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Plenary Lecture 1
PL-01 A Global Analysis of the Yeast and Human ABC Transporter Interaction
Networks
Jamie Snider, Sang Hyun Lim, Victoria Wong, Igor Stagljar
University of Toronto, Canada
In the past decade, numerous comprehensive proteomics studies have allowed researchers to generate
detailed protein-protein interaction (“interactome”) maps, providing an unparalleled global view of the interplay
between the different systems within the cell, and greatly increasing our understanding of the physiological
mechanisms involved in both normal and disease states.
My lab is focused specifically on understanding how the interactions of membrane proteins contribute to
cellular disease states at a systems level. Despite extensive proteomics research in the past decade, there is a lack
of in-depth understanding of protein networks associated with integral membrane proteins because of their unique
biochemical features, enormous complexity and multiplicity. This is a major obstacle to understanding the biology of
deregulation of integral membrane proteins which leads to numerous human diseases, and consequently hinders
our development of improved and more targeted therapies to help treat these diseases.
To address this problem, my lab has developed two unique technologies specifically suited for the study of
full-length integral membrane proteins in their natural cellular context; the classic Membrane Yeast Two-Hybrid
1-5
6
(MYTH) and the newly created Mammalian Membrane Two-Hybrid (MaMTH) . Our ultimate goal is to uncover a
wealth of information about protein interactions for the majority of “druggable” human membrane proteins, which
should in turn lead to novel insights about diseases like cancer, schizophrenia, cystic fibrosis, hypertension and
Parkinson’s disease.
During my talk, I will discuss our recent findings showing the application of MYTH and MaMTH
technologies to functionally map complete yeast and human ABC transporter interactome networks. I will also
illustrate how the newly developed MaMTH assay is a powerful tool for investigating dynamic interactomes of
human ABC transporters and why it promises significant contributions to therapeutic research.
Selected references
1. Stagljar, I., Korostensky, C., Johnsson, N. & te Heesen, S. A genetic system based on split-ubiquitin for the
analysis of interactions between membrane proteins in vivo. Proceedings of National Academy of Sciences USA
95, 5187–92 (1998).
2. Paumi, C. M. et al. Mapping protein-protein interactions for the yeast ABC transporter Ycf1p by integrated splitubiquitin membrane yeast two-hybrid analysis. Molecular Cell 26, 15–25 (2007).
3. Snider, J. et al. Mapping the functional yeast ABC transporter interactome. Nature Chemical Biology 9, 565–72
(2013).
4. Deribe, Y. L. et al. Regulation of Epidermal Growth Factor Receptor trafficking by lysine deacetylase HDAC6.
Science Signaling 2, ra84 (2009).
5. Mak, A. B. et al. Regulation of CD133 by HDAC6 promotes β-catenin signaling to suppress cancer cell
differentiation. Cell Reports 2, 951–963 (2012).
6. Petschnigg, J. et al. Mammalian Membrane Two-Hybrid assay (MaMTH): a novel split-ubiquitin two-hybrid tool
for functional investigation of signaling pathways in human cells, Nature Methods 11, 585-592 (2014).
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Plenary Lecture 2
PL-02 Clinical Significance of uptake and efflux transporters in the Liver
Yuichi Sugiyama
Sugiyama Laboratory, RIKEN Innovation Center, RIKEN, Yokohama, Japan
Email: ychi.sugiyama@riken.jp
I will summarize the significant role played by drug transporters in drug disposition, focusing particularly on their
roles in the liver. The use of transporter function offers the possibility of delivering a drug to the target organ,
avoiding distribution to other organs (thereby reducing the chance of toxic side-effects), controlling the elimination
process, and/or improving oral bioavailability.
Even when drugs ultimately undergo metabolism in the liver, their elimination rate is sometimes determined by the
hepatic uptake rate mediated by transporters. Elucidation of the rate-determining process in the overall hepatic
elimination of drugs is therefore critical for predicting their hepatic clearance, and their systemic and regional
exposures. I will show you how to establish a physiologically based pharmacokinetic (PBPK) model that includes
the transporter-mediated membrane transport and enzyme-mediated metabolism processes and to investigate the
effect of changes in transporter function on the pharmacokinetics and, ultimately, the pharmacological and/or
toxicological effects.
For drugs, the target molecule of which is inside the cells, the efflux transporter is the determinant for their
pharmacological effect or adverse reactions even though it had negligible impact in the plasma concentrations.
Because of difficulty in quantitative evaluation of the subsequent efflux process, the transporters playing key roles
in the efflux process remains unclear in humans. Development of probe substrates applicable to the PET imaging
will elucidate the quantitative relationship between the transport activities and drug response.
Recently, many studies on genetic polymorphisms (PGx) in drug transporters and transporter-mediated drug-drug
interactions (DDI) have been published, and these are part of mechanisms of interindividual difference in drug
response. It is important to predict such interindividual difference at early stage of drug development. This
presentation will provide a brief overview of extended “clearance concept” and a physiologically based
pharmacokinetic (PBPK) model that includes the transporter-mediated membrane transport processes in the liver.
With such concept and model, the effect of changes in transporter function on the pharmacokinetics and, ultimately,
the pharmacological and/or toxicological effects will be predicted.
References:
1)

Giacomini KM and Sugiyama Y. Membrane transporters and drug response, in “Goodman & Gilman's The
th

Pharmacological Basis of Therapeutics 12 Edition”, (Brunton LL, Chabner BA, Knollman B, eds) Chapter 5,
McGraw-Hill Companies, New York, NY, pp 89-122 (2011).
2)

Kusuhara H, Maeda K and Sugiyama Y “Impact of Drug Transporters in the Pharmacological and Adverse
Reactions of Drugs” pp563-598 In New Horizons in Predictive Toxicology: Current Status and Application, Ed.
by Wilson AGE (2011)

3)

Yoshida K, Maeda K, Sugiyama Y. Hepatic and Intestinal Drug Transporters: Prediction of Pharmacokinetic
Effects Caused by Drug-Drug Interactions and Genetic Polymorphisms.
Annu Rev Pharmacol Toxicol. 53: 581-612 (2013)

4)

Maeda K, Sugiyama Y.	
  Transporter biology in drug approval: Regulatory aspects.
Mol Aspects Med. 34:711-8 (2013)	
 

5)

Shitara Y, Maeda K, Ikejiri K, Yoshida K, Horie T, Sugiyama Y.	
  Clinical significance of organic anion
transporting polypeptides (OATPs) in drug disposition: their roles in hepatic clearance and intestinal
absorption. Biopharm Drug Dispos, 34: 45-78 (2013)
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Plenary Lecture 3
PL-03 The HBV Receptor NTCP/SLC10A1: Implications for Basic Research and
Antiviral Drug Development
Stephan Urban
University of Heidelberg, Department of Infectious Diseases, Molecular Virology, Germany
For almost three decades after the discovery of Hepatitis B Virus (HBV) the early events of infection (attachment,
receptor binding and fusion) remained entirely unresolved. Although the extraordinary hepatotropism of HBV and
its peculiar host specificity were supposed to be linked to specific receptor binding, it stayed unclear which
domain(s) within the viral envelope protein(s) are essential for mediating entry and which cellular receptor(s) are
addressed.
One reason was the sustained lack of suitable in vitro infection systems. Following the establishment of the
susceptible HepaRG cell line and primary hepatocytes from humans (PHH) and tupaia belangeri (PTH) as reliable
in vitro infection systems, systematic analyses allowed the identification of a myristoylated preS1- subdomain as
essential for specific hepatocyte binding. Using a different approaches sodium taurocholate co-transporting
polypeptide (NTCP/SCL10A1) could recently be identified as this highly specific hepatic receptor for the
myristoylated preS1 subdomain. The development of peptidic ligands of this receptor as potent inhibitors of viral
entry opened a novel therapeutic option to treat acute and chronically infected patients. The exclusive targeting of
the lead substance of such lipopeptides (Myrcludex B) to NTCP in the liver and the remarkable inhibitory potential
at picomolar concentrations makes it a promising novel drug which successfully passed a phase Ia clinical safety
trial. It entered a phase IIa efficacy trial in chronically HBV infected patients, which is currently running. Moreover,
the identification of NTCP as the long sought receptor for HBV allows the establishment of robust cell culture
systems and animal models for future approaches aiming at the identification of host dependency and restriction
factors, the identification of novel drugs and the development of immune competent small animal models.
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Plenary Lecture 4
PL-04 A Chemical Space Approach to Discover Small Molecule Inhibitors of
Poorly Studied Transporters and Channels
Jean-Louis Reymond
University of Bern, Switzerland
Despite their abundance and fundamental biological roles including drug transport, many transporters and channels
still remain poorly understood, in particular due to the lack of potent and selective small molecule inhibitors. To
discover such compounds, our approach starts with small molecules reported to act as transporter ligands such as
the transporter substrates themselves or known even if weak inhibitors. These compounds are used as references
to search for similar molecules in the chemical space of the ZINC database (> 12 million commercially available
[1]
small molecules). Typically 50-200 compounds are selected by ligand-based virtual screening (LBVS) methods
optimized for retrieval of bioactive analogues, purchased, and tested experimentally. Identified and reproducible hit
compounds, if any, are further optimized by additional rounds of LBVS, followed by chemical synthesis of the best
lead series and systematic analogue synthesis. The method is compatible with relatively complex low- to medium
throughput microtiterplate transporter assays and reasonable synthetic efforts and ideal in an academic setting.
[2]
Recent advances in LBVS and ongoing discovery and optimization studies from the TransCure network which
have resulted in nanomolar range inhibitors with perspectives for in vivo activities will be discussed.
[1]

A multi-fingerprint browser for the ZINC database. M. Awale, J.-L. Reymond, Nucleic Acids Res. 2014, doi:
10.1093/nar/gku379.
[2]

Atom Pair 2D-Fingerprints Perceive 3D-Molecular Shape and Pharmacophores for Very Fast Virtual Screening of
ZINC and GDB-17. M. Awale, J.-L. Reymond, J. Chem. Inf. Model. 2014, DOI: 10.1021/ci500232g.
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Plenary Lecture 5
PL-05 A glimpse on the molecular mechanism of regulated betaine transport
Christine Ziegler
University of Regensburg/MPI Biophyics Frankfurt, Germany
Regulated transport of osmolytic solutes, amino acids and ions across the cellular membrane is a major strategy to
counteract various stress types in cells and its molecular understanding is one of the cutting-edge questions in
biological science.
We have investigated in the past ion-coupled co-transport facilitated by high specific secondary transporters. Our
structural, functional and biophysical work on the betaine transporter BetP from Corynebacterium glutamicum, a
member of the BCCT family, has provided fundamental and yet unique insight into the process of ion-coupled
+
transport. This symporter responds to osmotically driven changes in the membrane and in cytoplasmic K concentration. The wealth of structural, functional and bioinformatics data for one single transporter enables us to
describe the overall conformational changes during the alternating-access transport cycle and the mechanism of
substrate/co-substrate coupling in such molecular detail that BetP became a paradigm for secondary transport.
Moreover, we elucidated the complex regulatory interaction mechanism during osmotic stress response between
terminal domains and anionic lipids, which we could observe in several BetP structures and have investigated by
different biophysical methods, e.g., FTIR and EPR. The extensive work on BetP has initiated several new projects,
which are strongly related to betaine transport facilitated by different transporters in pathogenic bacteria as well as
in the kidney and in the brain.
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Plenary Lecture 6
PL-06 Dr. K Harpoons the Great White Permease
H. Ronald Kaback
University of California Los Angeles, United States
Lactose permease (LacY), a paradigm for the Major Facilitator Superfamily, catalyzes the coupled, stoichiometric
+
translocation of a galactopyranoside and an H across the cytoplasmic membrane of Escherichia coli
+
(galactoside/H symport). Sugar accumulation against a concentration gradient (i.e., uphill or active transport) is
+
+
driven by the free energy released from the downhill movement of H with the electrochemical H gradient (∆µ̃H+).
+
Conversely, since symport is obligatorily coupled, downhill galactoside transport drives uphill H transport with
generation of ∆µ̃H+, the polarity of which depends upon the direction of the sugar concentration gradient. Initial xray crystal structures revealed that LacY is ~86% helical with N- and C-terminal domains, each comprised of six
largely irregular transmembrane helices positioned pseudo-symmetrically around a deep water-filled cavity open to
the cytoplasm only, an inward-facing conformation. Recently, a conformation with an occluded, fully ligated sugar
that is narrowly open on the periplasmic side and sealed on the cytoplasmic side has been obtained. Moreover,
sugar binding is an induced-fit phenomenon, and the structures confirm many additional biochemical and
+
spectroscopic findings. Every residue in LacY has been mutagenized, and residues involved in sugar and H
transport have been identified biochemically and structurally, and they are located in the approximate middle of the
molecule. Reciprocal opening/closing of periplasmic/cytoplasmic hydrophilic cavities allows alternating access of
+
sugar- and H -binding sites from either side of the membrane. These features explain how LacY catalyzes
+
lactose/H symport in both directions across the membrane utilizing the same residues. Seven independent
biochemical and spectroscopic approaches provide converging independent evidence for the alternating access
mechanism. The findings lead to the following mechanism for symport: (i) Uphill and downhill symport are same
overall reaction, but the rate-limiting steps differ--the limiting step for downhill transport is deprotonation; the limiting
step for uphill transport is dissociation of sugar or the conformational change leading to opening of the periplasmic
side. (ii) Sugar binding and dissociation--not ∆µ̃H+--are the driving force for alternating access. (iii) LacY must be
protonated to bind sugar (the pKa for binding is ~10.5). (iv) Sugar binding involves induced fit causing transition to
an occluded metastable intermediate, which undergoes alternating access. (v) Sugar dissociates, releasing the
energy of binding. (vi) A conformational change that brings Arg302 (helix IX) close to protonated Glu325 (helix X)
+
leads to deprotonation. Notably, the KD for sugar does not change, but the affinity for H (i.e., the pKa of Glu325)
decreases markedly once the galactoside dissociates. The symport cycle is driven thermodynamically, but
controlled kinetically.
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Session 1 - Speaker 1
S1-01 From transporters to channels: the multiple targets of amphetamine
Lucia Carvelli
University of North Dakota, USA
Amphetamine (Amph) is a psychostimulant illegally used as a performance enhancer and widely prescribed to treat
attention deficit hyperactive disorder (ADHD). Despite its therapeutic use for nearly a century to treat different
mental disorders, the mechanism of Amph action is still not fully understood. Previous data showed that acute
Amph treatments increase the amount of dopamine (DA) at the dopaminergic synapses, and this increase, which
occurs by blocking DA reuptake and increasing DA release via the DA transporter (DAT), is believed to initiate its
behavioral outcomes. Our recent findings show that in C. elegans chronic Amph treatments reduce the amount of
DAT expressed both in the cell membrane and cytosol. Moreover, our behavioral studies show that animals exhibit
desensitization to subsequent Amph treatments, suggesting that the reduction of DAT might underlie the long-term
behavioral changes induced by Amph.
Previous publications have demonstrated that Amph acts through multiple targets other than the DAT. Accordingly,
we found that in C. elegans Amph requires DAT and the amine-gated ion channel LGC-55 to elicit behaviors. In
fact, while DAT or LGC-55 null mutants generated partial reduction of Amph-induced behaviors, only animals
lacking both proteins (double null) completely lost response upon Amph treatment. Our in vitro data show that
Amph directly activates the LGC-55 channels demonstrating that Amph itself is an agonist for LGC-55 capable of
generating behavioral effects independent of DA. These findings represent the first experimental evidence of direct
Amph binding and activation to an ionotropic receptor.
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Session 1 - Speaker 2
S1-02 Flotillin-1 modulates AMPH-but not COC-induced behaviors in mice
Ai Yamamoto
Columbia University, USA
We have previously reported that the membrane raft-associated protein, Flotillin-1 (Flot1) , influences the
partitioning of the dopamine transporter (DAT) into cholesterol rich membranes, and attenuates the reverse
transport of dopamine (DAT) through the dopamine transporter (DAT) in mesencephalic DA cultures. To further
determine how Flot1 can modulate these events in vivo, we have conditionally eliminated Flot1 from DA neurons in
mice (Flot1 cKO mice). Flot1 cKO mice demonstrate no overt phenotype, and is largely indistinguishable from its
Flot1 heterozygous and wildtype control littermates. In the open field maze, basal locomotor activity, as well as
cocaine (COC) induced hyperlocomotor activity are also indistinguishable across genotype. In contrast,
administration of two different doses of amphetamine (AMPH) revealed that the loss of Flot1 in DA neurons lead to
an attenuated hyperlocomotor response, suggesting that AMPH-induced efflux of DA through DAT requires Flot1.
In this talk, we will discuss these findings further and explore why Flot1-mediated membrane microdomain
localization of DAT may influence DAT function.
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Session 1 - Speaker 3
S1-03 The C-terminus as a Folding Checkpoint in SERT and Other Predictions
of the Chaperone/COPII-Exchange Model
Ali El-Kasaby, Michael Freissmuth, Florian Koban, Sonja Sucic
Institute of Pharmacology, Centre of Physiology and Pharmacology
Medical University of Vienna, Währinger Straße 13a, A-1090 Vienna
Conceptually, the intracellular N- and C-termini of SLC6 family members are dispensable for their core function, i.e.
substrate translocation across a membrane. In fact, bacterial orthologues have very short N- and C-termini. The
extension of the N- and C-terminus is an acquired trait of eukaryotic SCL6 transporters: prokaryotic transporters
are co-translationally inserted into the bacterial cell membrane. In contrast, eukaryotic transporters are born in the
ER and are delivered to the cell surface by anterograde trafficking through the secretory pathway. Thus, sequence
elements must be present in the intracellular segments of the transporters to direct their trafficking. Similarly, a
mechanism must exist to prevent that partially folded or misfolded transporters are engaged by the COPII coat.
These are the boundary conditions of the chaperone/COPII-exchange model (1): it posits that the C-terminus is
engaged by cytosolic heat-shock proteins (HSP’s), which sample the folding state of the transporter. As the
transporter progresses along its folding trajectory, it is relayed from one HSP to the next and finally released, when
the transporter adopts a stable conformation. The release of HSP’s renders the C-terminal SEC24-binding site
accessible. This allows for recruitment of the SEC23/SEC24 dimer, which initiates ER export. This model predicts
that (i) the C-terminus of SLC6 transporters is required for folding and ER export, (ii) that a HSP relay is recruited to
a given transporter via its C-terminus, (iii) that the interaction of transporters and HSP’s is confined to the ER, (iv)
that manipulations of HSP levels or their inhibition affect ER-export and hence surface levels of transporters. We
verified these predictions for the serotonin transporter (SERT, SLC6A4): the proximal portion of its C-terminus
contains a canonical DNA-J/HSP70 binding motif; a peptide comprising this segment stimulated the intrinsic
ATPase of purified HSP70-1A and HSC70. Förster resonance energy transfer (FRET) was used to visualize the
607
608
607
608
interaction between YFP-tagged HSP70-1A and CFP-tagged SERT- RI
in live cells. SERT- RI -AA is a
folding deficient mutant (2), it also fails to recruit SEC24C and reaches the cell surface in a COPII-independent
manner (3,4) but does not enter the axonal compartment (5). FRET was only observed between ER-resident - but
607
608
not cell surface-expressed - SERT- RI -AA and HSP70-1A. Folding-deficient mutants of SERT, which were
stalled at different stages of the folding trajectory, differed in their bound HSP’s and associated co-chaperones.
They also differed in the extent to which they were rescued by siRNA-mediated depletion or inhibition of HSP’s.
These observations are of relevance to remedy folding deficiency in SLC6 members that give rise to diseases (e.g.,
infantile dystonia/Parkinsonism and hyperekplexia/startle disease due to mutations in the dopamine
transporter/SLC6A3 and the glycine transporter-2/SLC6A5, respectively) 	
  
