and function was not affected by protein kinase C 
(PKC). This is in contrast to observations in heterologous cells and thus challenges the 
paradigm that trafficking and cellular distribution of DAT is subject to regulation by PKC. 
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Speaker 2: Michael Freissmuth 
 
Trafficking of the GABA-transporter-1 through the secretory pathway is specified by at 
least three motifs in its C-terminus 
 
Michael Freissmuth 
 
Institute of Pharmacology, Center of Biomolecular Medicine & Pharmacology;  
Medical University of Vienna; Währinger Str. 13a; A-1090 Vienna, Austria 

  
The GABA-transporter-1 (GAT1) is a prototypical protein of the synaptic specialization. 
Export of (an otherwise functional, i.e., transport-competent) GAT1 from the endoplasmic 
reticulum (ER) can be disrupted by introducing mutations in the transmembrane segments and 
mutations of the C-terminus. The former abolish oligomer formation and the latter disrupt 
recruitment of the trafficking machinery to the C-terminus. We have identified three distinct 
motifs that are involved in sequential reactions: (i) the last three amino acids (AYI) represent 
a type II PDZ-binding motif and are required to recruit the exocyst (1). Recruitment of the 
exocyst apparently takes already place in the ER because appropriately mutated versions 
accumulate in the ER rather than in a submembraneous compartment. (iii) A more proximal 
trihydrophobic motif 569VMI571 is required for exit of GAT1 from the ER-Golgi intermediate 
compartment (ERGIC) (2). GAT1-SSS, the mutation is which the motif is disrupted by 
replacing VMI with three serines, is exported from the ER but never reaches the cell surface, 
because it is trapped in punctate structures that stain for the eponymous marker, ERGIC-53. 
(iii) The COPII- (coatomer protein-II) component Sec24D binds to the adjacent 566RL567 in the 
C-terminus of GAT1; disruption of this motif (by substituting it with AS) results in GAT1-
RL/AS, which is trapped in the ER (3). However, GAT1-RL/AS slowly escapes the ER in a 
non-conventional way; i.e., it reaches the cell surface by an ill-defined mechanism termed 
bulk flow or default pathway. However, this pathway precludes enrichment of GAT1-RL/AS 
in the axonal compartment and at the presynaptic specialization. We have also explored the 
hierarchy of the signals: GAT1-RL/AS acts as a second site suppressor for the mutation in the 
trihydrophobic motif. The double mutant GAT1-RL/AS-SSS is not trapped in punctate 
structures and reaches the cell surface. However, GAT1-RL/AS-SSS also fails to be enriched 
at the tip of neurite extensions. Thus, correct sorting to the axon is contingent on ER export 
via the COPII machinery and on trafficking through the ERGIC. These observations support 
the conjecture that sorting decisions are already made prior to passage though the Golgi, i.e., 
at the level of the ER and of the ERGIC, presumably by recruiting components (e.g., of the 
exocyst) that are required at later stages.  
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Insulin regulation of dopamine transporter activity. 
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1Dept Pharmacol., 2Mol. Physiol. and Biophysics, 3Pharmacol., 4Vanderbilt Univ., Nashville, 
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Dakota Sch. of Med. and Hlth. Sci., Grand Forks, ND 
 
Abstract: The behavioral effects of psychomotor stimulants such as amphetamine (AMPH) 
arise from their ability to elicit increases in extracellular dopamine (DA). These AMPH-
induced increases are achieved by DA transporter (DAT)-mediated transmitter efflux. A 
growing body of literature points to insulin as an important regulator of dopamine transporter 
(DAT) function. Importantly, in vitro studies suggest that this insulin regulation of DAT 
function might be mediated by the downstream effectors phosphotidylinositol 3-kinase 
(PI3K), and its downstream effector protein kinase B (PKB, or Akt), which fine tunes DAT 
cell surface expression. Insulin status in rats was modified by administration of the 
diabetogenic agent streptozotocin (STZ), food restriction and high-fat feeding (diet induced 
obesity (DIO)). A battery of biochemical and molecular approaches were used to measure 
DAT cell surface expression and activity of insulin downstream effectors. High-speed 
chronoamperometry was used to index DAT activity in vivo. Consistent with our previous in 
vitro studies, we found that in vivo, the selective inhibition of phosphotidylinositol 3-kinase 
(PI3K) with LY294002 within striatum profoundly reduced the ability of AMPH to evoke DA 
efflux. Ex vivo, we found that Akt activity, as well as DAT cell surface expression, was 
significantly reduced in hypoinsulinemic rats and DIO rats. These findings were paralleled in 
vivo, by decreased AMPH-evoked DA release in hypoinsulinemic (STZ-treated or food 
restricted) rats as well clearance in food restricted rats. These findings are consistent with our 
hypothesis that insulin signaling regulates DA clearance and AMPH actions. We now look to 
further define the role of insulin in DAT trafficking in a diet induced obesity (DIO) model of 
insulin resistance. In addition, we have looked at the specific isoform of Akt involved in this 
pathway. In brain there are three Akt isoforms. Akt1 and Akt2 are the two isoforms that have 
been shown to be involved either in brain glucose metabolism or dopamine related diseases. 
We have available to us highly specific inhibitors of Akt1 (Akti-1), Akt2 (Akti-2) and of both 
(Akti-1/2). These inhibitors provided an exciting tool that allowed us to determine, in vivo 
through chronoamperometry and ex vivo through biotinylation of striatial slices, which Akt 
isoform regulates DA efflux and DAT trafficking. This work looks to further define the 
hypothesis that a reduction in DAT function is occurring in disease states that impair insulin 
signaling, such as diabetes, thereby altering dopamine systems. 
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Speaker 1: Maureen Hahn 
 
A Functional Promoter Polymorphism in the Human Norepinephrine Transporter 
(NET) Gene Associates with Attention Deficit Hyperactivity Disorder (ADHD) 
 
Maureen K. Hahn, Ph.D. 
 
Division of Genetic Medicine and Department of Pharmacology 
Vanderbilt University School of Medicine, Nashville, TN  
 
Attention Deficit Hyperactivity Disorder (ADHD) is characterized by symptoms of 
inattention, hyperactivity, and impulsivity. Studies of ADHD suggest a strong familial 
component in the etiology of the disorder, and quantitative genetic studies of ADHD support a 
genetic influence. Norepinephrine is involved in attention, learning, and memory. The 
presynaptically localized norepinephrine transporter (NET) inactivates released NE via active 
transport into terminals. Medications for the treatment of ADHD include NET as a major 
target and newer medications, typified by atomoxetine (Stratera™), selectively target NETs. 
Thus, genetic variation in the NET gene (SLC6A2) is hypothesized to contribute to ADHD. A 
common, functional A/T polymorphism (rs28386840) at -3081 upstream of the SLC6A2 
transcription initiation site was identified and examined both for an impact on transcriptional 
regulation of the NET gene to establish functional significance and for its association with 
ADHD. The presence of the T allele generates an E-box cis-element that binds a 
transcriptional repressor, Slug NET promoter/reporter constructs containing the T or A allele 
were transfected into cell lines natively expressing NET. The presence of the T allele 
produced a decrease in reporter activity. In a case control study the T allele was increased in 
ADHD children. This finding was replicated in a larger, independent sample of ADHD 
parent-offspring trios and siblings using case-control analyses and family-based tests of 
association. The -3081 T-allele was associated with the inattentive ADHD subtype and early 
age-of-onset. Ongoing studies examine the relationship between -3081 A/T and further 
indices of attention in ADHD and with comorbid disorders. 
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Speaker 2: Matthäus Willeit 
 
 
Studying in-vivo dopamine release using D2/3 agonist imaging and positron emission 
tomography 
 

Matthäus Willeit 

 

Medical University Vienna, Vienna, Austria 

 

Altered dopamine transmission plays a central role in the pathogenesis of psychiatric and 
neurological disorders. The dopamine transporter (DAT) retrieves dopamine back into the 
presynaptic neuron and is a key element in the regulation of extracellular dopamine levels. 
Amphetamines cause a steep surge in extracellular dopamine by reversing the direction of 
DAT mediated transport. This increase in extracellular dopamine can be measured in the 
living human brain by exploiting the competition between endogenous dopamine and D2/3 
radioligands for positron emission tomography (PET). 

Recent years have shown that competition paradigms can give important leads towards 
pathogenic alterations in brain dopamine function. For example, it has repeatedly been shown 
that patients with schizophrenia show larger reductions in D2/3 radioligand binding than 
healthy subjects. Similarly, it has been possible to show that amphetamine-sensitization, a 
phenomenon that is believed to underlie psychosis and addiction, is associated with an 
increase in dopamine release. 

We have recently developed the first PET D2/3 agonist radioligand for human use, [11C]-(+)-
PHNO. [11C]-(+)-PHNO was originally developed as an anti-Parkinson drug. Labeled with 
[11C], it is a suitable and selective agonist radioligand for dopamine D2/3 receptors in the 
brain. In cats, we were able to show that pretreatment with d-amphetamine leads to an almost 
complete blockade of [11C]-(+)-PHNO binding. In humans, d-amphetamine leads to 
reductions in [11C]-(+)-PHNO binding that exceed those achieved with conventional 
antagonist radioligands such as [11C]raclopride. Taken together, these findings suggest that 
[11C]-(+)-PHNO is currently the optimal method to image fluctuations in extracellular 
dopamine levels in humans. 

As of yet, the molecular mechanism underlying abnormal dopamine release in psychosis and 
sensitization is unknown. In rodents, calmodulin dependent kinase II (CamKII) is involved in 
the addictive properties of cocaine, and sensitization to d-amphetamine is associated with 
increased expression of CamKII in the striatum. It has recently been shown that CamKII, by 
binding to the DAT C-terminus and phosphorylating the D-terminus, directly regulates d-
amphetamine induced dopamine efflux. CamKII binding to DAT is thus a candidate 
mechanism for causing altered dopamine release in sensitized states that can be studied using 
a combination of [11C]-(+)-PHNO, microPET, and ex-vivo studies. 
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Speaker 3: Oliver Langer 
 
 
Translational neuroimaging of efflux transporter activity at the blood-brain barrier 
with positron emission tomography 
 
Oliver Langer  
 
Department of Clinical Pharmacology, Medical University of Vienna and Department of 
Radiopharmaceuticals & microPET Imaging, Austrian Research Centers GmbH - ARC, 
Seibersdorf 
 
The ATP-binding cassette transporter P-glycoprotein (P-gp) is expressed in various body 
tissues, such as liver, kidney, intestines, testes, and brain. In the brain, P-gp is located at the 
luminal membrane of endothelial cells of blood capillaries. It impedes the diffusion of 
lipophilic molecules into the brain by actively returning them to the vascular space through 
effluxion. Apart from its well established role in multidrug resistance of cancer cells, P-gp-
mediated efflux transport is also thought to be implicated in resistance to central nervous 
system drugs, such as antiepileptic, anticancer, anti-HIV, and antidepressant drugs. Moreover, 
changes in P-gp expression and function are thought to be involved in the etiology and 
pathogenesis of certain neurologic disorders, such as Alzheimer’s disease and Parkinson’s 
disease. In our laboratory, we have established an assay which allows for assessing the 
functional status of P-gp at the blood-brain barrier (BBB) in vivo. This is done by using the 
radiolabeled P-gp substrate (R)-[11C]verapamil and positron emission tomography (PET) 
imaging. A tracer amount of (R)-[11C]verapamil is intravenously injected and the passage of 
(R)-[11C]verapamil across the BBB is visualized and quantified by brain PET imaging. A 
compartmental modeling approach is used to derive the rate constants of (R)-[11C]verapamil 
across the BBB. In this talk, results obtained in small laboratory animals and in human 
subjects will be presented. 
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Speaker 1: Arne Schousboe 
 
 
Non-GAT1 GABA transporters as targets for antiepileptic drugs. 
 
A. Schousboe1), K.K. Madsen1) O.M. Larsson1) and H.S. White2).  
 
1) Dept. of Pharmacol. and Pharmacotherapy, Faculty of Pharm. Sci., Univ. of Copenhagen, 
DK-2100 Copenhagen, Denmark and 2) Pharmacol. and Toxicol., Univ. of Utah ADD Prog., 
Salt Lake City, UT, USA. 
 
Since the development of tiagabine as a clinically active antiepileptic drug it has become clear 
that the GAT1 subtype of GABA transporters is a target for antiepileptic drugs. Studies of the 
pharmacology of other GABA transporters (GAT2-4, mouse nomenclature) as well as of 
neuronal and astroglial GABA transport have revealed that i) selective inhibition of astroglial 
GABA transport is relevant in this context (1) and ii) GABA transporters other than GAT1 
and in particular GAT2 and 4 may be important new targets for such drugs. Thus, it has been 
shown that an inhibitor of GAT1 and GAT2 (EF 1502) has an interesting anticonvulsant 
profile acting synergistically with the GAT1 specific inhibitor tiagabine (2). Moreover, the 
GAT3/4 inhibitor SNAP 5114 has a similar profile when administered in a mouse model 
together with EF 1502. Altogether, the results indicate that inhibitors of GATs acting at 
extrasynaptic sites may be of considerable therapeutic interest. 
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Glycine transporterers: regulators of glycine dependent neurotransmission 

Volker Eulenburg 

Max Planck Institute for Brain Research, Frankfurt, Germany 

 
The Glycine transporters (GlyT1 and GlyT2) belong to the large family of Na+/Cl--dependent 
transporters and play a crucial role in the regulation of the synaptic glycine concentration. In 
the central nervous system (CNS) glycine constitutes a major inhibitory neurotransmitter and 
is in addition an essential co-agonist of the NMDA subtype of ionotropic glutamate receptors. 
GlyT1 is expressed mostly by glial cells throuthout the CNS and in addition by a subset of 
glutamatergic neurons. In contrast, GlyT2 is expressed exclusively by glycinergic neurons 
where it is enriched at the presynapses surrounding the transmitter release zone. 

We have analysed the function of these membrane proteins by molecular and genetic 
approaches. Our data are consistent with glial GlyT1 catalyzing the removal of glycine from 
the synaptic cleft, whereas the presynaptically localized GlyT2 replenishes glycinergic nerve 
terminal with glycine for neurotransmitter loading of synaptic vesicle. Furthermore we have 
shown that the phenotype of GlyT2 resembles the symptomology of the human disease 
hyperekplexia. Genetic analysis of human patients for mutations within the GlyT2 gene 
revealed that this is indeed a candidate gene for this disease. 

