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Scientific Programme  
 
 
Monday, September 24 
 
07:45  Registration 
 
08:30  Opening Remarks 
 
08:40  Session 1: 
  (Chair: Ulrik Gether – University of Copenhagen, Denmark) 
 
08:45 Speaker 1: Jana Haase (School of Biomolecular Biomed Science, 

Ireland) 
Serotonin transporter regulation – a complex matter 

 
09:15 Speaker 2: Michael Freissmuth (Medical University of Vienna, Austria) 

Clientelism matters: axonal targeting of SERT is contingent on 
SEC24C-dependent ER-export  

 
09:45 Speaker 3: Amy Newman (Medicinal Chemistry Section NIDA-IRP, 

USA) 
Translating the atypical dopamine uptake inhibitor hypothesis: 
R-modafinil as a potential medication for psychostimulant abuse 

 
10:15 Coffee/Tea break   
 
10:45 Poster short presentations 

(Chair: Michael Freissmuth – Medical University of Vienna, Austria) 
 

12:00  Lunch / Reception Townhall 
 
13:55  Session 2:  
  (Chair: Dimitrios Fotiadis – University of Bern, Switzerland) 

 
14:00  Speaker 1: Alan Tall (Columbia University, USA) 

ABC transporters regulate hematopoietic stem and progenitor cell 
proliferation, leukocytosis, thrombocytosis and atherosclerosis  
 

14:30  Speaker 2: Balasz Sarkadi (National Medical Center, Hungary) 
ABC multidrug transporters in the chemoimmunity network – function 
and regulation of the ABCG2 protein 
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15:00 Speaker 3: Donald Miller (University of Manitoba, Canada) 

The importance of drug transporters in the treatment of brain tumors 
 
15:30 Plenary lecture 1:  

(Chair: Gerhard Schütz – Technical University of Vienna, Austria) 
 
15:35  Plenary Speaker: Susan Amara (University of Pittsburgh, USA)  

A new take on uptake: neurotransmitter transporters & the cellular  
mechanisms of amphetamine action 

 
16:35 Coffee/Tea break   
 
16:55  Session 3:  
  (Chair: Baruch Kanner – BioJerusalem, Israel) 

 
17:00  Speaker 1: Habibeh Khoshbouei (University of Florida, USA) 

Membrane potential: a novel regulator of dopamine transporter 
trafficking 
 

17:30 Speaker 2: Peter Hinterdorfer (Johannes Keppler University Linz, 
Austria) 
Probing the binding pocket of the serotonin transporter by single 
molecular force spectroscopy on living cells 

  
  
18:00 Speaker 3: Ian Forster (University of Zurich, Switzerland) 

Epithelial phosphate transport-molecules and mechanisms 

 
18:30 Speaker 4: Gerhard Ecker (University of Vienna, Austria) 

Ligand efficiency and lipophilic efficiency - versatile parameters for the 
design of inhibitors of transmembrane transporters? 

 
19:00 Evening Poster Session / Refreshments 
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Tuesday, September 25 
 
08:30  Registration 
 
08:55 Plenary lecture 2:   

(Chair: Christian Pifl – Medical University of Vienna, Austria) 
 
09:00  Plenary Speaker: Marc Caron (Duke University Medical Center, USA)  

From transporters to integrated approaches to understand the actions  
of GPCRs 

 
10:00 Poster short presentations 

(Chair: Daniela Pollak – Medical University of Vienna, Austria) 

 
11:00 Coffee/Tea break   
 
11:25  Session 4:  
  (Chair: Bruno Stieger – University Hospital Zurich, Switzerland) 
 
11:30  Speaker 1: Oliver Langer (Medical University of Vienna, Austria) 

Visualization of ABC transporters with positron emission tomography 

 

12:00  Speaker 2: Kazumitsu Ueda (Kyoto University, Japan) 
Mechanism of ABCA1-mediated HDL formation 

 
12:30 Speaker 3: Gergely Szakacs (Institute of Enzymology, Hungary) 

Strategies to overcome P-glycoprotein mediated multidrug resistance: 
back to the drawing board 

 
13:00  Lunch / Poster Session 
 
15:25 Plenary lecture 3:   

(Chair: Karl Kuchler – Medical University of Vienna, Austria) 
 
15:30 Plenary Speaker: Michael Köttgen (University Medical Center 

Freiburg, Germany)  
ABCG2, urate transport and gout: from bedside to bench - and back? 

 
16:30 Coffee/Tea break   
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16:55  Session 5:  

(Chair: Harald Sitte  – Medical University of Vienna, Austria) 
 

 Poster Bullets (3) 
 
17:45 Plenary lecture 4:   

(Chair: Maria Sibilia – Medical University of Vienna, Austria) 
 
17:50 Plenary Speaker: Jeffrey Rothstein (Johns Hopkins University School 

of Medicine, USA)  
Unexpected glial biology: dominant role of oligodendroglia in axon 
maintenance and participation in gray matter neurodegenerative 
disease  

 
18:50  Closing Remarks, End of meeting 
 
19:45  Heurigen Restaurant "Ing. Werner Welser"  
 

Probusgasse 12 , 19th district Vienna, Tel: +43 (0) 1 318 97 97 
 

 
Public transport:  
Please take tram line 37 from “Schottentor”. Get off at the end station “Hohe Warte”.  
5 minutes walk to Probusgasse. 
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POSTERS 
 

 Monday, September 24, 2012 
 
P-01  
Statins reduce endogenous dolichol levels in neuroblastoma cell line  
SH-SY5Y 
Bihter Atil, Evelyn Sieczkowski, and Martin Hohenegger 

 
P-02 
Determination of the oligomeric state of the serotonin transporter using single 
molecule imaging and brightness analysis 
Anderluh A, Klotzsch E, Sitte HH, Schütz GJ 
 
P-03 
Investigation of the dynamics and oligomerisation of an ABC transporter 
(ABCG2) using fluorescence microscopy techniques 
Kelvin Wong, Tim Self, Steve Briddon, Nicholas Holliday, and Ian Kerr 
 
P-04  
Homology modelling of gamma-aminobutyric acid transporter dimers in the 
occluded and inward open states 
Á. Simon, Á. Bencsura, I. Mayer, J. Kardos 
 
P-05 
Lanthanide resonance energy transfer based distance measurements in     
the mammalian glutamate transporter excitatory amino acid transporter 3  
Saha Kusumika, Santhosh Kannan Venkatesan, Sohail Azmat, Stockner Thomas, Bulling 
Simon, Ecker Gerhard F., Sitte Harald H., Sandtner Walter 
 
P-06 
Kinetic Properties of the Rabbit Intestinal Oligopeptide Cotransporter PEPT1: 
Role of Temperature 
Alessandra Vollero, Elena Bossi, Francesca Cherubino, Eleonora Margheritis, Ayodele 
Oyadeyi and Antonio Peres 
 
P-07 
Real-time uptake of fluorescent ASP+ via the organic cation transporter 3 
Felix P. Mayer, Diethart Schmid, Marion Holy, Jae-Won Yang, Isabella Salzer, Stefan Böhm, 
Peter Chiba2, Harald H. Sitte 
 
P-08 
Increase of serotonin transporter activity in rat synapstosomes during 
systemic lipopolysaccharide-induced sickness behaviour 
Robert F. Schwamborn, Antonio Campos-Torres, Jana Haase 
 
P-09 
Screening for mutual interplay between protein kinase inhibitors and ABC 
multidrug transporters 
K. Truta-Feles, C. Hegedűs, G. Németh, C. Özvegy-Laczka, L. Őrfi, G. Kéri and B. Sarkadi  
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P-10 
Using time-resolved fluorometry to study the transport cycle of a Na+-coupled 
phosphate cotransporter 
Monica Patti and Ian C. Forster 
 
P-11 
ABC transporters of Fasciola hepatica 
Oliver Kudlacek, Yaprak Doenmez, Thomas Stockner, Peter Chiba and Michael Freissmuth 
 
P-12 
The effect of neurological disorder-related codon variations of ABCA13 on the 
function 
Maiko Tomioka, Yoshinobu Toda, Junko Kurisu, Yasuhisa Kimura, Mineko Kengaku, 
Kazumitsu Ueda 
 
P-13 
The extracellular gate of the serotonin transporter is a principal  
actuator of the conformational changes necessary for serotonin translocation 
Pernille Friis Martens, Steffen Sinning 
 
P-14 
H-loop mutants of yeast PDR transporters show Vanadate-hyperresistance 
Cornelia Klein, Martin Valachovic and Karl Kuchler 

 

P-15 
Interactions of retinoids with P-Glycoprotein, ABCG2 and MRP1 
Szabolcs Tarapcsák, Gábor Szalóki, Ágnes Telbisz, Gábor Szabó, Katalin Goda 
 
P-16 
The polycationic transfection reagent, PEI, compromises normal function of 
the human serotonin transporter 
Bente Ladegaard, Saida Said & Steffen Sinning 

 
P-17 
Elucidating Binding Events of Tiagabine Analogs by Molecular Dynamics - 
Assisted Docking Studies 
Jurik A, Zdrazil B, Sitte HH, Ecker GF 
 
P-18 
Conformational-topological heterogeneity of cell-surface P-glycoprotein is an 
indicator of intracellular ATP concentration 
Katalin Goda, Zsolt Bacsó, Orsolya Bársony, Zsuzsanna Gutay Tóth, Dóra Türk, Hiromi 
Imamura, Gergely Szakács and Gábor Szabó 
 
P-19 
Mutant serotonin transporter concatemers as a tool to evaluate the functional 
consequences of dimerization 
Maja Holch Nielsen, Pernille Thornild Møller, Kasper Severinsen, Steffen Sinning 
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P-20 
Identifying forces that stabilize the oligomeric state of bacterial homologs of 
neurotransmitter transporter 
Kumaresan Jayaraman, Azmat Sohail, Michael Freissmuth, Harald H. Sitte, Thomas Stockner 
 
P-21 
Genetic engineering of yeast for a Plasmodium falciparum lactate transporter 
screening 
Janis Rambow, Binghua Wu, Eric Beitz 
 
P-22 
Identification of Novel Serotonin Transporter Compounds by Virtual Screening 
and Experimental Verification 
Mari Gabrielsen, Rafał Kurczab, Agata Siwek, Małgorzata Wola, Aina W. Ravna, Kurt 
Kristiansen, Irina Kufareva, Ruben Abagyan, Gabriel Nowak, Zdzisław Chilmonczyk, Ingebrigt 
Sylte and Andrzej J. Bojarski 
 
P-23 
Liver Injury in Abcb4/FXR Knockout mice 
E. Halilbasic, T. Claudel, T. Moustafa, D. Silbert, J. Gumhold, S. Halsegger, P. Fickert, M. 
Trauner  
 
P-24 
P-cresol metabolites alter drug transporter expression in renal proximal tubule 
cells and inhibit  MRP4 and BCRP activities 
Henricus A.M. Mutsaers, Anita C.A. Dankers, Andries E.M. Seegers, Petra H.H. van den 
Broek, Martijn J.G. Wilmer, Lambertus P. van den Heuvel, Joost G. Hoenderop, Rosalinde 
Masereeuw 
 
P-25 
Regulation of Serotonin Transporter Activity during Blood Platelet Activation 
Elysian Chow, Patricia Maguire, Jana Haase 
 
P-26 
Changes in hepatic bile acid composition protect BSEP (ABCB11) KO mice 
from hepatic inflammation in methionine choline deficient (MCD)-diet induced 
NASH 
C Fuchs, T Claudel, T Stojakovic, M Trauner 

 

P-27 
Transport of charged dipeptides in different PepT1 isoforms expressed in 
Xenopus laevis oocytes 
Eleonora Margheritis, Ayodele Stephen Oyadeyi, Maria Daniela Renna, Elena Bossi 
 
P-28  
Ibogaine analougs in the human Serotonin Transporter 
Henriette Bjerregaard, Faranak Nami, Henrik Helligsø Jensen, Ove Wiborg & Steffen Sinning 
 
P-29 
How does the carboxyl terminus assist folding and ER export of the serotonin 
transporter? 
Ali El-Kasaby, Florian Koban, Michael Freissmuth and Sonja Sucic 
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P-30 
Chlorothiazide is an OAT1, OAT3 and BCRP substrate – implications in renal 
secretion of chlorothiazide 
Viktória JUHÁSZ, Erzsébet BEÉRY, Ildikó MAKAI, Zsuzsanna RAJNAI, Éva MOLNÁR, 
Annamária BUI, Eszter ILLÉS, Márton JANI, Péter KRAJCSI 
 
P-31 
Characterization of the outward-facing conformation of the ABC transporter P-
glycoprotein  
Yaprak Dönmez, Peter Chiba and Thomas Stockner 

 
P-32 
Interaction of digitalis-like compounds with hepatic transporters 
E Gozalpour, R Greupink, FGM Russel, JB Koenderink 
 
P-33 
Role of pore exposed tyrosine residues in the transmembrane segments of 
human P-glycoprotein for transport function and trafficking 
Yaprak Doenmez, Zahida Parveen, Diethart Schmid, Matthias Spork, Harald Sitte, Gerhard F. 
Ecker, Thomas Stockner, Peter Chiba 
 
P-34 
Effect of PSC-833 (Valspodar) on the intestinal absorption of Digoxin in 
mouse and rat using different in vivo and ex vivo methods 
Viola Csillik-Perczel, Sándor Horvát, Péter Krajcsi 
 
P-35 
Pleiotropic effects of liposomal nanoparticles on ABCB1 in cancer cells 
Ivana Campia, Joanna Kopecka, Martha L. Pinzon, Dario Ghigo, Chiara Riganti 
 
P-36 
Mutations in potential substrate- and steroid-binding sites modulate 
cholesterol sensing of human ABCG2  
Csilla Özvegy-Laczka, Ágnes Telbisz, Csilla Hegedüs, András Váradi and Balázs Sarkadi 

 
P-37 
Functional OCT2 mediated transport in a human renal cell line allows 
elucidation of cisplatin induced renal toxicity 
M.J. Wilmer, T. Nieskens, C. Schophuizen, J. Hoenderop, L.P. van den Heuvel, R. 
Masereeuw 

 
P-38 
Molecular interaction between citalopram and serotonin transporter 
investigated by atomic force microscopy 
Rong Zhu, Linda Wildling, Joan Ahiable, Christian Rankl, Thomas Haselgrübler, Hermann J. 
Gruber, Marion Holy, Peng Zhang, Amy Hauck Newman, Michael Freissmuth, Harald H. Sitte 
and Peter Hinterdorfer 
 
P-39 
Revised approach in assessing Bsep – Cyclosporin A interactions in bile duct 
cannulated rats 
Trampus P., M. Sike, A. Bui, F.  Erdő, P. Krajcsi and I. Sziráki 
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POSTERS 
 

Tuesday, September 25, 2012 
 
P-40 
Functional aspects of cation binding to the Na2 site in the human serotonin 
transporter 
Noer P.R, Severinsen K, Wiborg O, and Sinning S. 
 
P-41 
Interaction of HM30181 with P-glycoprotein at the murine blood-brain barrier 
assessed with positron emission tomography 
Thomas Wanek, Florian Bauer, Severin Mairinger, Claudia Kuntner, Zahida Parveen, Peter 
Chiba, Thomas Erker, Markus Müller, Oliver Langer 

 
P-42 
Fat & SERT 
Kasper Severinsen, Pernille Friis Martens & Steffen Sinning  
 
P-43 
Complex characterization of drug interactions with the ABCG2 multidrug 
transporter by newly developed in vitro assays 
Ágnes Telbisz, Csilla Özvegy-Laczka, Csilla Hegedüs, András Váradi and Balázs Sarkadi 
 
P-44 
Deciphering structural rearrangements during transport process in the acterial 
transporter GltPh, homolog to mammalian glutamate transporter 
SanthoshKannan Venkatesan, Azmat Sohail, Walter Sandtner, Thomas Stockner, Gerhard F 
Ecker and Harald H Sitte 
 
P-45 
Fluorometric Characterization of Substrate Binding in a Bacterial NSS 
Homologue 
Billesbølle CB, Krüger MB, Gotfryd K, Rose NC, Kniazeff J, Shi L, Quick M, Javitch JA, 
Weinstein H, Gether U, Loland CJ. 
 
P-46 
Complete reversal of P-glycoprotein mediated multidrug resistance by 
combined treatment with the UIC2 monoclonal antibody and  low dose of 
cyclosporine A 
Gábor Szalóki, Zoárd Krasznai, Ágnes Tóth, Laura Vízkeleti, Attila G. Szöllősi, György 
Trencsényi, Imre Lajtos, István Juhász, Zoltán Krasznai, Teréz Márián, Gábor Szabó, Katalin 
Goda 
 
P-47 
Involvement of yeast ATP-binding cassette transporters in sterol utilization 
Martin Valachovic, Peter Kohut, Cornelia Klein, Karl Kuchler and Ivan Hapala 
 
P-48 
Investigation of Detergents at GABA Transporters  
Georg Höfner, Marion Schuller, Stephanie May, Klaus T. Wanner 
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P-49 
P-glycoprotein is up-regulated by autocrine Wnt3a in glioblastoma stem cells 
Chiara Riganti, Iris C. Salaroglio, Valentina Caldera, Amalia Bosia, Davide Schiffer 

 
P-50 
The N terminus acts as a lever to support amphetamine-induced substrate 
efflux by the serotonin transporter 
Sonja Sucic, Carina Kern, Harald H Sitte and Michael Freissmuth 
 
P-51 
A Structural Role for Transporter Terminal Domains in Regulating Serotonin 
Uptake 
Cristina Fenollar-Ferrer 
 
P-52 
Characterization of expression and localization of the transporter SLC35F1 
Igor Mosyagin, Nicole Endlich, Matthias Müller, Silke Vogelgesang, Heyo K. Kroemer and 
Gabriele Jedlitschky 

 
P-53 
Modeling of the Transmembrane Domain of the Dopamine Transporter in a 
Membrane Environment 
Thomas Stockner, Therese Montgomery, Michael Freissmuth, Gerhard F. Ecker and Harald 
H. Sitte 
 
P-54 
Regulation of serotonin transporter by inflammatory mediators in an animal 
model of rheumatoid arthritis: towards understanding depression in chronic 
inflammatory diseases 
Eric Brown, Martina Gogarty, Leilani Santos, Evelyn Murphy, David Brayden, Jana Haase 
 
P-55  
Targeting mevalonate pathway down-regulates ABCB1, reversing 
chemoresistance and immunoresistance in human cancer cells 
Joanna Kopecka, Ivana Campia, Barbara Castella, Massimo Massaia, Chiara Riganti 
 
P-56 
ER-export of wild-type ABCB1 and rescue of ABCB1 domain interface 
mutants by folding correctors 
Matthias Spork, Zahida Parveen, Yaprak Dönmez, Sonja Sucic, Michael Freissmuth, Gerhard 
F. Ecker Thomas Stockner and Peter Chiba 

 
P-57 
UIC2 reactivity provides insights into the catalytic mechanism  
of P-glycoprotein 
Katalin Goda, Orsolya Bársony, Gábor Szalóki, Dóra Türk, Gergely Szakács, Gábor Szabó 
 
P-58 
Decrypting structural and functional changes in LeuTAa at atomic level 
employing LRET 
Azmat Sohail, Simon Bulling, Peggy Stolt-Bergner, Oliver Kudlacek, Gerhard F. Ecker, 
Michael Freissmuth, Thomas Stockner, Harald H. Sitte and Walter Sandtner 
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P-59 
A Benzopyrane Derivative as a P-Glycoprotein Stimulator: 
A Potential Agent to Decrease β-Amyloid Accumulation in Alzheimer’s 
Disease 
Mariangela Cantore, Elena Capparelli 
 
P-60 
Exhaustive docking suggests equivalent orientation of Mephedrone in the 
human Serotonin and Dopamine transporter 
Amir Seddik, Barbara Zdrazil, Simon Bulling, Andreas Tulzer, Thomas Steinkellner, Thomas 
Stockner, Walter Sandtner, Michael Freissmuth, Harald H. Sitte, Gerhard F. Ecker 

 
P-61 
Elucidation of the catalytic intermediates of P-glycoprotein 
Orsolya Bársony, Dóra Türk, Gergely Szakács, Gábor Szabó and Katalin Goda 
 
P-62 
Axonal targeting of SERT is contingent upon ER exit via SEC24C in rat 
Raphe serotonergic neurons 
Therese R. Montgomery, Thomas Steinkellner, Sonja Sucic, Florian Koban, Harald H. Sitte, 
Michael Freissmuth  
 
P-63 
Investigating protein dynamics of the serotonin transporter using voltage 
clamp fluorometry 
Pella Söderhielm, Jacob Andersen and Anders S. Kristensen 
 
P-64 
Deletion of the GABA transporter 2 (GAT2, SLC6A13) gene in mice leads to 
changes in liver and brain taurine contents 
Yun Zhou, Silvia Holmseth, Caiying Guo, Bjørnar Hassel, Georg Höfner, Henrik S. Huitfeldt, 
Klaus T. Wanner, Niels C. Danbolt 
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Plenary Lecture 1 
 

Susan G. Amara 
 

A new take on uptake: neurotransmitter transporters & the cellular mechanisms 
of amphetamine action 

 
Susan G. Amara, PhD 

Thomas Detre Professor and Chair, Department of Neurobiology, University of Pittsburgh School of 
Medicine, Co-Director, Center for Neuroscience at the University of Pittsburgh, Pittsburgh, PA 15261 

E-mail:  amaras@pitt.edu 
 

  
Neurotransmitter transporters present at the plasma membrane contribute to the 
clearance and recycling of neurotransmitters and have a profound impact on the extent 
of receptor activation during neuronal signaling. In addition to their role 
in neurotransmitter clearance, these carriers are the primary targets for psychostimulant 
drugs of abuse, therapeutic antidepressants and other drugs used to treat brain 
disorders. In recent studies we have observed that once amphetamine-like drugs enter 
dopamine neurons, they activate multiple intracellular signaling pathways, including 
cAMP-, Rho-and Rac-dependent pathways, which in turn regulate the cellular trafficking 
of the dopamine transporter and other neuronal membrane proteins. Thus, in addition to 
their ability to block monoamine transport, facilitate release and potentiate 
neurotransmitter action, amphetamine-like drugs also act on specific cytoplasmic 
targets that regulate protein trafficking and other cellular activities.  Although many 
steps in the process are yet to be defined, these novel intracellular actions of 
amphetamine have implications for the mechanisms of neuroplasticity and neurotoxicity 
associated with psychostimulant use and suggests novel drug targets for modulating the 
actions of amphetamines. 
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Plenary Lecture 2 
 

Marc G. Caron 
 

From Transporters to Integrated Approaches to Understand the Actions of GPCRs 
 

Marc G. Caron, Department of Cell Biology, Medicine and Neurobiology, Duke University Medical Center, 
Durham, NC 27710 USA. 