References:
1) Chiba P, Freissmuth M, Stockner (2014) Defining the blanks - Pharmacochaperoning of SLC6 transporters and
ABC transporters. Pharmacol Res 83:63-73
2) El-Kasaby A, Just H, Malle E, Stolt-Bergner PC, Sitte HH, Freissmuth M, Kudlacek O (2011) Mutations in the
carboxyl-terminal SEC24 binding motif of the serotonin transporter impair folding of the transporter. J Biol Chem
285:39201-39210
3) 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 COPII component SEC24C. J Biol Chem 286:16482 -16490
4) Sucic S, Koban F, El-Kasaby A, Kudlacek O, Stockner T, Sitte HH, Freissmuth M (2013) Switching the clientele:
a lysine residing in the C-terminus of the serotonin transporter specifies its preference for the COPII component
SEC24C. J Biol Chem 288:5330-5341
5) Montgomery TR, Steinkellner T, Sucic S, Koban F, Schüchner S, Ogris E, Sitte HH, Freissmuth M (2014) Axonal
targeting of the serotonin transporter in cultured rat dorsal raphe neurons is specified by SEC24C-dependent
export from the endoplasmic reticulum. J Neurosci 34:6344-6351.
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S2-01 Imaging of ABC transporters at the blood-brain barrier with positron
emission tomography
Oliver Langer
MUW, Austria
Drug delivery to the brain is partly controlled by adenosine triphosphate-binding cassette (ABC) transporters, such
as Pgp, BCRP or MRP4, which are expressed at the luminal membrane of brain capillary endothelial cells. These
transporters are capable of effluxing a multitude of chemically diverse compounds from the endothelial intracellular
space into the vascular compartment thereby limiting their brain distribution. Disease-induced changes in
transporter expression at the blood-brain barrier (BBB) may lead to changes in drug delivery to the brain causing
decreased efficacy or increased central nervous system side effects of drugs. 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. PET
with suitable ABC transporter selective radiotracers allows to study ABC transporter function in the healthy and
diseased brain in vivo. The present talk will summarize the speaker’s experience with the development of new PET
radiotracers for ABC transporters and their application in animal disease models and in humans.
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S2-02 Glycine Transporters: Different tissues - different functions
Volker Eulenburg
University of Erlangen, Germany
The amino acid glycine is beside GABA the most important inhibitory neurotransmitter in caudal regions of the
central nervous system. In addition to its function at inhibitory glycinergic synapses glycine functions as an
essential coagonist of ionotropic glutamate receptors of the NMDA subtype. This dual function at both inhibitory
and excitatory synapses underscores the importance of a precise regulation of the extracellular glycine
concentration. This is achieved by two high affinity glycine transporters GlyT2 and GlyT1 that are localized in the
plasma-membrane of the glycinergic presynaptic terminal, and glial cells and neurons, respectively. Knock out
studies have shown that the major function of GlyT2 is the replenishment of the presynaptic glycine pool, whereas
the major function of glial GlyT1 is the regulation of the extracellular glycine concentration. In the retina, that also
contains glycine dependent inhibitory neurotransmission, only GlyT1 but not GlyT2 is expressed. Here the role of
Glycine transporters for the maintenance of glycine dependent neurotransmission is up to now only poorly
understood. Here we now show by a genetic approach that GlyT1 has dual function for glycine dependent
neurotransmission in the retina. Loss of GlyT1 in glycinergic amacrine cells results in a loss of the glycinergic
phenotype of the affected cells a marked changes of the signalling in response to light response in the scotopic
range. These findings are consistent with GlyT1 being important for both re-import of glycine into the presynaptic
compartment and the control of the extracellular glycine concentration.
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An involvement of the proinflammatory cytokine interleukin 6 (IL6) in the pathophysiology of depression is
supported by results obtained in human patients and experimental animals. However, how IL6 impinges on
neurotransmission herby modulating the behavioral output of the brain, remains largely unknown. Here we find that
that IL6 modulates serotonergic neurotransmission by regulating the serotonin transporter (SERT) though the
signal transducer and activator of transcription-3 (STAT3) signaling pathway.
IL6 reduced SERT activity and downregulated SERT mRNA and protein levels in-vitro and in-vivo. Conversely,
levels of SERT were elevated in IL6-deficient mice which displayed a reduction in depression-like behavior and
sensitivity to acute antidepressant treatment. Pharmacological inhibition of STAT3 blocked the effect of IL6 in-vitro
and modulated depression-like behavior in-vivo. Finally, IL6 increased the association of STAT3 with the SERT
promoter. These findings identify STAT3-dependent regulation of serotonergic neurotransmission as conceivable
neurobiological substrate for the involvement of IL6 in depression.
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Canalicular bile formation is maintained by an elaborate array of ABC-transporters and requires BSEP, MDR3 (or
ABCB4) and ABCG5/G8. Dysfunctions in the biliary cholesterol–bile salt–phospholipid secretion (e.g. an increased
ratio of cholesterol to bile salts or phospholipids) lead to cholestasis or result in cholesterol crystallization followed
by cholelithiasis. The aim of this project is to test the hypothesis that some drugs may induce cholestatic liver
disease by specifically interfering with biliary lipid secretion and to identify such inhibitors/stimulators. To this end
we developed a cell-based and polarized model system consisting of stably transfected LLC-PK1 cell lines
®
(overexpressing human NTCP, BSEP, ABCB4 and ABCG5/G8) cultured in the Transwell system. In the
®
Transwell system cells grown on the filter are polar, i.e. the basolateral membrane faces the lower compartment
and the apical membrane faces the upper compartment. Our cells expressing the respective carriers display a
3
vectorial transport of bile salts ( H-taurocholate) from the basolateral to the apical compartment and an increased
efflux of endogenous phosphatidylcholine and fluorescently labelled or NBD-PC to the apical compartment.
Currently, we are at the stage of testing the effect of candidate drugs on lipid secretion by applying the generated
model. First experiments demonstrate that the antimycotic agent itraconazole inhibits phosphatidylcholine secretion
3
into the apical compartment. Taking this result together with the vectorial transport of H-taurocholate, we have
successfully established an in vitro model for canalicular bile salts and lipid secretion. Consequently, we plan to use
this model to characterize the effect of additional drugs (eg. amoxicillin and clavulanic acid) suspected to interfere
with canalicular bile salts and lipid transporters. This knowledge will help us to better understand the relation
between drugs and cholestasis and may help to identify potential therapeutical agents for gallstone disease.

S3-02 Variation of the detergent-binding capacity and phospholipid content of
membrane transport proteins when purified in different detergents
Hüseyin Ilgü, Jean-Marc Jeckelmann, María Salomé Gachet, Rajendra Boggavarapu, Zöhre Ucurum,
Jürg Gertsch, Dimitrios Fotiadis
University of Bern, Switzerland
Purified membrane proteins are ternary complexes consisting of protein, lipid, and detergent. Information about the
amounts of detergent and endogenous phospholipid molecules bound to purified membrane proteins is largely
lacking. In this systematic study, three model membrane proteins of different oligomeric states were purified in nine
different detergents at commonly used concentrations and characterized biochemically and biophysically.
Detergent-binding capacities and phospholipid contents of the model proteins were determined and compared. The
insights on ternary complexes obtained from the experimental results, when put into a general context, are
summarized as follows. 1), The amount of detergent and 2) the amount of endogenous phospholipids bound to
purified membrane proteins are dependent on the size of the hydrophobic lipid-accessible protein surface areas
and the physicochemical properties of the detergents used. 3), The size of the detergent and lipid belt surrounding
the hydrophobic lipid-accessible surface of purified membrane proteins can be tuned by the appropriate choice of
detergent. 4), The detergents n-nonyl-β-D-glucopyranoside and Cymal-5 have exceptional delipidating effects on
ternary complexes. 5), The types of endogenous phospholipids bound to membrane proteins can vary depending
on the detergent used for solubilization and purification. 6), Furthermore, we demonstrate that size-exclusion
chromatography can be a suitable method for estimating the molecular mass of ternary complexes. The findings
presented suggest a strategy to control and tune the numbers of detergent and endogenous phospholipid
molecules bound to membrane proteins. These two parameters are potentially important for the successul
crystallization of membrane proteins for structure determination by crystallographic approaches.
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Coevolution of viruses and their hosts represents a dynamic molecular battle between the immune system and an
arsenal of viral factors that mediate immune evasion. Cytotoxic T lymphocytes can clear virus infected cells by
recognizing antigenic peptide epitopes displayed on MHC class I molecules at the cell surface. The heterodimeric
transporter associated with antigen processing (TAP) fulfills the crucial task of antigen translocation into the
endoplasmic reticulum (ER) lumen, where peptides are loaded onto MHC I molecules. In light of its important role,
this ABC transport complex is a prime target for viral inhibition. After the abandonment smallpox vaccination,
cowpox virus infections are an emerging zoonotic health threat. Here we delineate the mechanistic basis of how
cowpox viral CPXV012 interferes with MHC class I antigen processing. This type II membrane protein inhibits ATP
binding and hydrolysis of the antigen translocation complex TAP at a step after peptide binding and a subsequently
induced conformational change. This arrest is mediated by a short ER-lumenal fragment of CPXV012, which
results from a frameshift in the cowpox virus genome. Tethered to the ER membrane, this fragment mimics high
local peptide concentration in the ER, thus provoking a trans-inhibition of antigen translocation as supply for MHC I
loading. These findings illuminate the evolution of viral immune modulators and the basis of a fine-balanced
regulation of antigen processing.
The German Research Foundation (SFB 807–Transport and Communication across Biological Membranes to R.T.)
and the European Drug Initiative on Channels and Transporters (EDICT to R.T.) funded by the European
Commission Seventh Framework Program supported this work.

S3-04 Interaction of ciprofloxacin with renal trasnporters, assessed with in vivo
PET imaging
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The fluoroquinolone antibiotic ciprofloxacin possesses a broad spectrum of activity against gram-negative and
gram-positive bacteria. The major route of ciprofloxacin elimination from the body is via the kidneys and
ciprofloxacin is frequently used for the treatment of urinary tract infections. Distribution of ciprofloxacin across
tissue membranes has been shown to be influenced by different members of the adenosine-triphosphate binding
cassette (ABC) and solute carrier (SLC) transporter families. Ciprofloxacin disposition may therefore be vulnerable
to transporter-mediated drug-drug interactions which may lead to loss of efficacy or side effects.
In this study we used positron emission tomography (PET) imaging with fluorine-18-labelled ciprofloxacin
18
([ F]ciprofloxacin) to assess the interaction between ciprofloxacin and the multidrug resistance protein (MRP,
18
ABCC) inhibitor MK571 in vivo in FVB mice. Biodistribution of intravenously administered [ F]ciprofloxacin in mice
was characterized by high radioactivity uptake in the liver, gall bladder, intestine, kidney and urinary bladder.
18
Pretreatment of mice (n=4) with MK571 (300 mg/kg, i.p., 30 min before injection of [ F]ciprofloxacin) resulted in a
18
marked reduction of [ F]ciprofloxacin concentration in the urinary bladder (mean area-under the curve from 0-90
18
min (AUC0-90) after [ F]ciprofloxacin injection: 57±47 vs. 2056±1473 min, p=0.03, Student’s t-test). In addition
18
maximum uptake of [ F]ciprofloxacin in the kidney was significantly reduced after MK571 pretreatment (5.2±2.4
SUV at 13.1±14.8 min vs. 10.1±1.4 SUV at 5.9±3.4 min, p=0.013). Kinetic analysis of PET data using the
1
integration plot method indicated that MK571 pretreatment significantly decreases the kidney brush-border efflux
18
clearance (CLint,urine,kidney) of [ F]ciprofloxacin (0.02±0.1 vs. 18.1±9.8 mL/min/kg, p=0.03). In addition, the uptake
18
clearance of [ F]ciprofloxacin from blood into kidney (CLuptake,kidney) was decreased (36.1±27.6 vs. 79.4±26.9
ml/min/kg, p=0.07).
18

Our data suggest that MK571 affects renal excretion of [ F]ciprofloxacin via two different mechanisms, i.e. by
inhibition of uptake transporters located at the basolateral membrane (e.g. OAT3) and by inhibition of efflux
transporters located at the apical membrane (e.g. MRPs) of kidney proximal tubule cells. Further studies to
elucidate the specifically involved transporter proteins are currently ongoing.
References:
1

Kim DC, Sugiyama Y, Satoh H, Fuwa T, Iga T, Hanano M. Kinetic analysis of in vivo receptor-dependent binding
of human epidermal growth factor by rat tissues. J Pharm Sci. Mar 1988;77(3):200-207.
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The human serotonin transporter (hSERT) is responsible for the termination of synaptic serotonergic signaling. The
formation of dimers of SERT in the plasma membrane 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 and decipher the exact configuration of
the oligomerization states; additionally, biochemical methods do not take the influence of the membrane
environment into account. Here we used single molecule fluorescence microscopy to obtain the oligomerization
state of SERT via brightness analysis of single diffraction limited fluorescent spots. 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. Heterologously expressed SERT was labeled either with the fluorescent
cocaine derivate JHC 1-64, or via fusion to mGFP. We found a variety of oligomerization states of membraneassociated transporters, revealing molecular associations at least up to pentamers and demonstrating the
coexistence of different degrees of oligomerization in a single cell; the data is in agreement with a linear
aggregation model. The oligomerization was found to be independent of SERT surface density, indicating a stable
interaction of the subunits. Therefore, we developed a special bleaching protocol to decipher the interaction kinetics
of SERT oligomers; the complexes remained stable over several minutes in the live cell plasma membrane.
Together, the results indicate kinetic trapping of preformed SERT oligomers at the plasma membrane. Indeed, by
evaluating the oligomerization of SERT in the endoplasmic reticulum we show that the oligomerization process is
chemically equilibrated at ER membranes; after trafficking to the plasma membrane, the SERT stoichiometry
remains fixed.