To clarify the functional role of GlyT1 at later postnatal stages, we generated mouse lines in 
which the GlyT1 gene has been conditionally inactivated in selected cell types using the 
Cre/Lox system. Glial ablation of GlyT1 expression using GFAP driven Cre expression 
resulted in perinatal death, confirming vital role of the transporter expressed in this cell type. 
In contrast, mice lacking GlyT1 neuronaly are normal at birth and do not show obvious 
abnormalities in the neuromotor performance at the later developmental stages. However, 
these mice display deficits both in sensorimotor gating and spatial memory formation. Taken 
together these data indicate that glial and neuronal GlyT1 have distinct roles in the mature 
CNS.  
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Speaker 3: Peter Hinterdorfer 
 
 
Molecular Recognition Force Microscopy/Spectroscopy on Cells 

Peter Hinterdorfer 

Institute for Biophysics, Johannes Kepler University of Linz, Altenbergerstr. 69, A-4040 Linz, 

Austria 
 

In molecular recognition force microscopy (MRFM), ligands are covalently attached to 

atomic force microscopy tips for the molecular recognition of their cognitive receptors on 

probe surfaces. A ligand-containing tip is approached towards the receptors on the probe 

surface, which possibly leads to formation of a receptor-ligand bond. The tip is subsequently 

retracted until the bond breaks at a certain force (unbinding force). In force spectroscopy (FS), 

the dynamics of the experiment is varied, which reveals a logarithmic dependence of the 

unbinding force from the loading rate. These studies give insight into the molecular dynamics 

of the receptor-ligand recognition process and yield information about the binding pocket, 

binding energy barriers, and kinetic reaction rates. Applications on isolated proteins, native 

membranes, viruses, and cells will be presented. We have also developed a method for the 

localization of specific binding sites and epitopes with nm positional accuracy. A 

magnetically driven AFM tip containing a ligand covalently bound via a tether molecule is 

oscillated at a few nm amplitude while scanning along the surface. In this way, topography 

and recognition images on cell surfaces are obtained simultaneously.  
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Speaker 1: Kaspar Hollenstein 
 
 
Structure and mechanism of ATP-binding (ABC) transporters 
 
Kaspar Hollenstein  
 
Institute of Molecular Biology and Biophysics, ETH Zurich 
 
 
ABC transporters are ubiquitous integral membrane proteins that energize the ‘uphill’ 
translocation of their substrates with the hydrolysis of ATP. Whereas ABC importers (only 
found in prokaryotes) facilitate the uptake of essential nutrients, ABC exporters catalyze the 
extrusion of toxic compounds, including drugs and antibiotics, thereby contributing to 
multidrug resistance. A basic domain organization is common to all ABC transporters: two 
nucleotide-binding domains (NBDs) bind and hydrolyze ATP, while two transmembrane 
domains (TMDs) form a translocation pathway through which substrate crosses the 
membrane. 
 
Recent crystal structures of full ABC transporters reveal a similar arrangement of the 
conserved NBDs, but unrelated architectures of the transmembrane domains, with the notable 
exception a of common ‘coupling helix’ that is essential for transmitting conformational 
changes. Comparison of the structures suggests that importers and exporters share a common 
basic mechanism of coupling ATP-hydrolysis to the translocation of substrate. Binding of 
ATP appears to trigger an outward-facing conformation of the TMDs, whereas the release of 
the hydrolysis products ADP and phosphate promotes an inward-facing conformation. This 
simple two-state model can in principle rationalize ATP-driven drug extrusion by ABC 
exporters and nutrient uptake by ABC importers. 
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Speaker 2: Karl Kuchler 
 
 
Molecular structure-function analysis of yeast ATP-binding cassette transporters  
 
Karl Kuchler 
 
Medical University of Vienna, Christian Doppler Laboratory for Infection Biology, Max F. 
Perutz Laboratories, Campus Vienna Biocenter, Dr. Bohr-Gasse 9/2, A-1030 Vienna, 
AUSTRIA.  
 
ABC transporters constitute a ubiquitous superfamily of membrane pumps containing an 
evolutionary conserved ATP-binding cassette domain. They are responsible for energy-driven 
efflux of a great variety of substrates including amino acids, ions, sugars, as well as synthetic 
and naturally occurring xenobiotics and toxins. A subset of yeast pumps plays a major role in 
the so-called pleiotropic drug resistance (PDR) phenomenon, where overexpressed ABC 
transporters such as S. cerevisiae Pdr5 confer resistance to a vast variety of drugs. PDR in 
yeast and fungal pathogens is therefore similar to multidrug resistance occurring in 
mammalian tumour cells. However, little is known about physiological substrates for ABC 
transporters or the molecular mechanism of function, mainly due to a lack of structural 
information. To gain insight into the principles underlying transport through ABC proteins we 
have applied two strategies. First, as used successfully for Pdr5 (Ernst R. et al, 2008), we have 
overexpressed the yeast ABC transporters Pdr12, Snq2, Pdr11 and Aus1 under the control of 
the PDR5 promoter, which is driving high-level protein expression in the presence of the 
gain-of -function form of its dedicated transcription factor Pdr1. Furthermore, a 14-Histidine 
tag has been fused to the N-terminus of the proteins to allow for their rapid purification by 
affinity chromatography. The detergent n-Dodecyl-b-D-maltopyranoside is able to efficiently 
solubilize and extract the proteins from membrane preparations. Purified ABC transporters 
will be subjected to reconstitution experiments, as well as structural studies, including cryo-
electron microscopy and NMR studies on purified nucleotide binding domains. A mutational 
analysis of the transporters will link their primary structure to function and drug transport, and 
define the molecular basis of substrate specificity in the context with ATP consumption. Data 
on these experiments will be discussed in the talk. 
 
Ernst, R., Kueppers, P., Klein, C.M., Schwarzmueller, T., Kuchler, K. and Schmitt, L. (2008) 
A mutation of the H-loop selectively affects rhodamine transport by the yeast multidrug ABC 
transporter Pdr5. Proc. Natl. Acad. Sci. U.S.A. 105, 5069-5074 
 
This work is supported through SFB35-04 project from the Austrian Science Foundation, and 
in part by the transnational SysMO-MOSES project. CK is a recipient of a doctoral Marie-
Curie Early Stage Researcher Fellowship through the RTN-Flippases (CT-MC-RTN-2004-
005330). 
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Speaker 3: Donald W. Miller 
 
Use of the near infrared fluorescence probe Rhodamine 800 to assess P-glycoprotein (P-
gp) activity in the blood brain barrier (BBB). 
 
Ngoc On and Donald W. Miller 
 
Department of Pharmacology and Therapeutics, University of Manitoba, Winnipeg, 
Manitoba, Canada 
 
The objective of the current studies was to determine the extent to which the near infrared 
probe, rhodamine 800 (R800) could be utilized to examine the function of P-gp in vitro and in 
vivo. For the in vitro studies, MDCK MDR cells were grown on a 6-well membrane inserts. 
Bi-directional permeability and accumulation studies were performed using R800 as an 
infrared fluorescence probe under control conditions (with functional P-gp) and conditions in 
which P-gp was inhibited using GF120918. Under control conditions, R800 was applied to 
either the apical or the basolateral compartment of the membrane at a concentration of 10uM. 
The treated cells were exposed to 1uM of GF120918 prior to the administration of R800. 
Samples from both the apical and basolateral compartments were taken and R800 content was 
measured using an Odyssey near infrared imager. The distribution of R800 in mouse brain 
tissue was also examined. Under control conditions (functional P-gp), healthy mice received 
10mg/kg dose of R800 via tail-vein while the treated animals received 10 μg/kg of GF120918 
via tail-vein at 15 minutes prior to R800 injection. At 20 minutes following R800 injection, 
mice were sacrificed, the brain removed and the amount of R800 present in brain tissue were 
quantified using an Odyssey infrared imager. Bi-directional permeability studies showed that 
the passage of R800 in the presence of functional P-gp from the basolateral to the apical side 
of the membrane was significantly higher (5-fold) than the passage of R800 from the apical to 
basolateral side. Under the treated condition (P-gp inhibited), the passage of R800 from either 
direction was the same. In vivo data from healthy mice showed that by inhibiting the function 
of P-gp with GF120918, the distribution of Rho800 in the brain increased by approximately 2-
fold. Qualitatively similar results were obtained in mice with brain tumors. These studies 
established that R800 is substrate for P-gp, and suggest that the near infrared fluorescent 
properties of R800 may be utilized to provide imaging of P-gp function in the BBB and other 
tissues.  
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Speaker 1: Mike Strauss 
 
Electron Tomography of Mitochondria at Molecular Resolution. 
 
Max Planck Institute for Biophysics 
 
 
ATP synthase converts the electrochemical potential at the inner mitochondrial membrane 
into chemical energy, producing the ATP that powers the cell. Using electron cryo-
tomography we show that the ATP synthase of mammalian mitochondria is arranged in long 
~1µm rows of dimeric supercomplexes, located at the apex of cristae membranes. The dimer 
ribbons enforce a strong local curvature on the membrane with a 17 nm outer radius. 
Calculations of the electrostatic field strength indicate a significant increase in charge density, 
and thus in the local pH gradient of ~ 0.5 units in regions of high membrane curvature. We 
conclude that the mitochondrial cristae act as proton traps, and that the proton sink of the ATP 
synthase at the apex of the compartment favours effective ATP synthesis under proton-limited 
conditions. We propose that the mitochondrial ATP synthase organizes itself into dimer 
ribbons to optimise its own performance. 
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Speaker 2: Jürgen Bereiter Hahn 
 
 
The cation transporter TRPV4 in cellular volume regulation. 
 
Jürgen Bereiter-Hahn, Chris Blase, Daniel Becker, Marina Jendrach 
 
Institute for Cell Biology and Neurosciences 
Biocenter, Goethe Universität Frankfurt am Main 
 
 
Most epithelial cells can control their volume when exposed to hypotonic media by a process 
called regulatory volume decrease (RVD). In a human keratinocyte line (HaCaT) RVD has 
been followed using scanning acoustic microscopy revealing transient local changes in 
cytoplasmic stiffness which are supposed to be involved in set point determination for the 
volume because this set point can be shifted by swelling in presence of low concentrations of 
cytochalasin D. The most prominent player in RVD is the unspecific cation channel TRPV4, a 
member of the large family of "transient receptor potential" evoking membrane proteins 
which respond to a high variety of external stimuli including thermal, mechanical, osmotic 
and chemical stimulation. Transfection of TRPV4 to CHO cells endows these cells with RVD 
which is missing in wt strains. TRPV4 – based RVD requires an intact actin-cytoskeleton, and 
interaction between the channel and F-actin has been demonstrated by FRET evaluated by 
fluorescence life time measurements and acceptor bleaching measurements as well. For 
integration into the plasma membrane, where it becomes accumulated in microvilli, TRPV4 
needs oligomerisation within in the endoplasmic reticulum. The N-terminus as well as the C-
terminus, located on the cytoplasmic side of the membrane, are involved in this 
oligomerisation. 
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Speaker 3: Christopher Tate 
 
 
An emerging consensus for the structure of EmrE 
 
Chris Tate 
 
MRC Laboratory of Molecular Biology, Hills Road, Cambridge CB2 0QH 

 

 

EmrE is a bacterial multidrug transporter of the Small Multidrug Resistance family, which 
extrudes large hydrophobic cations such as tetraphenylphosphonium (TPP+) out of the cell by 
a proton antiport mechanism. It is an extremely unusual transporter because it contains only 
110 amino acid residues forming 4 transmembrane domains, and it functions as an oligomer. 
For such a small protein, it has engendered a huge amount of debate. Its oligomeric state has 
been proposed at various times to be either a monomer, dimer, trimer or tetramer and four 
different structures have been determined by x-ray crystallography and electron 
crystallography. There is also an ongoing debate about whether EmrE monomers exist in the 
cell with opposite topologies, the so-called dual topology model, or with the more normal 
single topology. I shall discuss some experimental data and techniques that are central to the 
debate.  
 
 
Tate, C.G., Kunji, E.R., Lebendiker, M & Schuldiner, S. (2001) The projection structure of EmrE, a proton-

linked multidrug transporter from Escherichia coli, at 7Å resolution. EMBO J. 20, 77-81 
Tate, C.G., Ubarretxena-Belandia, I. & Baldwin, J. Conformational changes in the multidrug transporter EmrE 

associated with substrate binding. (2003) J. Mol. Biol. 332, 229-242 
Ubarretxena-Belandia, I., Baldwin, J, Schuldiner, S. & Tate, C.G. (2003) Three-dimensional structure of the 

bacterial multidrug transporter EmrE shows it is an asymmetric homo-dimer. EMBO J. 22, 6175-6181 
Butler, P.J.G., Ubarretxena-Belandia, I., Warne, T. & Tate, C.G. (2004) The Escherichia coli multidrug 

transporter EmrE is a dimer in the detergent solubilized state. J. Mol. Biol. 340, 797-808. 
Fleishman, S.J., Harrington, S.E., Enosh, A., Halperin, D. Tate, C.G. & Ben-Tal, N. (2006) Quasi-symmetry in 