 
In the brain dopamine (DA) is an important modulator of fast neurotransmission and is implicated in 
the behavioral control of locomotion, cognition, affect, and reward. Dysregulation in this system has 
been implicated in the manifestation of several neurological conditions. The homeostasis of DA in 
DA neurons is tightly regulated by the dopamine transporter (DAT), whereas its cellular actions are 
mediated through activation of D1 and D2-like G protein-coupled receptors (GPCR). We have used 
the characteristic behavioral phenotypes and pharmacological responses of DAT knockout mice to 
elucidate the contribution of a non-conventional form of GPCR signaling to DA related behaviors. 
Like other GPCRs, DA receptors can signal through G protein-dependent and independent 
mechanisms. The D2R display this type of functional selectivity by engaging Akt/GSK3 signaling in 
a G protein-independent way through the ability of β-arrestin2 to scaffold an Akt/PP2A/GSK3 
complex. These biochemical interactions are targets of antipsychotics and lithium (Beaulieu et al., 
2008; O’Brien et al., 2011). 
To further validate the biochemical, cellular and behavioral functions of this signaling pathway we 
are combining several genetic approaches to either delete components of this signal transduction 
pathway in a cell specific fashion or to reconstitute deletion of D2R in medium spiny neurons 
(MSN) of the striatum with engineered D2R that can signal selectively through G protein- or β-
arrestin2-dependent mechanisms as well as developing functionally selective D2R ligands. 
In order to selectively inactivate GSK3β in striatal MSNs we have crossed GSK3βflox mice with 
D1RCre or A2ARCre mice, which respectively inactivate GSK3β in D1R- and D2R- expressing 
MSNs of the striatal complex. These mice were then analyzed in behaviors commonly used to test 
antipsychotic efficacy or behaviors that are sensitive to lithium treatment. Inactivation of GSK3β in 
D2R but not D1R expressing MSNs recapitulates the effects of antipsychotics on behavior in the 
animals. Thus, D2RGSK3β-/- but not D1RGSK3β-/- mice showed a reduced locomotor response to 
amphetamine and rearing response to apomorphine, lack of pre-pulse inhibition disruption by 
amphetamine or apomorphine, and increased spontaneous alternations in the Y-maze, reminiscent 
of the actions of antipsychotics. However, haloperidol induced catalepsy and place preference to 
amphetamine was unchanged in either the D2RGSK3β-/- or D1RGSK3β-/- mice compared to 
control mice. Interestingly, stabilization of β-catenin, a downstream target of GSK3β, in D2R 
expressing MSNs did not affect any of the behaviors tested. Moreover, D2RGSK3β-/- or 
D1RGSK3β-/- mice showed similar responses to littermate controls in the tail suspension and dark-
light emergence test, behaviors, which we previously demonstrated to be β-arrestin2 and GSK3β 
dependent and sensitive to lithium treatment. To complement this approach we have also 
engineered D2R mutants that retain membrane expression and agonist dependency but are 
functionally selective for G protein- or β-arrestin2-dependent signaling. In vivo viral reconstitution of 
these selective D2Rs into mice lacking D2R in MSNs should recapitulate the above properties and 
facilitate the identification of downstream targets of the functionally selective D2Rs. 
Taken together these results suggest that deletion of GSK3β but not stabilization of β-catenin in 
D2R MSNs mimics antipsychotic action without affecting signaling pathways involved in catalepsy 
or mood stabilization suggesting that these behaviors might be mediated through other neuronal 
pathways. These genetic approaches coupled with the feasibility to identify functionally selective 
ligands for each pathway (Allen et al., 2011) should provide new avenues for more effective and 
selective therapies for modulation of GPCR signaling. 
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Plenary Lecture 3 
 

Michael Köttgen 
 

ABCG2, urate transport and gout: from bedside to bench - and back? 
 

Michael Köttgen 
University Medical Center Freiburg, Germany 

 

 

Urate is the end product of purine metabolism in humans. Humans and higher primates 
have much higher serum urate levels than other species because they lack the enzyme 
uricase, which converts urate into its break-down product allantoin. Serum urate levels are 
highly heritable, suggesting a strong genetic component. Reduced excretion of urate by 
the kidney is the main cause for elevated urate levels, which can lead to gout. Renal urate 
transport is complex and still poorly understood; although multiple renal urate transporters 
have been characterized in model systems, their role in human disease is poorly 
understood. We recently used genome-wide association studies to identify single 
nucleotide polymorphisms (SNPs) in a genomic region on chromosome 4 that associate 
with serum urate levels and gout. We show that human ATP-binding cassette, sub-family 
G, 2 (ABCG2), encoded by the ABCG2 gene contained in this region, is a urate efflux 
transporter. We further demonstrate that native ABCG2 is located in the brush border 
membrane of kidney proximal tubule cells, where it mediates renal urate secretion. 
Introduction of the mutation Q141K encoded by the common SNP rs2231142 by site-
directed mutagenesis results in reduced urate transport rates compared to wildtype 
ABCG2. Data from a population-based study of 14,783 individuals support rs2231142 as 
the causal variant in the region and show highly significant associations with urate levels 
and gout. Our data indicate that at least 10% of all gout cases in whites are attributable to 
this causal variant. With around 6 million US individuals suffering from gout, ABCG2 
represents a potential new drug target. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 15 

Plenary Lecture 4 
 

Jeffrey D. Rothstein 
 
 
Unexpected Glial Biology: Dominant role of oligodendroglia in axon maintenance 

and participation in Gray Matter Neurodegenerative disease 
 

Jeffrey  D. Rothstein MD, PhD, Johns Hopkins University, Brain Science Institute, Baltimore, MD 
 
 
 
Oligodendroglia support axon survival and function through mechanisms independent of 
myelination and their dysfunction leads to axon degeneration in several human diseases.  
The cause of this degeneration has not yet been determined, but lack of energy 
metabolites such as glucose or lactate is one prominent hypothesis.  Lactate is transported 
exclusively by monocarboxylate transporters, and changes to these transporters 
dramatically affect lactate production and utilization.  Here we show that one specific 
lactate transporter, monocarboxylate transporter 1, is present primarily within 
oligodendrocytes and that even minor disruption of this transporter produces axon damage 
and neuron loss in animal and cell culture models.  In addition, this same transporter is 
reduced in patients with, and mouse models of, amyotrophic lateral sclerosis (ALS). 
Oligodendroglial injury and repair appears to be highly active in ALS grey matter. 
Prevention of oligodendroglial injury has profound effects on disease progression. The 
exact role of oligodendrocytes in axon function and neuron survival has been elusive, and 
these studies define an important mechanism by which oligodendrocytes support neurons 
and axons and participate in neurodegeneration. 
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Jana Haase 
 
 
SEROTONIN TRANSPORTER REGULATION – A COMPLEX MATTER  
 
Jana Haase 1, Joanna Grudzinska 1, Elysian Chow 1, Sandra Malynn 1, Eric Brown 1 , Heidi 

Kaastrup Müller 1, and Gudrun Ahnert-Hilger 2. 
1 School of Biomedical and Biomolecular Science, Conway Institute, University College 

Dublin, Belfield, Dublin 4, Ireland. 
2 Centrum für Anatomie, Institut für Integrative Neuroanatomie, AG Funktionelle Zellbiologie, 

Charité-Universitätsmedizin Berlin, Germany 
 
 

The serotonin transporter (SERT) acts as the key regulator of serotonin 
homeostasis both in the brain and the periphery. SERT activity is tightly regulated, 
and a number of second messenger systems and signalling pathways involved in 
SERT regulation have been identified. One of the primary interests in our group is 
the identification and characterisation of SERT regulatory proteins and to link these 
proteins to (patho)physiological processes, for example platelet activation and 
(neuro)inflammation. We have recently carried out various protein interaction 
screens, including affinity purification, GST pulldowns, and Yeast Two-Hybrid 
screens. In one approach, we utilised a magnetic bead-coupled citalopram 
derivative to purify SERT associated proteins from rat brain tissue under conditions 
aimed to preserve SERT complex interactions within lipid microdomains. Proteins 
co-purifying with SERT were identified by mass spectrometry. Among the potential 
SERT associated proteins we identified several components of trimeric G proteins, 
mostly various types of Gα subunits, prompting us to speculate that the transporter 
is linked to G proteins, either through direct physical interaction or indirectly within a 
larger protein complex, perhaps underlying crosstalk between transporter activity 
and G-protein coupled receptor signalling mechanisms. Aiming to explore such 
crosstalk, we utilised Gα knockout models to determine SERT expression and 
functional activity. In Gαq knockout mice, we found that SERT activity is brain 
region and gender specifically altered, i.e. SERT activity is increased in various 
brain regions in female Gαq knockout, but not in male mice. Altered SERT activity 
is also seen in very young, sexually immature animals (P21) arguing against a 
prominent dependence on hormonal regulation, for example by estrogen. This, 
rather unexpected, gender bias in SERT regulation in this knockout model may be 
relevant to depression, which is more common in women, as well as other mood or 
behavioural disorders. 
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Michael Freissmuth 
 

Clientelism matters:  
axonal targeting of SERT is contingent on SEC24C-dependent ER-export  

 
Sonja Sucic, Thomas Stockner, Thomas Steinkellner, Harald Sitte, Therese Montgomery, 

Florian Koban, Ali El-Kasaby and Michael Freissmuth 
Institute of Pharmacology, Centre of Physiology and Pharmacology  
Medical University of Vienna, Währinger Straße 13a, A-1090 Vienna 

 
Export of SLC6 (solute carrier-6) family members from the endoplasmic reticulum (ER) is 
contingent on the recruitment of the COPII (coatomer protein II) coat to the C-terminus of the 
transporter. Coat assembly is initiated by binding of the SEC24-moiety in the SEC24/SEC23 
dimer to an RL/RI/KL-motif some 10 amino acids removed from the end of transmembrane 
helix 12. In the GABA-transporter-1 (GAT1) (ref. 1), the norepinephrine transporter (NET) and 
the dopamine transporter (DAT) (ref. 2), this motif drives the association of the transporter 
with the SEC24D isoform. However, the serotonin transporter (SERT) interacts specifically 
with SEC24C (2). We searched for the sequence element that supported discrimination 
between Sec24C and SEC24D. Alanine scanning mutagenesis of the SERT C-terminus, 
identified an important role of the residue in the position +2 from the RL/RI/KL-motif: the 
pertinent residue in SERT is K610 but Y590 in the closely related NET. If lysine was replaced by 
a tyrosine residue, the resulting SERT-K610Y required SEC24D rather than SEC24C for ER 
export. This conclusion was based on three independent lines of evidence, (i) GST-pulldown 
experiments with fusion proteins comprising the C-terminus of SERT containing the 
appropriate point mutation, (ii) selective disruption of ER export of wild type SERT and SERT-
K610Y by siRNA-dependent knock-down of SEC24C and SEC24D and (iii) by coexpression of 
dominant negative versions of SEC24C and SECD. Finally, we examined the SEC24-
specificity of those SLC6 family members. The experiments allowed for deducing the 
following rule: if the +2 position after the RL/RI/KL-motif was held by a hydrophilic residue (K, 
Q, N), ER export of the transporter required SEC24C. In contrast, Y and V specified a 
requirement for SEC24D.  
Axonal targeting of GAT1 is impeded, if recruitment of SEC24D is prevented (3). Accordingly, 
we explored the fate of SERT in serotoninergic neurons prepared from rat raphe nuclei. Both, 
endogenous SERT and heterologously expressed YFP-tagged SERT were visualized in the 
MAP2-negative axonal compartment. In contrast, overexpression of a dominant negative 
version of SEC24C (but not of SEC24D) redirected endogenous SERT to the dendritic com-
partment. Similarly, SERT-RI607,608AA (which fails to recruit SEC24C, ref. 4) accumulates in 
the somatodendritic compartment.  These observations indicate that sorting decisions are 
made at the level of the ER.   
 
This work was supported by the FWF-sponsored SFB35 
References:  
1) Farhan H, Reiterer V, Korkhov VM, Schmid JA, Freissmuth M, Sitte HH (2007) Concentrative export from the 
endoplasmic reticulum of the gamma-aminobutyric acid transporter 1 requires binding to SEC24D. J Biol Chem 
282:7679-7689.  
2) Sucic S, El-Kasaby A, Kudlacek O, Sarker S, Sitte HH, Marin P, Freissmuth M (2011) The serotonin transporter is 
an exclusive client of the coat protein complex II (COPII) component SEC24C. J Biol Chem 286:16482-16490.  
 
3) Reiterer V, Maier S, Sitte HH, Kriz A, Rüegg MA, Hauri HP, Freissmuth M, Farhan H (2008) Sec24- and 
ARFGAP1-dependent trafficking of GABA transporter-1 is a prerequisite for correct axonal targeting. J Neurosci 
28:12453-12464 
 
4) El-Kasaby A, Just H, Malle E, Stolt-Bergner PC, Sitte HH, Freissmuth M, Kudlacek O (2010) Mutations in the 
carboxyl-terminal SEC24 binding motif of the serotonin transporter impair folding of the transporter. J Biol Chem 
285:39201-39210. 
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Translating the Atypical Dopamine Uptake Inhibitor Hypothesis: R-
Modafinil as a potential medication for psychostimulant abuse 

 
Amy Hauck Newman, Molecular Targets and Medications Discovery Branch, Medicinal 

Chemistry Section, National Institute on Drug Abuse – Intramural Research Program, NIH, 
Baltimore, MD 21224 

 
The primary mechanism underlying the stimulant actions and abuse liability 
of cocaine and methamphetamine is binding to the dopamine transporter 
(DAT), wherein cocaine inhibits dopamine reuptake and methamphetamine 
serves as a substrate to ultimately release dopamine via the vesicular 
monoamine transporter.  As such the DAT has been a primary target for 
psychostimulant abuse/addiction medication discovery.  However predicted 
addictive liability and limited clinical evaluation has provided a formidable 
challenge for development of these agents for human use.  The 
benztropines (e.g. JHW 007) bind with high affinity and selectivity to the DAT 
and prefer an occluded conformation that is different from cocaine and 
appears to result in pharmacodynamic differences compared to cocaine.  
The benztropine analogues are not cocaine-like in animal models and 
indeed, block cocaine self administration (Hiranita, 2009) suggesting that 
this atypical profile may provide compounds that do not have abuse liability, 
but would be effective in treating cocaine addiction. The atypical 
pharmacological profile of the benztropine class of dopamine uptake 
inhibitors, both at the molecular level (Loland, 2008; Beuming, 2008) and in 
preclinical models of cocaine abuse (Newman and Katz 2009, for review), 
has encouraged further development of these agents. Nevertheless, the 
inability to translate these preclinical findings into humans has thus far 
precluded testing the atypical dopamine uptake inhibitor hypothesis. We 
recently reported that R-modafinil (Armodafinil) binds to the DAT and also 
displays a unique pharmacological profile (Cao, 2011; Loland, 2012).  The 
design and synthesis of novel modafinil analogues have provided additional 
tools that are currently being used to further investigate modafinil’s 
mechanism(s) of action that contribute to its therapeutic effects.  Preclinical 
studies suggest that its abuse liability will be low and further support its 
clinical investigation for treatment of cocaine and methamphetamine abuse.  
As R-modafinil is available for human use, translation of the atypical DAT 
inhibitor hypothesis may be realized. 
 
Support for this work comes from the NIDA-IRP. 
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Alan Tall 
 

ABC transporters regulate hematopoietic stem and progenitor cell 
proliferation, leukocytosis, thrombocytosis and atherosclerosis 

 
Alan Tall, Columbia University, New York, NY, USA 

 
Leukocytosis is a risk factor for athero-thrombotic disease in humans, and 
develops in animal models of atherosclerosis in response to feeding high fat, 
high cholesterol diets. The ATP binding cassette transporters ABCA1 and 
ABCG1 promote cholesterol efflux to apoA-1 and HDL, respectively and are 
targets of LXR transcription factors. Mice lacking ABCA1/G1 develop a 
dramatic myeloproliferative phenotype with monocytosis and neutrophilia, 
associated with expansion and proliferation of hematopoietic stem and 
myeloid progenitor populations (HSPCs). The transporters are highly 
expressed in HSPCs where they act to control proliferative responses to 
growth factors (IL-3, GM-CSF) by regulating plasma membrane lipid rafts and 
cell surface expression of the common beta subunit of the IL-3/GM-CSF 
receptor.  ABCG4 is closely related to ABCG1 but is expressed primarily in 
the megakaryocyte progenitor (MkkP) population of the bone marrow. ABCG4 
deficient mice have MkP proliferation and expansion, thrombocytosis, 
increased platelet/leukocyte aggregates and accelerated atherosclerosis. 
ABCG4 promotes cholesterol efflux onto HDL, and thereby reduces the cell 
surface expression of the thrombopoietin (TPO) receptor. Overall results 
suggest that ATP binding cassette transporters promote cholesterol efflux, 
decrease membrane lipid raft formation and enhance the feedback down-
regulation of growth factor receptors in response to growth factor binding, with 
anti-proliferative responses that may be beneficial in atherosclerosis and 
myeloproliferative neoplasms.  
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ABC multidrug transporters in the chemoimmunity network – function 
and regulation of the ABCG2 protein 

 
Balázs Sarkadi 

 
We have proposed that the protection against toxic xenobiotics and drugs in 
our body is provided by a „chemoimmunity” network, containing both effector 
and sensor proteins. The key effectors are the metabolic enzymes and drug 
transporters, while the sensors include nuclear and other signaling receptors. 
This network has many similarities to the immune system, and greatly affects 
the ADME-Tox properties of pharmacological agents. ABC multidrug 
transporters are key players in the chemoimmunity network, by providing an 
active extrusion of both unmodified hydrophobic toxins, as well as the 
metabolized, conjugated agents. These transporters are also involved in 
tumor drug resistance. ABCG2 (MXR/BCRP) is an active drug transporter 
expressed in numerous tissues, including the liver, kidney, blood-brain barrier, 
placenta and stem cells. In fact, ABCG2 was found to be a key protein in the 
side populations (SP) of normal and cancer stem cells. When studying the 
functional properties of the ABCG2 multidrug transporters we found that 
membrane cholesterol directly modifies its ATP-dependent transport function. 
In order to explore the molecular background of this lipid modification we have 
worked out an efficient purification and reconstitution method, preserving full 
activity of ABCG2. We have also generated a number of mutant ABCG2 
variants with alterations in amino acid regions potentially involved in sterol 
sensing and found some transmembrane regions of these transporters 
significantly modifying cholesterol interactions. We have also studied the 
expression of ABCG2 protein in human pluripotent stem (hES) cells and found 
a high level, although heterogeneous expression pattern for this membrane 
protein. There was no difference between the expression of pluripotency 
markers in ABCG2 positive and negative hESCs, however, ABCG2 
expressing cells had a higher growth rate following cell separation. Harmful 
conditions, including physical stress, chemical toxins and UV light exposure 
were tolerated much better by stem cells in the presence of functional ABCG2 
protein. In contrast, a mild oxidative stress in pluripotent stem cells caused a 
rapid internalization of ABCG2, indicating that certain environmental factors 
may induce the removal of this transporter from the plasma membrane. 
During the early steps of in vitro stem cell differentiation the expression of the 
ABCG2 protein increased, while during further differentiation a highly variable, 
tissue-dependent expression pattern was observed. These studies may help 
to understand the role of xenobiotic transporters in drug resistance, tissue 
differentiation and promote the development of relevant pharmacological 
agents. 
 
This work has been supported by Grants from OTKA (NK83533), STEMKILL 
(OM00108/2008), and KMOP-1.1.2-07/1-2008-0003.   
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The Importance of Drug Transporters in the Treatment of Brain Tumors 

 
Donald W. Miller, Department of Pharmacology and Therapeutics, University of Manitoba 

 
Brain tumors, both primary and metastatic, have one of the lowest survival 
rates of all cancers.   While improvements in both drug design and drug 
dosing have resulted in significant advances in cancer treatment, brain tumor 
responsiveness to chemotherapy remains poor. One of the primary reasons 
for this is the specialized capillary endothelial cells that form the blood-brain 
barrier (BBB) and the challenges an intact BBB presents in the effective 
delivery of chemotherapeutic agents to the brain.  As many chemotherapeutic 
agents are substrates for drug efflux transporters (DETs) expressed in the 
brain capillary endothelial cells, the ability to obtain therapeutically relevant 
levels of chemotherapeutic at brain and tumor sites is influenced by 
transporter interactions at the BBB level.  Using primary brain microvessel 
endothelial cells as a cell culture model of the BBB, a series of 
chemotherapeutic agents were examined for interactions with P-glycoprotein 
(P-gp) and multidrug resistance associated protein (MRP).  Various methods 
for overcoming DET interactions in brain microvessel endothelial cells, 
including small molecule inhibitors, polymeric and nanoparticle formulations, 
were successfully used to enhance the permeability of chemotherapeutics in 
the cell culture model of the BBB.  To determine the impact of DET on 
chemotherapeutic responsiveness, a murine brain tumor model was 
established.   Examination of BBB permeability in the murine brain tumor 
model indicated a loss of BBB integrity during the later stages of tumor 
development as assessed with gadolinium-DTPA enhanced magnetic 
resonance imaging (MRI).  However, BBB permeability of the P-gp imaging 
agent, rhodamine 800 was unchanged throughout  tumor development.  
Administration of taxol, an agent with known DET liabilities in the BBB, had no 
effect on survival times in tumor-bearing mice.  However, administration of 
taxol along with the DET inhibitor, elacridar, resulting in a significant extention 
of survival times in tumor-bearing mice.     Together, these studies suggest 
that DET expression in the BBB limits the brain penetration of a number of 
chemotherapeutic agents.  Furthermore, overcoming DET liabilities in the 
BBB can improve therapeutic outcome in the treatment of brain tumors. 
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Membrane potential: A novel regulator of dopamine transporter 
trafficking 

 
Habibeh Khoshbouei, University of Florida  

 
The mammalian cell membrane is a remarkably complex system of regulated 
lipids and proteins. Membrane trafficking of proteins is crucial for controlling 
protein location, concentration, and response magnitude to external stimuli. 
Clathrin mediated and lipid raft/caveolin-dependent trafficking of proteins are 
influenced by several post-translational modification mechanisms, including 
phosphorylation, ubiquitination, and sumolyation. Here we report a novel 
mechanism by which the trafficking of an integral membrane protein may be 
controlled. Using live cell imaging with millisecond time and micrometer 
spatial resolution, we have found that changes in membrane voltage regulate 
the trafficking of dopamine transporter (DAT) at the plasma membrane. We 
combined Total Internal Reflection Fluorescence microscopy (TIRF) with 
whole cell voltage clamp recordings of a heterologous expression system 
stably expressing fluorescent dopamine transporter (YFP-DAT) to monitor 
trafficking of DAT when the temperature and membrane potential are 
controlled. This live cell imaging approach provides detailed information about 
DAT trafficking with millisecond time and micrometer spatial resolution. 
Experiments will were performed at 370 C. We found that depolarization of 
cells from a resting potential of -40 mV to +20 mV caused internalization of 
the transporter as measured by a decrease in YFP-DAT levels at the surface 
membrane. This process is reversible- a subsequent hyperpolarization of the 
membrane from +20 mV to -60 mV increased surface DAT levels at the 
plasma membrane back to baseline. Consistent with the literature, we found 
that PKC activation by phorbol ester increases DAT internalization when the 
membrane is held at its resting potential of -40 mV; however, membrane 
hyperpolarization stimulates DAT externalization to increase surface DAT 
levels even in the presence of phorbol ester. These findings suggest that 
membrane potential regulates DAT trafficking that overrides PKC-induced 
DAT internalization. Currently we are examining whether amphetamine-
induced DAT trafficking is a consequence of amphetamine-induced 
membrane depolarization, PKC activation or combination of both 
mechanisms. Our results, so far, suggest that voltage dependent trafficking of 
integral surface membrane proteins might represent a novel mechanism of 
synaptic regulation.  
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Probing the binding pocket of the serotonin transporter by single 
molecular force spectroscopy on living cells 

 
Linda Wildling1, Christian Rankl2, Thomas Haselgrübler3, Hermann J. Gruber1, Marion Holy4, 
Amy Hauck Newman5, Mu-Fa Zou5, Rong Zhu1, Michael Freissmuth4, Harald H. Sitte4 and 

Peter Hinterdorfer1, 3 

 
1 Institute for Biophysics, Johannes Kepler University Linz, Altenbergerstraße 69, 4040 Linz, 

Austria 
2 Agilent Technologies, Austria GmbH, Aubrunnerweg 11, 4040 Linz, Austria 
3 Center for Advanced Bioanalysis, Scharitzerstraße 6-8, 4020 Linz, Austria 

4 Center of Physiology and Pharmacology, Medical University of Vienna, Waehringerstraße 
13a, 1090 Vienna, Austria 

5 Medicinal Chemistry Section, Molecular Targets and Medications Discovery Branch, 
National Institute on Drug Abuse – Intramural Research Program, 333 Cassell Drive, 

Baltimore, MD 21224, USA 
 
The serotonin transporter (SERT) terminates neurotransmission by removing 
serotonin from the synaptic cleft. In addition, it is the site of action of 
antidepressants (which block the transporter) and of amphetamines (which 
induce substrate efflux). The interaction energies involved in binding of such 
compounds to the transporter are unknown. Here, we used atomic force 
microscopy (AFM) to probe single molecular interactions between the 
serotonin transporter and MFZ2-12 (a potent cocaine analog) in living CHOK1 
cells. For the AFM measurements MFZ2-12 was immobilized on AFM tips by 
using a heterobifunctional crosslinker. By varying the pulling velocity in force 
distance cycles drug/transporter complexes were ruptured at different force 
loadings allowing for mapping of the interaction energy landscape. We 
derived chemical rate constants from these recordings and compared them 
with those inferred from inhibition of transport and ligand binding: koff values 
were in good agreement with those derived from uptake experiments; in 
contrast, the kon values were scaled down when determined by AFM. Our 
observations generated new insights into the energy landscape of the 
interaction between SERT and inhibitors. They thus provide a useful 
framework for molecular dynamics simulations by exploring the range of 
forces and energies that operate during the binding reaction. 
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Epithelial phosphate transport-molecules and mechanisms 
 

Ian C. Forster 
Institute of Physiology and Zurich Centre for Integrative Human Physiology, University of 

Zurich, Zurich, Switzerland. 
 