S3-06 Modulation of endocannabinoid membrane trafficking: what is new in the
toolbox?
Andrea Chicca, Simon Nicolussi, Stefanie Hofer, Vanessa Petrucci, Juerg Gertsch
University of Bern, Switzerland
Endocannabinoids (ECs) are key lipid mediators in different physiological and pathological conditions both in the
CNS and periphery. By definition, ECs are arachidonic acid-derived endogenous molecules which activate primarily
CB1 and/or CB2 receptors. The effects of ECs are regulated by cellular biosynthesis, release, reuptake, trafficking
and enyzmatic metabolism. Unlike the clear knowledge about the biosynthetic and metabolic pathways, the
mechanism of cell membrane trafficking is not yet elucidated. Although the identification of the putative
endocannabinoid membrane transporter (EMT) remains still elusive, the best experimentally supported theory
relies on a passive membrane transporter-mediated mechanism. Within the NCCR TransCure we study the
mechanism of EC trafficking across cell membrane and the identification of the putative EMT. Recently, we have
shown that all ECs compete for the same EMT independently of their intracellular fate (trafficking and enzymatic
inactivation) (Chicca at al., 2012). We have generated a hydrolysis-resistant fluorescent analogue of an
endocannabinoid which properties were analyzed by calssical radioactivity-based and analytical methods and realtime fluorescent flow cytometry. The results show that our novel tool compound possesses the same biochemical
features as an endocannabinoid in term of CB receptor binding, cellular uptake and trafficking, thus allowing us to
monitor uptake and efflux kinetics in different cell types within complex matrices.
Reference:
Chicca A, Marazzi J, Nicolussi S, Gertsch J. Evidence for bidirectional endocannabinoid transport across cell
membranes. J Biol Chem (2012) 287: 34660-82.
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The human genome codes for a large number of membrane transporter. We focus on exporters from the ABC
family (42-44 members) and importers from the SLC6 family (19 members). The multidrug resistance transporter Pglycoprotein (ABCB1) is expressed in barrier tissues (blood-brain-barrier, intestine, kidney, liver and macrophages)
that protect the organism from environmental toxins. ABCB1 transports an extraordinarily diverse range of
structurally unrelated drugs, xenobiotics and endogenous substrates. Cancer cells acquire resistance to
chemotherapy when expressing ABCB1. Neurotransmitter:sodium symporters from the SLC6 family are localized
on pre-synaptic neurons. These transporters are responsible for fast termination of neurotransmission by removal
of the released neurotransmitters dopamine (DAT), serotonin (SERT) and noradrenaline (NET) from the synaptic
cleft. Abnormal transporter function is associated with different disease states such as depression, attention deficit
hyperactivity disorder, autism and bipolar disorder. Illicit life style drugs such as cocaine, amphetamine and ecstasy
interfere with normal transport function.
Several ABC transporter from the ABCB family have now been crystallized in different conformations.
Crystallization of the bacterial homolog LeuT and the drosophila DAT transporter have provided considerable
insight into structure and function of the SLC6 family. Crystal structures of these membrane proteins are
determined in micellar environment. We combined modeling with biochemical experiments to explore the
membrane inserted state of these transporters.
MD simulations of LeuT have shown very stable conformations of the outward-open and the outward-occluded
state. Binding of substrate and inhibitor stabilized the respective state. The inward-open state of LeuT was stable in
a micellar environment, but not when inserted into a membrane. Polar and charged moieties of helix TM1A are
found within the hydrophobic part of the membrane. Partitioning into the hydrophilic environment was found to be
energetically favorable.
We studied the ATP-bound state of ABCB1 in the membrane environment and determined the equilibrium
conformation. Conformations observed in crystal structures, the wing shape structure of the outward-facing and the
inward-facing state with dissociated nucleotide binding domains were used as starting structures. Free energy
calculations indicated an energy difference of 30-40 kJ/mol between the wing shape structure and the fully relaxed
structure. The equilibrium conformation observed by MD simulations is occluded on the wing-shape and a water
droplet is formed within the protein, reminicent of the recently published structure of McjD. ABCB1 is extremely
promiscuous in recognizing and binding substrate. We identified molecular determinants for the recognition of
propafenone substrates in transmembrane helix 11.
Acknowledgments
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Georg E. Winter, Branka Radic, Richard K. Kandasamy, Berend Snijder, Claudia Trefzer, Anna
Moskovskich, Konstantinos Papakostas, Manuele Rebsamen, Leonard Heinz, Enrico Girardi, Cristina
Mayor-Ruiz, Vincent A Blomen, Kilian M. Huber, Manuela Gridling, Stefan Kubicek, Oscar FernandezCapetillo, Thijn R. Brummelkamp and Giulio Superti-Furga
CeMM - Research Center for Molecular Medicine of the Austrian Academy of Sciences, Austria
The identity and integrity of biological systems is defined and safeguarded by lipid-containing membranes. In
humans, traffic of chemical compounds, such as nutrients, xenobiotics, drugs, dyes etc. across membranes needs
to be regulated in a tissue and cellular state-dependent way. Moreover, licit and illicit transport (such as the one of
toxic substances) needs to be monitored by signaling. While detailed knowledge is available for some well-studied
SLC proteins, it is also true that the majority of SLCs are orphans in terms of their transport competence and
biological role. Conversely, the majority of clinical and experimental drugs enter cells through unknown transport
mechanisms. We employed a haploid genetic screen in human cells to discover an absolute dependency of the
clinically evaluated anti-cancer compound YM155 on SLC35F2, an uncharacterized member of the solute carrier
protein family that is highly expressed in a variety of human cancers. YM155 generated DNA damage through
intercalation, which was contingent on the rate-limiting expression of SLC35F2 and its drug importing activity.
SLC35F2 expression and YM155 sensitivity correlated across a panel of cancer cell lines and targeted genome
editing verified SLC35F2 as the main determinant of YM155-mediated DNA damage toxicity in vitro and in vivo. We
are greatly enlarging the study, using a growing collection of individual human cell lines each bearing a gene k.o. in
the SLC family to perform an SLC group-wide matchmaking of drug, metabolites and SLCs. We will integrate our
efforts with the rest of the scientific community to obtain a systems-level and, in the far future, an ecosphere-level
understanding of chemical flow across biosystems.
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Rapidly spreading multiple antibiotic resistances require new approaches for the screening of drug targets.
Although periplasmic enzymes of bacterial cell wall biosynthesis are among the most classical targets, drugs
directed against the membrane integrated pathway are still very rare. The basic bottleneck is the expression of
larger polytopic integral membrane proteins in conventional cellular expression systems, thus restricting their
availability for biochemical characterization. A key enzyme catalysing the first membrane bound step of cell wall
biosynthesis by transferring uridine monophosphate-N-acetyl-muramoyl-pentapeptide onto the carrier undecaprenyl
phosphate (C55-P) is the integral membrane protein MraY. Numerous attempts to produce MraY homologues from
human pathogens in classical cellular expression systems have failed so far.
We were successful in developing efficient cell-free expression protocols for the preparative scale production of
MraY homologues including homologues of pathogenic bacteria with emerging antibiotic resistances such as
Mycobacterium tuberculosis, Helicobacter pylori and Bordetella pertussis. The expression efficiency was in
particular dependent on the design of the mRNA and on optimization of the initiation of translation. The quality of
the synthesized enzymes was modulated (i) by modifying the hydrophobic environment for co-translational
solubilization with detergents, surfactants or supplied membranes, (ii) by selecting conditions for the posttranslational solubilization with detergents, detergent/lipid mixtures or amphipols and (iii) by systematic screening of
the lipid composition in provided preformed nanodiscs . The specific activity of the produced MraY samples was
determined by in vitro lipid-I formation. We demonstrate that the cell-free expression strategies as well as the
optimal co- or post-translational solubilization conditions are specific to the individual MraY translocase
homologues. MraY of the non-pathogenic Bacillus subtilis can be synthesized as stable enzyme with high specific
activity in a variety of different conditions implementing detergents or lipids. In contrast, the functional folding of
pathogenic MraY homologues was inhibited by detergents and high quality protein samples could only be produced
in presence of specific lipids. E. coli, H. pylori, and B. pertussis MraY only exhibited high activity if co-translationally
inserted into nanodiscs composed of lipids with charged headgroups. Moreover, M. tuberculosis MraY activity could
only be observed when expressed in presence of nanodiscs composed of highly specific lipid mixtures. These
findings indicate a high dependency of MraY functional folding on the natural lipid composition of the host cells and
they demonstrate for the first time the synergies of cell-free expression and nanoparticle technologies for identifying
environmental impacts on the functional folding of pharmaceutically relevant membrane proteins.
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Glutamate homeostasis is maintained through uptake of glutamate by the excitatory amino acid transporters
(EAAT’s). Crystal structures of an archeal homologue of the mammalian glutamate transporter published in various
states serves as a template to study the structure function relationship in the EAATs. In this study we have used an
intergrated approach combing Lanthanide resonance energy transfer (LRET) with steered molecular dynamics
(SMD) simulations to explore substrate translocation in the aspartate transporter (GltPh) and have complemented
our key findings using biochemical studies. Multiple extended (0.3 µs) SMD simulations of membrane embedded
trimeric GltPh revealed the existence of an intermediate state during the transition between the outward facing and
the inward facing state. Correlation analyses of the global motion showed that two local changes played a key role
in the transition between states. The first involved the change in side chain dihedral angle of T308 from the trans to
the gauche state and formation of the transient Na2 binding site. The second local change involved destabilization
of the ionic interaction network at the cytoplasmic side of the transporter. Uptake experiments in reconstituted
proteoliposomes showed that mutating residue T308, which is proposed to be involved in the maturation of the Na2
binding site, increased the Km and reduced the Hill coefficient for sodium. Generality of this finding was tested by
mutations of the corresponding residue in human EAAT3. We observed a similarly increased Km, suggesting a
shared function of the conserved threonine. These results provide computational and biochemical evidence for the
existence of Na2 binding site, highlight the importance of a gatekeeper interaction network in the cytoplasmic side
and characterize their role for the global conformational shift. Site directed mutagenesis was used to insert
genetically encoded lanthanide binding tags (LBT) and also cysteines which act as fluorophore docking sites to
perform LRET based distance measurements, thus generated LBT mutants were expressed and purified. The
distance measurements made with LRET were compatible with the distances observed in the crystal structure.
Efforts are being made to perform the distance measurements in reconstituted proteins in proteoliposomes.
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The kidney inner medulla is a challenging environment for cells, especially during antidiuresis when high
concentrations of NaCl and urea are present [1]. One important requirement for survival is to balance the osmotic
stress by intracellular accumulation of organic osmolytes that do not disturb normal cell functions [2]. Betaine is
such an osmolyte and cell uptake is mediated by the Betaine-GABA Transporter1 (BGT1, SLC6A12), which
belongs to the SLC6 transporter family [3]. Although the apparent affinity of BGT1 for GABA is at least 4-fold
greater than for betaine, the primary substrate for renal BGT1 is betaine. In the present study, several potential
PKC phosphorylation sites on BGT1 were mutated and the responses to the PKC activators DOG and PMA were
determined.
In wildtype BGT1 (wt-BGT1)-expressing oocytes, GABA-mediated currents were diminished by preincubation of the
oocytes with 100 nM PMA or 5 µM DOG, while application of staurosporine, which is an inhibitor of PKC, prior to
application of DOG restored the response to GABA. Three mutants (T235A, S428A, and S564A) evoked GABA
currents comparable in magnitude to the currents observed in wt-BGT1-expressing oocytes, whereas GABA
3
currents in T40A were barely detectable. Uptake of [ H]GABA was also determined in HEK293 cells expressing
EGFP-tagged BGT1 with the same mutations. T235A, S428A, and S564A showed up-regulation of GABA uptake
after hypertonic stress and down-regulation by PMA similar to EGFP-wt-BGT1. In contrast T40A did not respond to
either hypertonicity or PMA. Confocal microscopy of the EGFP-BGT1 mutants expressed in MDCK cells revealed
that T40A was present in cytoplasm after 24 hours of hypertonic stress while the other mutants and EGFP-wtBGT1 were in the plasma membrane. All mutants, including T40A, co-migrated with wt-BGT1 on Western blots
suggesting that they are full-length proteins. T40A, however, cannot be phosphorylated as revealed using a specific
anti-phospho antibody and therefore T40 may be important for trafficking and insertion of BGT1 in the plasma
membrane.
[1] Kwon MS et al., Physiology 24: 186-191, 2009.
[2] Burg MB et al., J Biol Chem 283: 7309-7313, 2008.
[3] Rudnick G, et al., Pflügers Arch – Eur J Physiol 466: 25-42, 2014.

S5-04 Moving ions across membranes
David Wöhlert, Özkan Yildiz, Werner Kühlbrandt
Max-Planck-Institute of Biophysics Dept.: Structural Biology, Germany
Membrane proteins are essential to transport molecules across biological membranes. This gateway task makes
them important drug targets. About 60% of all approved drugs target membrane proteins (1). Transport of ions
across membranes is essential for every cell to maintain physiological salt concentrations and to keep pH
+ +
homeostasis. Na /H -Exchangers play a key role in this process. Therefore these secondary transporters can be
+ +
found in all kingdoms of life (2). Na /H -Exchangers are involved in the development of diseases like epilepsy (3),
heart failure (4) and hypertension (5). To understand their way of function, detailed structural and functional
+ +
information are needed to be able to sketch a mechanism for Na /H -Exchangers, which could guide drug
+ +
development. We report crystal structures of an archeal Na /H -Antiporter in a substrate-bound-state, substrate+ +
free-state, at low and high pH. These data provide a unique view on the substrate-binding site of Na /H -Antiporters
and the CPA1-family of Cation-Proton-Antiporters in general.
1. M. A. Yildirim, K. I. Goh, M. E. Cusick, A. L. Barabasi, M. Vidal, Drug-target network. Nat Biotechnol 25, 1119
(Oct, 2007).
2. C. L. Brett, M. Donowitz, R. Rao, Evolutionary origins of eukaryotic sodium/proton exchangers. Am J Physiol Cell
Physiol 288, C223 (Feb, 2005).
3. A. Ali, F. J. Ahmad, Y. Dua, K. K. Pillai, D. Vohora, Seizures and sodium hydrogen exchangers: potential of
sodium hydrogen exchanger inhibitors as novel anticonvulsants. CNS Neurol Disord Drug Targets 7, 343 (Oct,
2008).
4. K. Morris, Targeting the myocardial sodium-hydrogen exchange for treatment of heart failure. Expert Opin Ther
Targets 6, 291 (Jun, 2002).
5. I. A. Bobulescu, F. Di Sole, O. W. Moe, Na+/H+ exchangers: physiology and link to hypertension and organ
ischemia. Curr Opin Nephrol Hypertens 14, 485 (Sep, 2005).
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S5-05 The sodium/proton exchanger NHA2 is a novel regulator of sodium and
calcium homeostasis in the distal convoluted tubule
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NHA2 is a recently cloned sodium/hydrogen exchanger present in all metazoan genomes with unknown biological
function. Due to chromosomal localization, tissue distribution and inhibitor characteristics, NHA2 is believed to be
the long sought sodium/lithium countertransporter, which was epidemiologically linked to the pathogenesis of
diabetes mellitus and essential hypertension. We recently demonstrated that NHA2 is critical for insulin secretion in
β–cells (Deisl et al., PNAS 2013). Here we find that NHA2 is expressed in distal convoluted tubules of mice and
humans, a tubular segment that is paramount for the regulation of sodium, calcium and blood pressure
homeostasis. To test the physiological role of NHA2 in the kidney, we performed telemetric blood pressure
measurements and metabolic balance studies in NHA2 WT and KO mice. NHA2 was dispensable for the renal
adaptation to acute metabolic acidosis and water deprivation. Blood pressure, however, was lower in NHA2 KO
mice compared to WT mice under high sodium diet, but not under low sodium diet. In addition, NHA2 KO mice
exhibited normocalcemic hypocalciuria with lower plasma PTH levels while 1, 25-OH Vitamin D3 levels remained
unaltered. Interestingly, immunoblotting of kidney tissue lysates revealed significantly reduced phosphorylation of
the thiazide-sensitive sodium/chloride co-transporter (NCC), mutated in Gitelman’s syndrome, in the distal
convoluted tubules of NHA2 KO mice. Similarly, phosphorylation of the SPS1-related proline/alanine-rich kinase
(SPAK), the kinase responsible for NCC phosphorylation, was markedly reduced in kidney lysates of KO mice,
compared with WT mice. In line with these findings, NHA2 KO mice exhibit a reduced natriuretic response to
hydrochlorothiazide compared to WT mice.
Thus, in summary, our data reveal the sodium/hydrogen exchanger NHA2 as a novel regulator of calcium, sodium
and blood pressure homeostasis in the distal convoluted tubule of the kidney.