the cryo-EM structure of EmrE provides the key to modeling its transmembrane domain. J. Mol. Biol. 
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The ABC-transporter P-glycoprotein (Pgp) assumes two alternative conformational states on 
the cell surface, distinguished by the UIC2 monoclonal antibody1. The Pgp molecules in these 
separate states, pool I and pool II, identifiable using sequentially the UIC2 and either of the 
MRK16/15D3/MM12.10 antibodies, show distinct localization2 and association with the actin 
cytoskeleton at the resolution of the confocal microscope, with the pool I molecules residing 
preferentially in TX100-resistant raft domains. Following 2D gelectrophoresis of pool I and II 
membrane immunoprecipitates, the proteins identified by mass spectrometry suggest that the 
membrane protein environment of the pump involves elements of the trafficking machinery. 
Separation of Pgp into two pools appears neither to be the consequence of UIC2 binding 
itself, nor to permanently inactive transporter species. Limiting ATP levels, or overcrowding 
of raft domains could not explain the heterogeneity either. The UIC2-unaccessible pool II 
Pgps, the majority, is certainly active, as complete inhibition of the pump is achieved, also in 
vivo, when these Pgp molecules are forced to bind the antibody. We suggest that pool I 
represents a trafficking platform, wherefrom the transporter is rapidly redistributed between 
the different lipid domains.  
On the other hand, the ability of Pgp to bind UIC2 is known to correlate with the phases of the 
catalytic cycle: this antibody is recognized exclusively outside the catalytic transition state1,4.  
Thus, Pgp must constantly cycle between the UIC2-reactive and non-reactive states, and at the 
same time, these two conformers reside in separate membrane domains. The model presented 
is an attempt to interpret and reconcile these seemingly contradictory diversities. 
1Mechetner et al. (1992) Efficient inhibition of P-glycoprotein-mediated multidrug resistance 
with a monoclonal antibody. Proc Natl Acad Sci USA, 89:5824-5828. 
2Goda et al. (2007) Complete inhibition of P-glycoprotein by simultaneous treatment with a 
distinct class of modulators and the UIC2 monoclonal antibody. J Pharmacol Exp Ther. 
320(1), 81-8.  
3Bacso et al. (2004) Raft and cytoskeleton association of an ABC transporter: P-glycoprotein. 
Cytometry Part A. 61A, 105-116. 
4Goda et al. (2002) Effects of ATP depletion and phosphate analogues on P-glycoprotein 
conformation in live cells. Eur. J. Biochem. 269, 2672-2677.  
Support: NKFP Fund 1A/041/04, ETT 067/2006, OTKA TO48742, GVOP-3.1.1-2004-05-
0440/3.0. 
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 To date, two receptors have been shown to mediate the effects of exogenous and endogenous 
cannabinoids. Both the cannabinoid Receptor 1 (CB1R) and Cannabinoid Receptor 2 (CB2R) are 
members of the G-Protein Coupled Receptor (GPCR) superfamily and mediate their intracellular 
effects through Gαi proteins.  
 Here we show that the G Protein-coupled Receptor 55 (GPR55) responds to a variety of 
cannabinoid ligands and to lysophosphatidylinositol (LPI). Using HEK-293 cells stably expressing 
the human GPR55, we investigated the downstream signaling pathways induced by GPR55 
activation.  
 We discovered that GPR55 is activated by the inverse CB1 agonist AM251 as well as the CB1 
antagonist SR141716A (rimonabant) and by LPI. We find that treatment with LPI induces marked 
GPR55 internalization. In addition, we show that GPR55 is coupled to Gα13 which results in the 
activation of RhoA small GTPase and RhoA kinase (ROCK). Interestingly, GPR55 activation 
induces oscillatory calcium release from intracellular stores. Moreover, we demonstrate that GPR55 
activation leads to an efficient activation and nuclear translocation of Nuclear Factor of Activated 
T-cells (NFAT) transcription factor family.  
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The majority of the high cholesterol demand required for fetal development is synthesized in 
fetal organs. In addition, maternal plasma lipoproteins provide an external cholesterol source. 
While maternal-fetal cholesterol transfer can provide a back-up strategy under pathological 
conditions of insufficient fetal cholesterol biosynthesis, it can also have detrimental 
consequences under conditions of maternal hypercholesterolemia, leading to pre-
atherosclerotic lesion development in fetal aortas. For transplacental transfer, maternal 
cholesterol must be taken up on the apical side of the syncytiotrophoblast layer, released at 
the basolateral side, and traverse the fetal endothelial cell layer of the placenta connecting to 
the fetal circulation. In the present in vitro study we investigated the final steps in the 
proposed pathway of transplacental cholesterol transfer - mechanisms of cholesterol release 
from primary human term placenta cells (HPEC).  
Using a recently established method, arterial and venous primary HPEC were isolated, 
characterized and cultured as monolayers. The capacity of HPEC to efflux cholesterol to 
either HDL or lipid-free apoA-I was tested using [³H]-cholesterol labeled HPEC. HPEC time- 
and dose-dependently released cholesterol to both extracellular acceptors. Induction of 
cellular cholesterol efflux to apoA-I and to HDL upon treatment with 24(S)-
hydroxycholesterol (the major oxysterol and cholesterol catabolite present in umbilical cord 
blood), suggested the involvement of liver X receptor (LXR)-regulated lipid transporters, 
ABCA1, ABCG1 and/or ABCG4. Oxysterol-inducible cholesterol efflux was reflected by up-
regulated mRNA and protein expression levels of ABCA1 and ABCG1 detected in HPEC 
pre-treated with endogenous or synthetic (TO901317) LXR agonists. In contrast, ABCG4 and 
the HDL receptor scavenger receptor class B, type I (SR-BI) were not regulated by LXR 
agonists. ABCA1 inhibitors glyburide and probucol reduced apoA-I dependent [³H]-
cholesterol efflux by 65 %, while SR-BI inhibitor BLT-1 was not effective in blocking HDL 
mediated efflux of cholesterol. Reduced HDL-dependent [³H]-cholesterol efflux together with 
reduced ABCG1 protein expression levels upon RNA silencing of ABCG1 in HPEC, 
confirmed that ABCG1 is operative and functional in HPEC. Our results indicate that the 
apoA-I/ABCA1 choelsterol efflux pathway is functional in HPEC and that ABCG1 
participates in cholesterol efflux to HDL. A major contribution of SR-BI and ABCG4 to 
cholesterol efflux seems unlikely. 
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P 4) Identification of candidate pharmaco-chaperones and chaperone interaction sites 
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Caterina Bentele, Edina Csaszar, Stephan Kopp, Sandra Pferschy, Peter Chiba 
 
Protein folding is considered to follow a principle of self-assembly, in which information 
required for the adoption of the native three dimensional structure of a protein is contained in 
its primary amino acid sequence. Mutations can lead to aberrant folding and give rise to a 
number of monogenic human diseases. Eukaryotic membrane proteins are co-translationally 
inserted into the ER-membrane, which requires a multitude of auxiliary proteins as well as 
signal sequences within the nascent protein chain to be completed correctly. Folding 
imbalances can be corrected by direct binding of small molecules, which specifically bind to 
target proteins and act as pharmacological chaperones. Because of its ability to interact with a 
multitude of small molecular weight ligands, work in our group presently focuses on the 
human multidrug transporter (MDT) P-glycoprotein (P-gp, ABCB1) as a model protein for 
improving our understanding of misfolding and rescue of trafficking deficient membrane 
proteins. A set of trafficking deficient mutants has been generated by oligonucleotide directed 
mutagenesis. Structural models of P-glycoprotein guide the design of mutant protein based on 
the recently resolved crystal structure of Sav1866 (Dawson and Locher, Nature 2006). 
Multiple sequence alignments indicate evolutionary sequence variation of P-gps from 
different species, thereby providing a framework for amino acid substitutions that would 
retain functionality of the transporter. Rescue of mutants by inherently photoactive ligands is 
monitored by analyzing P-glycoprotein surface expression. Interaction sites of these small 
molecules are defined by photolabeling and high resolution mass spectrometry. Results for 
mutants in which amino acid residues Gln132 and Gln773 were replaced by arginine, 
glutamate or alanine will be presented. Experiments show that several specific ligands correct 
trafficking deficiency of mutant protein. Mutants Q773R, Q773E and Q773A interact with a 
different complement of small molecular weight pharmacochaperones. Because of its 
multispecific nature, P-glycoprotein is considered an ideal model system, which is expected to 
further our understanding of the interplay between mutation, aberrant folding and correction 
by small molecular weight compounds. 
 
Supported by a grant from the Austrian Science Fund (SFB3509 to Peter Chiba). 
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KAAT1 and CAATCH1, amino acid transporters cloned from the intestine of the lepidoptera 
Manduca sexta (Castagna et al., 1998, PNAS, 95: 5395-5400; Feldman et al., 2000, J. Biol 
Chem., 275: 24518-24526), are members of the SLC6/NSS family, which groups 
neurotransmitter, aminergic transmitter, amino acid and osmolyte transporters coupled to Na+, 
K+ and Cl- gradients. 
KAAT1 and CAATCH1 are able to transport different amino acids depending on the 
contransported cation (Na+ or K+) but their Cl--dependence is not completely defined yet. 
The Cl- binding site of two members of the family, the serotonin transporter SERT (Forrest et 
al., 2007, PNAS, 104: 12761-12766) and the GABA transporter GAT1 (Zomot et al., 2007, 
Nature, 449: 726-730), has been recently modelled on the basis of their functional properties 
and by structural homology to the leucine transporter LeuT, a prokaryotic member of the 
family whose three-dimensional structure has been solved at atomic level (Yamashita et al., 
2005, Nature, 437: 215-223). The analyses have highlighted the role of a serine residue, that 
in the Cl--independent LeuT corresponds to Glu 290, and of an asparagine (Asn 286) that also 
contributes to the coordination of Na+ in the Na1 binding site of LeuT.  
With the aim to clarify the role exerted by chloride in SLC6/NSS transporters, the Cl--
dependence of KAAT1 and CAATCH1 have been here investigated by the expression in 
Xenopus laevis oocytes and the measurement of induced amino acid uptakes.  
Despite KAAT1 and CAATCH1 posses the same residue of serine (Ser342, KAAT1 
numbering) present in strictly chloride dependent transporters, their transport activities 
resulted weakly Cl--dependent compared to GAT1. By analysis of the structure of Cl--
dependent (SERT and GAT1) and Cl--independent (LeuT) transporters, we selected several 
residues present in the putative Cl- binding site of KAAT1 and investigated their involvement 
in chloride interaction. 
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Background: One main problem in antiretroviral therapies is the existence of transmembrane 
efflux pumps which transport drugs out of the cells, so that insufficient intracellular drug 
levels result. Transmembrane efflux pumps like P-glycoprotein (P-gp) and 
multidrugresistance associated proteins (MRP) can be found in the intestine where they lower 
the absorption rates of orally administered antiretroviral drugs, at the blood-brain barrier and 
in the testis where they are made responsible for the formation of viral sanctuaries and also at 
the placenta where they cause severe problems for the therapy of unborn childs.1,2 
The clinical use of inhibitors of such efflux pumps failed so far due to their own 
pharmacological side effects at therapeutic relevant doses and their properties of being 
substrates of these efflux pumps themselves.2 
 
Methods: Intestinal competition studies have been carried out to evaluate MRP- and P-gp 
substrate properties of H17 a novel non-peptidic P-gp inhibitor3 and, furthermore, to 
characterize the uptake of HIV-1 protease inhibitor saquinavir which is a known P-gp and 
MRP-substrate by perfusion of several intestinal segments in combined application regimes. 
 
Results: H17 showed favorable poor P-gp substrate properties compared to P-gp substrate 
saquinavir. Additionally, H17 proved to be practically no MRP substrate in competition with 
MRP-inhibitor indometacin. H17 showed increased intestinal absorption rates in competition 
with P-gp and MRP-substrate saquinavir and was more superior as P-gp inhibitor than the Pgp 
inhibitor ritonavir. The superiority of H17 as P-gp inhibitor was additionally confirmed in 
cellular uptake investigations of the fluorescent P-gp substrate rhodamine 123. 
 
Conclusions: Ritonavir, which was characterized so far only in cellular studies as P-gp 
inhibitor, can be made responsible for increased bioavailabilities in combination with 
saquinavir by acting as P-gp inhibitor. H17 proved as most promising agent for combined 
antiretroviral therapies because it strongly inhibits intestinal P-gp and MRP without being a 
substrate itself. This means a significant benefit for clinical therapies with low application 
doses and, in consequence, reduced side effects of the inhibitor itself and the antiretroviral 
drug due to higher absorption rates from the intestine and into sanctuary tissues like brain. 
 
Literature 
[1] Huisman MT, Smit JW, Wiltshire HR, Hoetelmans RMW, Beijnen JH, Schinkel AH. 
2001. Mol. Pharmacol. 59:806-813. 
[2] Ramakrishnan P. 2003. J. Biol. Chem. 19:160-165. 
[3] Wollmann J, Richter M, Molnár J, Hilgeroth A. 2005. ChemBioChem. 6:1353-1356. 
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Neurotransmitter transporters are responsible for terminating signal transmission. 
hSERT (the human serotonin transporter) is the plasma membrane Na+/Cl- - 
dependent transporters which is responsible for uptake of serotonin from the 
synaptic cleft. A previous study had shown that deleting the C-terminus of SERT 
impaired transporter activity and compromised its delivery to the plasma 
membrane). However, this study did not provide to a mechanistic 
explanation.Alanine-scanning mutagenesis strategy was used in order to delineate, 
which part of the C-terminus of SERT was required for folding of the protein. Pairs 
of alanine substitutions by site-directed mutagenesis had been produced and are 
currently in the process of testing the effect of these mutations on the functional 
properties and the cellular localization of SERT. The preliminary data had shown 
that the mutation in P601G602-AA, R607I608-AA (Sec24 binding site) and T613P614-AA 
causes intracellular retention and abolishes uptake and binding 
This work is supported by: SFB35-10 and stipend from Egyptian Ministry of 
Higher Education and State for Scientific Research. 
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The classic model of facilitated exchange-diffusion assumes that the substrate-induced, 
transporter-mediated, release of intracellular substrates is strictly coupled to the uptake of 
extracellular substrates. However, data obtained with monoamine transporters clearly 
suggested dissociation between the two mechanisms: Zn2+ ions inhibit DAT-mediated uptake 
but enhance DAT-mediated release [1]; moreover, Ca2+ is required for substrate-induced 
release mediated by SERT or DAT, but has no effect on SERT- or DAT-mediated uptake [2, 
3]. The substrate-induced reverse transport is likely a complex mechanism, possibly involving 
intracellular events such as activation of kinases [4] and transporter phosphorylation [5]. 
 
We have evidence that dissociation between substrate uptake and substrate-induced release 
also apply to excitatory amino acid transporters (EAAT). Thus, we found some 
aspartate/glutamate (Glu) derivatives which, at variance with the classic EAAT blocker 
TBOA (DL-threo-β-benzyloxyaspartic acid), have significantly higher potency as inhibitors 
of Glu-induced release than of Glu uptake [6]. Moreover, their inhibition on Glu-induced 
release, but not on Glu uptake, was greatly potentiated by preincubation at 37°C [7]. Other 
marked differences were found comparing one of them, (−)HIP-A (3-hydroxy-4,5,6,6a-
tetrahydro-3aH-pyrrolo[3,4-d]isoxazole-4-carboxylic acid), and TBOA. While the latter is a 
competitive and reversible inhibitor, (−)HIP-A induces long-lasting inhibition which is 
apparently non-competitive, even though biochemical and molecular modeling data suggest 
that the two compounds share the same binding site [8]. Furthermore, TBOA completely 
inhibited the reverse transport induced in synaptosomes by “ischemic-like” conditions, while 
(−)HIP-A did not. These data suggest that (−)HIP-A cannot “freeze” the transporter in an 
inactive state, as TBOA does, but specifically interferes, in a complex manner, with Glu 
uptake and Glu-induced release, with a remarked preference for the latter. The lasting 
impairment induced by (−)HIP-A might be due to persistent modifications of the transporter 
(e.g. phosphorylation or other regulatory mechanisms), consistent with the non-competitive-
like inhibition and with the observation that the duration of preincubation with (−)HIP-A has 
a significantly greater effect on Glu-induced release than on Glu uptake. 
 