Inorganic phosphate (Pi) is an essential nutrient required both for a variety of 
cellular processes as well as fulfilling an integral role in membranes and 
skeletal tissue. In mammals, transport of Pi across cell membranes is 
mediated by members of two genetically unrelated solute carrier families, 
SLC34 and SLC20. Members of both families catalyse uphill Pi transport 
using the Na electrochemical gradient. The physiological role of SLC34 
proteins is well documented: they are generally confined to epithelial and 
epithelial-like tissue and are vital for Pi homeostasis, whereas the Pi transport 
role for the ubiquitously expressed SLC20 proteins is less well defined. At the 
lumen of renal proximal tubule epithelia, the electrogenic SCL34A1 (NaPi-IIa) 
and electroneutral SLC34A3 (NaPi-IIc), cotransport divalent Pi, whereas the 
electrogenic SLC20A2 (PiT-2) cotransports monovalent Pi. In the small 
intestine SLC34A2 (NaPi-IIb) is at least partly responsible for dietary 
absorption of divalent Pi. The membrane abundance of SLC34 members 
determines net Pi transport and their membrane targeting and retrieval are 
under the control of Pi levels, together with hormonal and various circulating 
factors.  
Understanding the transport mechanism at the molecular level and identifying 
function-specific amino acid residues is essential for defining the physiological 
role of SLC20/34 transporters and for the development of pharmaceutical 
agents to target them specifically in the treatment of disturbances to Pi 
homeostasis. SLC20 and SLC34 proteins have a predicted 12 
transmembrane domain topology with inverted repeat architectures. Currently 
3-D structural models are unavailable and the bacterial homologs of SLC34 
and SLC20 show no similarity to other solute carriers whose architectures 
have been identified. Therefore, we rely on indirect experimental approaches 
to obtain structure-function information.  
After a brief overview of the physiological and pathophysiological aspects of Pi 
handling in mammals, the current state of knowledge gained from structure-
function studies on SLC20 and SLC34 proteins will be presented. This will 
include an overview of: (i) cysteine-scanning mutagenesis studies on SLC34 
and SLC20; (ii) voltage clamp fluorometry applied to SLC34, which has 
revealed local conformational changes and the dynamics of substrate 
interactions during the transport cycle and (iii) high resolution presteady-state 
kinetics of cation interactions. Taken together our investigations have allowed 
the development of a kinetic model that has led to new insights into cation 
interactions that precede Pi binding and which are relevant to other cation-
coupled solute carriers. 
Supported by Swiss National Science Foundation grant 31003A_127269   
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Ligand Efficiency and Lipophilic Efficiency - Versatile Parameters for the 

Design of Inhibitors of Transmembrane Transporters? 
 

Ishrat Jabeen and Gerhard F. Ecker 
 University of Vienna, Department of Medicinal Chemistry, Pharmacoinformatics Research 

Group, Althanstrasse 14, 1090 Wien, Austria 
 
In recent years the concepts of “Binding energy of the ligand per atom” or 
ligand efficiency (LE) and lipophilic efficiency (LipE), which combines both 
“potency and lipophilicity”, have been shown to be useful tools in the lead 
optimization process. Interestingly, although lipophilicity plays a dominant role 
for P-gp inhibitors, all compounds investigated showed LipE values below the 
threshold for promising drug candidates. To study in more detail whether the 
unique access path of P-gp inhibitors directly from the membrane bilayer is 
linked to this unexpectedly low LipE values, we investigated the distribution of 
LipE profiles for a set of targets showing different access pathways of their 
ligands: P-glycoprotein (via the membrane bilayer), the serotonin transporter 
SERT (from the extracellular environment), and the hERG potassium channel 
(from the cytoplasm). The LipE distribution profile of SERT inhibitors extracted 
from the ChemBL data base identified about 13% of the compounds that 
cross the LipE threshold of 5, whereas in case of hERG only 2.5 % of the 
compounds cross the LipE threshold. LipE profiles of P-gp inhibitors could not 
identify any compound that reaches the standard threshold value of 5. Thus, 
the LipE threshold for ligands of P-gp needs to be reconsidered to allow a 
successful application of this concept in the hit to lead process. 
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Visualization of ABC transporters with positron emission tomography 
 

Oliver Langer 
Medical University of Vienna and AIT Austrian Institute of Technology GmbH, Austria 

 
 
Adenosine triphosphate-binding cassette (ABC) transporters, such as P-
glycoprotein (Pgp, ABCB1) and breast cancer resistance protein (BCRP, 
ABCG2), are expressed in various organs and tissues and transport a wide 
range of structurally diverse molecules thereby exerting a considerable impact 
on drug absorption, distribution and excretion. Changes in ABC transporter 
expression and function are thought to be implicated in various diseases, 
such as cancer, epilepsy, Alzheimer’s and Parkinson’s disease. The non-
invasive nuclear imaging method positron emission tomography (PET) allows 
for assessing the density or function of molecular targets in vivo by externally 
monitoring the tissue distribution of intravenously administered target-
selective radiotracers. The availability of PET radiotracers to measure ABC 
transporter function or expression could be useful in personalized medicine to 
preselect cancer or epilepsy patients with increased ABC transporter activity, 
who will benefit from treatment with ABC transporter modulating drugs. In 
addition, PET imaging with radiolabelled drugs is a very powerful approach to 
assess drug-drug interactions in vivo in human subjects. To date two different 
kinds of PET imaging probes have been described to measure ABC 
transporters in vivo: i) radiolabelled transporter substrates ii) radiolabelled 
transporter inhibitors. The design of new imaging probes to visualize efflux 
transporters is inter alia complicated by the overlapping substrate recognition 
pattern of different ABC transporter types. The present talk will summarize the 
speaker’s experience in the PET visualization of ABC transporters in animal 
disease models (epilepsy, cancer) and in human subjects. 
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Mechanism of ABCA1-mediated HDL formation 
 

Koh Nagata, Kohjiro Nagao, Akihiro Matsuda, Maiko Tomioka, Hiroshi Hirayama, Michinori 
Matsuo, Yasuhisa Kimura, and Kazumitsu Ueda 

iCeMS and Graduate School of Agriculture, Kyoto University, Kyoto 606-8502, JAPAN 
 
ATP-binding cassette protein A1 (ABCA1) plays a major role in cholesterol 
homeostasis and high-density lipoprotein (HDL) metabolism.  Although it is 
predicted that apolipoprotein A-I (apoA-I) directly binds to ABCA1, the 
physiological importance of this interaction is still controversial and the 
conformation required for apoA-I binding is unclear.  First, we analyzed the role of 
the two nucleotide-binding domains (NBDs) of ABCA1 in apoA-I binding by 
inserting a TEV protease recognition sequence in the linker region of ABCA1.  
Analyses of ATP binding and occlusion to wild-type ABCA1 and various NBD 
mutants revealed that the interaction with apoA-I and the apoA-I-dependent 
cholesterol efflux required not only ATP binding but also hydrolysis in both NBDs.  
NBD mutations and cellular ATP depletion decreased the accessibility of 
antibodies to a hemagglutinin (HA) epitope that was inserted at position 443 in the 
extracellular domain (ECD), suggesting that the conformation of ECDs is altered 
by ATP hydrolysis at both NBDs.  These results suggest that ATP hydrolysis at 
both NBDs induces conformational changes in the ECDs, which are associated 
with apoA-I binding and cholesterol efflux.  The apoA-I binding to ABCA1 was 
inhibited by the highly charged molecules heparin and poly-L-lysine.  Treating cells 
with membrane impermeable reagents that specifically react with primary amino 
groups also abolished the interaction between apoA-I and ABCA1.  These results 
suggest that lysine residues in the extracellular domains of ABCA1 contribute to 
the interaction with apoA-I.  The electrostatic interaction between ABCA1 and 
apoA-I is predicted to be the first step in HDL formation.  We also analyzed the 
dynamics of ABCA1 at the level of single molecules by total internal reflection 
fluorescence (TIRF) microscopy.  The interesting behavior of ABCA1 on the plasma 
membrane will be also discussed. 
Nagao, K. et al. J. Lipid Res. 53, 126 (2012), BBA, 1821, 530 (2012) 
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Strategies to overcome P-glycoprotein mediated multidrug resistance: 
back to the drawing board 

Gergely Szakacs 
Institute of Enzymology, Research Centre for Natural Sciences, Hungarian Academy of 

Sciences 
 
P-glycoprotein (P-gp) is an energy-dependent efflux pump that normally 
functions in the protection of cells from structurally unrelated compounds that 
include most chemotherapeutic agents. P-glycoprotein is routinely detected in 
cell lines selected to be resistant to various drugs used for the treatment of 
cancer. In addition, expression of P-gp has been found to be correlated with 
poor clinical outcome in breast cancer, sarcoma, and certain leukemias. 
Several clinical trials were designed to investigate the efficacy of anticancer 
therapy in combination with P-gp inhibitors. Unfortunately, many of these 
clinical trials have had minimal success. The negative results may be 
explained by several factors, such as the intrinsic toxicity of the modulators or 
the inadequate design of the trials. While it may be tempting to suggest that 
the inhibitors were never adequately tested, the hypothesis that ABC 
transporter inhibition can increase therapeutic efficacy may simply be 
incorrect. Still, P-gp remains a universally accepted biomarker of drug 
resistance, and it would be a mistake to discontinue studying the role of ABC 
transporters in clinical oncology. A less understood aspect of MDR is the 
hypersensitivity of otherwise resistant cancer cells. We have identified a 
series of compounds whose toxicity is potentiated, rather than blunted by P-
gp.  We propose a new strategy that exploits the hidden vulnerability of MDR 
cells to improve response to chemotherapy. 
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Statins are well-known fungi metabolites and are able to inhibit HMG-CoA 
reductase in the mevalonate pathway. Based on this feature, statins are safely and 
successfully used in the treatment of cardiovascular diseases correlated with 
hypercholesterolemia. However, they also possess pleiotropic effects, like anti-
inflammatory, anti-thrombogenic, and anti-proliferative actions. Previously, we were 
able to show that statins have the potential to directly inhibit and down-regulate the 
ATP-binding cassette transporter B1 (ABCB1) which plays the key role in the 
chemoresistance of several tumor types [1]. Following to this, we were interested to 
investigate the effects of statins on the product of mevalonate pathway, dolichol, 
which plays key role in the N-glycosylation of membrane proteins. 
 
In add-back assays the simvastatin-induced caspase 3 activation was measured in 
human neuroblastoma cell line SH-SY5Y using a fluorescent caspase 3 substrate. 
Dolichol addition prevented the activation of caspase3 triggered by simvastatin in a 
time- and concentration-dependent manner. Moreover, glycosylation of ABCB1 was 
determined by Western blot analysis, indicated by a broadening of the protein 
bands. Simvastatin reduced the amount of the mature-glycosylated form (180 kDa) 
while increasing the core-glycosylated form (140 kDa) of ABCB1. Finally, 
endogenous dolichol levels were quantified from simvastatin treated SH-SY5Y cells. 
Consecutively, the lipids were separated with thin layer chromatography and further 
quantified by high performance liquid chromatography.  A significant decreased in 
endogenous dolichol levels was already observed with 0.1 µM simvastatin. 
 
Here we show that simvastatin is able to reduce dolichol levels in human SH-SY5Y 
cells. Moreover, our data suggest a correlation between simvastatin induced 
apoptosis and the decrease in endogenous dolichol levels. As a consequence, this 
might be explained by statin induced ER stress. The endogenous dolichol depletion 
caused by simvastatin might influence the glycosylation process in the ER leading 
to alterations of the glycosylation pattern, with possible impairment of protein 
trafficking, in particular of ABCB1. Consequently, more studies are needed to clarify 
these phenomenons.  
 
This work was supported by Herzfeldersche Familienstiftung and Austrian Science 
Fund FWF (P-22385). 
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1. Sieczkowski E. et al. Double impact on p-glycoprotein by statins enhances doxorubicin 
cytotoxicity in human neuroblastoma cells. Int J Cancer 2010. 126: 2025-35. 
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Using state of the art single molecule fluorescence microscopy, the oligomerization 
state of the serotonin transporter (SERT) was evaluated in this study. The formation 
of higher oligomers has already been indicated by various approaches, including 
optical methods such as Förster resonance energy transfer (FRET) and classical 
biochemical ensemble analysis. However, neither application is suitable to yield 
quantitative interpretation of the oligomerization states, and additionally biochemical 
methods do not take the influence of the membrane environment into account. In 
contrast, the techniques applied in this study allow for identification and quantitative 
evaluation of subpopulations of SERT complexes exhibiting different degrees of 
oligomerization in a living cell. A human embryonic kidney (HEK) cell line was 
transfected with an inducible expression vector carrying the human SERT. The 
cocaine derivate JHC 1-64, conjugated to the fluorescent dye rhodamine red, was 
used as a high affinity probe to specifically label single SERT molecules. The use of 
an inducible expression vector and short expression time ensured low density of the 
transporter on the membrane, thereby enabling imaging of single diffraction limited 
fluorescent spots. The statistical distribution of fluorescently labeled SERT per 
diffraction limited spot was determined by single molecule brightness analysis. 
Using highly energetic bleach pulses, the labeled transporter associations were 
partially bleached to the level of single fluorescent dye molecules in each diffraction 
limited spot. The obtained monomer brightness values were used as a basis to fit a 
multiple Gaussian distribution to the oligomeric brightness values. We found a 
variety of oligomerization states of membrane associated transporters, revealing 
molecular associations larger than dimers and demonstrating the coexistence of 
different degrees of oligomerization in a single cell. The experimental setup used for 
this study will be further applied to determine the supermolecular organization of 
SERT in live primary rat neurons and can also be extended for the evaluation of 
other monoamine transporters such as the dopamine transporter. 
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ABCG2 is a key member of the human ABC (ATP-binding cassette) transporter 
family. It is a multidrug efflux pump with broad substrate specificity (for e.g. 
antibiotics, cytotoxic agents, sterols and lipids). It is well-expressed in the protective 
sanctuary sites of the human body, such as the gut and blood-brain-barrier (BBB). 
ABCG2 also regulates urate transport in the kidney and has a potential role in gout 
development. In addition, it is also partly responsible for multidrug chemoresistance 
in certain cancers (1). ABCG2 is known as a ‘half transporter’ because it contains 
only half the number of domains necessary to form a fully functional ABC 
transporter. This has prompted the suggestions that ABCG2 acts by formation of a 
dimer or a higher order oligomer in the membrane (2). The aim of this study is to 
establish the membrane dynamics of ABCG2 and investigate the heterogeneity of 
its oligomerisation state in live cells using fluorescence microscopy techniques, 
FRAP (fluorescence recovery after photobleaching) and PCH (photon counting 
histogram). FRAP measures the intensity recovery of a fluorescent protein after 
bleaching with high laser power, allowing determination of diffusion coefficients. 
PCH is a supplementary analysis in fluorescence correlation spectroscopy 
experiments which allows determination of relative brightness of fluorescent particle 
within a confocal volume (3). 
Thus far, we have successfully cloned ABCG2 constructs fused with N-terminal 
sfGFP (super-folder green fluorescent protein) and established stable HEK293T cell 
lines expressing membrane bound sfGFP, fusion proteins of sfGFP-ABCG2 wild 
type and two point mutations designed to prevent intermolecular disulphide bond 
formation (C603A) or prevent phosphorylation (T362A). Results from FRAP show 
that there was no difference in diffusion rate among the ABCG2 mutants. Compared 
to sfGFP-ABCG2 the diffusion of a full length ABC transporter, ABCC4, was slightly 
slower while diffusion of lipid anchored sfGFP was twice as fast. Current results 
from experiments investigating the effects of substrates and actin inhibitors on 
diffusion of ABCG2 will be presented alongside relative brightness measurements 
obtained from PCH. Data will be discussed in terms of the oligomerisation state of 
ABCG2 in the membrane of living cells.  
 
References: 
1.  Robey RW, To KKK, Polgar O, Dohse M, Fetsch P, Dean M, et al. ABCG2: A perspective. 
Advanced Drug Delivery Reviews. 2009;61:3–13.  
2.  Haider AJ, Briggs D, Self TJ, Chilvers HL, Holliday ND, Kerr ID. Dimerization of ABCG2 
Analysed by Bimolecular Fluorescence Complementation. PLoS ONE. 2011; 3;6:e25818.  
3.  Kilpatrick LE, Briddon SJ, Holliday ND. Fluorescence correlation spectroscopy, combined 
with bimolecular fluorescence complementation, reveals the effects of β-arrestin complexes and 
endocytic targeting on the membrane mobility of neuropeptide Y receptors. Biochimica et Biophysica 
Acta (BBA) - Molecular Cell Research. 2012;1823(6):1068–81. 
 



 33 

P-04 Homology modelling of gamma-aminobutyric acid transporter dimers in 
the occluded and inward open states 

 
Á. Simon1, Á. Bencsura2, I. Mayer2, J. Kardos1 

 
1Institute of Molecular Pharmacology, Research Centre for Natural Sciences, Hungarian Academy of 

Sciences, 
2Institute of Organic Chemistry, Research Centre for Natural Sciences, Hungarian Academy of 

Sciences 
 
 
Gamma-aminobutyric acid (GABA) level in the human brain is maintained by GABA 
transporters (hGATs). Recently determined high resolution crystal structures of the 
bacterial homologue leucine transporter (LeuT) in the inward open state [1] provided 
structural clues to the molecular mechanism of the transport process and allowed 
the modelling of hGATs in that state. In order to follow GABA transport from the 
occluded to the inward open state, dimeric hGAT-1 models have been prepared by 
the Modeller program using the alignment of Beuming et al., 2006 [2]. For the 
occluded state the position of Na+(1) and Na+(2) were directly taken from the 
template, Cl- ion were added and GABA was docked into the substrate binding site. 
Both structures were subjected to molecular dynamics (MD) simulations in an 
explicit lipid/water environment for 5ns.  
In the occluded state, GABA formed a ring-like Na+(1)-GABA complex in one side of 
the dimer, in accordance with the monomeric model [3]. This Na+(1)-GABA complex 
was characterized by a distance of 2.0-2.5 Å between the GABA carboxyl group 
and the Na+(1) ion, and by an N-C distance of 2.7-3.7 Å between the N atom of the 
amino group and the C atom of the carboxyl group of GABA. The preferred 
formation of the ring-like Na+(1)-GABA complex was further confirmed by in vacuo 
density functional theory calculations as well. Interestingly, the other subunit of the 
dimer did not show the formation of the Na+(1)-GABA complex, most probably due 
to the repositioned Asn327 pulling away Na+(1) from its initial state. In spite of 
Asn327 movement, Na+(1) remained coordinated to Ala61, Asn66, Ser295, Asn327 
on both sides and GABA retained its ring-like conformation on both sides. 
The inward open state prominently differs from that of the occluded state, most 
importantly in the tilted position of TM1a, allowing Na+ ions and GABA to leave the 
transporter. Structural models obtained this way may serve modelling the full 
transport cycle and help better understanding of the multi-state Na+/GABA symport 
porcess. 
 
Acknowledgements: ERA-Chemistry OTKA grant 102166 and NANOSEN9 (TECH-
09-A1-2009-0117). 
 

1. Krishnamurthy H, Gouaux E. X-ray structures of LeuT in substrate-free outward-open and 
apo inward-open states. Nature, 2012, 481, 469. 

2. Beuming T, Shi L, Javitch JA, Weinstein H. 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. Pharm. 2006, 70, 1630. 

3. Kardos J, Palló A, Bencsura Á, Simon Á. Assessing structure, function and  druggability of 
major inhibitory neurotransmitter gamma-aminobutyrate symporter subtypes. Curr. Med. 
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EAAT3 (Excitatory amino acid transporter 3) mediates the regulation of synaptic 
transmission by reuptake of glutamate in the synaptic cleft. It is distributed in the 
neuronal membranes and is selectively enriched in the neurons of the hippocampus, 
cerebellum and the basal ganglia. They belong to the family of soluble carrier family 1 
member 1 (SLC1A1) and are expressed in kidney, a wide variety of epithelial tissues, 
brain and eyes. The project utilizes the high-resolution crystal structure of GltPh, the 
bacterial orthologue to mammalian glutamate transporters. GltPh provides a structural 
framework for the determination of the helical movement in EAAT3. The structural 
rearrangement of the protein is caused by the helical movements which will be 
assessed by distance measurements using the technique of lanthanide resonance 
energy transfer (LRET). The protein will be expressed in Xenopus laevis oocytes. 
Lanthanide binding tags (LBT) will be inserted into the protein to chelate the lanthanide 
terbium which serves as the donor element. Cysteines will be reacted to an acceptor 
dye (bodipy FL). The measured distances will allow us to obtain new insights into the 
structure function relationship of the glutamate transporters and can be further 
investigated using different substrates and inhibitors.  
The results obtained in this project will allow us to understand better pathophysiological 
conditions associated with mutations in EAAT3, for instance mutations causing human 
dicarboxylic aminoaciduria. (The following study is supported by F3506 and W1232 
MolTag) 
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Background 
In previous investigations performed in our laboratory on different isoforms of the 
oligopeptide transporter PepT1 from two poikilotherms (seabass and zebrafish), and one 
homeotherm (rabbit), we observed marked differences in the kinetic behaviour of the 
proteins. Differences in the kinetics of enzyme activity have been found in orthologous 
proteins of poikilotherm species living at different temperature, and these variations appear 
to be adaptive. 
 
Aim 
Characterize the relationship between temperature and the functional properties of the 
intestinal oligopeptide transporter PepT1. 
 
Methods 
Measurements of the currents generated by the transporters at different membrane 
voltages and at different temperature, were performed using Gly-Gln as substrate at pH 6.5 
and 7.5 by the classical two-electrode voltage-clamp technique on Xenopus laevis oocytes 
expressing rbPepT1 (Oryctolagus cuniculus) and sbPepT1 (Dicentrarchus labrax). 
 