S5-06 Force spectroscopy reveals allosteric binding sites in the serotonin
transporter
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Austria
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Medicinal Chemistry Section, Molecular Targets and Medications Discovery Branch, Intramural Research
Program, National Institute on Drug Abuse, Baltimore, Maryland 21224, USA
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The serotonin transporter (SERT) shapes serotonergic neurotransmission by retrieving serotonin from the synaptic
cleft, thus replenishing the presynaptic stores. SERT is a member of the neurotransmitter/sodium symporter (NSS)
family and a target of antidepressants and illicit drugs. Because SERT is refractory to crystallographic analysis,
structural models of SERT rely on crystal structures of homologues, i.e. bacterial LeuTAa, and more recently,
Drosophila DATcryst. This approach is limited by sequence divergence. Specific ligands of SERT, for instance, bind
poorly to LeuTAa or DAT. There is controversy about the number of ligand binding sites in NSS. Several studies
provide evidence of two sites, i.e. a central S1-site occupied by the substrate in the occluded state and a second
S2-site, located within the extracellular vestibule, but this has been questioned: S1 has been proposed to account
exclusively for high-affinity binding of inhibitors and the substrate. Here, we used atomic force microscopy (AFM)
based single molecule recognition force spectroscopy (SMRFS) to directly measure the interaction forces between
SERT and citalopram (CIT), an antidepressant. For both of the S- and R-enantiomers of CIT, two distinct
+
+
populations of binding strengths were revealed in Na -containing buffer with SERT. In contrast, in Li -containing
buffer, SERT only showed low force interactions. Conversely, the vestibular mutant SERT-G402H merely displayed
the high force population. These observations document the existence of both a central and a vestibular binding
site in SERT when accessed in a physiological context. These two distinct binding sites can be individually
addressed. From competition experiments performed by addition of free S- or R-CIT at saturating conditions (30
µM), it was found that the binding strength at the S2 site was enhanced for S-CIT by binding of S-CIT at the central
S1 site, which indicates a positive allosteric effect. However, binding of R-CIT to the S1 site reduced the binding
strength of the S-CIT at the S2 site, which implies a negative allosteric effect. The presence of such reciprocally
modulated binding sites has repercussions for drug development.
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S6-01 The influence of glutamate transporters on neural signaling in
physiological and pathophysiological conditions
Michael P. Kavanaugh
University of Montana, USA
Dysregulation of glutamate transporters has been implicated in several neuropathologies including Alzheimer’s
disease, stroke, and traumatic brain injury. Transporters act over wide ranges of time and space in the brain: they
help prevent excitotoxicity by limiting tonic NMDA receptor activation, and in addition they maintain the specificity of
neuronal communication by limiting spillover of synaptically released glutamate. In this work we show how small
changes in transporter density can lead to supralinear changes in ambient extracellular glutamate, which may play
a role in certain neuropathologies. In addition, we show data suggesting that the role of transporters in limiting
NMDA receptor activity during synaptic transmission is complex and depends strongly on the frequency of synaptic
activity. We show that in physiological conditions, Mg2+ block rather than glutamate transport plays a dominant role
in restricting NMDAR activity during low frequency activity. During higher frequency activity, including frequency
ranges associate with induction of long-term potentiation and learning, a pool of glutamate-bound and Mg2+blocked NMDARs signal in a phase-shifted manner that is governed by glutamate transport.
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S6-02 VGLUT3 and the central circuits for persistent mechanical pain
Rebecca P Seal
University of Pittsburgh, USA
Mechanical hypersensitivity is a widespread and intractable symptom of neuropathic pain for which there is a lack
of effective therapy. During tactile allodynia, activation of the sensory fibers which normally detect touch elicit pain.
We recently showed that the vesicular glutamate transporter 3 (VGLUT3), a protein that packages glutamate into
secretory vesicles for regulated neurotransmission, is required for expression of mechanical hypersensitivity after
inflammation or nerve injury. The VGLUT3 knockout mice also have reduced response to acute, intense
mechanical stimuli, but respond normally in all other somatosensory behaviors including innocuous touch. VGLUT3
thus appears to have critical role specifically in the circuitry underlying mechanical pain. Work presented here will
address the location and role of the transporter in the persistent mechanical pain circuit.
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S6-03 The Glutamate/GABA-glutamine cycle in physiology and pathology
Farrukh Abbas Chaudhry
University of Oslo, Norway
A glutamate/GABA-glutamine cycle has been proposed to underpin replenishment of the fast neurotransmitters in
the central nervous system: Exocytotically released glutamate and GABA activate specific receptors and are then
subsequently captured and transported by specific transporters into astroglial cells where they are converted to
glutamine. Glutamine is then shuttled back to the nerve terminals for resynthesis of the neurotransmitters. Although
such a cycle is widely accepted, the transport of glutamine across astroglial and neuronal membranes remain
enigmatic.
Compelling evidence has been provided by our group that SN1 (Slc38a3; also known as (aka) SNAT3) mediates
release of glutamine from astroglial cell and that the system A transporters SAT1 (Slc38a1; aka SNAT1) and SAT2
(Slc38a2; aka SNAT2) accumulate glutamine into GABAergic and glutamatergic neurons, respectively, for
neurotransmitter synthesis. Recently, we have shown - by detailed ratiometric imaging, electrophysiological and
kinetic characterization - that SN2 mediates electroneutral and bidirectional transport of glutamine and glycine.
+
Transport by SN2 is associated with uncoupled H (and other cations) conductance which favours the release
mode of SN2 and which has functional implications itself. SN2 may thus furnish neurons with glutamine for the
generation of the neurotransmitters glutamate and GABA and may release glycine for the regulation of NMDA
receptors.
We have also identified disturbances in the concentrations of glutamate, GABA and glutamine in several patients
suffering from severe epilepsies indicating disturbances in the glutamate/GABA-glutamine cycle. Altogether, our
data corroborate pivotal roles of the glutamine transporters and of the glutamate/GABA-glutamine cycle in synaptic
plasticity and in disease.
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S7-01 It’s all about Integration – From Docking to Structure-based
Classification and Prediction of Side Effects
Gerhard F. Ecker
University of Vienna, Austria
Within the past decade the way how computational drug design is conducted changed dramatically. With the
availability of ChEMBL, PubChem, and ChemSpider, pharmacoinformatics gradually adopts the concept of open
data. One of the current major challenges is the integration of all these public data sources in order to allow to
target complex research questions, such as “give me all compounds annotated with liver toxicity and their
interaction profile with all transporters expressed in the liver”. Semantic data integration platforms such as the Open
PHACTS Discovery Platform not only enable to query across multiple data domains, they also open hitherto
unreached possibilities for in silico model generation and -validation. Within this talk we will present case studies for
creating predictive classification models for transporters by mining public data bases, and for predicting side effects
based on ligand-receptor interaction profiles.
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S7-02 Autoimmune BSEP disease: a novel cholestatic liver disease in patients
with liver transplantation for progressive familial intrahepatic cholestasis type 2
1

2

2

2

Ralf Kubitz , Jan Stindt , Stefanie Kluge , Carola Dröge , Dieter Häussinger

2

1

Bethanien Krankenhaus Moers, Germany
Department of Gastroenterology, Hepatology and Infectious Diseases, Medical Faculty, Heinrich-Heine University,
Düsseldorf, Germany
2

Severe mutations of the canalicular bile salt export pump (BSEP) lead to progressive familial intrahepatic
cholestasis type 2 (PFIC-2) and may necessitate liver transplantation. In some transplanted PFIC-2 patients
cholestasis of unknown origin with a PFIC-like phenotype re-occurs. We recently identified de novo BSEP
autoantibodies as the underlying cause of cholestasis in these patients. Meanwhile, we have investigated seven
additional patients (PFIC-2, LTX, cholestasis) with this disorder. These patients had antibodies which stained
canaliculi in normal human liver with titers ranging from 1:100 to 1:100.000 as determined by immunofluorescence.
The titers correlated with the severity of clinical condition. Specific, BSEP-reactive antibodies were identified by
indirect immunofluorescence in BSEP-expressing HEK293 cells and by Western blots. Six of the seven sera
detected the isolated first extracellular loop of BSEP. Perfusion of rat liver with the patient's serum resulted in
canalicular staining patterns that were absent after perfusion with naive IgG. Likewise, patient IgG was detectable
within 15 minutes in the canaliculi of isolated hepatocyte couplets. Notably, taurocholate (TC) transport activity of
BSEP was inhibited by patient IgG pools when these were added to the cytosolic or to the extracellular side of
BSEP. Addition of patient's serum to double transfected (BSEP plus NTCP), polarized MDCK cells resulted in
intracellular retention of BS. Removal of antibodies by plasmapheresis or immunoadsorption alleviated symptoms
in several patients.
Taken together, our findings in the largest cohort of autoimmune BSEP diseases show that (I) the first extracellular
loop of BSEP is one of the targets of the autoimmune response; (II) the polyclonal anti-BSEP serum also
recognizes intracellular BSEP epitopes; (III) anti-BSEP antibodies inhibit BSEP transport; and (IV) these antibodies
reach the canalicular space in the intact organ. We hypothesize that BSEP lacks dominant epitopes and therefore
auto-tolerance does not develop when BSEP expression is low in the context of PFIC-2.
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S7-03 In vivo evaluation of in vivo drug transporter activities in humans using
positron emission tomography
Hiroyuki Kusuhara
University of Tokyo, Japan
Drug transporters, which accept structurally diverse compounds as substrate, play important roles as detoxification
system in the body. They are considered to act as determinant of the clearance pathways of drugs from the
systemic circulation and tissue distribution. Consequently, their activities are closely related to the pharmacological
effect of their substrate drugs. Limited availability of drug concentrations in the clinical studies using nonradiolabeled compounds precludes quantitative investigation of the rate-determining process in the overall
elimination, and the activities of transporters in non-clearance tissues. To overcome this, methods for quantitative
estimation of the tissue concentration of drugs needs to be established. Positron emission tomography (PET) is a
powerful noninvasive method for molecular imaging in living systems. Because of the high sensitivity and
exceptional spatial–temporal resolution of PET, it is particularly useful tool for estimating the in vivo function of drug
transporters in various tissues over time after intravenous administration of a radiolabeled drug. We have
11
1) 11
developed PET probes for drug transporters, such as [ C]15R-TIC (OATP1B1/1B3/MRP2 probe) , [ C]telmisartan
2) 11
3) 11
4)
11
(OATP1B3 probe) , [ C]SC-62807 (BCRP probe) , [ C]dehydropravastatin (OATP/MRP2) , and [ C]metformin
5)
11
11
(OCTs/MATEs probe) . PET imaging demonstrated that [ C]15R-TIC and [ C]telmisartan were mainly
accumulated in the liver followed by the excretion into the bile. The tissue uptake and subsequent efflux clearances
could be evaluated based on the integration plot analysis. Simultaneous administration of rifampicin, an OATP
11
inhibitor, significantly reduced the hepatic uptake clearance of [ C]15R-TIC. Furthermore, it also significantly
reduced the canalicular efflux clearance of the radioactivity with regard to the liver concentrations. These results
suggest that the drug interaction mechanisms of rifampin include inhibition of canalicular efflux as well as the
hepatic uptake process in the overall hepatobiliary transport. Clinical PET imaging studies contribute to better
understanding of the in vivo significance of drug transporters in humans, and drug interaction mechanisms
involving drug transporters.
Reference 1) Takashima T et al J Nucl Med 53:741-8, 2012, 2) Shimizu K et al Nucl Med Biol 39:847-53, 2012, 3)
Takashima T et al. J Nucl Med 54:267-76, 2013, 4) Shingaki T et al J Pharmacol Exp Ther 347:193-202, 2013, 5)
Hume WE et al Bioorg Med Chem 21:7584-90, 2013.
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S9-01 Dopamine Transporter Deficiency Syndrome: Loss-of-function mutations
in SLC6A3
Maarten E Reith
New York University School of Medicine, USA
Most cases of Parkinson’s disease are sporadic, but in Dopamine Transporter Deficiency Syndrome (DTDS),
inherited coding mutations in the dopamine transporter (DAT, SLC6A3 gene) cause parkinsonian and dystonic
symptoms with an onset as early as in infants, or in juveniles. DTDS is a rare disease – however, familial
mutations observed in DAT in DTDS likely feed into a common pathway underlying Parkinson’s. In a total of 19
cases of DTDS (see presentation by Kurian in this meeting), DAT function was compromised in different ways by
homozygous intron splice sites, deletion mutations, or point mutations; or compound heterozygous combinations of
the former. The splice site and deletion mutants likely produce nonsense-mediated decay or truncated
DAT. L368Q and P395L are in extracellular loop (EL) 4 and border of EL4 / transmembrane domain (TM) 7,
respectively, distal from the primary recognition site for DA in the protein interior involving TM 1, 3, 6, and 8. Other
distal DTDS mutations are R85L, V158F, L224P, G386R, R445C, Y470S, R521W, P529L, and P554L in various
locations in TMs and loops. The only DTDS mutation that is close to the primary DA site is G327R. The mutated
residues occur in many members other than DAT in the SLC6 transporter family, consonant with the idea that the
residues are important for the transport process in general but not for transport of DA specifically. The data for the
various mutants indicated that mechanisms underlying the loss of DA transport function include reduced surface
expression of DAT, loss of DA recognition by DAT, and lack of glycosylation to form mature DAT. The latter
mechanism applies to a number of mutants including L368Q and P395L, which showed unglycosylated core protein
and partially glycosylated protein as WT DAT but, unlike WT, had only low amounts of fully glycosylated, mature
DAT; prevention of glycosylation with tunicamycin revealed solely the core protein for either WT or the two
mutants. Preliminary data showed reduced cross-linking of L368Q and P395L compared with WT, raising the
possibility that the inability to oligomerize results in deficient glycosylation, negatively impacting DAT
function. Amperometric measurements on R445C indicated an additional lack of reversed DA transport. Mutations
exceeding a threshold of 94% in reducing DA uptake were from cases of infantile DTDS; a mutation in cases of
juvenile onset showed a 91% reduction, and a case of adult onset was found to suffer a 70% reduction (see
presentation by Gether in this meeting). Potential mechanisms linking DTDS mutations with PD /dystonia include
reduction of vesicular DA content impeding impulse-flow-mediated DA release (on top of elevated extracellular DA
and subsensitive DA receptors), and degeneration of GABergic cells innervated by DA as observed in DAT
knockout mice (see presentation by Kurian in this meeting).
Supported by NIH grants DA019676 and DA033811 (Reith), MH083840 (Wang), and Wellcome Trust (Kurian)
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S9-02 Dopamine Transporter Deficiency Syndrome: Clinical and Molecular
Genetic Perspectives and Future Therapeutic strategies
Manju Kurian
University College London, UK
The dopamine transporter (DAT) is the principal regulator of the amplitude and duration of dopaminergic
transmission, and it has long been postulated to play a role in human neurological and neuropsychiatric diseases.
We identified loss-of-function mutations in the gene encoding the dopamine transporter (SLC6A3) causing a severe
movement disorder in children. The newly termed Dopamine Transporter Deficiency Syndrome (DTDS) comprises
an early infantile onset progressive parkinsonsim-dystonia. More recently, adult patients with DAT mutations and a
milder clinical phenotype have been reported. In this lecture I will discuss in detail the clinical syndrome , molecular
genetic findings, and future therapeutic perspectives for DTDS.
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S9-03 Missense dopamine transporter mutations associate with adult
parkinsonism and ADHD
Ulrik Gether
University of Copenhagen, Denmark
Parkinsonism and attention deficit hyperactivity disorder (ADHD) are widespread brain disorders that involve
disturbances of dopaminergic signaling. The sodium-coupled dopamine transporter (DAT) controls dopamine
homeostasis, but its contribution to disease remains poorly understood. Here, we analyzed a cohort of patients with
atypical movement disorder and identified two DAT coding variants, DAT-Ile312Phe and a presumed de novo
mutant DAT-Asp421Asn, in an adult male with early-onset parkinsonism and ADHD. According to DAT-SPECT
scans and an FDG-PET/MRI scanning, the patient suffered from progressive dopaminergic neurodegeneration. In
heterologous cells, both DAT variants exhibited markedly reduced dopamine uptake capacity but preserved
membrane targeting, consistent with impaired catalytic activity. Computational simulations and uptake experiments
suggested that the disrupted function of the DAT-Asp421Asn mutant is the result of compromised sodium binding,
in agreement with Asp421 coordinating sodium in the second sodium site. For DAT-Asp421Asn, substrate efflux
experiments revealed a constitutive, anomalous efflux of dopamine, and electrophysiological analyses identified a
large cation leak that might further perturb dopaminergic neurotransmission. Our results link specific DAT missense
mutations to neurodegenerative early-onset parkinsonism. Moreover, the neuropsychiatric comorbidity provides
additional support that DAT missense mutations are an ADHD risk factor and suggests that complex DAT genotype
and phenotype correlations contribute to different dopaminergic pathologies.
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S9-04 Tap “DAT” Neuropsychiatric Disorder
Aurelio Galli
Vanderbilt University, USA
De novo genetic variation is an important class of risk factors for autism spectrum disorder (ASD). Recently, whole
exome sequencing of ASD families has identified a novel de novo missense mutation in the human dopamine (DA)
transporter (hDAT) gene, which results in a Thr to Met substitution at site 356 (hDAT T356M). The dopamine
transporter (DAT) is a presynaptic membrane protein that regulates dopaminergic tone in the central nervous
system by mediating the high-affinity re-uptake of synaptically released DA, making it a crucial regulator of DA
homeostasis. Here, we report the first functional, structural, and behavioral characterization of an ASD-associated
de novo mutation in the hDAT. We demonstrate that the hDAT T356M displays anomalous function, characterized
as a persistent reverse transport of DA (substrate efflux). Importantly, in the bacterial homolog leucine transporter,
substitution of A289 (the homologous site to T356) with a Met promotes an outward-facing conformation upon
substrate binding. In the substrate-bound state, an outward-facing transporter conformation is a required for
substrate efflux. In Drosophila melanogaster, expression of hDAT T356M in DA neurons lacking Drosophila DAT
leads to hyperlocomotion, a trait associated with DA dysfunction and ASD. Taken together, our findings
demonstrate that alterations in DA homeostasis, mediated by aberrant DAT function, may confer risk for ASD and
related neuropsychiatric conditions.
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PP-01 Conformational changes in P-glycoprotein: from outer leaflet to NBDNBD interface
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ATP binding cassette (ABC) transporters drive transport of substrates across membranes. Their malfunction is
associated with several human disorders. The general architecture of ABC transporters consists of two
hydrophobic transmembrane domains (TMDs) and two highly conserved hydrophilic cytoplasmic nucleotide binding
domains (NBDs), also known as ATP-binding cassettes. The crystal structure of the bacterial multidrug transporter
Sav1866 (Dawson & Locher, Nature 2006) shows a wing-shaped structure consisting of two diverging helical
bundles towards the cell exterior. This structure is interpreted as reflecting the ATP-bound outward-facing
conformation. We introduced cross-linkable double cysteine mutations into cysteine-less P-glycoprotein (P-gp) at
the extracellular site to examine the wing formation in the ATP-bound state. The mutant containing the cysteine pair
I328C – F971C was shown to form spontaneous cross-links, which could be driven to completion with cupperphenanthroline (Cu-Phe). In addition, we introduced mutations of the catalytic glutamate (E556Q in NBD1 and
E1201Q in NBD2) into the double-cysteine mutant. Cross-link formation could still be observed in these mutants,
thereby showing that both the NBD and the TMD are in contact in the ATP-bound state.The conformation of P-gp
was probed with the conformation sensitive UIC2 antibody. Substrate, Cyclosporin A or tariquidar increased UIC2
staining. Substrate induced staining was lost, when the cross-link was driven to completion, indicating that the
cross-linked protein is not in the same conformation as the substrate bound P-gp. UIC2 staining experiments were
also conducted with the hydrolysis incompetent mutant E556M. No significant increase in UIC2 staining was found
in the presence of substrate, cyclosporin A or tariquidar. As expected, mutation of the catalytic glutamate also
resulted in loss of rh123 transport. P-gp contains two functional nucleotide binding sites (NBSs) between their
NBDs; but many ABC transporters, including the bile salt export pump (BSEP), have one degenerate ATP binding
site. According to the structural alignments, the NBD-NBD interface of P-gp and BSEP differs by only four residues
in NBS1 (including E556M). Introduction of all four residues to P-gp could therefore potentially restore transport
function despite one degenerate NBD. We could not observe transport in the quadruple mutant P-gp, but it restored
tariquidar induced staining of UIC2. Engineering of NBS1 of P-gp on the basis of BSEP does therefore partially
regain function as compared to the single E556M mutant, because tariquidar could induce a wild type like
conformational changes, which were not observed in the E556M mutant.
This project was funded by Austrian Science Fund FWF grant SFB35-P09 to PC and P23319 to TS.