 47

 
If Glu-induced Glu release has a main role in the excitotoxicity associated to ischemic 
conditions, compounds selectively interfering with this mechanism without affecting 
glutamate reuptake (neuroprotective mechanism) might offer a new strategy for 
neuroprotective action. When tested in organotypic rat hippocampal slices and mixed mouse 
brain cortical cultures under ischemic conditions, we actually found a neuroprotective effect 
with 10-30 µM (−)HIP-A, but not with 10-30 µM TBOA or 100 µM (−)HIP-A. These data 
suggests that, under ischemia, EAATs mediate both release and re-uptake of glutamate and 
confirm that (−)HIP-A could exert neuroprotective activity by a selective inhibition of the 
former [7].  
 

1. Scholze et al. J Biol Chem, 2002 277: 21505 
2. Crespi et al. Br J Pharmacol, 1997 121: 1735 
3. Gnegy et al. Mol Pharmacol, 2004 66: 137 
4. Kantor et al. J Pharmacol Exp Ther, 2001 297:1016 
5. Khoshbouei et al. PLoS Biol, 2004 2: E78 
6. Funicello et al. Mol Pharmacol, 2004 66: 522\ 
7. Colleoni et al. J Pharmacol Exp Ther 2008, in press 
8. Pinto et al. Tetrahedron Asymmetry 2008, 19: 867 
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The compounds interacting with plasma membrane transporters are typically classified as 
“substrates” and “blockers”: the formers, which include the physiological neurotransmitter 
ligands, use the transporter for translocation inside the cell, whereas the latters “freeze” it in 
an inactive state which preclude inward transport. Well-known substrates of 5-HT 
transporters (SERTs) are p-Cl-amphetamine (pCA) and 3,4-methylene-
dioxymethamphetamine (MDMA), whereas antidepressants such as citalopram belong to the 
class of “blockers”. The toxicological effects of MDMA are mainly the consequence of a 
SERT-mediated 5-HT release due to a reverse transport mechanism. This is quite typical of 
substrates and it has long been explained with the ‘transporter-mediated hetero-exchange’ 
model [1], which assumes that the uptake of extracellular substrates favors the transporter-
mediated release of intracellular substrates, like a “revolving-door”. A strict coupling between 
substrate uptake and substrate-induced reverse transport has been however questioned [2] and 
the current view is that the latter is likely a mechanism more complex than previously 
thought, possibly involving intracellular events, such as Ca2+-dependent activation of kinases 
[3] and transporter phosphorylation [4]. It has also been suggested [5] that substrate-induced 
reverse transport correlate better with substrate-induced uncoupled currents possibly 
suggesting a role of membrane depolarization. According to these theories it could be 
predicted that compounds might exist which, although being substrates, differentially activate 
those mechanisms required for reverse transport and/or uncoupled currents acting there as 
“full” or “partial” agonists (i.e. maximal or less-than-maximal releasing effects).  
 
We have recently obtained interesting data with compounds which, when tested in vivo and/or 
in brain slices, display properties very similar to those shown by the classic SERT substrates 
pCA and MDMA [6, 7]. These compounds include 4-methyl-thioamphetamine (MTA), N,N-
dimethyl-MTA (DMMTA) and two non-amphetamine compounds 1-(m-
chlorophenyl)piperazine (mCPP) and tramadol. Differently from the in vivo situation, when 
tested in superfused rat brain synaptosomes or hSERTexpressing HEK-293 cells, the maximal 
[3H]serotonin release induced by these compounds was significantly lower than that induced 
by pCA or MDMA. Moreover, the availability of compounds with these “partial” effects 
allowed to highlight a correlation between the ability to induce reverse transport in vitro and 
the ability to induce inwardly directed currents in hSERT-transfected oocytes. 
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Interestingly, all the compounds tested so far that induce maximal 5-HT release in vitro (pCA 
but also MDMA and dfenfluramine, ‘full’ agonists) are neurotoxic for 5-HTergic nerve 
endings, whereas the compounds that, in synaptosomes, are poor 5-HT releasers (MTA, 
DMMTA, mCPP, and tramadol, ‘partial substrates’) are not neurotoxic, suggesting that 
neurotoxicity might be a consequence of full activation of those mechanisms which, in 
synaptosomes and cells, lead to inward currents and/or 5-HT release. 
 
1. Fischer JF and Cho AK. J Pharmacol Exp Ther, 1979. 208: 203 
2. Sitte HH, et al.,. Mol Pharmacol, 2001 59: 1129 
3. Gnegy ME, Eur J Pharmacol, 2003 479: 83 
4. Khoshbouei H, et al.,. PLoS Biol, 2004 2: E78 
5. Pifl C, et al.,. Neuropharmacol, 2004 46: 223 
6. Gobbi M et al., J Neurochem, 2002 82: 1435 
7. Gobbi M et al., J Neurochem, 2008. 105: 1770 
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Genetic variants are discussed to influence the activity of transmembrane transport proteins 
and to alter the bioavailability of drugs. In this study the influence of common ABCC2 
(MRP2, multidrug resistance related protein 2) polymorphisms on duodenal mRNA and 
protein expression and on pharmacokinetics of the β1-adrenoreceptor-antagonist talinolol was 
investigated. Firstly, the distribution of 13 ABCC2 polymorphisms was assessed in 374 
German healthy subjects by PCR-RFLP and pyrosequencing and calculated for haplotypes 
and diplotypes frequencies using the phase 2.0 program. Secondly, duodenal mRNA and 
protein expression of 31 subjects undergoing gastroduodenoscopy was measured by real-time 
PCR and immunohistochemistry, respectively. Thirdly, in the same 31 volunteers the 
disposition of 30 mg intravenously and 100 mg orally administered doses of the β1-blocker 
talinolol and its metabolites was elucidated by HPLC. The frequencies of variant alleles of the 
investigated polymorphisms were 18.3% (-24C>T), 21.1% (1249G>A), 1.4% (1446C>G), 
0.1% (3542G>T), 4.5% (3563T>A), 34.2% (3972C>T) and 4.4% (4544G>A). The 
polymorphisms -23G>A, 1457C>T, 2302C>T, 2366C>T 3561G>A and 4348G>A were not 
found. The -24T allele was in linkage disequilibrium with 3972T by 95.6% (Chi-sq=438.38; 
p<0.001) and 3563A and 4544A by 97.8 % (Chi-sq=748; p<0.001). For the seven detected 
polymorphisms 12 haplotypes and 24 diplotypes were calculated. The most common 
haplotypes were the wild-type haplotype H1 (CGCGTCG, 39.3%), followed by H2 
(CACGTCG, 19.8%), H12 (TGCGTTG, 17.5%), H9 (CGCGTTG, 15.2%) and H8 
(CGCGACA, 4.4%). Genotypes but also haplotypes did not influence the duodenal ABCC2 
mRNA expression. However, subjects homozygote for -24C exhibited higher protein levels 
than heterozygote and homozygote -24T allele carriers (mean optical density: 16.3 ± 19.8, 
6.2+/-10.0, 1.1, p=0.047). ABCC2 1249G>A was significantly associated with decreased area 
under the curve (3420 +- 708, 2910 +/- 485, 1750 +/- 695 ng x h / ml, p=0.005) of talinolol 
after oral treatment. Comparing the wild type haplotype H1 and the variant H2 resulted in 
significant higher oral bioavailability for diplotypes homozygote for H1 than for heterozygote 
and homozygote H2 carriers (73.2 +/-10.6, 59.4 +/- 9.3 and 23.3%, p=0.025). On the other 
hand wild type H1 carriers showed a trend for lower oral bioavailability of talinolol than H12 
carriers (73.2 +/- 10.6, 78.4 +/-8.8 and 82.8%, p=0.336). The study revealed a negative 
influence of -24C>T on duodenal protein content and of 1249G>A on the disposition of the 
β1-adrenoreceptor-antagonist talinolol. Consequently, individuals harboring both the -24C and 
the 1249A allele exhibited the lowest bioavailability of talinolol suggesting a synergistic 
effect of these genetic variants on the activity of ABCC2.  
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Introduction 
Depression is among the four leading causes of disease burden and mortality and is diagnosed 
by a set of emotional and cognitive symptoms. A vast number of neuroimaging studies 
investigating acute depression delivered mixed results probably due to the etiological 
heterogeneity of depressive symptoms. Furthermore, it is not clear whether resulting 
differences between acutely depressed patients and normal controls are reflecting the current 
psychopathological state or neurobiological alterations making patients vulnerable to 
depression. From a clinical perspective it would be favorable to detect imaging biomarkers in 
brains of vulnerable subjects as promising candidates for diagnostic markers. However, 
studies on currently remitted subjects having suffered from Major Depressive Disorder 
(MDD) are sparse. Thus we initiated an imaging study with the final goal to assess functional 
and structural correlates of vulnerability on a local and systems level in a large cohort of 
healthy subjects and remitted patients. Our analyses were focused on cortical and subcortical 
regions, which have been intensively investigated in the context of depression in animal and 
human studies1-3. Of particular interest was the cingulate cortex (CC) due to its functionally 
specialized subdivisions, such as the anterior CC implicated in the regulation of affective 
responses and the midcingulate cortex (MCC) involved in cognitive processing4. Methods  
 
Functional and structural magnetic resonance imaging (MRI) scans were obtained from 25 
healthy controls and 25 age and gender-matched remitted depressed patients without any 
current drug treatment or psychiatric illness. During functional MRI (fMRI) subjects 
underwent a paradigm in block design fashion comprising an emotional and a neutral control 
matching task5. Preprocessing of fMRI data was done within AFNI as well as an a 
prioribased region of interest analysis. Structural images were analyzed utilizing voxel-based 
morphometry (VBM) as implemented in SPM5 with an ANCOVA design using total gray 
matter as covariate of no interest. 
 
Results 
 
Preliminary VBM results indicate a significant gray matter volume reduction of the left MCC 
in remitted patients compared to controls. Supporting data stemming from our preliminary 
fMRI results indicate significantly decreased bilateral activity in the MCC and insula in 
remitted patients compared to controls. Furthermore, significant differences were observed in 
the left caudal orbital frontal cortex (cOFC) displaying increased activity in the patient group. 
All results are corrected for multiple comparisons. 
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Discussion 
Preliminary data suggest that alterations of MCC function and structure reflect vulnerability 
towards depression since those changes can already be observed in patients lacking acute 
symptoms of MDD. In addition, altered activity was found for the cOFC and the insula 
indicating that emotion processing brain circuits are also affected. Altogether our data suggest 
a dysregulation of cognitive-emotional network interactions which might cause subjects to be 
vulnerable to depression and provide an indication to consider the MCC as a future imaging 
biomarker in depression diagnostics and treatment response monitoring. 
 
A larger sample size and structural and functional connectivity analyses as planned are 
expected to better reveal the alterations in emotion and cognition processing brain circuits 
underlying the biological origins of vulnerability to depression. 
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Abstract:  
 
There is strong evidence that the serotonin transporter (SERT) is organized in tetrameric 
arrangement in the membrane. In an effort to verify the tetrameric structure by AFM, 
tetravalent probes are being synthesized consisting of precisely four serotonin reuptake 
inhibitor molecules as ligands attached to one polyethylene glycol chain. The probe molecules 
will be covalently bound to the AFM tip. In case of a tetrameric structure of SERT, each of 
the four ligands attached to the tip will bind to one of the four SERT molecules in the tetramer 
(see Fig. below) what will be seen in an AFM force-distance cycle.  
 
 

 
 
 
My poster will present the synthesis of the individual AFM probes. It will elaborate on the 
synthetic strategy and challenges as well as the individual reactions devised to build these 
complex probe structures. 
 
Acknowledgments: This work is supported by the Austrian Science Fund (FWF) 
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Resistance due to overexpression of ABC-family members is still a major obstacle for 
successful chemotherapy of disseminated malignancies. Consequently the search for new 
drugs not influenced by the overexpression of these transporters continues. Recently, we have 
introduced [tris(1,10-phenanthroline)lanthanum(III)] trithiocyanate (KP772) a new lanthanum 
compound with promising anticancer properties in vivo and in vitro. Treatment with KP772 
potently blocked DNA synthesis, arrests cell cycle progression in G0/G1 phase and induced 
apoptotic cell death in tumor cells. These effects were not based on (radical) induced DNA-
damage. In contrast, KP772 was found to be a ribonucleotide reductase inhibitor. With regard 
to drug resistance, we reported that the activity of this new drug was not hampered by the 
overexpression of ABCB1, ABCC1 or ABCG2. In contrast, KP772 was found to 
preferentially kill ABC-transporter-overexpressing cancer cells. Additionally, long-term 
KP772 treatment of KBC-1 cells at subtoxic concentrations led within 20 passages to a 
complete loss of drug resistance based on blocked MDR1 gene expression. When exposing 
parental KB-3-1 cells to subtoxic, stepwise increasing KP772 concentrations, we observed, in 
contrast to several other metallo-drugs, no acquisition of KP772 resistance. Currently the 
activity of KP772 against ABCB1-overexpressing tumor cells is evaluated in xenograft 
experiments using female SCID mice. Preliminary results indicate that KP772 is well 
tolerated up to 10 mg/kg body weight applied i.v. for 5 consecutive days. Moreover, in 
contrast to the known ABCB1 substrate drug taxol, KP772 treatment is effective against 
ABCB1-overexpressing xenografts. Summarizing, our data demonstrate that KP772 is 
hyperactive in MDR cells and might have chemosensitizing properties by blocking ABCB1 
expression. Together with the disability of tumor cells to acquire KP772 resistance, our data 
suggest that KP772 should be especially active against notoriously drug-resistant tumor types 
and as second line treatment after standard chemotherapy failure. 
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MS-binding assays have the potential to be a highly versatile technique in the drug 

discovery process. They offer all advantages of the classic and widely accepted radioligand 
binding assays without drawbacks such as the need for labelling or the handling of hazardous 
radioactive material.  

 
Recently, we were able to demonstrate the feasibility of this concept for the relevant drug 

target mGAT1 as a member of the SLC6 family. The developed MS-binding assay uses 
NO711 as nonlabelled marker. NO 711 bound to mGAT1 was quantified by LC-MS/MS after 
liberation from the binding site [1]. As these MS-binding assays required a non-
physiologically high NaCl-concentration in order to guarantee high affinity binding of the 
marker to the target, we tried to change the incubation conditions towards almost 
physiological buffer conditions. Although the marker affinity was indeed markedly reduced 
under these conditions, we could successfully perform MS binding assays employing 
filtration to separate the bound marker. In this way NO711 binding to mGAT1 under more 
physiological conditions was characterized in saturation-, kinetic- and competitive 
experiments [2].  