Results 
In the rabbit PepT1 raising the temperature in the range 20 to 30 °C causes an increase in 
the maximal transport-associated current (Imax) with a Q10 close to 4. This is expected 
because transport mechanism occurs as a cycle of serial steps and, according to Arrhenius 
theory, higher temperatures will speed up all reactions. Higher temperatures accelerate the 
rate of decline of the presteady-state currents observed in the absence of organic 
substrate. The electrophysiological properties of the rabbit PepT1, show that they become 
qualitatively and quantitatively similar to their fish counterpart when both transporters are 
examined at their physiological body temperature. In the rabbit transporter the main 
biophysical parameters were also analyzed. Increasing temperature showed that the 
voltage dependencies of the intramembrane charge movement and of the time constant of 
decline were both shifted towards more negative potentials. The shift is due to a stronger 
action of temperature on the outward rate of charge movement compared to the inward 
rate, indicating a lower activation energy for the latter process. Temperature also affects the 
binding rate of the substrate: the K0.5 – V curve is shifted to more negative potentials by 
higher temperatures, resulting in a lower apparent affinity in the physiological range of 
potentials. This may be due to the fact that temperature may change the balance between 
flexibility and structural stability of the protein, affecting the interaction of the substrate with 
the binding site. A lower affinity at higher temperature is also expected as a consequence of 
the shorter life time of the transporter state to which substrate binding can occur. 
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Background 
The organic cation transporter 3 (OCT3) shows a broad expression pattern  in the 
nervous system and has been detected in glia cells and neurons. Here, OCT3 
serves as an additional high-capacity, low affinity reuptake system for monoamine 
neurotransmitters such as norepinephrine, serotonin and dopamine, and therefore 
OCT-mediated uptake has been termed “uptake 2”.   
 
Materials and Methods 
We used the mouse and human isoforms of OCT3 and stably expressed them in 
HEK 293 cells. We measured OCT3-mediated uptake of the fluorescent substrate 
4-Di-1-ASP (4-(4-(Dimethylamino)styryl)-N-Methylpyridinium (ASP+) in real-time. 
Uptake of tritiated 1-Methyl-4-Phenylpyridinium was measured in comparison to the 
fluorescent uptake measurements. We used mass spectrometry to assess the 
phosphorylation status of OCT3.  
 
Results  
We show that ASP+ is selectively taken up via OCT3 expressing cells in real time. 
ASP+ uptake allows for sensitive assessment of transport via OCT3 and hence, we 
exploited the mode of action of several OCT3-substrates and transport inhibitors 
such as the stress hormone corticosterone. All results with the fluorescent ASP+ 
have been in line with previously published reports. Finally, we tested if OCT-
mediated uptake is sensitive to phosphorylation and observed that GF109203X 
inhibited uptake.   
 
Conclusion 
Uptake by OCT3 can be measured with the fluorescent ligand ASP+; this uptake is 
comparable to the uptake of radioactively labeled MPP+. Uptake inhibition by 
corticosterone was comparable using either ASP+ and MPP+ and similarly to 
inhibition of protein kinase C. 
 
Supported by the Austrian Science Foundation/FWF grant F3506. 
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The serotonin transporter (SERT) is an integral plasma membrane protein that is 
responsible for the high-affinity re-uptake of the neurotransmitter serotonin. SERT is 
targeted by selective serotonin re-uptake inhibitors (SSRIs) which act as anti-
depressants. Changes in serotonin levels in animal models of acute and chronic 
inflammation are thought to mediate sickness and depressive-like behaviour. SERT 
activity has been shown to be influenced by inflammatory cytokines, in both animals 
and humans. To study the role of SERT in inflammation-induced depressive-like 
behaviour, we used a rat model of intraperitoneal injection of bacterial 
lipopolysacharides. In this model we observe typical signs of sickness behaviour, 
such as body weight loss, anorexia and reduced mobility in the open field test. 
Levels of inflammatory cytokines’ mRNA peak 6 h after injection. At subsequent 
time points, SERT activity in synaptosome preparation of midbrain, cortex, and 
hippocampus increases transiently. SERT activity was measured by analysis of 
synaptosome radioactivity after exposure to 50 nM 3H-serotonin for 6 min at 37 °C. 
SERT-specific uptake was verified by pre-treatment with 100 nM escitalopram. 
Further analyses are carried out to determine if rise in SERT activity is based on 
changes in gene expression, localisation to the plasma membrane or enhanced 
transporter affinity for serotonin.  
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Owing to their functions in physiological processes such as embryogenesis, 
differentiation, cell proliferation, anti-apoptotic signaling and programmed cell death, 
protein kinases are often involved in cancer development, since when disregulated, 
these are critical elements of evolving malignancies. Thus, targeting protein kinases 
with specifically developed inhibitors together with classical chemotherapy may help 
to overcome currently incurable cancer diseases. During classical chemotherapy, 
resistance of the tumour cells to the treatments often emerge, enabling these cells 
to withstand and survive therapies. Multidrug resistance is the phenomenon wherein 
tumour cells develop resistance to a variety of structurally and mechanistically 
unrelated anti-cancer drugs. Beside diverse mechanisms (including mutations 
affecting the regulation of the targets of anti-cancer treatments), drug resistance 
often occurs due to the activity of ABC multidrug transporter proteins. These are 
plasma membrane glycoproteins expressed primarily in secretory organs, at the 
sites of absorption, and at blood-tissue barriers defending the organism against 
toxic agents under physiological conditions. ABC multidrug transporters (MRP1, 
MDR1 and ABCG2) extrude a large diversity of the therapeutic compounds from 
malignant cells, thus impairing the efficacy of target specific anticancer therapies. 
Cancer stem cells possess the capacity for perpetual self-renewal with a finite ability 
to proliferate before they presumably arrest and/or undergo apoptosis. Being often 
MDR1 or ABCG2 positive, these cells can draw considerable benefits compared to 
the mass of the treatment-responding tumour. Finding therapeutic agents that are 
either non-substrates or inhibitors of ABC multidrug transporters would be of 
significant relevance because these agents could kill the cancer stem cells that can 
give rise to renewed development of the malignancy even following a longer period 
of remission. These agents could be key candidates for successful newly developed 
anti-cancer drugs. The present study analyzes the impact of ABCG2 and 
ABCB1/MDR1 functions on the target-specific effects of different, newly sythesized 
protein kinase inhibitors, currently under development. 
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Type IIb Na+-coupled phosphate cotransporters catalyze electrogenic, sodium-dependent 
transport of divalent phosphate with a 3:1 stoichiometry. They belong to a unique protein 
class with, as yet, unresolved 3-D structure. The transport cycle can be described as a 
series of partial reactions between at least 10 conformational states. Our aim is to 
investigate the kinetics of transport and relate this to specific structural rearrangements 
during the transport cycle. We use cysteine mutagenesis and fluorescent labeling: 
cysteines are substituted at selected sites, the mutants expressed in Xenopus oocytes and 
labeled with thiol-reactive fluorophores (e.g. MTS-TAMRA). The transport cycle kinetics are 
then investigated with voltage clamp fluorometry (VCF) using the two electrode voltage 
clamp under different superfusion conditions to define the state occupancy and possible 
partial reactions as the protein changes state. This allows us to characterize the kinetics of 
voltage-dependent transitions involving charge movements on a “global” scale (manifested 
as presteady-state current relaxations) and those associated with localized rearrangements 
close the sites of labeling reported by changes in fluorescence intensity ( DF). 
In a previous study (Virkki et al 2006), the 
DF of 4 cysteine mutants (see Figure, 
white stars) were investigated under 
different superfusion conditions. These 
data suggested that there was a 
complementary movement of the 
reentrant segments (dark shading) in 
response to the same voltage step. We 
have now measured DF by labeling 4 
new sites (black stars, Figure). Three of 
the resulting mutants showed essentially 
WT behavior with respect to presteady-currents, indicating that their voltage dependence 
was not affected, while all showed different DF-V behavior. This indicated that under the 
same driving conditions (voltage and substrate) DF reports unique site-dependent 
molecular rearrangements. 
We focused on the temporal features of DF and presteady-state charge movement in 
response to voltage steps by determining their respective time constants (tF,tpps) on the 
same oocyte. In general, tF was slower than tpps, but showed comparable voltage 
dependence. This suggested that although the local changes follow the overall global 
movements, none of the sites investigated was directly associated with either the intrinsic 
charge or the interaction of Na+ ions. Mutant A104C was unique in the tF , that was 
independent of [Na] in contrast to the other sites explored. This suggested that the 
molecular rearrangements, reported by the fluorophore at this site, reflect voltage-
dependent conformation changes associated only with the empty carrier. 
Our findings shed new light on the local movements of NaPi-IIb and may help identify 
substrate interaction sites. 
 
Virkki, L.V., H. Murer, and I.C. Forster, Voltage clamp fluorometric measurements on a type II Na+-
coupled Pi cotransporter: shedding light on substrate binding order. J Gen Physiol, 2006. 1 27(5): p. 
539-55. 



 40 

P-11 ABC transporters of Fasciola hepatica 
 

Oliver Kudlacek1, Yaprak Doenmez2, Thomas Stockner1, Peter Chiba2 and Michael Freissmuth1 
1 Institute of Pharmacology, Center of Biomolecular Medicine and Pharmacology, 

2 Institute of Medical Chemistry, Center of Pathobiochemistry and Genetics 
Medical University of Vienna, 1090 Vienna, Austria 

E-mail: oliver.kudlacek@meduniwien.ac.at 
 
 
The liver fluke Fasciola hepatica is one of the most important parasites affecting 
animal health all over the world, causing the so called liver fluke disease 
(fascioliosis). Infections of humans with this trematode are rather rare in most 
western countries, but nevertheless the infections of animal stock lead to large 
financial losses. Vaccinations versus this parasite are not available yet. Therefore 
the use of anthelmintic drugs, like the benzimidazole triclabendazole, is the 
treatment of choice. Over the last decades more and more flukes resistant to these 
drugs have been reported. Beside reported mutations in beta-tubulin, which is the 
target protein of triclabendazole, ABC-transporters are under debate to be 
responsible at least in part for these arising resistances. 
Up to date little is known about proteins expressed by the fluke. Starting from a 
previously published partial sequence of a fluke transporter, we succeeded to clone 
the whole cDNA of an ABC transporter from Fasciola hepatica, by using PCR based 
methods like RACE (rapid amplification of cDNA ends). This transporter is a full 
length ABC transporter, consisting of 12 transmembrane domains, and two 
nucleotide binding domains, showing high homologies to mammalian ABC 
transporters of the B-family. 
We could express the transporter heterologously in mammalian and insect cell 
lines. The localization of the transporter was determined by tagging the transporter 
on one hand with fluorescent proteins and on the other hand by 
immunofluorescence, using polyclonal antibodies raised against intracellular regions 
of the transporter. Fluorescence microscopy revealed mainly intracellular 
localization. Although the substrates for this transporter still have to been identified, 
the intracellular localization of the transporter makes it unlikely that we have 
identified the transporter responsible for drug resistances in the fluke. 
Comparison of the cloned F.hepatica ABC transporter with sequences deposited in 
databases suggests up to 30 more ABC transporters to be present in F.hepatica. 
Using again PCR based methods we cloned two other ABC transporters of the 
fluke, which are under investigation at the moment. 
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ABCA13 is amember of ABC proteinsand contains two transmembrane domains 
(TMDs) and two nucleotide binding domains (NBDs). Recent genome-wide 
association studies (GWAS) have shownthat somerare coding variants of 
ABCA13may contribute totherisksofneurological disorders such as schizophrenia 
and bipolar disorder (Am J Hum Gen, 85, 833, 2009). This suggests that ABCA13 
plays an important role inbrain,and its dysfunctioncausesneuronaldisorders. 
However,little is known aboutthe physiologicalfunction of ABCA13 and how SNPs 
affectthefunction. 
 
Here, we focused on particular two SNPs of ABCA13(T4550A and R4843C), which 
reside in NBDs thatarehighly conserved among ABC protein, and try to reveal the 
effect of these SNPs on the function of ABC protein.Because the NBDs of ABCA13 
are similar (71%) to those of ABCA1, and the function ofABCA1 has been 
investigated in detail, we used ABCA1 as a template to study the effect ofABCA13 
SNPs on the function of ABC protein.T4550A and R4843Csubstitutions of 
ABCA13were introduced to the correspondedpositionsof ABCA1, T1088A and 
K2031C.We established HEK293 cells stably express these mutant ABCA1 and 
examinedthe effects of these alterationson the functionof ABCA1. 
 
We found that the T1088A SNP drastically reduced cholesterol efflux by about 90%, 
whereasthe K2031C SNP did not significantly affect cholesterol efflux compared to 
wild type.Biotinylation of cell surface proteins and glycosylationanalysis suggested 
that 50-70% of ABCA1-T1088Acould not pass ER quality controlprobably due to 
improper folding. Because the antibody against ABCA13 reacted with neuronal cells 
in the cerebral cortex, hippocampus, and cerebellum, the T4031A substitution in 
ABCA13 (T1088Ain ABCA1) could affect its function in neurons. 
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The serotonin transporter (SERT) regulates serotonin signaling, as it depletes 
serotonin from the synaptic cleft by transporting the neurotransmitter against its 
concentration gradient. This energetically unfavorable event takes place by utilizing 
the energy stored in the sodium gradient and hence uncoupled flux must be 
prevented. In the SERT and transporters with similar structure, the coupling is 
believed to be secured by gates which seal the pathway to the binding site when 
closed. The proposed extracellular gate of SERT consists of an aromatic lid 
strengthened by a salt-bridge just outside the lid. It is established that mutating the 
salt-bridge can disable SERT transport ability. However, we have successfully 
manipulated the salt-bridge in a way that enables us to switch the gating 
mechanism on or off as desired. With this valuable tool, we are able to test the 
importance of a functional extracellular gate in an array of biochemical assays to 
unravel the importance of closing the extracellular in inducing the overall structural 
rearrangement that takes place during substrate translocation and ligand binding.  
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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. This phenomenon 
resembles drug resistance in cancer cells conferred by proteins such as P-
glycoprotein. 
It has been shown previously for Pdr5 (Ernst R. et al, 2008) that a mutation in the H-
loop does not abolish ATPase activity in contrast to other ABC transporters such as 
HlyB or MalK but interestingly influences substrate specificity. We expressed other 
PDR family members (Snq2, Aus1 and Pdr11) under 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.We could confirm that H-loop mutants 
are still functional and that they retain ATPase activity as determined in purified 
plasma membranes. Interestingly all PDR H-loop mutants tested showed a marked 
hyperresistance to Vanadate inhibition not described before.  
 
This work was supported by a grant from the Austrian Science Foundation 
(SFB035-04). 
 
Ernst, R. et al., (2008) Proc. Natl. Acad. Sci. U.S.A. 105, 5069 
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P-glycoprotein (MDR1, ABCB1, Pgp), Breast Cancer Resistance Protein (BCRP, 
ABCG2) and Multidrug Resistance Protein 1 (MRP1, ABCC1) are transport ATPase 
proteins belonging to the evolutionary conserved protein family of ABC transporters. 
These three proteins are expressed in tissues having barrier functions (e. g. 
hepatocytes, intestinal epithelial cells) and can extrude a large variety of toxic 
substances out of these cells so they have a pivotal role in the protection of our 
body. On the other hand overexpression of these proteins in cancer cells can lead 
to the phenomenon of multidrug resistance.  
 
The substrate specifity of Pgp, ABCG2 and MRP1 partially overlaps but little is 
known about the potential endogenous substrates of them. Based on their 
physicochemical characteristics retinoids – molecules structurally and functionally 
related to retinol having roles e.g. in cell differentiation and proliferation, gene 
expression, vision – are potential Pgp, ABCG2 substrates or modulators. Therefore, 
in our experiments we examined the effects of retinoids on the ATPase and 
transport activity of these three transporters. For the measurement of ATPase 
activity we used isolated cell membrane fractions derived from Sf9 (Spodoptera 
frugiperda) insect cells expressing human Pgp, ABCG2 and MRP1 at high levels. 
Drug accumulation studies were carried out measuring the uptake of calcein-AM 
into Pgp+ NIH3T3 mouse fibroblast cells or mitoxantrone into ABCG2 expressing 
MDCK dog kidney epithelial cells. We found that 9-cis-4-oxo-retinoic acid has a 
weak stimulatory effect on basal ATPase activity of ABCG2, suggesting that it is 
transported by the pump. Retinol, 13-cis-retinoic acid, 13-cis-4-oxo-retinoic acid and 
retinyl-acetate inhibit both the basal- and substrate-stimulated ATPase activity of 
Pgp and ABCG2 in a concentration-dependent manner at micro-molar 
concentrations (IC50 = 2-50 µM) and also inhibit the transport activity of them as it 
was shown in drug accumulation studies. Our preliminary results indicate that the 
above retinoids can also inhibit the ATPase activity of MRP1.  
 
Since the physiological tissue and blood concentration of the different retinoids is in 
the nanomolar range (1-20 nM), it is unlikely that they interfere with the transport 
activity of Pgp, ABCG2 or MRP1 in most tissues or organs. However, retinoid 
therapy or retinol supplementation may cause high enough local retinoid 
concentrations in the intestinal lumen that blocks these transporters and may result 
in intestinal absorption of toxic agents.  

 
Financial support: OTKA grants PD75994 and K72762 



 45 

P-16 The polycationic transfection reagent, PEI, compromises normal 
function of the human serotonin transporter 

 
Bente Ladegaard1, Saida Said1 & Steffen Sinning1 

1 Centre for Psychiatric Research, Aarhus University Hospital, Risskov, Denmark 
 
 
The main function of the human serotonin transporter (hSERT) is to reuptake the 
released serotonin (5-HT) from the synaptic cleft between the neurons in the central 
nervous system. The transporter thereby regulates the concentration of serotonin in 
the synapse and pharmacological modulation of this activity is the mechanism of 
action for many psychotropic drugs. Studies of these drugs often rely on in vitro 
assays using transiently transfected cells.  PEI is an inexpensive alternative to 
many expensive lipocationic transfection reagents. 
 
We here show that transfection with PEI results in high expression levels 
comparable to what can be obtained using lipocationic alternatives. However, we 
also show that functional assays for antidepressant binding and allosteric 
modulation of antidepressant dissociation are compromised for membranes 
produced by PEI transfection. 
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Human gamma-aminobutyric acid (GABA) transporter 1 (hGAT-1) belongs to the 
neurotransmitter-sodium-symporter (NSS) family of transport proteins.  It has been 
a target for the design of antiepileptic therapeutics [1], with tiagabine (Gabitril®) 
currently being the only marketed drug.  
A computational approach was implemented to study the binding events taking 
place in hGAT1. The crystal structure of LeuT (Aquifex aeolicus) served as a 
template for homology modeling, tiagabine was docked into the binding site, and the 
membrane-embedded system was taken through a 30ns molecular dynamics (MD) 
simulation. Ten representative snapshots out of the trajectory were used for 
subsequent docking studies.  
A selection of literature-retrieved, systematically modified tiagabine analogs was 
investigated, revealing a set common binding features. In addition, the importance 
of particular structural details of the binding pocket could be explained by 
differences in bioactivity values of the compounds, being one step towards 
understanding subtype-selectivity of GABA transporters. 
 
The computational results presented have been achieved in part using the Vienna 
Scientific Cluster (VSC). We acknowledge financial support provided by the 
Austrian Science Fund, grants F03502 and W1232. 
 
References: 

1. Palló, A. et al. (2009) Biochem. Biophys. Res. Commun. 385:210-214. 
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P-glycoprotein (Pgp), an ABC transporter, is present in two distinct subpopulations 
in the plasma membrane of multidrug resistant and normal cells, distinguished by 
binding of the UIC2 mAb that appears to recognize (with a Hill coefficient of 1) and 
freeze the transporter in an ATP -/- state. Although the two Pgp pools, i.e. the 
UIC2-reactive pool I and the non-reactive pool II, are in  dynamic equilibrium, they 
can be distinguished in terms of membrane microdomain localization, cytoskeletal 
anchorage, intracellular molecular neighbours, and trafficking characteristics. 
Endocytosis of Pgp appears to involve caveolae and the actin microfilament 
system, and primarily targets the raft associated pool. Upon binding of this 
antibody the rate of internalization is significantly increased, as compared to Pgps 
bound to another Pgp-specific mAb. K433M/K1076M double Walker A mutant 
Pgps are catalytically incompetent and they are in the UIC2-reactive conformation. 
Their distribution between the raft and non-raft membrane domains was 
indistinguishable from that of the wt Pgps  suggesting that topological 
heterogeneity is not driven by the conformational heterogeneity related to catalytic 
cycle.  
 
The fraction of UIC2-binding cell surface Pgps could be finely tuned by the 
intracellular ATP levels when adjusted in permeabilized cells, with Km in the 0.1 
mM range.  In live cells, the fraction of UIC2 reactive Pgps is increased several-
fold upon ATP depletion. These effects are reversible: upon addition of glucose 
ATPi.c. levels are rapidly normalized, as measured using a FRET based sensor, 
with the concomitant reversal of UIC2 reactivity.  
 
Thus, cell surface Pgp appears to function as an ATP sensor in terms of its fraction 
readily available for catalytic action, while the momentarily inactive ATP -/- 
molecules are the preferred targets of recycling; as such, it may contribute to the 
maintenance of cellular homeostasis. 
 
References:  
1Goda et al.: Complete inhibition of P-glycoprotein by simultaneous treatment with a distinct class of 
modulators and the UIC2 monoclonal antibody. Pharmacol Exp Ther. 320(1):81-8, 2007;  
2Goda et al.:  Multidrug resistance through the spectacle of P-glycoprotein. Current Cancer Drug 
Targets, 9(3):281-97, 2009;  
3Mechetner: Detection of the MDR1 P-glycoprotein expression and function. Methods Mol Biol. 
378:175-93, 2007;  
4Mechetner and Roninson: Efficient inhibition of P-glycoprotein-mediated multidrug resistance with 
a monoclonal antibody. Proc Natl Acad Sci U S A. 89(13):5824-8, 1992;  
5Bacso et al.: Raft and cytoskeleton associations of an ABC transporter: P-glycoprotein. Cytometry 
A. 61(2):105-16, 2004.  
Support: OTKA K 72762, PD 75994 
*shared first autorship 
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The serotonin transporter (SERT) belongs to a family of transport proteins called the 
neurotransmitter:sodium symporters. The specialized members of this family 
transport different neurotransmitters across the cell membrane, thereby regulating 
signaling between neurons. Most of these transporters are important drug targets in 
treating i.e. affective disorders such as depression and anxiety, and for drugs of 
abuse such as ecstasy and cocaine. 
 
LeuT, a bacterial homologue of SERT, is crystallized as a dimer and several studies 
indicate that SERT also exists as a dimer or possibly a dimer of dimers (a tetramer) 
in the cell membrane. The dimerization of SERT seems to be important for the 
correct trafficking of SERT to the plasma membrane. Earlier studies have 
suggested that protomers can affect the activity of neighboring protomers, but it 
remains unknown whether this effect is via direct conformational 
intercommunication between protomers in the dimer, or via indirect effects.  
 
Using concatemers, we have been able to direct the assembly of conformationally 
and/or pharmacologically affected mutant transporters with wild type transporters, 
and thereby address the functional interplay between protomers in the SERT dimer 
in serotonin uptake, antidepressant allosteric effects and overall conformation.  
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Background 
Neurotransmitter transporters of the SLC1 and SCL6 family are found on the 
presynaptic neurons and on glia cells. The function of these transporters is the  
termination of neurotransmission by the rapid removal of the neurotransmitter 
molecule from the synaptic cleft. These transporters couple substrate transport to 
ion gradients of sodium and chloride. Almost all of the eucaryotic transporters have 
been described to function as oligomers. However, the forces stabilizing the 
oligomeric state are not well understood. No crystal structure of eukaryotic 
transporters are available, but recently crystal structures of bacterial homologs 
thereof have been solved: GltPh (SLC 1 family) was found as a trimer, LeuT (SLC6 
family) was crystallized as a dimer. These homologous crystal structures allows to 
rationalize on the driving forces that stabilize the eukaryotic counterparts. 
 