PP-02 Amphetamines and SERT: what´s the N-tail got to do with it?
Sonja Sucic, Harald H. Sitte, Michael Freissmuth
Medical University of Vienna, Austria
We have previously reported that deletion of the first 64 amino acids of the serotonin transporter (SERT) N-tail
region, leads to complete abolition of amphetamine-induced efflux [1]. We have also identified a highly conserved
threonine (Thr 81), residing at the juxtamembrane region of the N-tail, as another key site for amphetamine-induced
reverse transport by SERT [1]. In this study, we further elucidate how the N-tail domain promotes outward substrate
transport by monoamine transporters.A series of truncated variants or alanine mutants were created along the Ntail domain of hSERT by PCR and site-directed mutagenesis (Quikchange kit, Stratagene). To examine whether
the mutated versions of SERT affected the delivery of SERT proteins to the plasma membrane, we examined all
(YFP-tagged) mutations by confocal laser scanning microscopy. We used tryptic digestion to assess
conformational changes in the N-tail induced by a variety of buffer (ion replacement) conditions in the absence or
presence of amphetamine, imipramine or ibogaine. An extensive pharmacological characterisation of the mutants
was carried out using radioligand uptake, release and binding assays.None of the N-tail mutants investigated in the
present study impaired the trafficking of SERT to the cell surface. However, detrimental effects were observed in
amphetamine-induced substrate release by several mutants, particularly those located in the mid fragment of the
N-tail. These defects in outward transport, however, were not due to impaired serotonin uptake kinetics (i.e. no
significant changes in the Km and Vmax values compared to the wild type SERT). Moreover, all mutants displayed
normal affinity for amphetamines and ibogaine, measured from inhibition of imipramine binding. In outward-facing
conformations of SERT, the N-tail was found to be protected from cleavage by trypsin. Remarkably, amphetamines
were able to shield the transporter from becoming digested even in the inward-facing conformational states. In
summary, the N-tail domain plays an indispensable part in asserting amphetamine action on monoamine
transporters. Our current data provide new evidence in support of the recently proposed mechanistic model [1],
where the N-tail acts as a lever activating the second moiety of the transporter oligomer, allowing substrate release
to take place. Acknowledgements: This project was supported by SFB35.
Literature: [1] Sucic et al. 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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PP-03 Energetic and structural insights into substrate transport by LeuT
investigated using molecular dynamics simulations
Kumaresan Jayaraman, Harald Sitte, Thomas Stockner
Medical University of Vienna, Austria
Neurotransmitter transporters are expressed on presynaptic neurons and glial cells; their main physiological
function is termination of neurotransmission by rapid removal of neurotransmitter molecules from the synaptic cleft.
LeuT, a bacterial homolog of the neurotransmitter transporters has been crystallized in three conformations:
outward-occluded, outward-open and inward-open, providing snapshot images of the conformational state. In our
study, we aim at developing a dynamic picture including conformational changes and energetic profiles. We
created models of outward-facing and outward-occluded with the inhibitors leucine and tryptophan, as well as the
substrate alanine. The inward-open structure was modeled with leucine and two sodium ions bound. Transporter
models were inserted into POPC membrane and equilibrated. Production simulations were carried out for 200 ns.
They showed stable states of the outward-open and the outward-occluded state. The conformation of the TM1a
helix in the inward-open crystal structure has been discussed controversially in the field, as its compatibility with the
membrane environment has been disputed. We embedded the inward-open LeuT structure into a POPC bilayer as
well as into the BOG [n-Octyl-β-D-Glucopyranoside] micelle environment used during crystallization. We observed
in one out of the three membrane simulations that the TM1A helix moved out of the hydrophobic part of the
membrane. In the other two simulations we observed membrane deformation that allowed for hydration of the
hydrophilic part of TM1A. In contrary, TM1A was stable in its position in all three micelle simulations. To further
characterize the conformation of the TM1A helix, we used SMD simulations and pulled this helix relative to the
scaffold or the core domain. The transition between the outward-open and the outward-occluded state was
investigated by SMD simulations in the presence of three different ligands: tryptophan, leucine and alanine. The
stability of the outward-occluded conformation was highly stabilized in the leucine-bound complex, it was less
stable in the alanine-bound structure while tryptophan stabilized the outward-open state. These results are in line
with experimental findings, validating our approach for investigating energy profiles and dynamics of conformational
transitions between states.

PP-04 Cytosolic heat shock proteins as key players in serotonin transporter
folding
Ali El-kasaby, Florian Koban, Harald Sitte, Michael Freissmuth, Sonja Sucic
Institute of Pharmacology, Center of Physiology and Pharmacology, Medical University of Vienna, Austria
Background: Solute carrier 6 (SLC6) proteins exit the endoplasmic reticulum (ER) compartments by recruiting the
coat protein complex II (COPII) machinery. The COPII component SEC24 is responsible for the interaction with
specific ER export motifs located on the C-terminal domains of cargo proteins. We have previously shown that ER
export of the serotonin transporter (SERT) relies exclusively on SEC24C [1] and that mutations in the C-terminal
SEC24 binding motif of SERT impair folding of the transporter [2]. We here propose a model where SCL6
transporters first associate with heat shock proteins (HSPs) until they adopt their final stable conformation, which
allows release of HSPs and renders the ER export motif accessible to SEC24C. Methods: We examined the role
3
3
of HSPs in SERT folding by measuring specific [ H]5-HT uptake, [ H]imipramine binding, GST-pull-down
assays, immunoblotting and FRET microscopy. Results: We verify that HSP isoforms 70 and 90β are involved in
SERT folding, based on the following evidence: (i) SERT interacts with HSP70 only in the ER compartments but
not at the plasma membrane, (ii) the presence of a HSP binding motif on the SERT C-terminus, (iii) coimmunoprecipitation of HSP70-1A and HSP90β with SERT, (iv) siRNA-induced knock-down or inhibition of HSP70
and 90 affects the affinity of pharmacochaperones (e.g. noribogaine), reflective of the folding state of SERT
mutants, (v) HSP70 shows a dramatically higher association with a SERT mutant stalled in an intermediate stage of
folding and (vi) these effects could be recapitulated in JAR cells, endogenously express the SERT. Discussion:
Our results shed new light onto protein folding mechanisms of SERT and other SLC6 family members. Inhibition or
depletion of HSPs promotes cell surface expression of folding-deficient transporter mutants. ER resident luminal
chaperones (e.g. calnexin) are required for protein folding. We here identify cytosolic HSP chaperones as
additional key players in the protein folding trajectory of SERT. Depleting HSPs and/or treating ER-retained SERT
variants with pharmacological chaperones can rescue their expression and activity at the cell surface. An
association between HSP70 activity and response to antidepressant treatment has already been reported in the
literature [3]. Our findings may have therapeutic potential, particularly in the treatment of neuropsychiatric disorders
resulting from defective folding of monoamine transporter proteins.
Acknowledgements: This research was financially supported by a programme grant SFB35.
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1. Sucic S, et al. J Biol Chem, 2011; 286(18):16482–16490.
2. El-Kasaby A, et al. J Biol Chem, 2010; 285(50):39201–39210
3. Pae CU, A, et al. Prog Neuropsychopharmacol Biol Psychiatry, 2007; 31(5):1006-1011.
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PP-05 Molecular modeling of mammalian ABCG2 - suitable for a better
understanding of structure-function relationships?
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ATP-Binding Cassette transporters constitute a large superfamily of integral membrane proteins. They mediate
translocation of a very diverse set of substrates across membranes. Transport is powered by the energy derived
from ATP hydrolysis at nucleotide binding domains (NBDs), which is converted into conformational changes at the
transmembrane domains (TMDs). We focus on the molecular structure-function analysis of ABCG2 (also known as
Breast Cancer Resistance Protein, BCRP), which is considered as one of the major causes of multidrug resistance
(MDR) in human cancer. Our understanding of the functional complexity of ABCG2 in physiology and diseases is
still incomplete. The structure of the ABCG family has not been derived by crystallography. We use a computational
and bioinformatics approach to provide valuable insights for a better understanding of ABCG2.
In this study, we combine a theoretical and experimental approach to elucidate the structure-function of ABCG2
based on homology modeling approach. We have collecting homologous sequences and generate the full-length
multiple sequence alignment (MSA) of more than 60 ABC transporters of all ABCGs, fungal-ABC transporters and
ABCBs and carefully optimized the alignments. All selected ABC-transporters were subjected to the analysis of
biophysical properties, including hydropathy analysis, helix hydrophobic moment, glycosylation site detection,
Relative Solvent Accessibility (RSA), Relative Lipid Accessibility (RLA), and per residue conservation.
Transmembrane regions were predicted via a consensus approach through 30 distinct algorithms and combined
with secondary structure prediction. The reliability of the prediction approach was validated by an identical analysis
of ABCB1, for which the crystal structure is known. We generated a refined topology model of ABCG2. Our results
indicate that all fungal ABC transporters share their fold with the eukaryotic ABCG transporter family. The derived
model will be applied to experimental testing, which is expected to provide valuable insides for the development of
pharmacological approaches to identify ABCG2-specific substrates as well as inhibitors.

PP-06 Introduction of ABCG2 into multiple-transfected LLC-PK1 kidney
epithelial cells to study drug - transporter interaction and interference during
hepatobiliary transport
0
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0
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Medical University of Vienna, MFPL, Austria
ABCG2 or BCRP (Breast Cancer Resistance Protein) is a member of the ABCG subfamily. It is a multispecific
efflux transporter which is located in apical membranes of polarized cells in many tissue barriers: in the canalicular
membrane of the liver, in the epithelia of the intestine, kidney, and breast, as well as in the capillary endothelial
cells of the blood-brain barrier and in the placenta.
The multifunctionality of ABCG2 results in a dichotomy: on the one hand its physiological function is essential for
protecting the body against toxic agents. On the other hand, since it occurs in tissue barriers, it can influence the
pharmacokinetic parameters of different drugs. Moreover, its overexpression in malignant and virus-infected cells
may cause multidrug resistance against chemotherapeutic and antiviral agents. Furthermore, ABCG2 has been
implicated in diseases such as gout.
Our aim is to introduce ABCG2 into different stable cell lines of LLC-PK1 porcine kidney epithelial cells. These cell
lines stably express hepatic transporters such as BSEP, NTCP and MDR2/3 in various combinations. This model
will be a useful tool to study mutant variants of transporters, drug-drug interactions, drug-substrate interference of
different ABC transporters, as well as intracellular assembly, targeting and trafficking. The monolayer of the
polarized LLC-PK1 cells can also be used in a transwell system for mimicking canalicular transport.
Expression and functional activity of ABCG2 in those cell lines will be thoroughly assessed by Western Blot, FACSbased efflux assays and cytotoxicity assays to ensure full functionality.
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PP-07 Probing mGAT1/ mGAT2 selectivity by a novel series of tool compounds
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The therapeutic potential of the SLC6A12 betaine/GABA transporter for neurological diseases is still lively
discussed. Not many compounds active on this particular subtype are known, hampering in-depth pharmacological
characterization of the transporter. Recently, a new compound series with moderate mGAT2 selectivity has been
reported. Despite being chemically closely related to the well-established tiagabine scaffold, currently assumed
binding modes in GAT1 do not involve non-conserved residues to an extent that could explain the reported
selectivity
profile.
Exhaustive modeling of the reported tiagabine binding site indicated specific structural differences caused by a
second layer of residues outside the higher conserved inner binding shell. Guided by a three-residue marker motif
in TM10, a compensatory interaction with Q299mGAT2 could be able to replace the ion coordinating binding feature
known to be essential for GAT1 inhibition. Docking studies further underlined the importance of charge distances
for the subtype selectivity of amino acid derivatives. Closer localization of a positively ionizable nitrogen to its
electronegative
counterpart,
mainly
an
acid
moiety,
seems
to
trigger
mGAT2
selectivity.
We acknowledge financial support provided by the Austrian Science Fund, grants F35 and W1232.