 
By the means of these NO711 binding assays, we were able to compare binding affinities 

for GAT1 inhibitors under physiological and non-physiological conditions as well as to 
correlate binding affinities with potencies in [³H]GABA-uptake experiments. Furthermore, 
and more importantly, our results document that MS binding assays employing a rather 
simple but at the same time highly effective 96 well vacuum filtration procedure are not 
restricted to high affinity markers. Even ligands possessing only moderate affinity for a target 
(i.e. Kd > 100 nM) can be successfully investigated in saturation, competition and kinetic MS 
binding experiments. 

 
 
[1] Zepperitz; Höfner; Wanner, ChemMedChem. 2006, 1, 208-217.  
[2] Zepperitz; Höfner; Wanner, Anal. Bioanal. Chem. 2008, 391, 309-316. 
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Introduction 
 
The brain can be viewed as a system of complex connected networks of anatomically linked 
regions (Hagmann et al. 2008). Converging evidence suggests that dysfunctions within such 
networks or systems may be major causes of symptoms encountered in patients suffering from 
psychiatric diseases such as depression (Mayberg 2003), one of the four leading causes of 
disease burden and mortality. It has also been shown that genetic factors can influence 
functional and structural coupling between amygdala and the cingulate cortex, two regions 
critically involved in emotional processing (Pezawas et al. 2005). Functional connectivity 
analysis, however, is limited to the assessment of correlations with respect to a pre-defined 
seed region, and does not allow conclusions about causal interactions between different brain 
regions. The same holds true for structural connectivity, which is based on covariation 
between grey matter volumes in different regions of the brain. Causal interactions can only be 
inferred by modeling effective connectivity, a measure defined as the influence that one 
neural system exerts over another (Friston et al. 1995). In contrast to functional connectivity 
analysis, all participating brain regions have to be identified a priori. Connectivities between 
these brain regions are estimated using statistical models based on anatomically motivated 
assumptions related to the basic structure of the network (Penny et al. 2004). Effective 
connectivity methods are thus strongly hypothesis driven and require a significant amount of 
a-priori knowledge. 
 
Methods 
 
In functional magnetic resonance imaging (fMRI) neural activity is measured only indirectly 
via changes in blood oxygenation caused by increased neural energy demand after neural 
activity (blood oxygen level dependent or BOLD signal). In contrast to other approaches like 
structural equation modeling (MacIntosh and Gonzalez-Lima 1991) and Granger causality 
(Granger 1969), dynamic causal modeling or DCM is currently the only effective connectivity 
method where this haemodynamic coupling is explicitly modeled (Friston et al. 2003). In 
DCM, activity at the neuronal is modeled separately from activation at the BOLD level and, 
most importantly, DCM allows for interactions between brain regions at the neuronal level 
only. In addition to intrinsic regional connectivity DCM also enables stimulus-induced 
changes in connectivity allowing for important insights on the functional integration between 
different brain regions (Kasess et al 2008).  
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Outlook 
 
In order to produce valid models of brain connectivity we will base our network definition 
and connectivity hypotheses partly on published data but also on our own results based on 
functional as well as structural connectivity analysis. First we will assess differences in 
functional covariance between remitted depressed subjects vs. healthy controls. Once the 
sample size is large enough we will also be able to analyze changes in connectivity strengths 
related to genetic factors thereby providing new depression vulnerability markers. We are 
planning to present preliminary data at the SFB symposium demonstrating the feasibility of a 
DCM approach in depression vulnerability research. 
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The ABC-transporter P-glycoprotein (Pgp) assumes two alternative conformational states on 
the cell surface. The Pgp molecules of these separate states, pool I and pool II, identifiable 
using the combination of UIC2 and 15D3/MM12.10/MRK16 antibodies1-3, show distinct 
membrane localization at the resolution of the confocal microscope. The pool I and pool II 
Pgps localize in different membrane fractions after sucrose density gradient centrifugation of 
the cell extracts prepared in the presence of Tx-100. Pool I Pgps appear mostly in the low 
density fractions, while pool II Pgps are found in the higher density fractions. Besides their 
different membrane localization both Pgp pools were catalitically active, as it was 
demonstrated in drug transport assays.  
 
A flow cytometric detergent resistance assay4 suggests higher extent of association of the pool 
I transporters both to the Tx-100 resistant rafts and to the cytoskeleton. Furthermore, 
cholesterol depletion and saturation, using cyclodextrins, differentially affected both the raft 
and cytoskeletal anchorage of the two Pgp pools.  
 
Internalization rates of the two pools are also distinguishable, as measured following the time 
dependence of Pgp levels, and in acidic internalization assays. Endocytosis of pool I proteins 
is about 3 times faster, as compared to the pool II molecules and it decreased in response to 
cholesterol depletion. Cholesterol saturation of the membrane enhanced the internalization of 
pool II Pgps and did not affect that of pool I. Since brefeldin A treatment decreased the level 
of both pools to a similar extent, the two pools appear to be in dynamic equilibrium. Based on 
these data it is probable that the differences found in the Tx-100 resistant raft and cytoskeletal 
anchorage of the two Pgp pools is due to their different membrane trafficking.  
 

1. Mechetner E et al. (1997) Proc Natl Acad Sci 94, 12908. 
2. Goda K et al. (2000) Cancer Detect Prev 24, 415. 
3. Goda K et al. (2007) J Pharmacol Exp Ther 320, 81. 
4. Bacsó Zs et al. (2004) Cytometry 61A, 105. 
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0440/3.0 
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ABC transporters constitute a ubiquitous superfamily of membrane pumps containing an 
evolutionary conserved ATP-binding cassette domain. They are responsible for energy-driven 
efflux of a great variety of substrates including amino acids, ions, sugars, as well as synthetic 
and naturally occurring xenobiotics and toxins. A subset of yeast pumps plays a major role in 
the so-called pleiotropic drug resistance (PDR) phenomenon, where overexpressed ABC 
transporters such as S. cerevisiae Pdr5 confer resistance to a vast variety of drugs. PDR in 
yeast and fungal pathogens is therefore similar to multidrug resistance occurring in 
mammalian tumour cells. However, little is known about physiological substrates for ABC 
transporters or the molecular mechanism of function, mainly due to a lack of structural 
information. To gain insight into the principles underlying transport through ABC proteins we 
have applied two strategies. First, as used successfully for Pdr5 (Ernst R. et al, 2008), we have 
overexpressed the yeast ABC transporters Pdr12, Snq2, Pdr11 and Aus1 under the control of 
the PDR5 promoter, which is driving high-level protein expression in the presence of the 
gain-of -function form of its dedicated transcription factor Pdr1. Furthermore, a 14-Histidine 
tag has been fused to the N-terminus of the proteins to allow for their rapid purification by 
affinity chromatography. The detergent n-Dodecyl-b-D-maltopyranoside is able to efficiently 
solubilize and extract the proteins from membrane preparations. Purified ABC transporters 
will be subjected to reconstitution experiments, as well as structural studies, including cryo-
electron microscopy and NMR studies on purified nucleotide binding domains. A mutational 
analysis of the transporters will link their primary structure to function and drug transport, and 
define the molecular basis of substrate specificity in the context with ATP consumption. Data 
on these experiments will be discussed in the talk. 
 
Ernst, R., Kueppers, P., Klein, C.M., Schwarzmueller, T., Kuchler, K. and Schmitt, L. (2008) 
A mutation of the H-loop selectively affects rhodamine transport by the yeast multidrug ABC 
transporter Pdr5. Proc. Natl. Acad. Sci. U.S.A. 105, 5069-5074 
 
This work is supported through SFB35-04 project from the Austrian Science Foundation, and 
in part by the transnational SysMO-MOSES project. CK is a recipient of a doctoral Marie-
Curie Early Stage Researcher Fellowship through the RTN-Flippases (CT-MC-RTN-2004-
005330). 
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The human serotonin transporter (hSERT) is a member of the neurotransmitter sodium 

symporters (NNS) family and is responsible for the re-uptake of serotonin, and thereby the 
termination of the chemical signals resulting from the influence of this neurotransmitter. 
Because of this important task in the human brain, hSERT is an important target for 
antidepressants like the serotonin selective re-uptake inhibitors, e.g. citalopram, fluoxetine, 
and paroxetine and the tricyclic antidepressants, e.g. imipramine. 

 
No experimental 3D structure of hSERT has yet been determined, but the crystal 

structure of a homologues bacterial leucine transporter1 (LeuT) has provided the opportunity 
to construct homology models of hSERT, opening up for further studies. 

 
Models of hSERT aligned against LeuT have been constructed, and the binding of the 

substrate serotonin (5-HT), analogues, and some antidepressants have been studied by the use 
of Induced Fit Docking.2 Some of these binding models have furthermore been biochemically 
validated.3 Additionally, a recently proposed chloride binding site4,5 has been introduced into 
our validated model, and the large extracellular loop 2 has gained further attention, resulting 
in insertion of a disulfide bridge and an alpha-helix.  

 
To gain knowledge about the transport mechanism and dynamics of hSERT molecular 

dynamics (MD) will be performed on a homology model of hSERT. Equilibrium simulations 
of hSERT embedded in a lipid bilayer are performed to study the binding interactions of the 
natural substrate, 5-HT, two sodium ions, and a chloride ion in the binding site of hSERT.  

Furthermore the binding interactions of some known antidepressants will be studied by 
similar simulations, which make it possible to gain further insight into the binding of these 
pharmaceuticals, and hopefully to suggest ways of improving next-generation drugs. 

 
1. Yamashita et al. (2005) Nature, 437, 215-223. 
2. Schrödinger Suite 2006 Induced Fit Docking Protocol, Schrödinger LLC, New York, NY, 2005. 
3. Celik et al. (2008) JACS, 130, 3853-3865. 
4. Forrest et al. (2007) PNAS, 104, 12761-12766. 
5. Zomot et al. (2007) Nature, 449, 726-730. 
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The serotonin transporter (SERT) regulates extracellular levels of serotonin (5-
hydroxytryptamine, 5HT) in the brain by transporting 5HT into neurons and glial cells. The 
human SERT (hSERT) is the primary target for drugs used in the treatment of emotional 
disorders, including depression. hSERT belongs to the solute carrier 6 (SLC6) family that 
include a bacterial leucine transporter, LeuT, for which a high-resolution crystal structure 
recently has become available. LeuT has proved to be an excellent model for human 
transporters and has advanced the understanding of SLC6 transporter structure-function 
relationships. However, the precise structural mechanism by which antidepressants inhibit 
hSERT and the location of their binding pockets is still elusive. We have identified a residue 
(Ser438) located within the 5HT-binding pocket in hSERT to be a critical determinant for the 
potency of several antidepressants including the selective-serotonin reuptake inhibitor 
citalopram and the tricyclic antidepressants imipramine, clomipramine and amitriptyline. 
Conservative mutation of Ser438 (S438T) selectively decreased the Ki for these 
antidepressants up to 175-fold. The effect of introducing a protein methyl group into the 5HT-
binding pocket by S438T could be fully reversed by removal of a single methyl group in the 
antidepressant molecule. These results demonstrate that these antidepressants form a direct 
interaction to the side chain of S438 during interaction with hSERT. The position of Ser438 in 
hSERT reaffirms overlapping localization of substrate and inhibitor binding sites in hSERT 
and suggests that antidepressants such as citalopram and imipramine function by a mechanism 
that involves direct occlusion of a binding site for 5HT. 
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GABA transporters (GATs) are crucial in the fine tuning of the inhibitory GABAergic 
neurotransmission and have proven a viable target in the treatment of partial epilepsy. Four 
GATs have been cloned and in the present work the nomenclature GAT1 (slc6a1), BGT1 
(slc6a12), GAT2 (slc6a13), and GAT3 (slc6a11) as proposed by the HUGO Gene 
Nomenclature Committee will be used. Several studies address the cellular localization of 
GATs in the CNS. However, little is known about the microenvironment in which GATs 
reside. In the present work the membrane raft localization of GATs has been investigated in 
primary cultures of cortical neurons and astrocytes, and adult mouse cortex. Triton X-100 and 
Brij 98 were used to create the detergent resistant membrane rafts followed by an 18 hour 
centrifugation at 100,000x g in a 40-15% continuous sucrose gradient which was 
subsequently divided into twelve fractions. Flotilin-1 and Na+/K+- ATPase were used as 
membrane raft markers. Flotilin-1 is associated to almost all fractions using both detergents. 
However, Na+/K+-ATPase associates to membrane rafts and non-raft domains when using 
Brij 98 and Triton X-100, respectively. GAT1 and BGT1 displayed mostly a nonraft 
association in all cell types tested. Interestingly, GAT3 displayed the same association as 
Na+/K+-ATPase, hence it is localized in Brij 98 detergent resistant membrane rafts. This 
difference in microenvironment localization between GAT1 and BGT1 on one side and GAT3 
on the other reveals a yet unknown diversity amongst the GATs which could have an impact 
on the interpretation of GAT inhibitor pharmacology. 
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The serotonin transporter (SERT) is critical for the regulation of the neurotransmission by 
serotonin (5-hydroxytryptamine – 5HT) and is the primary target for the most widely 
prescribed antidepressant drugs. The transporter itself is modulated by various mechanisms, 
including several protein kinase-dependent pathways, cytokines, stress as well as by a number 
of interacting proteins. Using a yeast two-hybrid and an affinity based purification system the 
stress regulated neuronal membrane glycoprotein M6a, a member of the proteolipid protein 
family, was identified to be associated with SERT. This observation was confirmed by co-
immunoprecipitation and co-localisation experiments in human embryonic kidney 293 cells 
co-expressing SERT and M6a.  
 
According to the cytokine hypothesis of depression, pro-inflammatory cytokines have been 
implicated in the dysregulation of SERT. Cytokines may directly affect SERT function by 
alteration of gene expression or as we postulate through the regulation of SERT-interacting 
proteins. M6a gene expression has previously been shown to be regulated by chronic mild 
stress in animal models (1). Work undertaken in our group has shown SERT and M6a gene 
expression to be modulated by pro-inflammatory cytokines IL-1β and TNF-α in primary 
astrocytes. Our work has identified a novel SERT interacting protein as well as tentatively 
suggesting a link between the cytokine hypothesis of depression and SERT. Further studies 
are currently being undertaken in our group to investigate the relationship between M6a and 
SERT functional regulation.  
 