Methods 
The crystal structures of LeuT and GltPh were obtained from the PDB. We identified 
the interfaces between the protomers and analyzed hydrogen bonding, hydrophobic 
and hydrophilic interactions as well as size and width of the interface area. 
 
Results 
We investigated the protein-protein interfaces between the transporter protomers 
and identified the dominant forces that stabilize the oligomer. These consist of 
hydrophobic interactions between the aliphatic side chains within the interface and 
of polar interactions by hydrogen bonds between hydroxyl groups. 
 
Conclusion 
The contributions of different forces to the stability of oligomer assemblies vary 
between proteins. While the hydrophobic mismatch is a prominent contributor to the 
stability of the GltPh transporter, it plays a minor role for LeuT, where helix packing 
and aromatic interactions seems to dominate. 
 
Acknowledgements 
This work was supported by the Austrian Science Fund (FWF, project no. F3506 to 
HHS). 
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Plasmodium falciparum causes the most severe malaria infections in humans and 
almost entirely relies on glycolysis to fulfill its energetic needs. After invading the 
erythrocytes the glucose consumption can increase up to 100 fold compared to 
uninfected red blood cells. This leads to large quantities of lactate that have to be 
removed in order to keep the cells viable.  
Until now, the transport proteins through which lactate is exported from the cells are 
unknown. Yet, these proteins should be considered as potential new drug targets. 
We searched the Plasmodium genome in silico for genes that might code for lactate 
transporters. This produced two putative plasmodial lactate transporters with about 
20% identity compared to human lactate transporters. So far, one of the candidates 
was expressed in yeast and yielded the correct band in a Western blot.  
Two endogenous lactate transporters are known in yeast, i.e. the high affinity 
transporter Jen1p that is capable of transporting lactate and pyruvate and Ady2p 
which is mainly an acetate transporter.[1] The yeast double knock out strain 
Δjen1Δady2 is unable to grow on lactate medium as the sole carbon source. We are 
planning to exploit this strain to test the candidate plasmodial lactate transporters 
which should restore the uptake of lactate and cell growth. Furthermore the Km of 
the transporters will be characterized using  14-C radiolabeled lactate or through 
fluorescence dyes indicating the internal pH. 
 
[1] S. de Kok, J. F. Nijkamp, B. Oud, F.C. Roque, D. de Ridder, J-M. Daran, J.T. Pronk & A. J. A. van 
Maris, FEMS Yeast Research 2012, 12, 359 - 374 
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The serotonin transporter (SERT) is located in the membranes of presynaptic 
neurons and plays an important role in the regulation of serotonergic 
neurotransmission by removing serotonin from the synaptic cleft. SERT is also the 
main target of the tricyclic and selective serotonin reuptake inhibitor (TCA and 
SSRI, respectively) groups of antidepressant drugs. 
 
Here we present a SERT virtual screening (VS) protocol that was used to screen 
the Enamine, ChemBridge, ChemDiv, Asinex and Life Chemicals databases in 
order to detect novel SERT inhibitors. The protocol combines ligand-based (incl. 3D 
pharmacophore models) and structure-based screening approaches (flexible 
docking into multiple conformations of the ligand binding site detected in an 
outward-open SERT homology model), and biological evaluation of the virtual hits.  
 
Using this multi-step combined VS protocol, 400 compounds were biologically 
evaluated, of which 100 in full binding studies. Our results show that 45 compounds 
had a Ki < 1000 nM. 
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Background and Aim: 
Mice lacking the phospholipid floppase Abcb4 (Mdr2) develop liver injury with biliary 
fibrosis and sclerosing cholangitis. It has been postulated that virtually absent biliary 
phospholipid and cholesterol secretion result in the production of toxic bile with non-
micellar bound bile acids. The nuclear bile acid (BA) receptor FXR tightly regulates 
BA-homeostasis within the entero-hepatic circulation, lipid metabolism and hepatic 
fibrogenesis. To test the hypothesis that FXR critically determines the development 
of cholangitis and biliary fibrosis, we crossbred and phenotypically characterized 
Abcb4-/- FXR-/- double knockout (DKO) mice. 
 
Material and Methods: 
Serum biochemistry, liver histology, immunohistochemistry, bile flow and biliary 
composition were assessed in DKO mice and compared to corresponding controls. 
Moreover, RNA and protein from liver and intestine of wild type and DKO mice were 
analyzed by Q-PCR and Western blotting. 
 
Results: 
Compared to single Abcb4-/- mice, DKO mice on standard diet showed a reduction 
in cholangitis and biliary fibrosis, despite pronounced hepatocellular injury with 
increased levels of serum ALT, ALP and BA. Rearrangement of Kupffer cells 
clustering and expression of inflammation markers such as Vcam-1 reflected 
redistribution of liver injury from bile ducts in Abcb4-/-  mice to hepatocytes in DKO 
mice. In contrast to Abcb4-/- mice, bile flow and biliary BA-output were drastically 
reduced in DKO. Moreover, hepatic and intestinal BA-homeostasis was lost in DKO 
mice resulting in elevated Cyp7a1 expression on standard diet. BA-treatment 
significantly repressed Cyp7a1, and induced the expression of hepatic SHP and 
intestinal FGF-15 exclusively in wild type mice. Interestingly, loss of coordinated bile 
synthesis and transport led to hepatomegaly and massive hepatic steatosis in DKO 
mice. 
 
Summary / Conclusion: 
Loss of FXR in Abcb4-/- mice attenuates cholangitis and biliary fibrosis, whereas 
FXR deficiency in cholestatic mice enhances hepatocellular injury and fatty liver 
disease due to impaired BA-homeostasis.  
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Introduction:  
During chronic kidney disease (CKD), there is a progressive accumulation of toxic solutes 
due to inadequate renal clearance. These uremic toxins can cause a multitude of 
pathologies, including renal fibrosis and cardio-vascular disease. The current dialysis 
strategies are not completely adept to remove uremic toxins, indicating that active transport 
is required for complete clearance. Previously, our group demonstrated that multiple uremic 
toxins inhibited transport by two important efflux pumps, namely multidrug resistance 
protein 4 (MRP4) and breast cancer resistance protein (BCRP) at clinically relevant 
concentrations [1]. Here, we investigated whether two p-cresol metabolites, i.e. p-cresy 
lsulfate (pCS) and p-cresyl glucuronide (pCG) affect the expression and activity of MRP4 
and BCRP. In addition, we studied the impact of both compounds on the expression of the 
influx transporter organic anion transporting polypeptide 4C1 (OATP4C1), which is 
suspected to be involved in pCS clearance [2].  
 
Methods:  
The pCS and pCG concentrations were determined in plasma of CKD patients using HPLC. 
Transporter gene expressions were studied in conditionally immortalized human renal 
proximal tubule epithelial cells (ciPTEC) by qPCR. Membrane vesicles isolated from MRP4 
or BCRP overexpressing HEK293 cells were used to study the impact of pCS and pCG on 
substrate specific uptake.  
 
Results:  
Both pCS and pCG accumulate in plasma of end-stage CKD patients with mean 
concentrations of 160 ± 107 µM and 46 ± 30 µM (n=4), respectively. Exposure of ciPTEC to 
2 mM pCS and pCG for 48h caused an increased gene expression of BCRP with a fold 
change of 1.3 ± 0.3 and 2.2 ± 0.3, respectively. In contrast, MRP4 expression was 
unaltered. OATP4C1 expression decreased following treatment with pCS and pCG (2 mM 
for 48 h) with a fold change of and 0.7 ± 0.3 and 0.04 ± 0.01, respectively. In addition, pCS 
inhibited MRP4-mediated [3H]-methotrexate ([3H]-MTX) uptake and BCRP-mediated [3H]-
estrone sulfate uptake in concentrations ranging from 10 µM to 1 mM, whereas pCG 
reduced [3H]-MTX uptake by MRP4 only in the same concentration range.  
 
Conclusion:  
Thus, pCS and pCG altered the function and expression of influx and efflux transporters. 
Together with the increased metabolite levels observed in CKD patients, this indicates that 
these solutes hamper kidney function and could contribute to the progression of CKD. 
Novel strategies should focus on preserving transport activity enabling adequate renal 
uremic toxin clearance.  
 
1. Mutsaers HA, van den Heuvel LP, Ringens LH et al. Uremic toxins inhibit transport by breast 
cancer resistance protein and multidrug resistance protein 4 at clinically relevant concentrations. 
PLoS One 2011; 6: e18438  
2. Mutsaers HA, Wilmer MJ, van den Heuvel LP, Hoenderop JG, Masereeuw R. Basolateral 
transport of the uraemic toxin p-cresyl sulfate: role for organic anion transporters? Nephrol Dial 
Transplant 2011; 26: 4149 
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Platelets express high levels of serotonin transporter (SERT), which makes them an 
excellent model for studying the SERT regulation. Serotonin (5-HT) is a 
plateletstored vasoconstrictor. Altered concentrations of circulating 5-HT are 
implicated in several pathologic conditions, including hypertension. The actions of 5-
HT are mediated by different types of receptors and terminated by a single 5-HT 
transporter, but the regulation of SERT in these peripheral blood cells under 
(patho)physiological conditions is not well studied. Here in this study we aim to 
further our understanding of molecular signalling mechanisms involve in the 
regulation of SERT upon platelets activation. SERT activity was determined by 
measuring escitalopram-sensitive [3H]5-HT uptake. 
We found that platelet activation by thrombin caused a rapid dramatic reduction of 
SERT-mediated 5-HT uptake. Moreover, the observed reductions in transport 
capacity were accompanied by a reduction in the lipid rafts association of SERT. In 
order to understand the signalling intermediates involved, we studied the effect of 
thrombin on SERT activity in parallel to thrombin-induced 5-HT release from 
densegranules as well as in comparison to the well-known down-regulation of SERT 
upon activation of protein kinase C (PKC) by βPMA. Both thrombin and βPMA result 
in the down-regulation of SERT activity, yet different signalling pathways appear to 
be involved. Thrombin induced reduction of SERT activity is mediated via the 
activation phospholipase C (PLC), but independent of classical isoforms of PKC, and 
also appeared to be independent of 5-HT release from platelet dense granules and 
phosphatidylinositol 3-kinases (PI3K). In contrast, βPMA effects on SERT activity 
required the 5-HT release from dense granules, and also the activation of both PLC 
and PI3K dependent pathways. 
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Background: Bile acids (BAs) activate G-protein-coupled and nuclear receptors 
controlling hepatic glucose/lipid metabolism and inflammation. Non-alcoholic 
steatohepatitis (NASH) is characterized by increased hepatic lipid content and 
inflammation. BAs are transported into bile via the bile salt export pump (BSEP; 
ABCB11). BSEP transgenic mice display less hepatic triglyceride (TG) 
accumulation but more severe inflammation when on diet (high fat, MCD). We 
therefore tested the hypothesis that absence of BSEP may sensitize to hepatic 
steatosis while simultaneously reducing inflammation in NASH  
 
Methods: Wildtype (WT) and BSEP knockout (KO) mice received MCD-diet for 5 
weeks to induce NASH. Hepatic mRNA profiling of hepatic lipid metabolism and 
inflammation by RT-PCR was performed, moreover, serum biochemistry, hepatic 
TG- and BA content /composition and liver histology were investigated. 
 
Results: MCD feeding induced hepatic TG accumulation (1,8-fold) in WT mice and 
to a lower extent in BSEP KO mice. mRNA expression of de novo lipogenesis and 
fatty acid transport markers (Srebp1c, FasN, Scd1 and Fatp5, Fabp1) were 
repressed to a higher extent in MCD fed BSEP KO mice compared to WT mice. 
Notably, serum VLDL levels were strongly reduced by MCD feeding in both WT and 
BSEP KO mice, together with a decrease in mRNA expression of ApoCII (activator 
of Lipoproteinlipase (LPL)), as well as by the reduction of LPL activity in MCD fed 
mice independent of the genotype. In contrast to WT animals, BSEP KO mice were 
protected from hepatic inflammation (reflected by Tnfa, F4/80, Mcp1 and iNOS) 
induced by MCD feeding. mRNA expression of NTCP was down-regulated by 60% 
in WT mice upon MCD but to a greater extent (80%) in BSEP KO mice. Conversely, 
MRP4 and OSTb (transporters involved in alternative sinusoidal BA export) mRNA 
was increased (10-fold and 2,8 fold) only in BSEP KO mice. Measurement of 
hepatic bile acid composition revealed a distinct increase in hepatic CDCA (3-fold) 
and CA (3-fold) concentration (both BAs are known FXR agonists) in BSEP KO 
mice on MCD compared to WT, while hepatic UDCA as well as b-muricholic  acid 
(weak FXR agonists with antagonistic properties) levels were decreased. 
 
Conclusion: Lack of BSEP protects from both hepatic inflammation and lipid 
accumulation on MCD diet by modulating hepatic bile acid transport and 
intrahepatic bile acid composition with induction of FXR. Thus, pharmacological 
modulation of bile acid transport/metabolism could constitute a new therapeutic 
option for modulating inflammation during progression from fatty liver to NASH. 
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Background 
Vegetable protein sources are commonly used in feed formulations for cultured animals 
including fish; often an amino acid supplementation becomes necessary because they are 
inferior in their essential amino acid (EAA) composition, in particular for lysine that is 
growth-limiting. The lack of EAA causes a reduction in fish growth and feed utilization 
efficiency and an increase in diseases (1, 2). PepT1 (SLC15A1) is an electrogenic 
transporter that uses an inwardly directed proton electrochemical gradient to drive the 
transport of di- and tri- peptides and peptido-mimetic molecules into a variety of cells (3). 
PepT1 is the major route of intake of peptides and a better knowledge of the kinetic 
characteristics of the transporter related to lysine-containing peptides will help to add EAA 
in the correct form. 
 
Aim of this work was to explore the transport of different combinations of lysine, 
methionine and glycine dipeptides, in order to evaluate the transport efficiency by using 
electrophysiological methods in various PepT1 isoforms and to obtain indications on the 
involved structural determinants, according to the model proposed for this transporter. 
 
Methods 
Measurements of the transport-associated currents generated by the transporters, in the 
presence of different substrates, were performed at constant or different membrane 
voltages and at two pH conditions by the classical two-electrode voltage-clamp technique 
on Xenopus laevis oocytes expressing sbPepT1(Dicentrarchus labrax) 
rbPepT1(Oryctolagus cuniculus) and zfPepT1 (Danio rerio). 
 
Results 
Species-specific differences were observed in the potency order among the various 
substrates (tested at 1mM), and in the voltage-dependence of the current amplitude. 
Particularly Lys-Met was the best substrate at all tested potentials in seabass PepT1, as 
well as in the rabbit transporter, while in the zebrafish isoform all tested dipeptides (except 
Gly-Lys) elicited similar currents independently of the position of the charge or the amino 
acid composition. In the seabass and rabbit PepT1, kinetic parameters (K0.5, Imax and 
their ratio) showed the importance of the position of lysine in the dipeptide. These proteins 
had very low affinity for Lys-Lys and Gly-Lys. This reduced the transport efficiency that was 
instead significantly higher for Lys-Met and Lys-Gly. In zfPepT1 relatively high affinity and 
excellent transport efficiency were shown by Met-Lys and Lys-Met, while low efficiency was 
found for Gly-Lys. According to the sequence comparison and the structural model (4, 5), 
the behaviour of the mutant T327I of rbPepT1 was analyzed, with results suggesting an 
altered interaction with lysine-containing peptides. 
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The human serotonin transporter (hSERT) regulates serotonergic signaling in the brain 
by actively regulating the concentration of serotonin in the synaptic cleft. hSERT 
mediates reuptake of serotonin into the pre-synaptic neurons. hSERT is a molecular 
target for antidepressant drugs and psychostimulants that act by altering the serotonin 
concentration in the synapses. 

      Conformational changes of hSERT occur during substrate and ligand binding and during 
translocation of serotonin. During the transport cycle, hSERT shifts from an 
extracellularfacing conformation through an occluded state ending in a cytoplasmic-
facing conformation. A bound ligand induces a given conformation of hSERT and 
ibogaine, a hallucinogenic alkaloid, binds to hSERT and stabilizes an inward-facing 
conformation of hSERT. The interplay between ligand binding, substrate transport, and 
hSERT conformation is not fully understood. We have analyzed binding characteristics 
of structural intermediates of serotonin and ibogaine by functional assays. The ibogaine 
analogues were characterized for their effect on inhibition of serotonin transport by 
hSERT, and conformational changes in hSERT. We here map structural elements in the 
ibogaine/noribogaine structure responsible for inhibition of uptake and conformational 
changes in hSERT. 
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The serotonin transporter (SERT) is exported from the ER by recruiting SEC24C to its C-
terminus [1]. The same region also provides a docking site for proteinaceous chaperones 
(HSP-isoforms) that assist in folding [2]. Based on these observations, we postulate 
sequential exchange of the chaperone(s) for the COPII coat as a mechanism to prevent 
premature ER export of partially folded SERT. SERT (including a series of double- and 
truncation mutants along its C-terminus) and related transporters were screened for their 
SEC24-isoform dependence, examined by siRNAs-induced SEC24 knock-down in 
HEK293 cells. The cells were transfected with Sec24 siRNAs and 48h later with 
transporter plasmids (Lipofectamine, Invitrogen) and the effects were determined by 
substrate uptake and confocal microscopy. GST-fusion proteins comprising the C-
terminus of wild type and mutant SERTs were used for pull-down experiments carried out 
with SEC24C and SEC24D. To examine the role of heat shock protein (HSP) 90 in 
regulating the formation of COPII vesicles, we treated HEK293 cells expressing wild type 
SERT and its RI-607,608-AA mutant (putative ER export motif site) with geldanamycin, 
prior to measuring the effect of HSP90 inhibition on transporter trafficking. A lysine 
(K610) residing near the putative ER export motif on SERT (RI-607,608) was replaced by 
tyrosine (Y), the equivalent residue found in NET and DAT, leading to a relaxed 
preference for SEC24 isoform recruitment; SERT-K610Y no longer relied solely on 
SEC24C, but rather SEC24D for ER export. We searched for HSP-isoforms that bound 
within or close to the SEC24-binding site. These experiments revealed a role of HSP90 in 
relaying SERT to SEC24C. We show that the preference for SEC24 isoforms can be 
altered upon mutation of a single residue on the cargo protein. In SERT, lysine 610 
appears to have a role in the interaction with SEC24C. We base our conclusion on the 
following evidence: (i) GST pull-downs showing an interaction with SEC24D, rather than 
SEC24C, (ii) siRNA-induced knock down of SEC24 isoforms A-D and (iii) co-expression 
with dominant negative SEC24C/SEC24D mutants, leading to reduced surface 
expression of the transporter. 
 
This work was supported by SFB35. 
 
1. Sucic S, El-Kasaby A, Kudlacek O, Sarker S, Sitte HH, Marin P, Freissmuth M. The serotonin transporter 
is an exclusive client of the coat protein complex II (COPII) component SEC24C. J Biol Chem 2011, 
286:16482-90. 
2. El-Kasaby A, Just H, Malle E, Stolt-Bergner PC, Sitte HH, Freissmuth M, Kudlacek O. Mutations in the 
carboxyl-terminal SEC24 binding motif of the serotonin transporter impair folding of the transporter. J Biol 
Chem 2010, 285: 39201-10. 
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Introduction: Chlorothiazide is used as diuretic to manage excess fluids associated 
with congestive heart failures, hepatic cirrhosis, and corticosteroid/estrogen therapy. 
Chlorothiazide has also been found useful in edema due to various forms of renal 
dysfunction such as nephrotic syndrome, acute glomerulonephritis, and chronic 
renal failure. Chlorothiazide is also indicated in the management of hypertension 
either as the sole therapeutic agent or to enhance the effectiveness of other 
antihypertensive drugs. However, chlorothiazide intake is associated with adverse 
effects such as renal failure, renal dysfunction and interstitial nephritis. The 
mechanism of action of chlorothiazide-mediated diuretic effect and associated side 
effects remain poorly understood. Chlorothiazide is not metabolized but is 
eliminated rapidly by the kidney (half-life 45-120min). Bioavailibility of this drug is 
low (class IV according to Biopharmaceutics Classification System / 
Biopharmaceutics Drug Distribution and Classification System) and we previously 
showed that chlorothiazide is a BCRP substrate both in BCRP over-expressing 
MDCKII cells and Caco-2 cells. The rapid renal excretion of chlorothiazide and its 
low permeability suggests that uptake transporters are involved in the renal 
transport of this drug. Furthermore, chlorothiazide is known to inhibit the organic 
anion transporters 1 and 3. We then hypothesize that clorothiazide is actively 
uptaken by OAT1 and/or OAT3 and that this active uptake together with its BCRP-
mediated efflux contributes to its rapid renal excretion. 
 
Results: The examination of uptake and inhibition of chlorothiazide was performed 
using CHO-K1 and Flp-In-293 cells stably expressing human organic anion 
transporter 1 (hOAT1) and human organic anion transporter3 (hOAT3), 
respectively. Chlorothiatide uptake was markedly higher into transfected cells 
compare to parental cells and the uptake could be inhibited by probenecid, 
diclofenac and furosemide in a dose dependent manner. To further characterize the 
interaction of chlorothiazide and ABCG2, vesicular tranport and ATPase assays 
were used. To confirm that this interaction may modulate the ADMETox properties 
of chlorothiazide we performed monolayer efflux experiments on ABCG2 
transfected MDCKII and parental cell with and without specific ABCG2 inhibitor, 
Ko134. Results from the different experimental systems correlated well and 
confirmed that ABCG2 effectively transport chlorothiazide.  
 
Conclusion: In this study we showed that chlorothiazide is a substrate of OAT1, 
OAT3 and BCRP. These findings might explain the rapid renal secretion of 
chlorothiazide and might help understanding the molecular basis of the observed 
adverse effect of chlorothiazide. 
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The ABC (ATP binding cassette) transporter superfamily constitutes one of the 
largest classes of membrane transporters. It utilizes the energy of ATP binding and 
hydrolysis to mediate the uphill transport across membranes of structurally and 
functionally diverse compounds. At present, crystal structures of several complete 
ABC exporters have been solved. The crystal structure of the bacterial multidrug 
transporter Sav1866 (Dawson & Locher, Nature 2006) is interpreted to reflect the 
ATP-bound outward-facing state. It shows a wing-shaped structure consisting of two 
diverging helical bundles composed of helices of each of the two transmembrane 
domains. The requirement and extent of wing formation for substrate transport of P-
glycoprotein (P-gp) is still unclear and might be more accentual expressed in the 
crystal structure as compared to the conformation present in a physiological 
membrane environment. Three cross-linkable double cysteine mutations were 
introduced in a pair-wise fashion into cysteine-less P-gp. These cysteines were 
designed to restrain the formation of a winged structure upon cross-linking with Cu-
Phenanthroline. The mutant containing the cysteine pair I328 (helix 6) – F971C 
(helix 12) was shown to be cross-linked as confirmed by its decreased mobility on 
SDS-PAGE. Transport function of the cross-linked transporter was determined by 
continuous monitoring of rhodamine 123 efflux over five minutes. Cu-
Phenanthroline alone did not affect the transporter function as demonstrated with 
cysteine-less P-gp. Our observation that rhodamine 123 transport was not 
abolished in presence of the zero length cross-link between cysteine residues in 
helices 6 and 12 indicates that the wide open winged conformation observed in the 
crystal structure may not be a prerequisite for substrate transport. 
This project was funded by Austrian Science Fund FWF grant 23319 to TS. 
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Digitalis-like compounds (DLCs) such as digoxin and digitoxin are commonly used 
for treatment of heart failure and some types of cardiac arrhythmias. DLCs narrow 
therapeutic index ranks them among the top ten drugs associated with 
hospitalization because of the adverse effects. As a number of DLCs are 
metabolized and excreted via the liver, the hepatic transporters may have key role 
in the transport of DLCs in the liver. Transporter proteins are important drug-drug 
interaction (DDI) sites. Therefore, characterization of DLCs interaction with hepatic 
transporters such as Na+-taurocholate co-transporting polypeptide (NTCP) and 
organic anion-transporting polypeptide (OATP1B1) may improve the therapeutic 
index of DLCs and their possible DDI.  
 