PP-08 Molecular dynamics and docking studies on DAT and ‘SERT’-ized DAT
suggest induced fit effects upon cathinone binding
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Selective tool compounds, such as the cathinones are valuable for understanding the molecular mechanisms of
transmembrane transporters. In this study, an already equilibrated Leucine transporter (LeuT) based model of the
human dopamine transporter (DAT) and its octuple mutant with serotonin transporter (SERT) residues in the
central binding site (S1) were further simulated for 100-140 ns apo and in complex with the equal affinity ligand (S)4-iodomethcathinone (IMAP) and the DAT-selective (S)-methcathinone (MCAT).
An increased separation between TM3 and TM8 in the presence of IMAP, but not MCAT, was observed in DAT, but
not in the SERT-like mutant and apo structures. This suggests an importance of flexibility in DAT but not
specifically in SERT, which is supported by a docking score/activity ranking correlation for a set of cathinone
analogues in a rigid IMAP equilibrated SERT-like model (GoldScore, ρ=0.67, p<0.005, n=17) and a lack of
correlation in a similar IMAP adapted DAT model (GoldScore, ρ=0.31, p>0.1, n=16).
A weak correlation was found with ChemPLP in DAT though (ρ=0.54, p<0.025), where cathinones with a bulky Nsubstituent (all DAT-selective) were outliers and scored lower than expected from its experimentally determined
activity. A more significant correlation (ChemPLP, ρ=0.69, p<0.005), was found however in the DAT apo structure,
which has more space for accommodation of N-bulky substituents due to Phe76 that is rotated away from the S1. A
very weak correlation was obtained in the homologous ‘SERT’ apo structure (GoldScore: ρ=0.39, p<0.1). This
suggests either that cation-pi interactions between the ligand’s cationic nitrogen and Phe76/Tyr95 (DAT/SERT,
resp.) is less important in DAT than in SERT, or that the ‘SERT’ apo model requires further equilibration due to its
introduced mutations.
The results support the validity of the structural models employed and implicate differences in protein flexibility to
play a role in monoamine transporter selectivity of cathinones.
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PP-09 New crosslinkers for multiple-bond spectroscopy on SERT
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Single molecule force spectroscopy (SMFS) allows for measurement of the unbinding forces between a tip-tethered
ligand and a cognate receptor molecule which is immobilized on the sample surface. Conventionally, the atomic
force microscope (AFM) tip is amino-functionalized and the ligand is coupled via a linear heterobifunctional
polyethylene glycol (PEG) linker. In the last few years, SMFS has proven to be a powerful tool to investigate the
unbinding forces between the serotonin transporter and a variety of tip-bound ligands [Wildling et al., J. of Biol.
Chem. 2013(287), Zhu et al., submitted 2014)]. With conventional linear crosslinkers, however, the previous tools
failed to explore two important aspects of SERT, (i) its oligomeric structure and (ii) its ability to simultaneously bind
ligands to an orthosteric high-affinity binding site (S1) and an allosteric low-affinity binding site (S2).
To overcome these shortcomings, our group designed a new generation of crosslinkers. Their branched structure
allows for attachment of two or four identical ligands to explore the oligomeric state. Additionally, we created a Yshaped linker, which can be functionalized with two non-identical ligand molcules. For linkers with two or four
identical ligand-binding sites, the synthesis routes are based on a trivalent core unit(diBoc-lysine) or a pentavalent
core unit which is assembled from three β-alanyl-lysine units. PEG chains between the branching sites and the
ligands serve as elongations to create the optimal ligand-to-ligand distance. In case of the Y-shaped linker, the
single carboxylate group of diBoc-lysine was extended with a PEG chain carrying a protected carboxylate group.
The two amino groups were deprotected and extended wit two PEGs carrying the desired coupling moieties (azide
or maleimide). The linker with four ligand-binding sites and one tip-binding site was prepared by first creating a
molecular fork carrying one terminal carboxylate group and four Boc-protected amino groups. PEG elongations of
these terminal groups yielded the final fourfold azide linker. The Y-shaped linker with two non-identical ligandcoupling sites was synthesized from a lysine carrying two orthogonal protecting groups on the two amino groups
(Boc and Fmoc). This allowed for extending the amino groups consecutively with one azide-terminated PEG and
one PEG carrying a protected aldehyde (for coupling ligands which possess a primary amino group).
It is anticipated that these novel AFM probes will mitigate the shortcomings of previous tools and provide further
structural determination of SERT oligomeric structure and the ability to simultaneously bind to both the S1 and S2
sites.

PP-10 Is there a link between EGFR and ABC transporters?
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Resistance to chemotherapy is a common clinical problem that occurs in patients suffering from cancer. It is known
that most human hepatocellular carcinomas (HCC) are resistant to chemotherapy, which is likely due to an
increased expression of multi-drug-resistance ATP-binding cassette (ABC) transporters like ABCB1 (encoded by
the gene Mdr1a and Mdr1b) and ABCG2 (encoded by the gene Bcrp) in tumor cells. Previous murine
pharmacokinetic studies have shown that Epidermal Growth Factor Receptor (EGFR) inhibitors such as Gefitinib
were able to enhance bioavailability of chemotherapeutic drugs such as Irinotecan (a substrate for ABCG2) or
Topotecan (a substrate for ABCB1 and ABCG2). In a mouse model with constitutive EGFR deletion in hepatocytes
Δhep
and bile duct cells (EGFRfl/fl;Alfp-Cre = EGFR
), we investigated RNA expression levels of ABCB1 and ABCG2
and found a trend towards lower expression of Mdr1b and Bcrp in the absence of EGFR, whereas Mdr1a
expression was increased, which was due to expression of Alfp-Cre and not deletion of EGFR. In order to assess
the bioavailability of the EGFR tyrosine kinase inhibitor Erlotinib, a dual substrate for ABCB1 and ABCG2, we are
Δhep
currently performing in vivo imaging studies – MR imaging and PET Scan analyses – in EGFR
mice with
hepatocellular carcinoma, which takes about 60 weeks to develop. We will report about these data at the
conference.
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PP-11 Small HM30181 analogues as novel inhibitors for Breast Cancer
Resistance Protein (BCRP/ABCG2)
Sebastian Köhler, Michael Wiese
University of Bonn, Germany
According to the world cancer report 2014, around 14 million people are getting ill with cancer world-wide every
year. In 2012, 8.2 million people died due to cancer and the number of deaths will continue to increase in future. It
was found that ATP binding-cassette (ABC) transporter overexpression in cancer cells is an important reason for
multidrug resistance (MDR) of tumors. These membrane proteins transport a wide variety of compounds like
anticancer drugs (e.g. topetecan, methotrexate, gefitinib) so that chemoterapeutic treatment often fails.
In addition to P-glycoprotein (P-gp, ABCB1) and multidrug resistance associated protein (MRP1, ABCC1), breast
cancer resistant protein (BCRP, ABCG2) belonging to the G subfamily of ABC transporters is an important
membrane protein related to resistance against chemotherapy. Until now, many efforts have been made to develop
useful inhibitors of ABC transporters to improve anticancer therapies. For example, the unspecific inhibitors
elacridar (GF120918) and tariquidar (XR9576), and the specific BCRP inhibitors fumitremorgin C (FTC) and its
analogue Ko143 showed promising results in vitro.
The aim of the study was to synthesise derivatives of HM30181 (an analogue of tariquidar) without the
tetrahydroisoquinoline moiety that are potent and specific towards BCRP. Compounds are containing either
tetrazole or 1,3,4-oxadiazole linker. The position of the benzamide moiety related to the heterocycle was varied,
and different substituents on the outer phenyl rings were used. All compounds were investigated for their inhibitory
activity against BCRP using MDCK II BCRP cell line by Hoechst 33342 accumulation assay. Their selectivity was
checked by screening on P-gp overexpressing A2780 adr cells and on MRP1 overexpressing H69 AR cells using
calcein AM accumulation assay.
Compounds containing tetrazole led to better results than compounds with 1,3,4-oxadiazole. It was found that the
benzamide moiety has to be in ortho position to the heterocycle to have a good inhibitory effect. The unsubstituted
compound showed a high potency and selectivity for BCRP. Presence of substituents on the outer rings resulted in
increased IC50 values, with the exception of methoxy groups in para and ortho position. Compounds with more than
two methoxy groups show decreased selectivity.

PP-12 The advancement of substituted quinazoline-chalcones as potent,
selective and nontoxic inhibitors of Breast Cancer Resistance Protein
(BCRP/ABCG2)
Katja Stefan, Stefanie Kraege, Michael Wiese
University of Bonn, Germany
Chemotherapy is one of the common treatments of cancer, but often fails due to the emergence of Multidrug
resistance (MDR). Usually MDR is caused by overexpression of efflux transport proteins belonging to the
superfamily of ATP binding cassette (ABC) transporters. ABC transporters use the energy of ATP hydrolysis to
transport a wide variety of structurally different substrates out of cells against a concentration gradient. The three
ABC transporters most associated with MDR are ABCB1 (P-gp), ABCC1 (MRP1), and ABCG2 (BCRP).
Breast Cancer Resistance Protein (BCRP/ABCG2) is a member of the ABCG subfamily involved in MDR by
transporting molecules with amphiphilic character, being neutral, positively or negatively charged. The development
of potent, selective and non-toxic inhibitors is one possibility to overcome MDR. A variety of compounds that can
inhibit BCRP have been investigated during the last decade including specific inhibitors like fumitremorgin C and
Ko143, general inhibitors like GF120918 and cyclosporin A, tyrosine kinase inhibitors, flavonoids and their
derivates.
The aim of this study was to advance the previous designed and synthesized quinazoline-chalcones. Modifications
like methoxy groups at position 6, 7 and presence of a phenyl ring in position 2 of the quinazoline moiety showed
highly positive effects on activity. The first series of compounds demonstrated well P-gp inhibition and also
cytotoxicity related to the number of methoxy groups. To increase the specificity and to decrease the cytotoxicity
the methoxy groups were replaced by different other substituents like nitro or cyano.
The compounds were investigated for their inhibitory activity in MDCK cells expressing BCRP by the pheophorbide
A assay. To check the selectivity towards BCRP the compounds were screened for inhibition of P-glycoprotein (Pgp) and Multidrug resistance-associated protein 1 (MRP1) by the calcein AM accumulation assay.
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PP-13 The advancement of substituted quinazoline-chalcones as potent,
selective and nontoxic inhibitors of Breast Cancer Resistance Protein
(BCRP/ABCG2)
Stefanie Kraege, Katja Stefan, Michael Wiese
University of Bonn, Germany
Chemotherapy is one of the common treatments of cancer, but often fails due to the emergence of Multidrug
resistance (MDR). Usually MDR is caused by overexpression of efflux transport proteins belonging to the
superfamily of ATP binding cassette (ABC) transporters. ABC transporters use the energy of ATP hydrolysis to
transport a wide variety of structurally different substrates out of cells against a concentration gradient. The three
ABC transporters most associated with MDR are ABCB1 (P-gp), ABCC1 (MRP1), and ABCG2 (BCRP). Breast
Cancer Resistance Protein (BCRP/ABCG2) is a member of the ABCG subfamily involved in MDR by transporting
molecules with amphiphilic character, being neutral, positively or negatively charged. The development of potent,
selective and non-toxic inhibitors is one possibility to overcome MDR. A variety of compounds that can inhibit
BCRP have been investigated during the last decade including specific inhibitors like fumitremorgin C and Ko143,
general inhibitors like GF120918 and cyclosporin A, tyrosine kinase inhibitors, flavonoids and their derivates. The
aim of this study was to advance the previous designed and synthesized quinazoline-chalcones. Modifications like
methoxy groups at position 6, 7 and presence of a phenyl ring in position 2 of the quinazoline moiety showed highly
positive effects on activity. The first series of compounds demonstrated well P-gp inhibition and also cytotoxicity
related to the number of methoxy groups. To increase the specificity and to decrease the cytotoxicity the methoxy
groups were replaced by different other substituents like nitro or cyano. The compounds were investigated for their
inhibitory activity in MDCK cells expressing BCRP by the pheophorbide A assay. To check the selectivity towards
BCRP the compounds were screened for inhibition of P-glycoprotein (P-gp) and Multidrug resistance-associated
protein 1 (MRP1) by the calcein AM accumulation assay.

PP-14 Development and QSAR studies of quinazoline derivatives as potent
inhibitors of ABCG2
Thomas Willmes, Michael Krapf, Michael Wiese
University of Bonn, Germany
ABCG2 belongs to the superfamily of ATP-binding cassette (ABC) transport proteins. These transmembrane
proteins are known to transport a wide variety of compounds against a concentration gradient out of the cell. These
include xenobiotics and anticancer drugs like mitoxantrone or methotrexate. Therefore overexpression of ABCG2 in
cancer cells is associated with the occurrence of multidrug resistance (MDR) which is a common problem in cancer
treatment. One way to overcome MDR is to investigate inhibitors of ABCG2. Tyrosine kinase inhibitors like gefitinib
were found to have an inhibitory effect on ABCG2. We synthesized a substance library of over 80 new quinazoline
derivatives. Chemical modifications were introduced in position 2 and 4 of the quinazoline moiety. Biological
activities were investigated using transfected (MDCK BRCP) and sensitive MDCK cell lines by Hoechst 33342
accumulation assay. Based on the biological evaluation, we developed a 3D QSAR model. 82 substances were
chosen as training set. Systematic conformational search was performed using MMFF94x force field implemented
in MOE. The energetically lowest conformation of the most active compound was used as template. Superposition
was done using a pharmacophore based alignment. PM3 partial charges were calculated for the overlaid
molecules. CoMFA and CoMSIA analysis were carried out with SYBYL-X 1.3 (TRIPOS). Statistical analysis
2
2
involved the cross-validated q -value and the non-cross-validated coefficient r . Different combinations of CoMFA
and CoMSIA fields were evaluated to determine which model fits best. External predictivity of the model was
determined by selecting 14 new quinazoline analogues, recently synthesized and tested. The effect of different
substituents on biological activity was investigated by performing a Free-Wilson analysis. Multiple linear regression
analysis revealed the activity contributions for each substituent. Both models showed good correlation between
experimental and predicted activity values. Residual analysis of both models revealed substances that cause
problems in modeling. This method helps to focus on deviations and can be the starting point for further
investigations.
For identification of possible outliers we investigated the dataset for activity cliffs. Extended connectivity fingerprints
(ECFP) and similarity matrices were calculated for pairs of compounds. Differences in activities of each compound
pair was divided by their corresponding dissimilarity coefficient to define structure-activity landscape index (SALI).
A high SALI-value is assigned as an activity cliff referring to structurally similar molecules with large changes in
activity. The most significant activity cliffs were compared with the greatest outliers in both QSAR models. Network
visualisation of activity cliff pairs helps to simplify SARs present in a given dataset and to focus on the most
significant one.
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PP-15 Investigation of quinazoline derivatives as potent inhibitors of ABCG2
Michael Krapf, Thomas Willmes, Michael Wiese
University of Bonn, Germany
Multidrug resistance (MDR) poses a major challenge in the treatment of cancer patients with chemotherapeutic
agents. Overexpression of different ATP binding cassette (ABC) transporters is often responsible for therapy failure
due to active transport of chemotherapeutic agents out of cells. Most notably P-glycoprotein (P-gp), multidrug
resistance-associated protein 1 (MRP1) and breast cancer resistance protein (BCRP/ABCG2) are associated with
this occurrence. This work emphasises on the inhibition of BCRP, a transmembrane transport protein belonging to
subfamily G of ABC transporters consisting of 6 transmembrane helices with an N-terminal intracellular nucleotide
binding domain. For its function it is essential for the protein to form homodimers or oligomers. Well known
inhibitors of BCRP containing a quinazoline substructure, like the tyrosine kinase inhibitor (TKI) Gefitinib, are widely
modified on position 4, 6 and 7. Since the majority of the established quinazoline based inhibitors lack substituents
at position 2, we decided to investigate the introduction of differently substituted phenyl residues there. Further
diversification was achieved by using a variety of anilino derivatives at position 4. We synthesized different
substances, some showing an even higher inhibitory effect than established compounds like Ko143. The biological
evaluation was carried out using transfected (MDCK II BCRP) and sensitive (MDCK II) cell lines with the Hoechst
33342 accumulation assay. An assortment of the most promising compounds was tested for intrinsic toxicity and
the ability to reverse multidrug resistance resulting in a specific therapeutic ratio and efficacy for the selected
substance. Cell viability assays were performed using BCRP overexpressing transfected and sensitive MDCK II cell
lines, Hoechst 33342 as cytostatic agent, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and
an incubation time of 72 h. Thereby potent modulators and structural features which confer to low toxicity could be
identified. Furthermore, the selectivity of the compounds towards BCRP was tested by measuring their inhibitory
effect on P-gp and MRP1 using calcein AM assay. For this purpose A2780 Adr (P-gp) und H69 AR (MRP1) cell
lines and cyclosporine A were used. Most substances showed no significant activity against MRP1 while the
inhibition of P-gp is primarily related to the presence of methoxy groups.
[1] Fojo, T.; Bates, S. Oncogene 2003, 22, 7512.
[2] Bodò, A.; Bakos, È.; Szeri, F.; Vàradi, A.; Sarkadi, B. Toxicol Lett 2003, 140-141, 133.
[3] Doyle, A. L.; Douglas, D. D.; Oncogene 2003, 22, 7340–7358.
[4] Noguchi, K.; Katayama, K.; Mitsuhashi J.; Sugimoto Y.; Adv. Drug Delivery Rev. 2009, 61, 26-33.