 
Reference: 
(1). Alfonso, J et al. Identification of genes regulated by chronic psychosocial stress and 
antidepressant treatment in the hippocampus. European Journal of Neuroscience. 2004; 19: 
659-666 
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This study investigated how modulation of intracellular calcium alters the expression 
and functional activity of the EAAC1 glutamate transporter in cultured C6 glioma cells. Pre-
incubation of the cells with the endoplasmic reticulum Ca2+ ATP pump inhibitor, thapsigargin 
(10 µM) produced a time-dependent increase in the maximum rate (Vmax) for sodium-
dependent D-[3H]aspartate transport that reached a maximum at 15 min (143% of control; 
P<0.001) and was accompanied by an increase in the cell-surface expression of EAAC1. The 
increase in transport by thapsigargin was blocked by inhibition of protein kinase C using 1 
µM Bis-X (1 µM), whereas inhibition of either protein kinase A or calcium-calmodulin-
dependent kinase II had no effect on the thapsigargin-induced stimulation in D-[3H]aspartate 
uptake. Pre-incubation of C6 glioma cells with phorbol myristate-3-acetate (100 nM for 20 
min) also caused a significant increase in the Vmax in transport (190% of control; P<0.01). In 
contrast, in the absence of extracellular calcium, thapsigargin caused a significant decrease in 
D-[3H]aspartate transport that was not mediated by protein kinase C.  

 
 Blockade of store-operated calcium channels with 2-aminoethoxydiphenyl borate (2-
APB; 50 µM) or SKF 96365 (10 µM) caused a net inhibition of D-[3H]aspartate transport. 
Co-incubation of C6 glioma cells with both thapsigargin and 2-APB (but not SKF 96365) 
prevented the increase in D-[3H]aspartate transport that was observed in the presence of 
thapsigargin alone. Ratiometric measurement of intracellular [Ca2+] by confocal microscopy 
showed a large increase in intracellular calcium by thapsigargin that was abolished by 
removal of extracellualr calcium or co-incubation of the cells with APB, but not when the 
cells were co-incubated with thapsigargin and SKF 96365. 
 
 It is concluded that, in C6 glioma cells, stimulation of D-[3H]aspartate transport by 
thapsigargin is dependent on entry of calcium via the NSCC-1 subtype of store-operated 
calcium channel and is mediated by protein kinase C. In contrast, in the absence of store-
operated calcium entry, thapsigargin inhibits transport.  
 
This work was supported by the Health Research Board of Ireland.  
 
 
 
* Presenting author  
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Tricyclic antidepressant (TCA) have recently been shown to interact with LeuT, the bacterial 
leucine transporter whose atomic structure has been obtained at high resolution, and which is 
considered the prototype of the Na+ coupled cotransporters of the SLC6A family. The 
binding site of TCAs appears to be separate from the innermost substrate binding site, and 
located in an extracellular vestibule, lying over, and thereby blocking the structural “gate” that 
gives access to the permeation pathway.  
 
Indeed TCAs appear to be able to affect not only different transporters but ionic channels as 
well. Besides their action on serotonin transporters (SERT), considered the most relevant 
target for many neurological disorders, they have been reported to impair the reuptake of 
GABA by various GAT subtypes, but also to inhibit the activity of HERG potassium channels 
important in the cardiac function. This heterogeneity in the affected targets, in addition to 
increasing the possibility of undesirable side effects, may raise questions about which is the 
primary site of action in cells that possess multiple potential TCA targets. 
 
The effects of the tricyclic antidepressant imipramine on the activity of the GABA 
cotransporter GAT-1 have been studied with electrophysiological and confocal microscopy 
experiments on Xenopus oocytes transfected with GAT-1 cRNA. Imipramine at 
concentrations 10 – 1000 M progressively inhibits the transient (presteady-state) currents in 
absence of GABA, as well as the currents associated to the neurotransmitter translocation. In 
contrast, the GAT-1-related uncoupled current, best seen in presence of Li+, appears to be 
unaffected by the drug. The effects of imipramine are hardly reversible and, at higher 
concentrations, detrimental to the cells. 
 
Redistribution studies using GAT1-GFP constructs on transfected HEK293 cells indicate no 
evident internalization of the transporter upon imipramine exposure. The drug also appears to 
inhibit a K+ M-like current endogenously present in the oocytes, an effect that must be 
carefully separated from those on the heterologous proteins. This last result confirms the 
ability of imipramine to act on multiple targets, while the effects on the different transporter 
currents may help in elucidating its molecular mechanism of action. 
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The human cytomegalovirus (hCMV) encodes the G-protein-coupled-receptor (vGPCR) 
US28. This receptor signals constitutively and interacts with a broad range of chemokines, 
which are crucial to the pathophysiological significance and immunregulatory aspects of this 
receptor. Chemokines and their receptors have been shown to be key determinants of tumor 
growth and formation of metastases. US28 exerts anti-tumorigenic effects in two melanoma 
cell lines. Here we show that in contrast to all other previously studied cell lines, US28 is 
expressed on the cell surface in the melanoma cell lines Sbcl2 and 451Lu. We found that 
GASP – the G-protein coupled receptor associated sorting protein – which sorts US28 and 
many other GPCRs to the lysosomes is absent in melanoma cells. The absence of GASP 
might affect the tumor suppressing properties of US28. 
 
 
Melanoma cells produce several chemokines, one of them is the monocyte chemoattractant 
protein-1 (MCP-1). We found that the MCP-1 level in the supernatants of 451Lu cells 
increased when US28wt was expressed. US28Δ317, a truncated mutant of US28 which is 
known to have enhanced signalling capacity compared to US28wt, increased the MCP-1 
concentration up to 20 fold. We speculate that the constitutive signalling of the receptor 
regulates the MCP-1 production of melanoma cells. 
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Introduction 
Depression is among the four leading causes of disability and disease burden throughout the 
world and is associated with medical morbidity and mortality across the lifespan. Given the 
importance of shedding light on the neurophysiological underpinnings of depression, 
magnetic resonance imaging (MRI) combined with automated computation techniques is a 
promising in vivo research method to study the biology of brain systems related to depression. 
A variety of clinical neuroimaging studies found neuromorphological changes in special 
limbic brain circuits associated with affective disorders such as major depression or bipolar 
disorder. Previous findings of structural changes in depression-related brain regions mainly 
reported volumetric alterations of subcortical limbic structures such as the amygdala or the 
hippocampus in patients suffering from major depression1, 2. Recently also cortical measures 
like cortical thickness have been used to study surface-based morphological changes in other 
neuropathologies like schizophrenia or multiple sclerosis3-6. However, to the best of our 
knowledge there is currently no available data measuring cortical morphological changes in 
remitted depressed subjects. To compensate for that we are specializing on changes of cortical 
morphometry which may reflect pathophysiological deficits in brain circuits implicated in the 
abnormal emotional processing of remitted depressed patients. 
 
Aim 
Our goal is to investigate systematically the behavioural significance of structural changes of 
brain regions related to depression with surface-based morphological methods such as the 
analysis of cortical thickness, surface area, sulcal depth or curvature. This will be performed 
in the course of an ongoing multimodal Imaging Genetics study aiming to compare healthy 
and remitted depressed subjects with a focus on risk genes for depression and their impact on 
brain systems associated with emotional processing. 
 
Methods 
Recent advantages in morphological imaging resulting in automated and sensitive surface 
reconstruction techniques allow for the visualization and analysis of the human cerebral 
cortex accounting for the regional specificity of the individual surface neuroanatomy. Taken 
that into account, cortical surface models will be created and analyzed via Freesurfer and the 
Analysis of Functional NeuroImaging (AFNI) Surface Mapper (SUMA). Compared with 
brain activity measurements using volumetric models that lack topological accuracy, 
surfacebased models preserve the topological folding patterns of the cortex, and, by that, 
reduce anatomical variability and at the same time increase statistical power. 
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Outlook 
Structural magnetic resonance imaging scans which have been obtained from 25 healthy 
controls and 25 age and gender-matched remitted depressed patients without any current drug 
treatment or psychiatric illness will be statistically analyzed. Since neuroanatomical changes 
in acute depressed subjects might reflect mainly the current psychopathological state, remitted 
depressed patients might be more appropriate to directly study the vulnerability to depression. 
In the first step of our surface-based morphological approach we are mainly concentrating on 
the cortical thickness of the cerebral cortex and its subdivisions implicated in emotional and 
cognitive processing such as the cingulate cortex and the medial prefrontal cortex. 
Preliminary data will be presented. 
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The glutamate transporter EAAC1/EAAT3 mediates the uptake of glutamate from the 
synaptic cleft as well as the absorption of dicarboxylic amino acids in epithelial cells. Its cell-
surface distribution is dynamically regulated by constitutive cycling, but the precise molecular 
mechanisms underlying this event are far from being fully elucidated. 
 
In the C-terminus of EAAC1, we identified a conserved consensus sequence (-SQF) for 
interaction with class I PDZ domains and a tyrosine-based internalization signal (-YVNG-) 
and investigated the role of these motives in the transporter localization, in epithelial cells.  

Removal or manipulations of the PDZ-interacting sequence affected the cell surface 
expression of the transporter without altering its apical targeting or substrate affinity. 
Decreased cell surface expression was caused by a faster internalization of the mutant 
transporter and was prevented by hyperosmotic treatment, thus indicating that also in 
epithelial cells the internalization of EAAC1 is clathrin-dependent. The rate of endocytosis of 
both the wild type and the �TSQF mutant EAAC1 was dramatically attenuated following 
mutagenesis of the critical tyrosine residue in the YVNG signal, revealing that this motif 
largely control the constitutive internalization of the transporter. 

Furthermore, we demonstrated that the PDZ-domain protein PDZK1 and the �-adaptin 
(clathrin adaptor complex (AP)-2) interacted with EAAC1, however while PDZK1 associated 
with the wild type transporter, �-adaptin prevalently co-immunoprecipitated with the �TSQF 
mutant. 

We suggest that the surface density of EAAC1 in basal conditions may be controlled by 
competitive interactions between PDZ proteins, which retain the transporter at the cell 
surface, and clathrin-adaptor proteins, which promote its constitutive endocytosis.  

We are now investigating whether changes in the EAAC1 surface density, observed under 
stimulated conditions, depend on modulation of the interactions between the transporter and 
PDZ or clathrin adaptor complexes.  
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Abstract 
 
Based on the crystal structure of LeuTAa, a bacterial homologue to the Na+/Cl--dependent 
neurotransmitter transporters (SLC6-family) from Aquifex aeolicus, it was proposed that 
inhibitors of the serotonin and norepinephrine transporters (i.e., tricyclic antidepressants, 
TCA's) bind in the outer vestibule of the transporter and thus occlude access of the substrate 
to the substrate binding site. This model predicts that inhibitors and substrates are bound to 
different sites and is inconsistent with the competitive inhibition of TCA binding by substrate. 
We surmised that the binding sites overlapped and tested this conjecture by using 
carbamazepine as a ligand for the human serotonin transporter (hSERT). The underlying 
rationale is the fact that carbamazepine an analogue of imipramine is devoid of the aliphatic 
side chain. As expected, carbamazepine competes for binding of [3H]imipramine (and blocks 
uptake of serotonin mediated by hSERT). However, in the presence of carbamazepine, 
hSERT is still capable of binding substrates such as serotonin and MPP+ (1-methyl-4-
phenylpyridinium); this was demonstrated in experiments with [3H]imipramine as the 
radioligand, where the slope of the Dixon plot for serotonin and MMP+ was increased upon 
addition of carbamazepine. In contrast, addition of carmazepine to compounds capable of 
inducing transport reversal (p-chloro-amphetamine = PCA, 3,4-methylene-
dioxymethamphetamine = MDMA) invariably gave parallel shift in the Dixon plot. Based on 
these observations, we conclude that (i) the ring of tricyclic antidepressants does not occupy 
the substrate binding site, and that (ii) releasers induce a conformation, which precludes their 
simultaneous binding together with of transport inhibitors, resulting in competitive inhibition.  
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Introduction 
Available evidence suggests the existence of volumetric abnormalities in subcortical 
structures evolving during brain development that reflect vulnerability markers of Major 
Depressive Disorder (MDD). Anatomical magnetic resonance imaging (MRI) is a promising 
in vivo research method to study the morphology of brain systems related to depression. In the 
last years a number of neuroimaging studies on depression has focused on the detection of 
morphometric changes in subcortical structures comparing acute depressed patients and 
healthy controls. Meta-Analyses of these studies suggest reduced bilateral hippocampal 
volumes in patients with unipolar depression1, 2, whereas studies on amygdala3 and basal 
ganglia4 volumes have been contradictory. Very few studies were focusing on volumetric 
alterations comparing acute depressed and remitted depressed patients5. The results indicate 
smaller hippocampal volumes bilaterally in acute depressed patients compared to remitted 
patients. Currently there is no available evidence on the question whether there exist 
volumetric alterations in subcortical structures between remitted depressed patients and 
healthy controls. 
 
Method 
Today several computational neuroanatomical techniques are available providing voxel or 
surface-based imaging approaches. Whereas Voxel-based Morphometry (VBM) is frequently 
used to study differences of grey matter volumes, it has its clear limits. Our study provides a 
large amount of anatomical measures being complimentary to our VBM analyses. These 
anatomical measures include the labelling of subcortical tissue classes, as well as the labelling 
of cortical sulci and gyri and the calculation of corresponding volumes. Structural MRI data 
will be processed via Freesurfer including a set of automated tools where subcortical 
segmentation and cortical parcellation are based on both- a subject independent probabilistic 
atlas and subject specific measured values. 
 
Outlook 
As part of a multimodal Imaging Genetics study functional and structural magnetic resonance 
imaging (MRI) scans were obtained from 25 healthy controls and 25 age and gender-matched 
remitted patients having suffered from major depressive disorder without any current drug 
treatment or additional psychiatric illness. Specifying on regions involved in emotional and 
cognitive processing statistical analyses will be performed to compare volumetric variations 
of the hippocampus, the amygdala and the basal ganglia between healthy and remitted 
depressed subjects. Preliminary results of these analyses will be presented. 
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Summary 
Copper is an indispensable nutrient for the proper functioning of various cell processes, but is 
tightly regulated as loss of regulation is highly toxic. Human CTR1 is a member of the copper 
transporter (CTR) family, consisting of proteins that are the main gateways of copper into 
eukaryotic cells. We provide here a Cα-trace model of the transmembrane (TM) region of the 
transporter using a low resolution cryo-EM map and evolutionary information. The model 
suggests specific structural and functional roles for residues of the two motifs that 
characterize the CTR family. Moreover, the model offers a first glance into a transmembrane 
protein of novel fold.  

 
Introduction 
Copper ions are important in key processes, such as clearance of free radicals and respiration1. 
However, increased cellular concentration of copper is toxic and causatively linked to Menkes 
and Wilson's diseases2,3. It has also been proposed to play roles in prion disorders such as 
Alzheimer disease3. Uptake of copper in its reduced form (Cu+) into the cell is mediated by 
TM proteins of the CTR family, present in organisms as diverse as yeast, plants, and 
metazoans4. In humans, hCTR1 is the main copper transporter5. A 2D cryo-EM map revealed 
its overall fold6, presenting a homo-trimeric structure with a single pore, whereas each subunit 
includes three TM segments. Still, a molecular level structure is not yet available. Previously, 
a modeling approach by Fleishman et al. based on phylogenetic analysis and intermediate-
resolution structures was developed7 and used to predict the TM domains of the gap junction8 
and the bacterial multidrug resistance transporter EmrE9. 
 