CHO and HEK cells expressing human NTCP and OATP1B1, respectively were 
used to investigate the inhibitory effect of thirteen different DLCs on these 
transporters. A cell assay was used to measure influx transport of [3H]-taurocholic 
acid (TCA) and [3H]-Estradiol 17 β-D-Glucuronide (E217βG) by NTCP and 
OATP1B1 in the presence of 10 and 100 µM DLCs.  
Proscillaridin A, a plant-derived DLC, was a potent inhibitor of NTCP with an IC50 of 
20 µM whereas the other DLCs did not inhibit NTCP-mediated TCA transport. 
Digoxin, digitoxin, digitoxigenin and proscillaridin inhibited Estradiol 17 β-D-
Glucuronide transport by OATP1B1. Proscillaridin is one of DLCs which is reported 
to be excreted via the bile. Unlike digoxin, digitoxin and digitoxigenin are mostly 
metabolized in the liver and they may enter the hepatocytes by uptake transporters. 
The next step will be the measurement of these inhibitory DLCs directly in the cells 
using Liquid chromatography–mass spectrometry (LC-MS) to determine whether 
digoxin, digitoxin, digitoxigenin and proscillaridin are substrates of NTCP and 
OATP1B1. 
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Tyrosine residues play a pivotal role for molecular recognition in biological systems, 
including domain interface and active site interaction of proteins with substrates. 
Tyrosines are amphipathic, capable of forming nonpolar, H-bonding and pi-cation 
interactions and their relative rigidity is associated with a reduced loss of 
conformational entropy, when the side chain is immobilized in a binding interface 
(Koide and Sidhu, ACS Chemical Biology 2009). The amphipathic nature of 
tyrosines allows them to readily tolerate a change of the environment from 
hydrophilic to hydrophobic and vice versa. Nevertheless these residues contribute 
to structural plasticity of binding regions (Mian et al, J Mol Biol 1991). This prompted 
us to investigate the importance of tyrosine residues for transport of the well known 
ABCB1 substrate rhodamine123 and for the interaction with propafenone 
analogues. We previously demonstrated the ability of different substrates 
(verapamil, vinblastine, rhodamine123, propafenones) to interact with the 
transporter in two different pseudosymmetric modes, of which one is preferred over 
the other (Parveen et al, Mol Pharmacol 2011). An inverse preference is apparent 
for different chemical entities. Tyrosine residues Y307 and Y310 in transmembrane 
helix 5 and Y950 and Y953 in TM helix 11 lie in aligning positions of the N- and C-
terminal halves of the transporter and adopt rotational symmetry in homology 
models. These residues conform to, or are located in immediate vicinity of two 
pseudosymmetric amino acid stretches, which are intensely labeled by photoactive 
propafenone analogues. A first series of experiments addressed the role of tyrosine 
residues 307 and 310, which lie within the preferred translocation path for 
rhodamine123, and residues Y950 and Y953 in the alternate path, for transport of 
this paradigm substrate. Residues were mutated individually and in combination. 
Single mutants Y307F, Y310F, Y950F and 953F did not show a change in 
rhodamine 123 transport rates. The double mutant Y950F.Y953F showed a very 
slight decrease, while the double mutant Y307F.Y310F showed significantly 
reduced first order rate constants for transport of rhodamine123. These findings are 
in agreement with the dual binding site concept established by our group earlier. 
The expressed decrease in transport rate in the Y307F.Y310F mutant demonstrates 
a redundant role of these tyrosine residues for interaction with rhodamine123. The 
importance of this finding for an understanding of transporter biology will be 
discussed along with the requirement for robust transport assays. The latter has 
been achieved by developing a flow cytometric continuous zero trans efflux protocol 
relying on the acquisition of about 500,000 single events for each individual efflux 
curve. All mutants were trafficking competent except for mutant Y117F, a pore 
exposed tyrosine residue in immediate vicinity of residues Y950 and Y953. 
Simultaneous mutation of Y950 and Y953 to phenylalanine reestablished trafficking, 
indicating an interplay of these residues in interdomain interaction and folding.  
Funded by the Austrian Science Fund (SFB35), the Higher Education Commission 
Pakistan (scholarship to ZP) as well as FWF project 23319 to TS 
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PSC-833 (Valspodar) is a cyclosporine A analogue that is an effective inhibitor of 
multidrug resistance protein, MDR-1 (P-glycoprotein,P-gp). The present study was 
focused on the effects of valspodar (PSC-833) on the absorption of digoxin, which 
is considered as a reference substrate to test intestinal P-gp functionality in the in 
vivo and ex vitro studies and widely used in human medicine. P-gp is an active drug 
transporter belonging to the ATP-binding cassette transporter family. It is abundant 
in the apical membrane of many pharmacologically important epithelial barriers, 
such as kidney, liver, and the intestinal epithelium, where transports drugs back into 
the gut lumen and plays a major role in limiting drug absorption. P-gp inhibitors 
increase digoxin absorption and oral bioavailability. 
In vivo absorption method on mouse, ex vivo Ussing chamber methods on mouse 
ileum and everted gut sac method on rat ileum were used to studythe inhibitory 
effect of PSC-833 on the intestinal absorption of digoxin and to test the role of P-gp 
on the digoxin absorption. The work included the evaluationof the effect of two other 
different P-gp inhibitors, verapamil and quinidine in ex vivo methods too. 
In the in vivo experiments, male CD1 mouse were randomly allocated to 12 groups 
(n = 48) and intraperitoneally treated with PSC-833 (25mg/kg–1) before digoxin 
administration (33,3 µg/kg) per orally. Animals were sacrificed between 0,5 and 24 
h. Blood samples were collected at 0,5, 1, 2, 4, 8, and 24 h after digoxin 
administrationinto heparinized polypropylene tubes and centrifuged at 4000g for 20 
min at 4°C. Plasma was collected and the digoxin concentration of the plasma 
samples were measured by digoxin ELISA kits. Digoxin Area Under the 
concentration time Curve (AUC) values were significantly greater (1,7 times higher) 
in mice receiving 25 mg/kg PSC-833 than digoxin administered alone.(4,4; 2,6 
respectively, p≤0.01). 
For the ex vitro experiments, the everted ileal sacs were preincubated for 15 min in 
the presence and absence of PSC-833 (2,5µM) or Verapamil (100µM), a well-
known P-gp inhibitor before adding Digoxin to the external medium to reach a final 
concentration of 10 µM (10,6 µM of H3 digoxin/mol) The sacs were incubated for 0, 
5, 10, 20 and 40 min.The external medium was continuously oxigenized with 95% 
O2 and 5% CO2.Radioactivity was determined in mucosal and serosal samples by 
liquid scintillation analysis. Verapamil and PSC-833 increases significantly the 
digoxin absorption on the everted sac model added to the luminal and serosal 
surfaces. 
In the ex vivo Ussing chamber experiments we investigated the effect of PSC-
833(2,5 µM) and the well-known Pgp inhibitor Quinidine (200 µM) adding to both 
surfacesonthe digoxin(40 µM with H3 digoxin to 0,2µCi) permeability across the ileal 
epithelium. Digoxin showed marked efflux. Permeability of Digoxin in the B-A 
direction was approximately 10-fold greater than in the A-B direction without 
inhibitors. Quinidine and PSC-833 significantly increased Digoxin permeability in A-
B direction and decreased in B-A direction. 
In conclusion, PSC-833, due to its P-gp inhibitory effect significantly increased the 
intestinal absorption of digoxin in all used in vivo and ex vivo methods in rat and in 
mouse too. 
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Liposomal nanoparticles carrying anticancer drugs are more effective than free 
drugs in resistant tumors, with mechanisms that are still matter of debate.  

We analyzed the effect of doxorubicin-loaded liposomes (“Lipodox”) in the model of 
drug-sensitive HT29 (ABCB1-) cells and drug-resistant HT29-dx (ABCB1+) cells. 
Lipodox was more cytotoxic than free doxorubicin in HT29-dx cells; this effect, that 
was lost in HT29-dx ABCB1-/- cells and rescued in HT29 ABCB1+ cells, was due to 
two concurrent factors: 

1) the liposome shell altered the composition of lipid rafts, increased the membrane 
fluidity and decreased the lipid raft-associated ABCB1; 

2) differently from free doxorubicin, the doxorubicin delivered by liposomes impaired 
the transport activity and the ATP-ase catalytic cycle of ABCB1, and competed with 
verapamil and colchicine for ABCB1 binding. Site-directed mutagenesis suggested 
that glycine 185 is a critical residue for the interaction with ABCB1 [1]. 

To identify which nanoparticle component is responsible for ABCB1 inhibition, we 
produced liposomes with different lipid composition, surface charge, pegylation 
(PEG). Surface charge critically affected drug efflux, being neutral liposomes the 
most effective in reducing the Vmax of doxorubicin efflux. On the other hand, 
pegylation was critical to decrease the Km of doxorubicin. 
Distearylphosphatidylethanolammine-PEG conjugate, a structural component of 
liposomal envelope, acted as allosteric inhibitor of ABCB1 and was likely the 
putative interactor with the glycine 185-centered domain. 

Our work suggests that the design of liposomal nanoparticles, with controlled 
physico-chemical properties and composition, may represent a useful tool against 
ABCB1-overexpressing tumors. 

  

References: 
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Human ABCG2 is a plasma membrane glycoprotein expressed in many tissues 
especially in those with barrier function. ABCG2 is an active transporter that 
extrudes various compounds from the cells, therefore it can protect the body and 
also cancer cells against a large number of molecules. We and others have 
demonstrated earlier that the activity of human ABCG2 is modulated by cholesterol, 
however, the sensing site(s) for cholesterol have not yet been identified. Arg 482 
and a potential steroid-binding element (SBE, aa 555-558) of ABCG2 have been 
reported to modulate the transporter’s function. In our present work we have 
characterized the role of aa 482 and the SBE in cholesterol sensitivity of human 
ABCG2. Nine ABCG2-R482 and three SBE mutants were expressed in Sf9 insect 
cells, containing relatively low amounts of plasma membrane cholesterol, thus 
allowing the investigation of the effect of different membrane cholesterol levels on 
ABCG2 function. Our data delineate two clusters of aa 482 variants. Mutants having 
smaller amino acids at position 482 (G, S, T, N and D) are not significantly activated 
by cholesterol. However in the case of R482 variants with larger aa side chains (I, 
K, M and Y) membrane cholesterol level greatly enhanced ATPase activity and 
transport capacity, similarly to the wild-type protein. Interestingly, Leu to Ala 
replacements in the SBE, beside altering substrate specificity, also modulated 
cholesterol sensing in ABCG2. The activity of these variants was apparently 
cholesterol-independent. By using purified ABCG2 in a reconstituted system with 
well-controlled cholesterol levels, we document here that cholesterol is an essential 
activator of the ABCG2 activity. Surprisingly, in contrast to the data obtained in 
native membrane environment, in the purified, reconstituted system, the apparently 
“cholesterol-insensitive” mutant variants of ABCG2 (R482G and L558A) all required 
cholesterol for full activity, although showed greatly variable cholesterol sensitivities.  
 
Supported by grants from OTKA (NK83533) and NKTH (STEMKILL).  
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Introduction 
The use of the cytostatic drug cisplatin is hampered by nephrotoxicity, manifesting in 20-
30% of patients treated for solid tumors located in the lung, neck, head, testis, ovary and 
breast. The organic cation transporter 2 (OCT2, SLC22A2) is involved in the basolateral 
uptake of cisplatin in the renal proximal tubular epithelium resulting in toxic intracellular 
cisplatin levels, hence, is involved in the development of nephrotoxicity. Although many 
research focused on inhibition of OCT2 to attenuate this, cisplatin induced renal toxicity is 
still a burden in the treatment against solid tumors. Therefore, further elucidation of the 
intracellular mechanism of cisplatin induced nephrotoxicity could lead to an optimized 
treatment of solid tumors. In the current study, we evaluated the use of a novel human 
conditionally immortalized proximal tubular epithelial cell line (ciPTEC) to be used for 
studying the cellular mechanism of cisplatin induced nephrotoxicity. 
 
Methods 
ciPTEC were cultured at proliferation temperature of 33°C and transferred to 37°C for 
maturation to the proximal tubular phenotype. To validate OCT2 activity, cell suspensions 
were exposed to the fluorescent model substrate 4-(4-dimethylamino(styryl)-N-
methylpyridinium iodide (ASP) at various concentrations for 30 min and fluorescence was 
monitored (ex 485nm; em 590nm). In addition, IC50 and Ki values were determined for 
tetrapentylammonium (TPA), metformin, cimetidine and quinidine. To analyze cytotoxicity, 
ciPTEC were exposed to a range of cisplatin (10-100 µg/ml) for 24 hrs in serum free 
medium. Cellular toxicity was measured by analyzing cell viability using the MTT-assay and 
by determination of the gene expression of the renal toxicity markers KIM1 and Vanin-1. 
 
Results 
By incubation of ciPTEC with a concentration range of ASP, a saturation curve was derived, 
with a Km of 139 +/- 37 µM. Using a concentration range of OCT2 substrates in presence of 
ASP (25µM), IC50 values for TPA (16±2 µM), metformin (3954±124 µM), cimetidine 
(8.1±2.4 µM) and quinidine (28.5±5.2 µM) were calculated. Dixon plots of these compounds 
in presence of ASP (10, 20, 30 µM) were used to calculate the Ki values (13.1±1.8; 
4271±522; 36.3±4.0 and 39.8±4.7 µM, respectively). The exposure of cisplatin resulted in a 
time and concentration dependent effect on cell viability as analyzed by the MTT assay, 
with a calculated LC50 of 32.6 µg/ml at 24 hrs. Furthermore, 12.5 µg/ml cisplatin inhibited 
viability by 25% (p<0.05), which was completely restored by addition of TPA (2µM). RNA 
levels of renal toxicity biomarkers KIM1 and Vanin-1 were increased in ciPTEC exposed for 
24 hrs with 12.5 µg/ml cisplatin (7 and 1.6 fold, respectively). 
 
Conlusion 
The Ki and IC50 values calculated for several known OCT2 compounds are comparable to 
the data described in literature, demonstrating that the ciPTEC model is a suitable model 
for studying drug-drug interactions at the site of OCT2. Exposure of ciPTEC to cisplatin 
results in the expected toxic effects, which indeed could be attenuated by inhibition of 
OCT2. Taken together, ciPTEC is a valuable tool to elucidate further the intracellular 
mechanism of cisplatin induced renal toxicity. 
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The serotonin transporter (SERT) terminates neurotransmission by uptaking 
serotonin from the synaptic cleft into presynaptic neuron, which is a targeting site of 
antidepressants such as citalopram (CIT). Here we investigate the CIT binding sites 
in SERT by using single molecule recognition force spectroscopy. It has been 
shown that CIT-based analogues where an aniline group was introduced into the 5-
position of the CIT isobenzofuran ring retained high binding affinities at SERT. 
Hence, the 5-aniline CIT analogue was chosen as a template for functionalization of 
the cantilever tip via a flexible polyethylene glycol (PEG) linker. Force distance 
curve measurements were performed on living CHO cells transfected for 
overexpressing of human SERT fused with yellow fluorescence protein (YFP). The 
specificity of the binding events was evidenced by the block experiments, where the 
injection of free CIT reduced the binding probability of the CIT tip. Fluorescence 
guided force spectroscopy showed correlation between the binding probability and 
the expression level of SERT, which further confirmed the specificity of the 
interaction. From the distribution of the unbinding force, we observed two distinct 
populations of unbinding events on some cellular positions. The multiple-bond 
model does not fit to the experimental data. On the contrary, the two populations of 
unbinding events showed similar effective spring constants, which suggested that 
they were from single molecule but from different binding sites. Injection of free CIT 
can only block the stronger interaction, indicating that the weaker binding site has a 
much lower affinity. After the stronger binding site was occupied by the injected free 
CIT, the unbinding force from the weaker binding site increased slightly. The force 
spectroscopy was further investigated on gently fixed cells (4% paraformaldehyde, 
15min), which showed dominantly unbinding events from weaker binding site. 
Fixation of cells restricted the diffusion movement of membrane proteins, resulting 
in much lower possibility for the CIT on the tip to reach the deep stronger binding 
site. After the injection of free CIT, there is no significant reduction of the binding 
probability. However, the unbinding force from the weaker binding site increased 
again. 
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Bile acid accumulation in hepatocytes due to inhibition of the bile salt export pump 
(BSEP) has been proposed as a mechanism of hepatotoxicity induced by 
cholestatic drugs including cyclosporin A (CsA). In bile duct cannulated rats we had 
previously obtained inconsistent results on biliary excretion of radiolabelled 
taurocholate (3HTC) in animals that were treated with CsA (IP). Therefore, later we 
changed over to IV administration of 3HTC and CsA.  Surprisingly, the CsA 
treatment resulted in an increase in the concentration of 3HTC in bile samples 
regardless if CsA was applied as pretreatment or as cotreatment. The aim of this 
work was to elucidate the discrepancy between the expected inhibition of Bsep by 
CsA and the apparent increase of 3HTC-excretion and to find experimental tool 
providing consistent results for interactions of Bsep and CsA.  
 
We set up a hypothesis that the CsA treatment decreased the levels of endogenous 
TC in the vicinity of Bsep in the hepatocytes leading to a shift in the ratio of radio 
labelled vs. endogenous TC molecules as compared to control animals. As Bsep 
does not distinguish the 3HTC from endogenous molecules, the 3HTC might have 
greater chance than the endogenous TC to be excreted by the efflux transporter. 
 
To test our hypothesis first we approached the role of the shift of the ratio of 
3H/endogenous TC from the opposite direction; some animals received only 3HTC, 
other animals a mixture of cold and 3HTC. In line with our hypothesis the biliary 
excretion of 3HTC was lower in the animals treated with the mixture of cold and 
labelled TC compared to controls. Then the combination of 3HTC and cold-TC was 
administered to control and to CsA-pretreated rats assuming that the CsA 
pretreatment would reverse the effect of administration of cold-TC on the excretion 
of 3HTC.  Indeed, CsA pretreatment resulted again in apparent increase of 3HTC-
excretion. In further experiments the CsA was applied as posttreatment at various 
times (as much as 10, 15 minutes) after the administration of 3HTC. (At these time 
points most of the 3HTC was excreted.)  The results of these experiments were 
inconsistent again; in some experiments the 3HTC excretion was higher in control, 
in other experiments in CsA-treated animals suggesting that the levels of 
endogenous TC have impact on the excretion of 3HTC.  
 
By that time an LCMS determination of TC was adapted in our bioanalytical 
laboratory and it was decided that interactions of Bsep and CsA should be 
investigated with determination of TC-levels in bile samples by LCMS (Fig.1). After 
having consistent results of CsA treatment on levels of endogenous TC in bile 
samples crucial experiments were performed to compare the effects of cold-TC 
treatment on biliary TC-excretion in a control and in CsA-pretreated animals. The 
effect of CsA on biliary excretion of endogenous TC was dose-dependent, and on 
diminished increase of biliary levels of TC after administration of cold TC was time 
dependent. 
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Figure 1. Effects of CsA (25 mg/kg, i.v.) on biliary excretion of endogenous TC (A) 
and on the increase of excreated TC after treatment (3.44 mg/kg i.v.) with cold TC 
(B) .  Data are shown  as  % of the TC levels  of the respective first samples in both 
type of experiments.  TC levels (mM ) determined by LCMS ranged from  3.7 to  
6.96 mM   in the first samples.   
 
Conclusions: The results indicate a strong impact of the endogenous TC on the 
excretion of 3HTC. LCMS-analysis of TC in bile is a better approach to study drug-
Bsep interactions than using radiolabelled probe substrates. 
 



 70 

P-40 Functional aspects of cation binding to the Na2 site in the human 
serotonin transporter 

 
Noer P.R, Severinsen K, Wiborg O, and Sinning S. 

 
Centre for Psychiatric Research, Aarhus University Hospital, Risskov, Denmark. 

 
The human serotonin transporter (hSERT) is responsible for the reuptake for 
serotonin (5-HT) from the synaptic cleft, thus placing hSERT as an important 
element in the control of the magnitude and duration of serotonergic signalling. In 
the reuptake process hSERT utilizes the sodium gradient to power the uphill 
movement of substrate. Several studies have shown that the transport of 5-HT is 
coupled to co-transport of sodium and chloride and counter-transport of potassium 
(and to some extent H+).  
The crystal structure of the bacterial leucine transporter (LeuTAa) has served as a 
template for the eukaryotic homologues. LeuTAa was first crystallized in an 
occluded state with substrate and two sodium ions (Na1 and Na2) bound. This 
crystal structure has served as template for several homology models including our 
model of hSERT. The two sodium sites are in close proximity to the substrate 
binding site, pointing to at strict coupling between ions and substrate. However it 
still remains controversial what exact role each of the two sodium sites play in the 
transport of 5-HT. Experimental data predicts a Na+: Cl- : substrate stochiometry for 
hSERT 1:1:1, hDAT 2:1:1, LeuTAa 2:0:1 and hNET 1:1:1 although hSERT hold two 
sodium sites. During the transport of 5-HT, hSERT assumes a number of different 
conformations. Experimental data and MD simulations have shown that these 
conformational changes relate to binding and release of ions and substrate. Binding 
and release of sodium from the Na2 site may be an important element in the 
transition from the outward-facing to the inward-facing conformation in addition to 
the release of 5-HT from the inward-facing conformation.  
In an attempt to elucidate the role of sodium in the Na2 site, we have mutated 
Asp437 in hSERT. By cation replacement in functional and conformational assays 
we describe how binding of different cations in Na2 cause conformational 
transitions. 
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Introduction: HM30181, a potent and selective inhibitor of the adenosine 
triphosphate-binding cassette transporter P-glycoprotein (Pgp), was shown to 
enhance oral bioavailability and improve antitumour efficacy of paclitaxel in mouse 
tumour models. In search for a positron emission tomography (PET) radiotracer to 
visualise Pgp expression levels at the blood-brain barrier (BBB), we examined the 
ability of HM30181 to inhibit Pgp at the murine BBB.  
 
Results: HM30181 was shown to be approximately equipotent with the reference 
Pgp inhibitor tariquidar in inhibiting rhodamine 123 efflux from CCRF-CEM T cells 
(IC50, tariquidar: 8.2±2.0 nM, HM30181: 13.1±2.3 nM). PET scans with the Pgp 
substrate (R)-[11C]verapamil in FVB wild-type mice pretreated i.v. with HM30181 (10 
or 21 mg/kg) failed to show significant increases in (R)-[11C]verapamil brain uptake 
compared with vehicle treated animals. PET scans with [11C]HM30181 showed low 
and not significantly different brain uptake of [11C]HM30181 in wild-type, Mdr1a/b(-/-) 
and Bcrp1(-/-) mice and significantly, i.e. 4.7-fold (P<0.01), higher brain uptake, 
relative to wild-type animals, in Mdr1a/b(-/-)Bcrp1(-/-) mice. This was consistent with 
HM30181 being at microdoses a dual substrate of Pgp and breast cancer 
resistance protein (Bcrp). In vitro autoradiography on low (EMT6) and high 
(EMT6Ar1.0) Pgp expressing murine breast tumour sections showed 1.9 times 
higher binding of [11C]HM30181 in EMT6Ar1.0 tumours (P<0.001) which was 
displaceable with unlabelled tariquidar, elacridar or HM30181 (1 µM).  
 
Conclusion: Our data suggest that HM30181 is not able to inhibit Pgp at the 
murine BBB at clinically feasible doses and that [11C]HM30181 is not suitable as a 
PET tracer to visualise cerebral Pgp expression levels. 
 