PP-16 Comparative structural modeling of human MRP2
Dennis Haake, Gerhard F. Ecker
University of Vienna, Austria
The multidrug resistance-associated protein 2 (MRP2; ABCC2 or cMOAT) is primarily expressed in the canalicular
[1]
membrane of hepatocytes where it plays a major role in the ATP-dependent biliary transport of organic anions.
MRP2 also transports neutral or basic compounds in co-transport with glutathione (GSH), thus causing drug
resistance. Moreover, it is comprised of two nucleotide-binding domains (NBDs) and three transmembrane
domains (TMDs) containing five, six, and six transmembrane α-helices, respectively. These five domains are
[2]
ordered with the topology TMD0-TMD1-NBD1-TMD2-NBD2. Unfortunately, there is no available three-dimensional
structure of MRP2. Therefore, in the present study, we used the homology modeling software MODELLER 9.13 to
[3]
generate structural models of human MRP2. Using the FASTA sequence of human MRP2 as a query, we
performed a position-specific iterative BLAST (PSI-BLAST) search against the Protein Data Bank. Furthermore,
two structurally related template proteins were selected based on sequence identity in the transmembrane regions
and atomic resolution: MsbA from Thermotoga maritima (PDB ID: 3QF4) and NaAtm1 from Novosphingobium
aromaticivorans DSM 12444 (PDB ID: 4MRN). Because of the low target-template sequence identity, especially
within the transmembrane regions, the target-template sequence alignments were created manually. The focus of
this step was on the second and the third TMD and the two NBDs due to the absence of a structural template for
TMD0. For each template protein, ten comparative models were created. The models were then evaluated using
MODELLER scores, available mutagenesis data from literature, and structural validation programs (i.e.,
PROCHECK) in order to select the most reliable model. Further, a prediction of potential ligand-binding sites will be
performed to allow subsequent flexible docking studies of a series of inhibitors of MRP2. The aim of these studies
is to identify and characterize the molecular basis of drug-MRP2 interaction. We acknowledge for financial support
by
the
project
program
grant
SFB35
of
the
Austrian
Science
Fund
(FWF).
References: [1] Hoffmann U, Kroemer HK - The ABC transporters MDR1 and MRP2: multiple functions in
disposition of xenobiotics and drug resistance; Drug Metab Rev, 36(3-4), 669-701 (2004)
[2] Jedlitschky G, Hoffmann U, Kroemer HK - Structure and function of the MRP2 (ABCC2) protein and its role in
drug disposition; Expert Opin Drug Metab Toxicol, 2(3), 351-366 (2006) [3] Sali A, Blundell TL - Comparative
protein modelling by satisfaction of spatial restraints; J Mol Biol, 234, 779-815 (1993)
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PP-17 N-substituted pyrrolopyrimidines as partial inhibitors for multidrug
resistance-associated Protein 1 (MRP1 / ABCC1)
Sven Marcel Schmitt, Michael Wiese
University of Bonn, Germany
Multidrug resistance-associated protein 1 was firstly discovered in the small cell lung cancer cell line NCl-H69 by
Cole et al. in 1992 [1]. This 190-kDa transport protein is member of the ATP binding cassette superfamily and
confers resistance to a broad range of anti-cancer drugs like Vinca alkaloids, epipodophyllotoxines or
anthracyclines, resulting in the phenomenon of multidrug resistance. MRP1 inhibitors are desirable to restore the
potency of chemotherapeutic agents as well as to analyse the mechanism of drug-transport protein interaction.
Pyrrolo[3,2-d]pyrimidines have been shown to inhibit MRP1 with great potency [2]. We synthetized
pyrrolopyrimidines with variations at the pyrrole nitrogen (position 5) which were tested in the calcein AM
accumulation assay using the H69 AR lung cancer cell line overexpressing MRP1. We showed that aliphatic side
chains in position 5 influence the degree of maximum inhibition comparing to standard compounds like
indometacin, ciclosporine or MK571. Kinetic experiments using different combinations of concentrations of partial
and full inhibitors revealed that partial as well as full inhibition can be reversed. Futhermore, intermediate doseresponse curves are obtained by combinations of partial and full inhibitors with equal ratio, showing the competitive
characteristics of the pyrrolopyrimidine compounds. In our experiments we found that pyrrolopyrimidines show
different inhibitory characteristics with regard to maximum inhibition. In combination experiments we demonstrated
that these effects are additive, showing that pyrrolopyrimidines have a competitive relationships to each other.
[1] Cole et al.,Science 1992, 258, 1650-1654 [2] Wang et al., J. Med. Chem. 2004, 47, 1329-1338

PP-18 THE DOCKING OF PYRAZOLOQUINOLINONES INTO THE
BENZODIAZEPINE BINDING SITE OF GABAA ION GATED CHLORIDE CHANNEL
AND THE ANALYSIS OF THEIR BINDINGCONFORMATION
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The GABAA receptor is a major inhibitory neurotransmitter receptor and the target of many clinically important
[1]
drugs. It is a membrane-bound heteropentameric receptor complex consisting principally of a, b, and g subunits,
[2]
which are arranged in different combinations, mostly found in the Central Nervous System. When GABA binds it
causes the chloride ion channel to open and thereby inhibits neurotransmission and triggers numerous neurological
[3]
effects including convulsion, anxiety and sleep.
Since 2011 it is known that CGS-compounds
(Pyrazoloquinolinones), a new class of benzodiazepines, additionally to the benzodiazepine binding site also bind
to another binding site, ‘CGS-binding site’, located at the a+ b- interface. Binding of CGS-compounds is supposed
[1]
to be responsible for fewer side effects than with the classical benzodiazepines , which would mainly be sedation,
[4]
ataxia, potentiation with alcohol and risk of tolerance and dependence when chronically used.
In order to
[5]
understand the binding-mode of CGS-compounds, we pursued an experimental data guided docking workflow.
Docking of a set of 11 pyrazoloquinolinones into a set of homology models of GABAA, followed by exhaustive
analysis of the docking poses including a new scoring function based on steric hindrance analysis, revealed two
potential binding hypotheses. Comparison of the two different binding pocket conformations with the very recent
[6]
publication of Miller & Aricescu
allowed the final prioritization. This will allow designing high affinity CGScompounds with same efficacy but less side effects than with classical benzodiazepines. We acknowledge for
financial support by the project program grant W1232 of the Austrian Science Fund (FWF).
[1] Zdravko Varagic et al.; Identification of novel positive allosteric modulators and null modulators at the GABAA
receptor a+b- interface; British Journal of Pharmacology; 169; 371-381 (2013) [2] L.Savini. et al.; High Affinity
Central Benzodiazepine Receptor Ligands. Part 2: Quantitative Structure-Activity Relationships and Comparative
Molecular Field Analysis of Pyrazolo[4,3-c]quinolin-3-ones; Bioorganic & Medicinal Chemistry; 9; 431-444; (2001)
[3] Han Dongmei et al.; A study of the structure–activity relationship of GABAA–benzodiazepine receptor bivalent
ligands by conformational analysis with low temperature NMR and X-ray analysis; Bioorg Med Chem.; 16(19);
8853-8862 (2008) [4] Crawforth James et al.; Tricyclic pyridones as functionally selective human GABAA alpha 2/3
receptor-ion channel ligands.; Bioorg Med Chem.; 14(7); 1679-82 (2004) [5] Richter et al; Diazepam-bound GABAA
receptor models identify new benzodiazepine binding-site ligands.; Nat Chem Biol.; 8(5); 455-64 (2012) [6] Miller
PS, Aricescu AR; Crystal structure of a human GABAA receptor; Nature; 0028-0836; 1476-4687 (2014)
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PP-19 A model for the structure of a strigolactone ABC-transporter: PDR1 in
Petunia hybrida (PhPDR1)
Eva Hellsberg, Floriane Montanari, Gerhard F. Ecker
University of Vienna, Austria
Strigolactones (SLs) are plant hormones, which play a central role in the regulation of shoot branching. If the effect
of SLs is missing in a plant, the level of shoot branching increases, resulting in bushier plants, which in turn
produce more flowers and seeds. Thus the SL pathway is a promising target to enhance yield in crop plants. The
aim of this work is to shed light on the 3D structure of the SL transport protein PhPDR1 to improve the scant
understanding of substrate binding mechanisms on a molecular level. The homology model of PDR5 in
Saccharomyces cerevisiae was used as a template (Rutledge et al., 2011) based on sequence identity. PDR1 and
PDR5 were aligned pairwise in the software MOE and the result was manually edited to align together the
respective transmembrane helices. Then, 10 models were created with the Modeller software. Using Modeller's
validation scores, the best 3 models were chosen for further evaluation. After further validation processes a final
model with 91,2% and 88.9% of the amino acids in the most favoured regions for TMD1 and TMD2, respectively,
as well as a G-Factor of -0,01 and -0,16 for TMD1 and TMD2, was selected. More validation methods were carried
out on this structure, such as the comparison of the respective positions of the proline residues in both template
and model or the localizations of the polar residues. Further work will include molecular dynamics simulations and
docking of strigolactone analogs. We gratefully acknowledge financial support provided by the Austrian Science
Fund, grant F3502.

PP-20 Interaction of VDAC1 and Bid – insights of mitochondrial fate
0

1

2

3

0

0

Barbara Mertins , Sina Oppermann , Johann Klare , Dirk Windisch , Ulrich Koert , Lars-Oliver Essen ,
4
Georgios Psakis
1

Philipps University, Institute of pharmacology and clinical pharmacy, Karl-von-Frisch-Strasse 1, 35032 Marburg,
Germany.
2
University of Osnabrück, Physics Department, Barbarastraße 7, 49076 Osnabrück, Germany.
3
Karlsruhe Institute of Technology (KIT), Institute for Biological Interfaces (IBG2) and Institute of Organic
Chemistry (IOC), Fritz-Haber-Weg 6, 761311 Karlsruhe, Germany.
4
University of Huddersfield, Chemical & Biological Sciences, Queensgate, Huddersfield, HD1 3DH, Great Britain.
0
Philipps-University of Marburg, Germany
Since the solution of the molecular structures of members of the voltage dependent anion channels (VDACs) (1-3),
the N-terminal α-helix has been the main focus of attention. Its strategic location, in combination with its putative
conformational flexibility, could define or control the channel’s gating characteristics.(4-6) By engineering of two
double-cysteine mVDAC1 variants we achieved fixing of the N-terminal segment at the bottom and midpoint of the
pore. Through black lipid membrane measurements we proofed that conformational restriction of the N-terminal
α-helix dynamics strongly affects the gating characteristics of mVDAC1.(7) Therefore the conformational plasticity
of the N-terminal segment is indeed a major part in the control of the channel’s switching behavior. Different
biological responses can be elicited through the regulation of these transitions triggered by the many effectors.
They interact with mVDAC1 and its N-terminus, offering thus a control point in mitochondrial apoptosis as shown by
the anti-apoptotic protein Bcl-xL which resulted in a ~2.5-fold reduction of the channel’s conductance.(8) We
investigated the putative interactions between mVDACs and Bid, believed to be pivotal in the early stages of
apoptotic signaling. The pro-apoptotic BH3-interacting domain death agonist (Bid) is a potent regulator of intrinsic
cell death pathways. While its transactivation to mitochondria, impairing mitochondrial integrity and function is well
established, the precise mechanism by which Bid triggers the mitochondrial demise is unknown. Here, we report
that a direct interaction of Bid with the voltage-dependent anion channel VDAC1 is essential for mitochondrial
damage in cultured neurons and in vivo. Co-immunoprecipitation experiments, thermophoresis, and lipid bilayer
measurements revealed Bid as a cognate binding partner for VDAC1. Functional analysis such as SRCD, SROCD
and EPR measurements give first insights in the structure of the VDAC-Bid complex. These data highlight a critical
role for VDAC1 as a mitochondrial receptor for activated Bid thus providing a major control point of life and death in
vitro and in vivo.(9)
1.
2.
3.
4.
5.
6.
7.
8.
9.
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PP-21 Functional expression of human Organic anion transporting
polypeptides 1B1 and 1B3 in insect cells
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Organic anion transporting polypeptides (OATPs) are plasma membrane proteins encoded by the SLCO gene
superfamily. OATPs are sodium-independent transporters mediating the uptake of a wide variety of amphipatic or
negatively charged compounds. OATP1B1 and 1B3 are involved in the uptake of bile acids, thyroid hormones and
steroid conjugates. Besides their important physiological functions, e.g. in the maintenance of bile acid
homeostasis, OATP1B1 and 1B3 also transport clinically used drugs (e.g. statins, antibiotics, and various
anticancer drugs). Therefore, these OATPs are important determinants of drug pharmacokinetics, and unavoidable
targets in transporter-drug interaction testing. To examine drug-OATP interactions precise and reliable model
systems are required. Here we show the functional expression of human OATP1B1 and 1B3 in the insect Sf9
(Spodoptera frugiperda) baculovirus expression system. Functional assays performed in insect cells verified the
OATP1B1 and 1B3-dependent transport of known substrates including sodium fluorescein and fluorescently
labeled methotrexate analogs (fluorescein-methotrexate and BODIPY-methotrexate). Additionally, known
inhibitors/substrates of these proteins inhibited the uptake of these fluorescent molecules. Determining the kinetics
of fluorescein and methotrexate uptake of OATP1B1 expressed in Sf9 cells we observed that its transport capacity
is comparable to that measured in mammalian cells, suggesting that full glycosylation is not required for proper
function.
Our studies reveal a new model system suitable for further drug-screening and structure-function studies of human
OATPs.
Funding: this research has been supported by the Hungarian Research Fund (OTKA, K109423).