Results and Discussion 
Using a 3D cryo-EM intermediate-resolution map, recently solved by De-Feo and co-workers 
(De-Feo et al, in preparation), we predicted a Cα-trace model of the TM domain of hCTR1 
utilizing the same computational method mentioned above7. Modeling was challenging since 
the three TM segments of hCTR1 can be assigned to the helices in the cryo-EM map in six 
different manners. Moreover, deciding on a single model also required determination of the 
membrane topology in the cryo-EM map. By applying logical and physicochemical 
considerations along with experimental data, one model was chosen as the most probable 
(Figures 1). Reassuringly, the model structure is supported by mutagenesis data, including 
tryptophan scanning of the three TM segments, cross-linking experiments (De-Feo et al, in 
preparation) and phylogenetic analysis. 

Two highly conserved sequence motifs, MxxxM and GxxxG, are characteristics of 
proteins from the CTR family4. Met150 and Met154 of hCTR1's MxxxM motif were shown 
to be directly involved in the copper transport mechanism10,11. Since the Met150 and Met154 
residues of the three monomers are situated in close proximity in the model structure, we 
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propose that they may serve together as an entrance gate (Figure 2A). When this extracellular 
gate opens, Met154 from the three subunits may serve as a copper selectivity filter. This 
suggestion correlates well with evidence demonstrating that three methionines alone are not 
only suffice for copper binding, but are also highly selective for Cu+ over Cu2+ 12.  

Previously, Unger and co-workers suggested that glycines of the GxxxG motif may 
mediate helical contacts within or between subunits13. In the hCTR1 model-structure, G167 
and G171of the motif reside in a tight helical interface, which supports this suggestion (Figure 
2). We propose that these glycines are the main cause for the impaired helical shape of TM3 
(Figure 2B), which may contribute to structure flexibility needed to facilitate conformational 
changes during ion transport.  
 
Conclusions 
hCTR1 presents a novel fold, never observed before for a TM protein. Overall, the model 
opened the window for a better understanding of the specific roles of residues part of well-
known sequence motifs. The original fold revealed by the hCTR1 model structure may serve 
as a framework for providing structural clues for additional proteins possessing the same 
trimeric structure, within the CTR family and maybe beyond it.  
 

Figures 

 

 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. The Cα-trace model of hCTR1 mapped on the cryo-EM density map. The TM helices are colored 
green, blue and red, corresponding to TM1-3, respectively. TM2 of the three subunits line the pore. A tight 
interface is formed between TM1 and TM3.  
 
 
 



 75

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. The conservation profile of the TM region of hCTR1. The TM helices of hCTR1 are colored by 
evolutionary conservation, as calculated by the ConSurf server14 (http://consurf.tau.ac.il). Turquoise-to-maroon 
signifying variable-to-conserved positions respectively, shown by the corresponding color bar. Conserved 
residues are buried in the protein core and the variable residues face the membrane. Residues M150, M154, 
G167 and G171 of the conserved motifs MXXXM (TM2) and GXXXG (TM3), respectively, are shown as 
spheres. The MXXXM motifs face the pore, where they could bind copper ions and the GXXXG motifs mediate 
the densely-packed TM1-TM3 interface. A. View from the extra-cellular matrix. The three TM segments are 
marked on one subunit. B. Side view.  
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Crystalline bacterial cell surface layer (S-layer) proteins have been optimized during billions 
of years of biological evolution as constituent elements of one of the simplest self-assembly 
systems.1,2 It is anticipated that systems, wherein bio-molecules spontaneously assemble into 
reproducible supramolecular structures (‘bottom-up’ strategy), would enable the exploitation 
of biological systems which show remarkable sensitivity, specificity and efficiency while 
affording the control that is mandatory through nanobiotechnology.3,4  

This contribution briefly describes the molecular construction kit composed of all 
constituents found in cell envelope structures of prokaryotic organisms. This biomimetic 
approach, copying the supramolecular building principle of S-layer-associated plasma 
membranes developed by archaea, offers manifold application potentials as far as to novel 
technologies for the generation of functional lipid membranes.1,2,4-6 

S-layer lattices do not only stabilize lipid membranes but also act as nanometer-thick 
intermediate layer between inorganic supports and lipid membranes providing an ionic 
reservoir and natural environment for incorporated transmembrane proteins.2,4,6 This is of 
particular challenge as one-third of all proteins in an organism consist of membrane proteins, 
which constitute the preferred targets for pharmaceutical drugs. Moreover, an additional 
S-layer lattice facing the aqueous environment enhanced the long-term stability of the lipid 
membrane significantly. The pronounced stability of the layered architecture is most probably 
due to the molecular sieving effect of the S-layer lattice and the nano-patterning of the lipid 
membrane. 1,2,4-6 Thus, S-layer-supported lipid membranes are in a balanced state with a small 
proportion of immobilized lipid molecules but a largely retained overall fluidity providing a 
suitable matrix for transmembrane proteins. These are requirements for preparing 
biocompatible surfaces, for structure-function studies on transmembrane proteins, and for the 
application as bio-sensing devices like the so-called lipid chips. 1,2,4-6 
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Chemoresistance is a major problem during cancer treatment. ATP–binding cassette (ABC) 
transporter efflux is mainly responsible for this chemotherapeutics resistance of the tumour 
cells. We have recently observed that in the presence of statins SH-SY5Y neuroblastoma cells 
show enhanced susceptibility to doxorubicin induced apoptosis which can not be explained by 
simple additivity.  
 
In order to monitor ABC-transporter activity as a possible source of statin mediated additivity 
in doxorubicin induced apoptosis calcein uptake and release were analysed in human SH-
SY5Y neuroblastoma cells. Simvastatin inhibited calcein uptake and release to the same 
extent as the well described 1st generation ABC transporter inhibitor verapamil. Using the 
fluorescence behaviour of doxorubicin the accumulation of the anthracycline in SH-SY5Y 
neuroblastoma cells was visualised by confocal microscopy. The cummulating fluorescence 
intensity showed significant acceleration and accumulation under atorvastatin treatment. 
 
P-glycoprotein (ABCB1) is a heavy glycosylated transporter for cytotoxic compounds. The 
protein appears as a double band, representing a mature fully glycosylated protein (~180kDa) 
and a partially deglycosylated immature protein (~140 kDa) [1]. Atorvastatin reduced the 
mature 180kDa protein band, suggesting an impairment of glycosylation. Treatment of the 
cells with tunicamycin, an inhibitor of the endogenous protein glycosylation in the 
endopolasmic reticulum leads to the detection of the complete deglycosylated immature 
protein (~110kDa). This assumption is corroborated by additional N-glycosidase F (PNGase) 
treatment of the human SH-SY5Y cells. The functional relevance of the deglycosylation of P-
glycoprotein has been confirmed by enhanced doxorubicin accumulation in PNGase F treated 
SH-SY5Y cells. 
 
In order to circumvent limited biological significance of the degenerated SH-SY5Y cell line 
primary human neuroblastoma cells were investigated. Similary, in the presence of statins 
enhanced doxorubicin accumulation was detectable and thereby corroborated the above 
described principle of action. 
 
Taken together, simvastatin and atorvastatin reduce the glycosylation of P-glycoprotein. 
Hence, statins reduce the activity of P-glycoprotein, which leads to an enhanced intracellular 
accumulation of doxorubicin. This explains the potentiated apoptosis by co-application of 
simvastatin and doxorubicin.  
 
*The work was supported by the Herzfeldersche Familienstiftung and the GENAU-Dragon 

Project. 

1. Ying Wang, Tip W. Loo, M. Claire Bartlett, and David M. Clarke: Modulating the 
Folding of P-Glycoprotein and Cystic Fibrosis Transmembrane Conductance Regulator 
Truncation Mutants with Pharmacological Chaperones 
Mol Pharmacol. 2007, 71: 751–758. 
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Abstract 

Structural and functional studies on transmembrane transporters are crucial to understanding 

mechanisms of substrate translocation. To facilitate structural studies on transporters novel 

approaches are needed. Identification of mutants with enhanced stability has already proven 

useful for the determination of membrane protein structures and promises to be a suitable 

strategy to apply to transporters in general, both to increase the number of known structures 

and to allow for determination of structures in different states of the transport cycle. We have 

begun structural studies on a prokaryotic member of the proton oligopeptide transporter 

(POT) family of symporters. Large-scale production and purification of this protein have been 

established, and crystallization trials of the native protein with and without substrates are 

ongoing. Additionally, we have developed a screen to identify thermostable and loss-of-

function mutants of this protein, using a two-step procedure based on a growth assay followed 

by measurement of thermal aggregation temperatures of mutant proteins. This screen has 

yielded several interesting mutants that are currently being characterized, and may serve as 

useful tools for crystallization. 
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 Transporters for noradrenaline (NET), dopamine (DAT) and serotonin (SERT) form 
the monoamine neurotransmitter transporter subfamily, which belongs to the superfamily of 
Na+- and Cl--dependent transporter proteins. The key role of NET, DAT and SERT is to 
remove monoamines from the synaptic cleft, and hence rapidly terminate neurotransmission. 
The monoamine transporters are proteins of twelve transmembrane domains (TMDs), with 
intracellular amino and carboxyl termini and multiple consensus sites for protein kinase C 
(PKC). PKC activation has already been strongly linked with regulating the cell surface 
distribution and function of the monoamine transporters.  
 The aim of our current study has been to explore the functional role/s of a highly 
conserved threonine (T) residue located in the amino terminal region of the NET, DAT and 
SERT. A remarkable feature of the amino terminal is the RETWGKK motif, a sequence 
entirely conserved among the NET, DAT and SERT. It is, in fact, within this conserved motif 
where our absolutely conserved threonine residue is located. Residue T81 of human (h) 
SERT, and the equivalent residues in hDAT (T62) and hNET (T58), were predicted by 
NetPhos to be likely PKC phosphorylation sites. Site-directed mutagenesis was thus used to 
substitute this T residue in all three monoamine transporters by alanine, and subsequently 
examine the effects of these mutations on the pharmacological profiles of the transporters.  
  Confocal microscopy showed that mutants were expressed at the cell surface, while 
FRET microscopy similarly failed to detect significant defects in transporter oligomerisation 
in the T81A-hSERT mutant. Kinetic parameters for 3H-serotonin or 3H-dopamine (DA) 
uptake and 3H-serotonin or 3H-pCA release were determined in CAD cells transiently 
expressing wild-type or mutant transporters. Interestingly, although the mutants showed 
reduced uptake compared to the wild-type transporters, they altogether exhibited abolished 
amphetamine-induced efflux. To mimic the negatively charged phosphate groups, we created 
the equivalent mutation to aspartate; however, these failed to recover reverse-transport in 
these mutants. Another surprising observation was that deletion of the entire amino tail of 
hSERT exhibited a functional effect comparable to that caused by the replacement of T81 by 
either alanine or aspartate residues. These results provide the first evidence that a single 
threonine residue, located in the amino terminals of monoamine transporters, plays a role in 
substrate uptake, but its presence is absolutely critical in order for amphetamine-induced 
efflux to occur. Moreover, recent results from electrophysiological experiments indicate a 
clear difference between the properties of wild type hSERT and the T81A-hSERT mutant, 
when pCA-induced currents are measured in oocytes expressing these transporters. 
 Overall, based on our data, it may be speculated that a conformational change in the 
N-terminal, which must occur in order for efflux to take place, is dependent on the presence 
of this particular threonine residue, probably in a phosphorylated manner, in all monoamine 
transporters.  
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P-glycoprotein (Pgp) acts as an active efflux mechanism for a large number of xenobiotics 

and seems to be involved in the frequent failure of cancer chemotherapy, extruding cytostatics 

from the tumor cells. However, little is known about its possible endogenous substrates. 

Retinoids are potential endogenous Pgp interacting agents based on their physico-chemical 

characteristics. Our in vitro drug accumulation studies showed that retinol and 13-cis-retinoic 

acid significantly increased calcein and daunorubicin uptake of Pgp expressing cells, while 

ATRA and its isomerization product 9-cis-retinoic acid were not effective. Several synthetic 

analogues that bind to the retinoid receptors RAR and RXR, were also tested and found to 

have Pgp inhibitory effect. Since studies carried out on intact cells may be affected by the 

metabolism and isomerization of the compounds, these substances were also tested in the in 

vitro ATPase activity assay. We have found that 13-cis-retinoic acid, retinol and the synthetic 

analogues inhibited the verapamil induced as well as the basal ATPase activity of the pump. 

Based on these data it seems likely that these retinoids are Pgp inhibitors. Retinoic acid 

isomers (especially 13-cis retinoic acid) are applied in combination therapy of acute 

promyelocytic leukemia, neuroblastoma and other malignancies together with anthracyclines 

or taxol, leading to increased efficacy compared to the monotherapy. The above results 

suggest that retinoids may change the pharmacokinetics of Pgp substrate anticancer drugs 

contributing to the success of combination therapy of tumors.  

 
Support: OTKA TO48742 
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Introduction: 
 
Human Cytomegalovirus, which infects up to 80% of the general population, causes severe 
complications in immunocompromised patients and is thought to be linked to vascular 
diseases, such as atherosclerosis and restenosis. This β-herpesvirus encodes a G-protein 
coupled receptor (GPCR), namely US28, which does not only show homology to endogenous 
chemokine receptors but also binds endogenous CC chemokines and fractalkine. 
 
Here, we set out to elucidate the mechanisms by which the viral receptor US28 is endocytosed 
and targeted to these intracellular lysosomal compartments. The recently identified protein 
GASP (GPCR-associated sorting protein) specifically targets GPCRs to the lysosomal 
pathway. By addressing the post-endocytic trafficking properties of the viral receptor and its 
possible interaction with GASP, we hope to gain important insights in the function and 
pathology of these viral proteins. Additionally, the sorting of individual receptors between 
recycling and degradative fates is a fundamental mechanism that controls the signalling 
capacity of GPCRs. Therefore, we investigated the role of GASP in the regulation of the 
postendocytic sorting and signaling of US28. 
 
Methods: 
 
Mouse embryonic fibroblasts (MEFs) 
Immortalized MEF cell lines from GASP-1 floxed and GASP-2 knockout (KO) mice were 
established. Therefore, 15 to 17dpc embryos of GASP-1 floxed and GASP-2 KO-mice were 
used. To knock down GASP-1 in GASP-1 floxed MEFs the cells were transduced with an 
adenovirus encoding for CRE-recombinase. 
 