 72 

P-42 Fat & SERT 
 

Kasper Severinsen, Pernille Friis Martens & Steffen Sinning  
 

Centre for Psychiatric Research, Aarhus University Hospital, Risskov, Denmark 
 

 
As the crystal structures of serotonin transporter homologues continues to emerge 
and provide novel insight into the structural mechanisms of ligand recognition and 
substrate translocation, it becomes increasingly clear that not all functional aspects 
of the “in vivo” transporter is readily exposed via the existing 3D-methologies 
(crystallization and homology modeling). In particular, the methods are limited in 
their ability to describe the membrane environment in which the transporters 
exercise their normal tasks.  
To gain more insight into the complex role of lipid – protein interactions we 
manipulated with the content of different membrane components in the 
plasmamembrane and investigated the effects on the function and conformation of 
the serotonin transporter.  
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ABC multidrug transporters play an important role in general drug metabolism. These 
multidrug resistance ABC (MDR-ABC) transporters actively extrude various hydrophobic or 
amphipathic, otherwise chemically unrelated compounds from the cells. Due to their 
localization at important tissue barriers, MDR-ABC transporters protect the body against 
toxic materials, and profoundly alter pharmacokinetics of several drugs. A group of MDR-
ABC transporters (P-gp/ABCB1, several MRP/ABCC proteins, BCRP/MXR/ABCG2) also 
plays a significant role in multidrug resistance observed in cancer chemotherapy or during 
anti-viral therapy. These ABC transporters lower drug concentrations inside the cancer or 
virally infected cells below effective levels, due to outward drug transport based on ATP 
cleavage. Therefore it has a great importance to examine the interaction of xenobiotics, 
drugs, and drug candidates with the MDR-ABC transporters.  
 
The ABCG2 transporter is expressed in many tissue barriers, like the blood-brain barrier, 
the canalicular surface of hepatocytes, the epidermal layer of the intestines and kidney. 
ABCG2 is also expressed in many types of cancer cells and also in different stem cells. 
There are several in vitro assays for the characterization of drug candidate interactions with 
the ABCG2 transporter. Drug-transporter interaction is a complicated process; the 
transporter shows different affinity to different drugs and for each drug the transport 
capacity may also be different. Co-administered drugs may interact with each other in the 
transporter, post-translational modifications occur on the transporters, and even the 
membrane lipid environment may have a modulatory role on the drug transport process. 
Therefore there is no single assay that is able to provide a full description of these 
interactions. Recently we have examined various characteristics of ABCG2 and accordingly 
we optimized and improved the in vitro assays used for drug interaction screening. We 
documented that ABCG2 activity requires high cholesterol levels in the membrane lipid 
environment, and bile salts also modulate ABCG2 activity. Based on these findings we 
modified the membrane ATPase activity assay in ABCG2-containing insect cell membrane 
vesicles. We could significantly increase the activity of ABCG2 by loading membrane 
preparations with cholesterol. Moreover, ABCG2 has a significant drug-independent basal 
ATPase activity that hides the effect of weaker drug interactions. By applying bile salts or 
derivatives (e.g. CHAPS) we could selectively reduce this basal ATPase activity with a 
retained substrate stimulated activity, thereby increasing the relative substrate effects. 
These modifications sensitized the assay to reveal weaker drug interactions. We have also 
developed a preparation of purified, reconstituted, high-activity ABCG2, by using special 
isolation and reconstitution conditions. In addition, we improved a drug interaction assay by 
using the 5D3 monoclonal antibody, developed against extracellular epitopes of the human 
ABCG2 protein. This is a conformation sensitive antibody and the nature of the drug-
transporter interactions can be estimated by following changes in 5D3 binding to the 
surface of intact cells expressing ABCG2.  
 
Supported by grants from OTKA (NK83533) and NKTH (STEMKILL).  
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Background: Glutamate transporters are integral membrane proteins that catalyze 
the concentrative uptake of glutamate from the synapse by harnessing pre-existing 
ion gradients. In the central nervous system glutamate transporters are essential for 
normal development and function; they also are implicated in stroke, epilepsy and 
neurodegenerative diseases. The crystal structure of a eukaryotic glutamate 
transporter homologue from Pyrococcus horikoshii, is available at various 
conformations providing a structural framework for the determination of substrate 
and inhibitor binding to the transporter. In this study we aim to measure structural 
changes upon transport using lanthanide resonance energy transfer (LRET). 
 
Methods: Site-directed mutagenesis was employed to insert genetically encoded 
lanthanide binding tags (LBT) into the the protein to perform LRET measurements. 
Thus generated LBT mutants were expressed and purified, and the functionality of 
the mutants was assessed by radioligand binding assay. 
 
Results: Models for insertion of LBT were derived from the available crystal 
structures of the transporter. The wild-type and mutant proteins were expressed and 
purified using affinity column chromatography. Donor decay signals were recorded 
for LBT insertion mutants to confirm the insertion of tags. Furthermore, radioligand 
binding assays were performed with the mutants and they were found to be 
functional. 
 
Conclusions: Taken together these mutants serve as the starting point to probe 
the conformational changes that were observed in previously solved crystal 
structures in reconstituted proteoliposomes. This could help us to integrate the 
structure-function relationship in the mammalian counterparts. 
 
Acknowledgements: The study was supported by grants F3506 and W1232 of the 
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of Vienna and 
the Vienna University of Technology. 
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The prokaryotic amino acid transporter LeuT belongs to the 
neurotransmitter:sodium symporter (NSS) family that also includes mammalian 
transporters of neurotransmitters such as dopamine, serotonin and nor-epinephrine. 
NSS are key terminators of synaptic transmission in CNS, and are the targets of 
various therapeutics as well as drugs of abuse. Here we seek to further elucidate 
the molecular details of the sodium dependent translocation cycle by which 
substrate is transported across the cell membrane. To this end, we have introduced 
the environmentally sensitive fluorophore tetramethylrhodamine (TMR) to the 
cytosolic end of TM5 in LeuT (pos. 192), a region shown in mammalian NSS to 
undergo change in solvent accessibility during substrate translocation. Fluorescent 
labelling of the single cysteine mutant yields a functional transporter. With 
fluorescence spectroscopy, we then demonstrate that binding of a transported 
substrate induces a sodium dependent increase in accessibility of the fluorophore to 
the hydrophilic quencher potassium iodide (KI). Tryptophan, a competitive inhibitor 
of transport does not induce an increased KI quenching. However, when tryptophan 
is converted to a substrate by introducing the substrate specificity mutation I359Q in 
LeuT it also yields a KI-quencing response analogous to the other tested 
substrates. Finally, addition of the tricyclic antidepressant clomipramine (CMI) only 
increases the apparent accessibility in the presence of a transported substrate. 
Collectively, our findings represent a direct measure of substrate bound state 
formation, and how clomipramine can bias the LeuT towards that state. 



 76 

P-46 Complete reversal of P-glycoprotein mediated multidrug resistance by 
combined treatment with the UIC2 monoclonal antibody and 

 low dose of cyclosporine A 
 

1Gábor Szalóki, 2Zoárd Krasznai, 1Ágnes Tóth, 3Laura Vízkeleti, 4Attila G. Szöllősi, 5György 
Trencsényi, 5Imre Lajtos, 6István Juhász, 1Zoltán Krasznai, 5Teréz Márián, 1Gábor Szabó, 1Katalin 

Goda 
 

1Department of Biophysics and Cell Biology, 2Department of Gynecology, 3Department of  Preventive 
Medicine, 4Department of Physiology, 5Department of Nuclear Medicine, 6Department of 

Dermatology, University of Debrecen, Nagyerdei krt. 98, Debrecen 4032, Hungary 
 

Introduction 
P-glycoprotein (Pgp) is an ABC transporter that is able to extrude a large variety of 
chemotherapeutic drugs from the cells, causing multidrug resistance. The 
conformation sensitive UIC2 mAb binds to human Pgp and inhibits its drug transport 
activity. However, this inhibition is usually partial and its extent is variable, since 
UIC2 binds only to 10-40% of Pgps present in the cell membrane. The rest of Pgp 
molecules is recognized and inhibited by this antibody only in the presence of 
certain substrates or modulators (e.g. vinblastine, cyclosporine A (CsA) and SDZ 
PSC 833). 
 
Aim 
In previous studies we demonstrated in xenotransplanted SCID mice that the UIC2 
mAb could readily penetrate into the compact solid tumors, intensively staining cell 
surface Pgps, and increased daunorubicin accumulation in the Pgp+ tumors to the 
level of the Pgp- ones (Goda et al. 2007). In the current in vivo experiments we 
studied whether the combined treatment of animals with UIC2 monoclonal antibody 
and low dose of cyclosporine A can increase the doxorubicin sensitivity of the 
xenotransplanted Pgp+ tumors and hinder their growth.  
 
Results 
The combined addition of UIC2 and 10 times lower concentrations of CsA what is 
necessary for Pgp inhibition when the modulator is applied alone increased the in 
vitro cytotoxic effects of doxorubicin (DOX) in KB-V1 (Pgp+ cells) almost to the level 
of KB-3-1 (Pgp- cells). At the same time treatment with UIC2 or the modulator alone 
did not decrease the EC50 value of doxorubicin significantly. In xenotransplanted 
SCID mice co-treated with DOX and UIC2 + CsA the average weight of Pgp-
expressing tumors was 5.4 % ± 1.7 % of the untreated control, while doxorubicin 
treatment itself decreased tumor weight to only 91.6 % ± 18.8 % of the drug 
untreated control. In these experiments UIC2 + DOX treatment also decreased the 
tumor size compared to the DOX only treated animals besides the negligible effect 
of UIC2 binding on cell viability and on the EC50 value of doxorubicin in in vitro 
experiments. These data together with our in vitro ADCC and CDC tests support the 
notion that the therapeutic effect of UIC2 in the animal experiments is mediated in 
part by antibody-dependent cellular cytotoxicity. These observations suggest that 
the combined application of CsA at low concentrations and of the UIC2 antibody 
with cytotoxic drugs is a specific and effective tool for blocking tumor growth in vivo. 
However, to avoid the cytotoxic effects of the antibody in the physiological 
expression sites of Pgp the Fc portion of the antibody mediating ADCC should be 
removed.   
 
Financial support: OTKA grants PD75994 and K72762 
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The utilization of external sterols in yeast involves passage of sterol molecule 
through the cell wall, entrance into the plasma membrane and actual internalization 
(integration into lipid turnover). Two plasma membrane proteins, Aus1 and Pdr11, 
members of the ATP-binding cassette (ABC) proteins family, are involved in sterol 
uptake. Simultaneous deletion of AUS1 and PDR11 results in inability to import 
exogenous sterols, however it is not clear whether sterols are actual substrates of 
these pumps. Interestingly, while in prokaryotes ABC proteins are widely involved in 
uptake of nutrients in eukaryotes they are almost exclusively responsible for 
pumping substrates out of the cell. Putative sterol importers Pdr11 and Aus1 are 
two of a few eukaryotic exceptions implicated in transport with opposite direction: 
towards the site of ATP hydrolysis. Pdr11 and Aus1 thus provide an especially 
lucrative model to study the molecular basis of the transport mechanism of ABC 
transporters.  
In order to study the mechanism of action of yeast ABC pumps, we over-produced 
Aus1 and Pdr11 in yeast. Transport activity and protein properties, like sensitivity to 
various ABC protein inhibitors were tested in purified plasma membranes with 
enriched ABC proteins. We applied the fluorescent ergosterol analogue – 
dehydroergosterol to monitor sterol uptake and showed that Aus1 and Pdr11 are 
required for the entry of external sterol molecules into the yeast plasma membrane. 
 
This work was supported by grant FWF-SFB-035-04.  
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Detergents such as n-octyl-β-D-glucopyranoside (OG) or n-dodecyl-β-D-malto-
pyranoside (DDM) are known to affect substrate stoichiometry of LeuT, a bacterial 
homolog of the neurotransmitter sodium symporter family. As OG has been shown 
to compete with leucine at a secondary binding domain (S2) of LeuT we found it 
worth to characterize a series of detergents (including OG and DDM) for their 
inhibitory potency at the four murine GABA transporter subtypes (mGAT1-4).  

 
[3H]GABA uptake assays employing HEK 293 cell lines stably expressing the 
individual transporter subtypes showed a non subtype selective GAT inhibition for 
all detergents investigated. Inhibition experiments yielded steep inhibition curves 
with nH–values distinctly < -1. Additionally performed MS binding assays addressing 
mGAT1 revealed, that the resulting IC50-values are hardly affected by the chosen 
marker concentration. 

 
Short term cytotoxic effects of the detergents under the incubation conditions of 
GABA uptake were studied in stably mGAT1 expressing HEK 293 cells in a 
modified lactate dehydrogenase (LDH) release assay that records NADH 
consumption as a consequence of LDH mediated transformation of pyruvate to 
lactate. In this assay detergent concentrations completely inhibiting GABA uptake 
led to a significant consumption of NADH suggesting LDH release due to 
membrane damages caused by the detergents. 

 
Taken together, our results indicate that the investigated detergents (including OG 
and DDM) do not behave like competitive inhibitors at GABA transporters. 
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Glioblastoma multiforme stem cells display a strong chemoresistance, whose 
molecular basis are poorly investigated. In particular, how ABC transporters, like 
ABCB1/P-glycoprotein (Pgp/mdr1), are regulated in this population is unknown. 
We addressed this issue in a panel of human glioblastoma cultures, grown as stem 
cells (neurospheres) and differentiated (adherent) cells.  
Glioblastoma stem cells had a multidrug resistant phenotype compared with 
adherent cells. Chemoresistance was overcome by temozolomide, which at low and 
non-cytotoxic doses unexpectedly chemosensitized stem cells to doxorubicin, 
vinblastine and etoposide. The effect of temozolomide was selective for Pgp 
substrates and for stem cells population. We thus investigated whether there was a 
correlation between the activity of typical neural stemness pathways (e.g. Notch, 
Sonic Hedgehog and Wnt-dependent pathways) and the expression of Pgp.  
We found a strong correlation between the transcription levels of Wnt3a and those 
of mdr1: Wnt3a and mdr1 amounts were high in glioblastoma stem cells and were 
both reduced by temozolomide. By methylating the CpG islands in the Wnt3a gene 
promoter, temozolomide decreased the production of Wnt3a, disrupted the 
glycogen syntase-3 kinase/β-catenin axis, prevented the β-catenin-induced 
transcriptional activation of mdr1 gene and lowered the amount of Pgp.  
Wnt3a overexpression was sufficient to de-differentiate adherent glioblastoma cells 
into neurosphere-forming cells and to simultaneously increase proliferation and 
mdr1 expression. On the contrary, glioblastoma stem cells silenced for Wnt3a lost 
the ability to form neurospheres and reduced at the same time the proliferation rate 
and the mdr1 levels.  
Our work suggests that Wnt3a is an autocrine mediator of stemness, proliferation 
and chemoresistance in human glioblastoma and that low doses temozolomide may 
chemosensitize the stem cells population by down-regulating the Wnt3a-sustained 
expression of Pgp. 
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We have previously shown that a highly conserved threonine at position 81, in the 
amino terminus of SERT, plays a key role in SERT function, by driving the 
transporter into a state that supports amphetamine-induced efflux [1]. Truncation of 
the first 64 amino acids or tethering the N-terminus to an additional transmembrane 
helix, both abolish amphetamine-induced efflux by SERT [1]. Alanine scanning 
mutagenesis was carried out along the N-terminal region of SERT to pinpoint the 
residues involved in maintaining amphetamine-induced efflux. Two residues at a 
time were replaced by alanine using a site-directed mutagenesis kit (Quikchange 
kit, Stratagene). The mutants were characterised by uptake, release and binding 
assays; surface expression was visualised by confocal microscopy. Conformational 
sensitivity of the N-terminus was examined by proteolytic cleavage. Tryptic 
digestion of membranes prepared from SERT-expressing cells was performed 
under different buffer conditions, in the absence or presence of different ligands, 
and detected by Western blotting. Although all mutant SERTs generated in this 
study were targeted to the plasma membrane; some exhibited dramatic reductions 
in amphetamine-induced efflux. Moreover, they were all active with respect to 3H-
serotonin uptake, showing no marked changes in the affinity or velocity of substrate 
uptake. The reduction in efflux did not result from impaired affinity of the mutants for 
amphetamines (shown by 3H-imipramine binding assays). In outward-facing 
conformations of SERT, the N-terminus is less susceptible to proteolytic digestion, 
possibly because it is shielded upon accompanying structural rearrangements. In 
inward-facing states, it is less susceptible to cleavage only when amphetamines are 
bound. The region encompassing residues 22-32 may be a pivot for the movement 
of the N-terminus allowing amphetamine-induced release to occur. The 
mutagenesis and proteolysis data are consistent with the N- terminus of SERT 
acting as a lever, promoting substrate release by a second moiety of the oligomer. 
 
This work was supported by SFB35. 
 
[1] Sucic S, Dallinger S, Zdrazil B, Weissensteiner R, Jørgensen TN, Holy M, Kudlacek O, Seidel S,   
Cha JH, Gether U, Newman AH, Ecker GF, Freissmuth M, Sitte HH. The N terminus of monoamine 
transporters is a lever required for the action of amphetamines. J Biol Chem 2010, 285 (14): 10924-
38. 
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Serotonin transporter (SERT) is a member of the Na+/Cl--dependent 
neurotransmitter transporter family (NSS or SLC6), which also includes 
norepinephrine transporter (NET) and dopamine transporter (DAT). SERT mediates 
rapid removal and recycling of released serotonin following neuronal stimulation. 
The activity of SERT has to be regulated as its misfunction is associated with 
diseases such as autism, bipolar disorder, depression, obsessive-compulsive 
disorder, migraine and anxiety. This activity is regulated through post-translational 
modifications, including phosphorylation, glycosylation as well as by interaction with 
other proteins. The majority of this regulatory behaviour involves the N- and/or C-
terminal domains of the protein, the structure of which is not known. In order to 
determine the structural determinants of the SERT regulation we have generated a 
model of full-length SERT using a combination of template-based and de Novo 
modelling methodologies. The modelling process was divided into three steps: a) 
modelling of the transmembrane segment of SERT using the X-ray structure of the 
bacterial homolog LeuT, b) modelling of both N- and C-terminal domains of the 
protein using a de Novo folding approach (Rosetta) and c) modelling of the full 
complex. The last two steps required large-scale sampling to ensure that native-like 
conformations were modeled. The best models were selected out using clustering 
and energetic criteria. We  present a comparison of the models to the available 
experimental data. 
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Background: SLC35F1 is a solute carrier that was related to resting heart rate and 
left ventricular diastolic dimension in two genome-wide association studies. 
However, its function and substrate specificity are currently unknown. To clarify the 
role of this transporter for physiological and pathological processes we have 
investigated its expression as well as its tissue and cellular localization.  
 
Methods and results: To identify the tissue distribution and expression levels of 
SLC35F1, probes from mouse and human organs were examined by means of real 
time RT-PCR and Western Blot analysis. The results obtained by RT-PCR showed 
highest level of SLC35F1 mRNA content in brain tissue, both in human and mouse.  
Western Blot analysis of probes from mouse organs with a specific antibody 
indicated high level of slc35f1 protein in brain, kidney and heart tissue. However, in 
contrast to mRNA level the content of protein was in heart tissue higher as in the 
brain or kidney. Confocal fluorescence microscopy studies in brain section from 
mouse and human organs indicated strong expression of SLC35F1 in neurons of 
cerebrum and in Purkinje cells of cerebellum. Analysis of heart sections revealed 
strong staining in cardiomyocytes. In the kidney we found very high and specific 
expression of this transporter in the podocytes of glomeruli. Interestingly, MDCK 
cells transfected with a vector containing the coding sequence of SLC35F1 gene 
and overexpressing this transporter are much more sensitive to puromycin in 
comparison to mock cells. Puromycin is an aminonucleoside antibiotic that is 
usually used to induce a glomerulopathy and nephrotic syndrome in animal model 
experiments. Probably, puromycin is a substrate of SLC35F1 transporter a fact that 
could contribute to the high sensitivity of podocytes to this antibiotic.  
For characterization of the sub-cellular localization of SLC35F1, MDCK cells were 
transfected with a pQBI25 vector constructed to express a human SLC35F1 protein 
tagged with a green fluorescence protein (GFP) at the C-terminus. Imaging of the 
transfected cells by confocal fluorescence microscopy showed localization of the 
tagged protein in membranes of Golgi complex, in endoplasmic reticulum and in 
some small vesicles. This data are in agreement to the observation of intracellular 
localization of other proteins from SLC35 family.  
To investigate the function of this solute carrier in physiological processes we used 
zebrafish (Danio rerio) as a model and designed morpholino antisense oligomers for 
specifically reducing of slc35f1 mRNA translation. Knockdown of slc35f1 resulted in 
increased malformations of podocyte foot processes compared to controls. 
However, in vivo clearance of fluorescent dextran that indicated the glomerular 
barrier was not impaired. 
 
Conclusion: SLC35F1 is a transporter that is localized on the membranes of Golgi 
complex, endoplasmic reticulum as well as in some intracellular vesicles and is 
expressed in high level in specific cells of brain, heart and kidney. Its expression in 
podocytes of glomeruli could be related to the high sensitivity of podocytes to 
puromycin. 
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The neurotransmitter:sodium symporter (NSS) are localized on pre-synaptic 
neurons and retrieve dopamine, serotonin and noradrenaline from the synaptic cleft 
to terminate neurotransmission. Abnormal NSS transporter function is associated 
with different disease states such as depression, attention deficit hyperactivity 
disorder, autism and bipolar disorder. Several drugs targeting NSS have been 
developed; however, illicit life style drugs such as cocaine, amphetamine and 
ecstasy also interfere with normal transport function. The recent structural 
determination of the bacterial homolog LeuT has provided considerable new insight 
into both structure and function, allowing to investigate the molecular details of NSS 
function at atomic resolution.  
The high-resolution crystal structure of the leucine transporter LeuT has been used 
as a template for a refined homology model of the dopamine transporter (DAT). 
However, the overall sequence identity is relatively low and therefore, LeuT differs 
considerably from DAT, especially in its large second external loop. Hence, we 
sought to establish a model that relies on the high-affinity binding site for zinc. This 
zinc binding site is unique in the DAT and can be used as molecular ruler. 
Extracellular zinc can bind to the DAT in the concentrations reached in the brain 
and inhibits its movement through the transport cycle. The model predicted that the 
binding site includes the fourth residue D206 in addition to the already described 
residue H193, H375 and E396. This prediction was confirmed by substrate uptake 
inhibition experiments. Regulation of the function of the dopamine transporter can 
be rationalized by the observed structural changes. Our model suggests that the 
zinc-binding increases the stability of the outward facing state, because the first 
coordination shell can only be completed in this conformation. 
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           An increased incidence of depressive disorders in patients with chronic inflammatory 
diseases has long been recognised while immune system abnormalities have been 
observed in otherwise healthy patients suffering from chronic depression. Cytokine 
therapy has demonstrated the ability of immune system mediators to affect the CNS and 
induce a depression like sickness behaviour in patients receiving it. Interestingly this 
depression like sickness behaviour can be treated with selective serotonin reuptake 
inhibitors, suggesting a possible link between immune signalling and serotonergic 
signalling.  

  
Serotonin (5-HT) is recognised as having a significant role in regulating mood and 
behaviour while the serotonin transporter (SERT) is a key regulator of 5-HT levels in the 
synapse. In this study we aim to determine the effects of chronic inflammatory disease on 
SERT regulation in the central nervous system and to identify underlying mechanisms 
involved. Collagen induced arthritis (CIA) in DBA/1 mice is being used as a model of 
inflammatory disease. Mice are induced with a subcutaneous collagen injection on day 0 
with a second booster dose on day 21, by approximately day 33 CIA has fully developed 
and brain tissue is harvested from both induced and uninduced groups. The brain is 
dissected and crude synaptosomes prepared from cortex, hippocampus, midbrain and 
brainstem. SERT activity is determined by measuring escitalopram-sensitive 5-HT uptake 
relative to uninduced controls. Furthermore SERT gene expression and protein 
expression relative to uninduced controls are determined by quantitative real-time PCR 
and semi-quantitative Western blots using a LiCor Odyssey system. 
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Multidrug-resistance (MDR) is a major obstacle of successful chemotherapy 
because allows tumour cell to avoid cytotoxic and immunogenic effects mediated by 
anticancer drugs. One of the frequent mechanism of MDR is overexperssion of 
ABCB1/P-glycoprotein that not only promotes drug extrusion, but also hampers the 
tumour cells recognition by host immune system [Kopecka, JCMM, 2011]. Aim of 
this work was to find a common strategy to overcome both chemo- and 
immuneresistance. Analyzing different human MDR- and MDR+ cancer cells, we 
found that in MDR+ cells the expression of ABCB1 is directly related to the rate of 
mevalonate pathway, the metabolic cascade that leads to the synthesis of cell 
cholesterol and isoprenoids. MDR+ cells had accelerated activity of mevalonate 
pathway, higher amounts of cell membrane cholesterol and increased 
isoprenylation of Ras and RhoA proteins than MDR- cells. The enhanced activity of 
Ras- and RhoA-downstream pathways stabilized Hypoxia-Inducible-Factor-1-alpha 
(HIF-1a), favoured the binding of HIF-1a on mdr1 promoter and drove to the 
overexpression of ABCB1, one of the main transporters that extrudes anticancer 
drugs. The lower intracellular accumulation of drugs like doxorubicin reduced the 
chemotherapy-induced cytotoxicity and the immunogenic death, favouring the 
escape from the immune system. Zoledronic acid, the most potent 
aminobisphosphonate available for clinical use, which inhibited mevalonate pathway 
at farnesyl pyrophosphate step, interrupted Ras- and RhoA-dependent signaling 
and abrogated ABCB1 expression. In consequence of that, zoledronic acid restored 
the doxorubicin mediated cytotoxicity, the chemotheraphy-induced immunogenic 
cell death, the phagocytosis by dendritic cells and the subsequent recruitment of 
specific anti-tumour cytotoxic T cells. We propose that ABCB1 levels, which are 
critically linked to the mevalonate pathway rate in MDR+ cells, are master regulator 
of both chemo- and immune-resistance. Targeting the mevalonate pathway may 
represent a potential therapeutic target to restore chemosensitivity and 
immunosensitivity in cancer cells. 
 
References 
[1] Kopecka J et al, J Cell Mol Med, 15, 1492-504, 2011 Figure. Zoledronic acid down-regulates 
ABCB1, reverses chemo and immunoresistance in 
MDR+ cancer cells. MDR+ cells have high activity of Mev pathway, Ras/ERK1-2 and RhoA/RhoA 
kinase pathway. HIF-1α is active also in normoxic conditions and up-regulates Pgp expression. As a 
result, doxorubicin is efficiently extruded and does not induce neither cytotoxic nor pro-immunogenic 
(i.e. the exposure of calreticulin on cell surface) effects. Zoledronic acid suppresses Mev pathway, 
Ras/ERK1-2 and RhoA/RhoA kinase pathway activity, reduces HIF-1α translocation and 
downregulates Pgp, achieving chemo-immunosensitizing effects in combination with doxorubicin. 
ABCB1 (orange); doxorubicin (red); pHIF1α: phosphoserine-hypoxia inducible factor-1α (green); 
CRT: calreticulin (yellow). 
Zoledronic acid 
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Folding defects of proteins caused by mutation and subsequent impaired trafficking 
is the pathogenic principle for a number of monogenic diseases, such as cystic 
fibrosis and nephrogenic diabetes insipidus. Aberrant folding leads to 
retrotranslocation to the cytosol and degradation by the ubiquitin-proteasome 
system. In recent years folding correction by specifically binding small molecules, so 
called pharmacological chaperones (PCs), has been advocated as a therapeutic 
concept. A first pharmacochaperone for the treatment of phenylketonuria has been 
introduced to the market. PCs bind to the respective client proteins and correct 
mutation-induced aberrant folding. Non-synonymous mutations at the TMD/NBD 
interface lead to misfolding of at least three ABC-transporters and human disease. 
Mutations in ABCC7 lead to cystic fibrosis, those in ABCG2 to gout and that in 
ABCB11 to intrahepatic cholestasis. The analogous trafficking deficient ABCB1 
mutant ΔY490 was used as an initial model system, because of its ability to interact 
with a large complement of small solute-like molecules. A number of solute 
analogues related to the lead compound propafenone have been synthesized and 
evaluated for their ability to elicit a trafficking rescue. Several compounds are able 
to restore surface expression to wild type levels. The potency to recover surface 
expression correlates with the IC50 values for daunomycin efflux inhibition. 
Therefore IC50 values predict a compound´s ability to rescue trafficking. This 
allowed their use as a surrogate parameter in database screening. A mutant located 
at the TMD/TMD interface, Y117F, also abolished trafficking. Propafenones were 
capable of correcting folding of the Y117F mutant. Residues Y490 (NBD) and Y117 
(TMD1), although hypothetical at this point, suggest that engagement of coupling 
helix 2 of the respective TMD to the contralateral NBD is one of the requirements for 
correct folding of ABCB1. Downstream to protein folding in the secretory pathway, 
COPII vesicle-mediated ER export is the first step involved in trafficking to the 
plasma membrane. One third of the proteome is estimated to traffic through the ER. 
Cargo selection is achieved by four SEC24 isoforms (designated A to D); 
multispecific proteins that recruit cargo to the COPII vesicles. ER-export of ABCB1 
is SEC24-dependent, as indicated by a quadruple siRNA-induced knockdown of 
SEC24A-D. A comparable decrease in surface expression of the wild type ABCB1 
was also observed upon co-expression with the dominant negative Sar1-T39N 
mutant. Experiments directed towards identification of the SEC24 isoform(s) 
responsible for ER export of ABCB1 are presently ongoing. 
 
Supported by the Austrian Science Fund (SFB35, project parts 03509 and 3510) 
and a scholarship from the Higher Education Commission Pakistan to Zahida 
Parveen 
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P-glycoprotein (Pgp) belongs to the family of ATP-binding cassette proteins which 
bind and hydrolyze ATP to catalyze the translocation of their substrates through 
membranes. The basic architecture of these proteins is highly conserved consisting 
of two homologous halves built from a transmembrane domain (TMD) and a 
cytosolic nucleotide binding domain (NBD). According to three-dimensional models 
based on crystal structures of ABC proteins the TMDs are always in outward facing 
conformation in the nucleotide-bound form of the protein, as opposed to the inward 
facing nucleotide-free form, where the bundle of transmembrane helices is closed 
on the extracellular side. The discontinuous extracellular epitope of the UIC2 mAb is 
sensitive to the switch between the above conformational states, as reflected by 
antibody binding. It was previously shown by Druley et al. (1) that nucleotide binding 
to the ABC domains decreases the UIC2 reactivity of Pgp in a concentration 
dependent manner in cells permebilized by Staphylococcus aureus alpha toxin. 
Following the same strategy, we are studying how substrates, hydrolyzable and 
non-hydrolyzable nucleotides and phosphate analogues affect the formation of the 
above catalytic intermediates discriminated on the basis of UIC2 reactivity, in wild-
type and in single or double Walker A mutants (K433M, K1076M).  
 
We have found that nucleotide binding itself is sufficient to switch Pgps from the 
inward facing (UIC2 binding) to the outward facing (UIC2-nonbinding) TMD 
conformation in both wild-type and single Walker A mutant Pgp variants. Similarly to 
wild-type Pgp, single Walker A mutants can also be trapped in the presence of ATP 
and vanadate or BeFx, suggesting that they are capable of ATP hydrolysis despite 
the replacement of a key lysine residue to methionine. Formation of the BeFx-
trapped complex is facilitated by vinblastine both in wild-type and single Walker A 
mutant Pgps. In drug transport measurements we have found that single mutants 
also show cyclosporine A inhibition sensitive drug efflux activity, but it is very weak 
compared to the wild-type cells expressing Pgp at similar level. Our results suggest 
that the single Walker A mutants can bind substrates and hydrolyze ATP at least at 
their intact ATP site, but are unable to convert the energy of ATP binding and 
hydrolysis for efficient drug transport, supporting the hypothesis that Pgp consumes 
two ATP molecules in a complete drug transport cycle.  
 
Reference:  

1. Druley TE et al. Biochemistry 2001, 40: 4312-4322. 
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Background: Neurotransmitter: sodium symporters (NSS) are integral membrane 
proteins that mediate the reuptake of monoamine neurotransmitters previously 
released into the synaptic cleft. They are of pharmacological significance because 
they are the target of many clinically important drugs. LeuTAa, a leucine/alanine 
transporter is a bacterial homolog to NSS. Crystal structures of LeuTAa with open to 
outward, occluded and inward facing states have already been resolved at high 
resolution. Hence, LeuTAa serves as a good paradigm for exploring the structure-
function relationship of NSS proteins. 
 
Methods and results: To investigate the structure-function relation in LeuT at 
atomic level we employ Lanthanide based Resonance Energy Transfer (LRET). 
LRET based measurements require the introduction of a LBT (Lanthanide binding 
tag) to accommodate terbium as the donor element and fluorophores chemically 
linked to cysteine residue as the acceptor element. LBT tags and cysteine are 
introduced at selected positions in LeuTAa. Introduction of LBT tag may lead to a 
functionally disturbed host protein. So to screen functional LBT-LeuT mutants we 
established the scintillation proximity assay in the lab. To date after screening 
functional LBT mutant of LeuTAa we have measured the intramolecular distances at 
atomic level of LeuT in micelles. In order to validate these distances we want to see 
the distance changes after reconstitution into Liposomes, a more native 
environment that allows to establish a sodium gradient: this is important since the 
NSS operate along a chemical gradient.  
 
Conclusion: Our LRET measurements are expected to help us validate or propose 
models of substrate transport. Our Future plan focusses on the reconstitution of 
LeuTAa in liposomes to allow for distance measurements in a more native 
environment.  
 
Acknowledgements: Supported by FWF (SFB3506) to HHS  
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Background. Neurodegenerative disorders, such as Alzheimer’s disease (AD), are 
characterized by slow and progressive loss of one or more functions in the Central 
Nervous System. P-gp is a transmembrane protein involved in the active transport 
of molecules across biological membranes, and it has been shown that alterations 
of its expression and/or activity are related to the onset of neurodegenerative 
disorders [1]. Indeed, it has been reported that up-regulation of this efflux pump is 
responsible for a decrease in β-amyloid intracellular accumulation, which is an 
important hallmark in AD [2]. Therefore, targeting amyloid clearance by P-gp 
stimulation could be an useful strategy to prevent AD progression. For this purpose, 
P-gp ligands are useful for the diagnosis of neurodegenerative diseases by PET or 
SPECT techniques. Furthermore, P-gp stimulators could be employed for the 
treatment of disorders where decreased P-gp expression and/or activity have been 
proven to play a role in the progression or etiology of the disease. 
Aim. Starting from MC18, a known P-gp inhibitor, new ligands were designed 
replacing the alkyl tetralin nucleus with α- or β-benzopyrane nucleus (Fig.1) linked 
to the same basic moiety (6,7- dimethoxytetrahydroisoquinoline) in order to develop 
and characterize more potent and selective molecules [3]. The introduction of α-
benzopyrane system was aimed at decreasing the lipophilicity (cLog P) of the new 
derivatives with respect to the parent compound MC18. Moreover, the role of the 
basicity of the derivatives in modulating their activity against. P-gp was also 
investigated by synthesizing amide derivatives. 
Methods. The biological evaluation of synthesized compounds was carried out in 
tumor cell lines overexpressing Ppg (MDCK-MDR1) or MRP1 (MDCK-MRP1). 
Moreover, we validated an ex vivo method to investigate the mechanism of P-gp 
interaction of these compounds: the everted gut sac assay. This model has been 
shown to be useful for the classification of P-gp interacting molecules as substrates, 
modulators, inhibitors, and stimulators. 
Conclusion. The present study provides evidenced that β-benzopyrane fragment 
leads to potent P-gp ligands where P-gp selectivity towards MRP1 pump was more 
higher than lead compound MC18. Moreover among tested ligands, β-benzopyrane 
derivative displayed P-gp stimulating activity. 
 
References. 
[1] Colabufo NA, Berardi F, Cantore M, Contino M, Inglese C, Niso M, Perrone R J. Med. Chem. 
2010, 53, 1883–1897. 
[2] Abuznait AH, Cain C, Ingram D, Burk D, Kaddoumi A. J. Pharm. Pharmacol. 2011, 63, 1111 – 
1118. 
[3] Contino M, Cantore M, Capparelli E, Perrone MG, Niso M, Inglese C, Berardi F, Leopoldo M, 
Perrone R, Colabufo NA. ChemMedChem. 
2012, 7, 391-395. 
Fig.1 α- and β-benzopyranes 
MC18 
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SERT and DAT are transmembrane proteins that regulate the extracellular 
neurotransmitter concentration. Their dysfunction is implicated in a variety of 
psychiatric symptoms and therefore a better understanding of their function on the 
molecular level is requisite. In this study we elucidated the binding mode of 
mephedrone, an amphetamine derivative and substrate with increasing reports of 
abuse, in homology models of the human SERT and DAT. 
We constructed homology models of both transporters in the occluded conformation 
by using the crystallized LeuTAa as a template (PDB id: 2A65, 1.65 Å). Redocking 
experiments identified optimal docking parameters and a variety of scoring functions 
were validated.  
 
Following our experimental data guided docking approach [1], a small library of 
amphetamine substrates was docked with the software GOLD, keeping side chains 
in the binding site flexible. The poses were energy minimized, followed by 
agglomerative hierarchical clustering and experimental data-guided evaluation. This 
resulted in two possible binding modes of mephedrone: its length perpendicular or 
parallel to the membrane. The interactions were homologous in both transporter 
models: besides the interaction of D98SERT/D79DAT with the substrate's cationic 
nitrogen, a hydrogen bond with the F335SERT/F320DAT backbone seems very 
probable. Additional π-π and T-stacking interactions were found with 
Y176SERT/Y156DAT in both the perpendicular and parallel orientation, while the 
F335SERT/F320DAT side chain only interacted in the perpendicular pose and the 
F341SERT/F326DAT side chain only in the parallel pose (figure 1). This supports our 
biochemical experiments, which have shown that mephedrone is a substrate of the 
human SERT and DAT. 
 
Yet it was not possible to prioritize the perpendicular or parallel orientation, but 
consensus scoring and previous studies [2-4] indicate that the parallel orienting 
pose is more realistic than the perpendicular one.  
 



 91 

 
 
Figure 1 SERT/DAT overlay for representative perpendicular (left) and parallel 
(right) poses. Yellow atoms refer to the SERT pose and the green atoms to the DAT 
pose 
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P-glycoprotein (Pgp, MDR1, ABCB1) confers multiple drug resistance to cancer 
cells by acting as a plasma membrane localized primary active drug efflux pump. 
Based on the crystal structures of two bacterial multidrug transporters (e.g., Becker 
et al.) the nucleotide-bound form of the protein is in an outward facing conformation, 
while the nucleotide-free form is inward facing. As the discontinuous epitope of the 
UIC2 mAb involves several extracellular loops, the switch between the above 
conformational states is indeed reflected by antibody binding. In line with the above, 
it was shown previously by Druley et al. that nucleotide binding to the ABC domains 
decreases UIC2 antibody binding to Pgp in a concentration dependent manner in 
cells permebilized by Staphylococcus aureus alpha toxin. 
            
Using the same system, we have been studying the conformation of various 
catalytic intermediates of Pgp trapped by AMP-PNP (a non-hydrolyzable ATP 
analogue) or ATP and phosphate analogues (BeFX, vanadate) in the presence or 
absence of substrates. Under non-hydrolysis conditions (4°C or in the absence of 
Mg2+), Pgp molecules switched into a UIC2 unavailable conformation in a nucleotide 
concentration dependent manner. The addition of AMP-PNP to permeabilized cells 
also decreased UIC2 reactivity, indicating that ATP hydrolysis is not required for 
switching the transmembrane domains from the inward facing to the outward facing 
conformation. These data suggest that the UIC2-detectable conformational changes 
of Pgp are probably driven by binding/occlusion of ATP. We have found that the 
apparent affinity of ATP binding was greatly decreased in the presence of vanadate, 
which is consistent with the nucleotide-trapping activity of vanadate. Following the 
kinetics of the formation of the vanadate-trapped UIC2 non-reactive complex, it 
seems likely that the presence of vinblastine or cyclosporin A increased the rate of 
vanadate-dependent nucleotide occlusion compared to control.  
 
Based on our data we suppose that the binding/occlusion of ATP brings about a 
conformational switch of the transmembrane domains, followed by its subsequent 
hydrolysis leading to dissociation of substrates.  
 
Financial support: OTKA grants PD75994 and K72762  
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Background and objectives: The dysregulation of the serotonin transporter 
(SERT) has been associated with many neuropsychiatric disorders including 
depression, addiction and anxiety. Surface levels of SERT are determined by its 
rate of delivery through the secretory pathway and its rate of removal via 
endocytosis.  ER export of the dopamine (DAT) and noradenaline (NET) 
transporters depends upon the COPII component, SEC24D in heterologous cell 
systems. In contrast, SERT is an exclusive client of the SEC24 isoform, SEC24C 
(1). Mutation of the conserved carboxyl-terminal ER export motif R607A/I608A 
resulted in impaired folding and intracellular retention of SERT in HEK cells (2).  
Furthermore, in contrast to wild-type SERT, SERT RI-AA surface expression was 
unchanged by the RNA silencing of SEC24C in Hela cells, suggesting that this site 
may help mediate the interaction of SERT with SEC24C and in turn the formation of 
the COPII coat (1). The objective of this study was to investigate the role of 
SEC24C in not only the ER retention, but also the axonal targeting of SERT in an 
endogenous, neuronal expression system.  
 
Methods: Primary dissociated dorsal raphe serotonergic neurons were prepared 
from P0-P3 rat pups and plated onto a glial feeder layer. Endogenous SERT 
expression was confirmed using antibodies against SERT and TPH. SERT-
dependent transport was confirmed by measuring paroxetine-inhibited [3H]5-HT 
uptake and para-chloramphetamine-induced, paroxetine-inhibited [3H]5-HT efflux. 
The neurons were transfected using Lipofectamine 2000 and visualised by a  Zeiss 
LSM 780 confocal microscope. The dentritic marker, microtubule-associated protein 
2 (MAP-2) was employed to identify axonal compartments (i.e. MAP-2 negative) in 
raphe neurons.  
 
Results and interpretations:  
Four lines of  evidence support the hypothesis that SERT axonal targeting is 
contingent upon correct ER export via SEC24C 

1) The over-expression of the dominant negative SEC24C mutant (SEC24C-VN), but 
not SEC24D-VN led to a reduction in endogenous, SERT positive/MAP-2 negative 
extensions in Raphe neurons. 

2) In contrast to wild type YFP-SERT, YFP-SERT- RI-AA strongly co-localised with 
MAP-2 in Raphe neurons.  

3) The over-expression of SEC24C-VN but not SEC24D-VN resulted in the strong co-
localisation of  YFP-SERT and MAP-2 in Raphe neurons. 

4) In contrast to YFP-SERT, the co-transfection of SEC24C-VN with the SERT mutant 
K610Y resulted in normal axonal targeting, whereas the co-transfection of K610Y 
and SEC24D-VN greatly increased MAP-2 co-localisation. Thus K610 may be a key 
determinent of SERT SEC24 isoform specificity.   

1Sucic S et al., J Biol Chem 286: 16482-90,                                                                                          
2El-Kasaby A et al., J Biol Chem 285: 39201-10 
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The serotonin (5-hydroxytryptamine; 5HT) transporter (SERT) regulates 5HT 
neurotransmission by facilitating the re-uptake of released 5HT in the brain. A wide 
range of psychiatric disorders including depression and anxiety is linked to 
serotonergic dysfunction and hSERT is an important target for therapeutic drugs. 
SERT is an integral membrane protein containing 12 transmembrane segments 
connected with six extracellular loops (ELs) and intracellular N- and C-terminals. In 
recent years, crystal structures of a bacterial SERT homologue, LeuT, have 
advanced the structural understanding of SERT transport mechanism [1, 2]. It is 
believed that SERT operates through an alternating-access mechanism where the 
transporter shuttles through at least three major conformational states, which allow 
a central binding site for 5HT and co-transported ions to be sequentially exposed to 
the extracellular side of the membrane, form an occluded state, and finally being 
exposed to the intracellular side. Crystal structures of LeuT have provided detailed 
insight into these conformations.  However, the nature and sequence of intra protein 
motions underlying state transitions and how these are affected by different classes 
of ligands are not well understood. In this project, we explore use the biophysical 
technique voltage-clamp fluorometry (VCF) to study the protein motions of hSERT 
with the aim of advancing our mechanistic understanding of SERT molecular 
function and pharmacology. 
 
VCF is based on the labeling protein domains of interest with an environmentally 
sensitive fluorophore such that changes in protein structure near the fluorophore are 
reported as dimming or brightening of fluorescence. Fluorescence can be monitored 
simultaneously with the functional state of the transporter using electrophysiology. 
We have used VCF to monitor fluorophore-labeled human SERT (hSERT) 
expressed in X. laevis oocytes during basal transport function. Specifically, we have 
introduced 13 Cys residues throughout the six extracellular loop (EL) regions and 
labeled these with  a rhodamine-based fluorophore using MTS chemistry. At eight 
positions, transporter function and expression is grossly intact when mutants are 
expressed in COS7 cells and X. laevis oocytes. VCF experiments show that 
application of 5HT induce conformational changes in regions such as EL1, EL3, 
EL4, and EL6, whereas the tryclic antidepressant imipramine does not. Our 
preliminary results show that VCF is a potentially valuable tool to investigate protein 
dynamics of hSERT. 
 
1. Yamashita A, Singh SK, Kawate T, Jin Y, Gouaux E (2005). Crystal structure of a bacterial 
homologue of Na+/Cl--dependent neurotransmitter transporters. Nature 437(7056): 215-223. 
2. Krishnamurthy H, Gouaux E (2012). X-ray structures of LeuT in substrate-free outward-open and 
apo inward-open states. Nature. 
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The GABA transporters (GAT1, GAT2, GAT3 and BGT1) have mostly been 
discussed in relation to their potential roles in controlling the action of transmitter 
GABA in the nervous system. We have generated the first mice lacking the GAT2 
(slc6a13) gene. Deletion of GAT2 (both mRNA and protein) neither affected growth, 
fertility, nor lifespan under non-challenging rearing conditions. 
Immunocytochemistry showed that GAT2 protein was predominantly expressed in 
the plasma membranes of periportal hepatocytes and in the basolateral membranes 
of proximal tubules in the renal cortex. This was validated by processing tissue from 
wild-type and knockout mice in parallel. Deletion of GAT2 reduced liver taurine 
levels by 50%, without affecting the expression of taurine transporter TAUT. These 
results suggest an important role for GAT2 in taurine uptake from portal blood into 
liver. In support of this notion, GAT2 transfected HEK293 cells transported 
[3H]taurine. Further, most of the uptake of [3H]GABA by cultured rat hepatocytes 
was due to GAT2, and this uptake was inhibited by taurine. GAT2 was not detected 
in brain parenchyma proper, excluding a role in GABA inactivation. It was, however, 
expressed in the leptomeninges and in a subpopulation of brain blood vessels. 
Deletion of GAT2 increased brain taurine levels by 20%, suggesting a taurine-
exporting role for GAT2 in the brain  
[Journal of Biological Chemistry, In press] 
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