Fluorescence microscopy and antibody feeding experiments 
Mouse embryonic fibroblasts were transiently transfected with flag-US28. 24h later, antibody 
feeding experiments were conducted with anti flag antibody M1 (1:500) for 45 minutes. Then, 
the cells were fixed, lysed and stained with a secondary antibody (IgG2b, 488nm Alexa dyes). 
The localization of US28 was then assessed by fluorescence microscopy. 
 
Signaling assays 
Reporter gene assays were performed in HEK293 cells. Therefore the cells were transiently 
transfected with HA-US28, HA-GASP-1 and the corresponding luciferase-reporter plasmids 
for NF-κB, NFAT and CREB. 24h post transfection the activation of the transcription factors 
was measured with the top counter. 
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Results: 
As a result, we were able to show that GASP-1 but not GASP-2 is involved in the 
postendocytic sorting of US28. In wild type and GASP-2 knockout mouse embryonic 
fibroblasts, the receptor showed a vesicular distribution. When GASP-1 was knocked down, 
US28 was localized to the cell surface. Additionally, the role of GASP in the constitutive 
signalling capacity of US28 was studied in the HEK 293 cells. We over-expressed GASP-1 to 
favor the targeting of US28 to the degradative pathway, which yielded a decreased activation 
of the transcription factors NFκB, CREB and NFAT. Our findings suggest that GASP-1 plays 
an important role in the regulation of the postendocytic sorting and signaling of the virally 
encoded chemokine receptor US28 
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Abstract 
The serotonergic system is a highly important neural circuitry using the neurotransmitter 
serotonin for neurotransmission and is known to affect sleep, appetite and mood. The primary 
role of the serotonin transporter (SERT) is to facilitate the reuptake of the neurotransmitter 
serotonin (5-HT) from the synaptic cleft thereby terminating the synaptic signal. Changes in 
the synaptic concentration off 5-HT is correlated to a number of psychiatric disorders 
including depression and anxiety.  
The therapeutic action of antidepressants is via selective inhibition of SERT for both the 
tricyclic antidepressants (TCAs), the selective serotonin reuptake inhibitors (SSRIs) and the 
serotonin-norepinephrine reuptake inhibitors (SNRIs). SERT is also the target for several 
psychostimulants including cocaine and MDMA (“ecstasy”).  
In year 2005 the crystal structure of a homologous protein (LeuTaa) was elucidated and it 
holds tremendous importance for the future works regarding the whole class of homologous 
proteins. 
Our lab has been able to develop a homology model of hSERT in collaboration with the 
biomodelling group at the Department of Chemistry, Aarhus University under supervision of 
associate professor Birgit Schiøtt. The model is created by combination of homology models 
based on the crystal structure, Induced Fit Dockings (IFD) and rational Pairing of Mutant and 
Ligand Analog Complementation (PaMLAC). This model gives knowledge about the 
orientation of serotonin in its cognate transporter and allows us to identify novel points of 
interaction between ligand and transporter. This validated model of the ligand binding site of 
SERT provides an excellent platform for rational drug design of new medication for the 
treatment of depression and drug addiction. 
In the search for knowledge about the arrangement of the substrate binding site in the 
monoamine transporters this study exploits the relatively few divergent residues in the 
binding site of hSERT and hDAT. By introducing the hDAT divergent residues in the hSERT 
background and vice versa it was possible to mould the binding site of hDAT toward hSERT 
phenotype and vice versa which have given important information about which residues 
govern substrate selectivity and we have been able to shift the selectivity for some ligands 
between hSERT and hDAT. 
Combining the biochemical data with IDF models we hereby present a picture of the binding 
site holding ligands that shows interesting selectivity differences between hSERT and hDAT. 
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GAT inhibitors selectively inhibiting mGAT1 have been shown to possess a promising 

therapeutic potential [1]. Since the introduction of the mGAT1 selective inhibitor Tiagabine 

mGAT1 can be classified as an approved drug target for the therapy of epilepsy. Inhibition of 

mGAT4 by the so far most potent inhibitor (S)-SNAP-5114 has been demonstrated to mediate 

anticonvulsant effects as well [2]. Unfortunately this compound is rather poorly suited as a 

pharmacological tool for mGAT4 due to its chemical instability. Considering this situation we 

aimed to generate a potent and selective mGAT4 inhibitor with improved chemical stability.  

As the chemical instability of (S)-SNAP-5114 i.e. its sensitivity to acidic conditions is 

clearly the result of the triaryloxyethyl side chain attached to the nitrogen of nipecotic acid 

only the triaryl side chain was modified. All the nipecotic acid derivatives synthesized were 

characterized at mGAT1-4 in [³H]GABA-uptake assays. In this series a carba analogue of 

SNAP-5114 lacking the lability towards acids but showing a similar potency at mGAT4 was 

found. In order to further improve the potency of this carba analogue at mGAT4 its (S)-

enantiomer was finally prepared. The IC50-value obtained for this compound at mGAT4 was 

1.3 µM compared to 2.0 µM for (S)-SNAP-5114. 

 

[1] Meldrum and Chapman, Epilepsia 1999, 40(Suppl.9), S2-6. 

[2] Dalby, Neuropharmacology, 2000, 39, 2399-2407.  
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The Serotonin Transporter (SERT) is a member of the neurotransmitter sodium symporter (NSS) 
family that transports Serotonin (5-HT) coupled with Na+ and Cl- ions through the presynaptic 
membrane (1). It is also a target for pharmacologically interesting substances like the substrates 3,4- 
methylenedioxymethamphetamine (MDMA), N,N-dimethyltryptamine (DMT) and psilocin. 
Inhibitors, like tricyclic antidepressants (TCA) and selective serotonin reuptake inhibitors (SSRI) are 
usually used as CNS-therapeutics (1,4). 
 
For getting more information about the differences in the binding mode between substrates and 
inhibitors in the binding site of the SERT, we created a homology model based on the crystal structure 
of the Leucine Transporter (LeuT), a bacterial homologue of the NSS, published in 2005 (2). The 
sequence identity between the LeuT and the SERT is around 20 % and the homology is about 40 %. 
The underlying alignment was taken from the comprehensive study on NSS, published in 2006 (3). 
The utilized software for the homology modelling and docking was the Molecular Operation 
Environment (MOE), Version 2007.09. 
 
After successful redocking of leucine in LeuT we docked a variety of ligands. The substrates 5-HT, 
MDMA and DMT and the inhibitors cocaine, WIN 35,428 (CFT = 2β-carbomethoxy-3β-(4- 
fluorophenyl)-tropane) and methylphenidate (MPD) have been docked to examine differences in the 
binding mode. We selected the most accurate poses in a four step procedure. In the first step, we used 
the Protein Ligand Interaction Fingerprint (PLIF), a built-in tool in MOE 2007.09, to select those 
poses having interactions with residues that have experimentally been shown to be important for the 
function of the transporter. In the next step we calculated an RMSD-distance-matrix that was used as 
input for cluster analysis to generate homologous groups of the remaining poses. Next we selected 
those groups with the most favourable energetic parameters. The last step was an energy minimization 
of the ligandreceptor- complex. Two energetic descriptors, which describe the interaction energy of 
the complex were the basis for selecting one pose out of the remaining clusters. 
 
Comparing our results to a recently published SERT model we found similar positioning (4). The 
analysis of our best poses showed that the different substrates bind in a similar modality. Concerning 
the inhibitors we found, that the binding mode is also similar within this group. In comparison to the 
recently published article on cocaine binding site in DAT (5) we found analogous interactions with the 
respective residues in the SERT. This suggests that cocaine shows the same binding mode both in 
DAT and SERT. 
 
References: 
(1) Rudnick G., 2006, Serotonin Transporters – Structure and Function, J. Membrane Biol. 213:101–110 
(2) Yamashita A. et al., 2005, Crystal Structure of a bacterial Homologue of Na+/Cl--dependent Neurotransmitter 
Transporters, Nature 437:215-223 
(3) Beuming T. et al., 2006, A comprehensive structure-based Alignment of prokaryotic and eukaryotic Neurotransmitter/Na 
Symporters (NSS) aids in the Use of the LeuT Structure to probe NSS Structure and Function, Mol Pharmacol 70:1630–1642 
(4) Celik L. et al., 2008, Binding of Serotonin to the Human Serotonin Transporter. Molecular Modeling and Experimental 
Validation, J. Am. Chem. Soc. 130:3853 -3865 
(5) Beuming T. et al., 2008, The Binding Sites for Cocaine and Dopamine in the Dopamine Transporter overlap, Nature 
Neuroscience 11:780-788 



 86

 
P 39) Biofunctionalization of Atomic Force Microscopy Tips with a Modular Linker 
System 
 
Linda Wildling1, Andreas Ebner, Christian Rankl1, Hans Oberleithner2, Hermann Gruber1 and Peter 

Hinterdorfer1 
 

1 Institute of Biophysics, University of Linz, Linz, 4040, Austria 
2 Institute of Physiology II, University of Muenster, Muenster, 48149, Germany 

E-mail : linda.wildling@jku.at  
 
Attachment of ligand molecules onto the measuring tip of an atomic force microscope converts it into 
a biospecific sensor by which complementary receptor molecules can be detected on a sample surface. 
For optimal ligand function, it proved beneficial to tether the ligand to the tip via a 6 nm-long 
polyethylene glycol chain (PEG). The standard protocol is the following: (i) aminofunctionalization of 
the tip, (ii) unilateral attachment of the PEG spacer, and (iii) attachment of the protein to the outer end 
of the PEG chain. Conventionally, a PEG linker with an N-hydroxysuccinimide ester function (NHS, 
for fast reaction with the amino groups on the tip) and a benzaldehyde group (for subsequent coupling 
of proteins via their lysine groups) has been used. Unfortunately, this linker had a high tendency to 
form loops between adjacent amino groups on the tip, due to benzaldehyde-amine coupling. In this 
study, the problem was solved by keeping the benzaldehyde function protected until after tip 
attachment. In the second part of this work, the coupling of small hydrophobic ligands to the AFM-tip 
was optimized and diversified by attaching a new linker with a protected amino group to the tip. After 
deprotection of the amino group on the outer end of PEG, a range of ligands, as well as short 
heterobifunctional crosslinkers could be bound via amide bonds. The significance lies in the 
commercial availability of NHS esters (or of carboxylic acid forms) of many different ligands and 
short crosslinkers, thus many applications of AFM tip functionalizations can be covered by this 
general coupling scheme. The third part of this work was focused on the coupling of thiols with 
maleimide functions. This type of reaction is the fastest of all covalent coupling steps which can be 
performed in water, it is irreversible (in contrast to disulfide formation), and the maleimide function is 
stable for hours at neutral pH, allowing for coupling at very low thiol concentrations. Three 
configurations were tested: (i) the reaction of tip-PEG-thiol with a small maleimide ligand, (ii) 
reaction of tip-PEG-maleimide with a small thiol ligand, and (iii) reaction of tip-maleimide with a 
thiol-PEG-ligand conjugate. These three new coupling schemes were thoroughly characterized by 
macroscopic and microscopic assays and shown to cover a wide range of tip functionalizations not 
accessible by the previously available coupling schemes. 
 
[1] Ebner, A., Wildling, L., Kamruzzahan, A. S. M., Rankl, C., Hahn, C. D., Hölzl, M., Kienberger, F., Blaas, D., 

Hinterdorfer, P., and Gruber, H. J. Bioconj. Chem. in press (2007) 
[2] Puntheeranurak, T., Wildling, L., Gruber, H. J., Kinne, R. K. H., and Hinterdorfer, P. J Cell Sci., 119, 2960-2967(2006) 
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The Dopamine transporter (DAT) is part of the sodium:neurotransmitter symporter family 
(SNF). Its main physiological role is to regulate synaptic neurotransmission by assuring 
dopamine (DA) reuptake into the presynaptic neuronal cells after its release in the synaptic 
cleft. Drugs of abuse such as amphetamine lead to an increased concentration of DA in the 
synaptic cleft by mediating initiation of dopamine efflux via DAT. In recent years it has been 
demonstrated that influx and efflux of substrate is not a symmetrical process. It has been 
shown that phosphorylation of serines in the N-terminus of human DAT is indispensable for 
this amphetamine-induced DAT-mediated efflux. However, not only PKC plays an important 
role in mediating phosphorylation but also calmoduline-dependent protein kinase II alpha 
(CamKIIα) showed to interact with the C-terminal of DAT and to phosphorylate residues in 
the distal N-terminus (Fog et al. 2006).  
 
In order to study the function of CamKIIα, one approach leads us to the employment of 
transgenic mice devoid of a functional copy of CamKIIα; and C57bl/6-129sve mice serve as 
control. Further experiments are realized by inhibiting the enzyme with KN93, a specific 
CamKII inhibitor or introducing the C-terminal of DAT attached to the transactivator 
transduction domain of HIV (TAT-C24) to eliminate the functional CamKIIα both in striatal 
slices of wildtype mice and TRex synDAT 9A cells; these cells are expressing a wildtype 
DAT as well as increased levels of CamKIIα under the control of a tetracycline-dependent 
promoter (Tet on system). 
 
A series of superfusion has therefore been performed. After cranial dislocation of wildtype or 
knockout mice, the brain is removed and the corpora striata are prepared. Subsequently the 
tissue is placed on a McIllwain tissue chopper and striatal tissue slices where prepared 
(thickness 0.3 mm). TRex synDAT cells are grown on PDL-coated coverslips 
(0,04mio/coverslip) and incubated for 30min with radioactive labeled DAT substrate MPP+ 

and accordingly TAT-C24 or its inactive control scrTAT-C24. The coverslips/striatal slices 
were superfused first with KHP buffer (Krebs-Hepes, pH 7,3) for 30-45min to guarantee a 
constant basal efflux. All experiments were carried out at a temperature of 25°C with a 
superfusing rate of 0,7ml/min. Every 2 minutes, fractions were collected in scintillation vials 
filled with 2ml scintillation cocktail and counted. At the end of the experiment the remaining 
radioactivity was recovered by disrupting the cell with SDS 1%. Drug-induced release of 
radioactivity was then calculated as percentage of radioactivity present in the cell at any given 
time point.  
 
In our superfusion studies we observe that CamKII knockout mice show a significantly 
lowered DAT mediated amphetamine-induced efflux of MPP+ compared to wildtype animals. 
In DAT expressing cells we notice that preceding superfusion with KN93 reduces 
amphetamine induced efflux compared to control traces. Moreover we also see a reduction of 
basal MPP+ efflux during KN93 treatment. There is an efflux-inhibiting trend in TAT-C24 
treated samples compared to our control both in cells and in slices. These results support the 
notion that CamKIIα plays an important role for amphetamine-induced efflux not only in vitro 
but also in an in-vivo setting. 
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