PP-22 Dopamine Transporter Surface Stability is Controlled by an Endocytic
Braking Mechanism Exerted by Cdc42 and the Non-Receptor Tyrosine Kinase,
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Dopamine (DA) neurotransmission is central to movement control and reward, and is temporally and spatially
constrained by the SLC6 DA transporter (DAT). DAT is potently inhibited by addictive psychostimulants, cocaine,
amphetamine, demonstrating that modulating DAT activity has profound behavioral consequences. DAT activity is
intrinsically regulated by endocytic trafficking, and both PKC activation and AMPH exposure rapidly stimulate DAT
internalization, thereby decreasing DAT surface expression. DAT surface stability is dictated by an endocytic
braking mechanism that requires both the DAT amino and carboxy termini, and which is released upon PKC
activation. However, the molecular determinants comprising the DAT endocytic brake are undefined. In the current
study, we sought to identify the molecular determinants that negatively regulate DAT internalization. Using small
molecule cdc42 inhibitors, we observed that loss of cdc42 activity significantly decreased DAT function and surface
expression by robustly stimulating DAT endocytosis, suggesting that cdc42 activity is required to maintain the DAT
endocytic brake. The non-receptor tyrosine kinase Ack1 is a negative regulator of endocytosis and is a well-known
cdc42 effector, raising the possibility that Ack1 participates in DAT endocytic braking downstream of cdc42. Studies
examining Ack1 activation via Y284 autophosphorylation revealed that both PKC activation and cdc42 inhibition
significantly diminish pY284-Ack1 levels. The Ack1 inhibitor, AIM100 robustly increased DAT endocytic rates in a
clathrin-dependent manner, further implicating Ack1 in the DAT endocytic brake, downstream of cdc42 activation.
Studies using cdc42 mutants, Ack1 kinase mutants and Ack1-directed shRNA will elucidate the mechanistic link
between cdc42, Ack1 and regulated DAT endocytic trafficking.
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PP-23 Flotillin-1, a membrane microdomain-associated protein, is essential for
amphetamine-induced behavior in mice
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Dopamine (DA) is a neurotransmitter that modulates attention, motor activity, reward processing and goal-directed
behavior. One means by which DA signaling can be regulated is via the cell surface dopamine transporter (DAT),
which mediates the reuptake of DA from the perisynaptic space, thereby modulating the strength and duration of
neurotransmission. Psychostimulants, such as cocaine (COC) and amphetamine (AMPH), affect DAT function,
resulting in an increase in the extracellular concentration of DA and eliciting behaviors linked to hyper-DAergic
signaling. We have previously reported that Flot1 is required for partitioning DAT into cholesterol-rich membranes,
and for the AMPH-induced reverse transport of DA in neurons. We have conditionally knocked out Flot1 in DAergic
neurons to confirm these findings in vivo.
To conditionally eliminate Flot1 from DAergic neurons (Flot1 cKO), mice carrying a conditional allele of Flot1 were
crossed with those carrying DAT IRES Cre. Upon dissection of striata, we performed sucrose flotation gradients of
crude synaptosomes to examine the segregation of DAT and Flot1 after Brij 58 extraction. We found that while DAT
localized to membrane rafts in control mice, DAT shifted to denser fractions in Flot1 cKO mice. We next examined
the behavioral consequences of Flot1 depletion on AMPH-induced DA efflux. Mice were injected with saline,
cocaine or two doses of AMPH and locomotor behavior was monitored in an open field maze. Flot1 cKO mice were
similar to control mice in baseline and cocaine-induced locomotor behavior. In contrast, their response to AMPH
was significantly attenuated, with no response at 2.5 mg/kg and diminished response at 5 mg/kg. Moreover,
consistent with our behavioral results, high speed chronoamperometry revealed that Flot1 cKO acute slices release
less DA in the presence of AMPH than that of control. Immunohistochemistry against DAT and tyrosine
hydroxylase (TH) revealed no significant difference across genotypes. To determine if the DAergic system is intact
in these mice, we are currently performing other biochemical, physiologic and immunohistological measures.
These findings suggest that modulating membrane microdomain localization of DAT exerts a profound influence on
AMPH-induced efflux, and bring further insight into the biological significance of membrane rafts and neurological
function. Furthermore, defining the mechanism of action of AMPH will uncover new insights into the function of
DAT, as well as identify potential therapeutic targets for avoiding or ameliorating adverse effects of this
psychostimulant on physical and psychological behaviors.

PP-24 Integrin αVβ3 modualtes SERT uptake and SSRI sensitivity in mice.
Mathew Mazalouskas, Tammy Jessen, Seth Varney, Ana Carneiro
Vanderbilt University, United States
Heterodimeric integrin receptors mediate cell-to-cell and cell-to-extracellular matrix connections, generating
diversity in their ability to bind ligands through the combinatorial association of 18 α and 8 β subunits. Composed of
the αIIb and β3 subunits, the fibrinogen receptor (also known as GPIIb/IIIa) plays an important role in platelet
activation. Recent evidence from our laboratory has indicated that ablating the expression of the integrin β3
subunit in mice decreases the catalytic activity of the serotonin (5-hydroxytryptamine; 5-HT) transporter (SERT) in
platelets. In the central nervous system, where the β3 subunit interacts with the αV subunit, integrins modulate the
growth, guidance, and regeneration of neurons as well as synaptic structural changes in the brain. In contrast to
platelets, we found that loss of a single allele of the integrin β3 subunit gene (Itgb3) in neurons was sufficient to
decrease 5-HT uptake in midbrain synaptoneurosomes. Immunofluorescence studies illustrated the presence of the
integrin β3 subunit within synaptic terminals of the Raphe nucleus and its spatial overlap with approximately 60% of
SERT-containing synapses. Biochemical fractionation of and radioligand binding studies in synaptoneurosomes of
+/Itgb3 mice revealed that presynaptic surface levels of the integrin β3 subunit were unchanged when compared to
wildtype mice. Thus the integrin β3 subunit does not appear to alter SERT function by regulating SERT trafficking
but rather via modulation of SERT catalytic activity. As a consequence, integrin β3 subunit haploinsufficiencyinduced SERT hypofunction enhanced the in vivo potency of the selective serotonin reuptake inhibitors (SSRI)
paroxetine and citalopram in mice. Elucidating the role of integrins in governing serotonergic function may provide
insight into the molecular mechanisms that underlie neuropsychiatric disorders and reveal novel, druggable targets
for the treatment of several psychiatric illnesses.
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PP-25 ABCC6 gene expression is regulated by HNF4a via direct
phosphorylation by ERK1/2 in HepG2 cells
1

1

2

3

1

2

Borbála Vető , Caroline Bacquet , Attila Horváth , Szabolcs Sipeki , Flóra Szeri , Endre Barta , Dávid
2
1
2
2
1
1
Jónás , László Buday , Bálint L. Bálint , László Nagy , András Váradi , Tamás Arányi
1

Institute of Enzymology, RCNS, HAS, Hungary
Department of Biochemistry and Molecular Biology, Medical and Health Science Center, University of Debrecen
Debrecen, Hungary
3
Department of Medical Chemistry, Molecular Biology and Pathobiochemistry, Semmelweis University Budapest,
Hungary
2

Loss of fuction mutations in the ABCC6 gene are responsible for the development of Pseudoxanthoma elasticum
(PXE) and Generalized Arterial Calcification in Infancy (GACI). The expression of the human ABCC6 gene is tissue
specific; it is primarily present in the liver. The transcriptional regulation of the gene has been described. Our
previous results have shown that activation of the ERK1/2 signalling pathway downregulates ABCC6 expression,
through the inhibition of HNF4a (hepatocyte nuclear factor 4 alpha), a major regulator of metabolic genes in
hepatocytes. HNF4a expression is inhibited by ERK1/2, but based on our recent results we hypothesized that
HNF4a is also regulated at the post-transcriptional level by ERK1/2. Here we show that ERK1/2 is capable of
directly phosphorylating HNF4a in vitro. Furthermore, we demonstrate the rapid and 24 hours’ effects of ERK1/2 on
HNF4a-binding on regulatory regions of ABCC6 (promoter, exon 31) and other hepatic genes by ChIP-qPCR and
ChIP-seq analyses in human HepG2 cells. We have observed a decreasing but not disappearing signal of binding
affinity of HNF4a to the target genes.

PP-26 Functional characterization of Dictyostelium Nramp1 and Nramp2, which
confer resistance to bacterial infection and are essential for iron transport
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Iron is involved as enzyme cofactor or component of Fe-S or heme groups in many cellular processes. Excess
labile iron is however toxic for cells, as it can generate reactive oxygen species. Due to its essential role in
metabolism and its extreme toxicity, all organisms have developed complex pathways to regulate iron uptake,
storage, utilization or secretion. In bacteria and eukaryotes, iron is transported via metal transporters of the NRAMP
family. Dictyostelium is a professional phagocyte, which grows on bacteria and, when starving, undergoes
multicellular development and differentiation. Its genome harbours two Nramp genes: Nramp1, the ortholog of
mammalian Nramp1, is expressed in phagosomes/macropinosomes and confers resistance against pathogenic
bacteria; Nramp2 is localized in the contractile vacuole, and synergistically with Nramp1 regulates iron
homeostasis. Objective of this study was to characterize the transport properties of both proteins. Dictyostelium WT
strain, Nramp1 and Nramp2-KO mutants were used. For assaying iron traffic in macropinosomes, cells were
incubated with calcein and increasing amount of divalent metals, and assessed for calcein fluorescence dequenching by confocal microscopy and flow cytometry. Functional characterization studies were done with
Xenopus oocytes. For expression on oocyte plasma membrane, the N- and C-termini of Nramp proteins were
replaced with the corresponding regions of rat DMT1. Following cRNA injection, oocytes were subjected to
fluorescence, radiochemical uptake assays and electrophysiological investigation. Calcein is ingested by
2+
3+
macropinocytosis. We incubated wild-type and Nramp-null mutants with Fe - or Fe -quenched calcein. Calcein
de-quenching occurred in macropinosomes of all strains, except Nramp1-null mutant, suggesting that Nramp1 is
2+
3+
essential for iron export. In calcein-loaded Xenopus oocytes expressing Nramp1 or Nramp2, Fe , but not Fe and
2+
3+
2+
Cu , led to fluorescence-quenching. Fe and Cu favoured divalent metal transport inside-out increasing the
2+
2+
2+
2+
3+
fluorescence. For Nramp1, the electrophysiological data showed that Mn , Fe , Cd and Co , but not Fe or
2+
3+
2+
Cu , elicited inward currents in sodium solution at pH 5,5, confirming that Fe and Cu are not transported by
2+
2+
2+
+Nramp1. In TMA solution also Ni , Pb , Zn gave rise to a small transport current, this can be explain by Na leakage current, that can be revealed at pH7.6. Instead Nramp2 did not give rise to any transport current, but
2+
radiochemical studies confirmed that Fe transport, is pH-dependent for both transporter, and for Nramp1
competed by Mn, Cd, Ni and Co, to a lower extent by Zn and Cu. In conclusion Dictyostelium Nramp1 is an
2+
3+
2+
electrogenic pH-dependent Fe , not Fe , transporter, essential for Fe export from macropinosomes. Nramp2 is
an electroneutral proton-iron transporter and the possible role of other ions involved in its functionality needs to be
clarified.
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PP-27 Reciprocal Phosphorylation and Palmitoylation Control Dopamine
Transporter Kinetic Capacity
James D. Foster, Amy E. Moritz, Danielle E. Rastedt, Roxanne A. Vaughan
University of North Dakota, USA
The dopamine transporter (DAT) is a neuronal protein that drives the presynaptic clearance of dopamine (DA) and
is the major determinant of transmitter availability in the brain. Various signaling pathways exert fine regulatory
control over DAT activity via trafficking-dependent and independent processes, but the mechanisms remain poorly
understood. Here we investigated the role of Ser7 phosphorylation and Cys580 palmitoylation in mediating protein
kinase C (PKC)-dependent down-regulation of transport activity. Using both mutational and pharmacological
approaches we demonstrate that these modifications are reciprocally regulated, leading to transporter populations
that display high phosphorylation/low palmitoylation or low phosphorylation/high palmitoylation. The balance
between the modifications controls transporter responsiveness to PKC, as phorbol ester-stimulated downregulation is blunted in S7A DAT but increased in C580A DAT. PKC-dependent down-regulation of mutant and
wild-type transporters is reduced by similar amounts when endocytosis is inhibited, indicating that the modifications
are not required for stimulated internalization. However, all forms maintained their differential levels of
responsiveness to PKC, with down-regulation being completely lost in S7A DAT but remaining enhanced in C580A
DAT. These results indicate that Ser7 is required for kinetic regulation of DA transport and strongly suggests that
palmitoylation opposes this process by suppressing Ser7 phosphorylation. These findings identify a novel
mechanism for regulation of DA reuptake activity that may represent a point of dysregulation in DA imbalance
disorders. Funding: R15 DA031991 (JDF), R01 DA13147 (RAV), ND EPSCoR DDA (DER).

PP-28 Investigating the role of EGFR in the regulation of glutamate mediated
neocortical neurodegeneration
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The Epidermal growth factor receptor (EGFR) pathway is one of the critical genetic pathways that are required for
the maintenance and proliferation of mammalian cells throughout development. While work is beginning to
elucidate the role of EGFR in organs such as the skin, liver and the immune system much is still unknown about
how EGFR regulates the development and regulation of the mammalian brain. Previously, Professor Maria Sibilia
was successful in generating both an EGFR knock-out animal model as well as transgenic mice that have been
useful in investigating the role of EGFR signalling in skin, liver and brain development. Early studies identified that
loss of EGFR signalling in the developing brain led to a neurodegeneration of the frontal neocortex but not in the
midbrain of developing mice. Utilising the EGFR knock out murine model we have shown that loss of EGFR in the
cortical astrocytes, but not midbrain astrocytes, resulted in a loss in the number and function of glutamate
transporters, the critical transport system that regulates the activity of the excitatory neurotransmitter glutamate.
Furthermore, we identified that EGFR ablated cortical astrocytes, but not EGFR ablated midbrain astrocytes, were
unable to keep cortical-derived neurons alive in vitro. Interestingly, in Nestin-cre mediated EGFR ablated brains
neurodegeneration was rarely observed but mice were severely susceptible to Kainic acid induced epilepsy.
Our continuing studies investigate the effects by which loss of EGFR in cortical astrocytes leads to neuron death
both in vitro and in vivo. Here we show our preliminary findings that EGFR regulates the glutamate transporters in
the developing neocortex and that deficient EGFR-induced uptake of glutamate in the synaptic cleft of cortical
neurons leads to neurotoxic-induced neurodegeneration of the murine neocortex. In addition, we show that
inhibition of NMDA receptors with Dizocilpine rescues the kainic acid induced epilepsy in control mice but not in
Nestin-cre EGFR ablated mice. These results highlight an important role for EGFR in neuron survival via astrocyte
mediated glutamate uptake but not neuronal function through NMDA receptors. Our research aims to provide
considerable insight into the cellular and molecular mechanisms of neurodegeneration through defining the process
by which EGFR regulates glutamate transport in cortical astrocytes.
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PP-29 Functional and pharmacological characterization of SLC35F2.
Konstantinos Papakostas, Giulio Superti-furga
CeMM, Austria
Membrane transporters are poorly studied, thus their importance in the physiology and pharmacology is not well
established. Using genetic screens, our lab recently characterized the solute carrier SLC35F2 as the sole gate
responsible for the uptake of the poorly understood anti-cancer drug YM155 (Winter et al. 2014, Nat Chem
Biol). Building on that finding we want to further characterize this novel member of the SLC superfamily by: i)
identifying the natural substrates of the transporter, ii) studying the structure-function relationships of the
transporter, iii) identifying the physiological expression patterns and regulation, iv) searching the ability to modulate
SLC35F2 expression in cell lines and tissues, and v) use of synergy screens of YM155 with the whole CeMM drug
library and synthetic lethality screen of SLC35F2. This study will elucidate the physiological role of this transporter
and reveal its capacity for novel therapeutic approaches. Moreover, the techniques and strategies developed will
be used to study additional targets that other ongoing studies in our lab will generate.

PP-30 Chemical chaperon therapy reduces calcification in mice expressing
misfolded human ABCC6 mutants.
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Arterial calcification is a leading cause of death, especially in the Western countries. Little is known about the
mechanisms regulating the calcification process, however, some rare monogenic disorders gave insight into the
pathophysiological mechanisms contributing to arterial calcification.
Mutations in the gene of the ABCC6 transporter, a member of the ABC protein family, are responsible for the
development of two genetic diseases: Pseudoxanthoma elasticum (PXE, OMIM 26480) and some cases of
Generalized Arterial Calcification of Infancy (GACI, OMIM 208000). Furthermore, a missing allele of ABCC6 is a
genetic risk factor in coronary arterial disease (CAD).
The ABCC6 transporter is expressed mainly in the liver and to a smaller extent in the kidney and small intestine, in
the basolateral plasma membrane compartment of the cells. In order to better understand how mutations in the
ABCC6 gene lead to development of abnormal calcification symptoms, and to establish potential therapeutic
treatment for patients carrying ABCC6 mutations, we have set up a complex experimental strategy to determine the
structural and functional consequences of disease-causing mutations in the human ABCC6 transporter. The
transport activity of the protein was determined by biochemical transport assays in vitro, and the subcellular
localization of wt and mutant proteins was investigated both in vitro and in vivo. The major aim of our study was to
identify mutants with preserved transport activity but failure in intracellular targeting, as these mutants are
candidates for functional rescue. Sodium 4-phenylbutyrate (4PBA), an FDA-approved drug, has been shown to act
as a chemical chaperon and to restore the reduced cell surface expression of certain mutated plasma membrane
proteins.
To analyze the effect of 4-PBA, not only on the subcellular localization but also on the function of ABCC6 mutants,
an in vivo functional assay was set up, using the cardiac freeze-thaw injury method to induce an acute Abcc6dependent phenotype referred to as dystrophic cardiac calcification (DCC). The expression of the human WT
ABCC6 in mouse liver reduced significantly the DCC phenotype, while the expression of disease-causing missense
ABCC6 mutants was not able to decrease cardiac calcification. However, when mutants were expressed in mice
treated with 4-PBA, a significant decrease of calcification was observed in case of three out of the four investigated
mutants.
These results indicate that 4-PBA restored both the localization and the physiological function of certain ABCC6
mutants, suggesting that 4-PBA treatment would be a feasible and viable therapeutic solution for selected patients
with PXE and GACI.
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PP-31 In situ dynamics of the vitamin B12 transport complex formation
Nir Tal, Oded Lewinson
Technion, Israel
ATP-binding cassette (ABC) transporters constitute one of the largest membrane protein families, and prevail in all
domains of life. These proteins actively transport their substrates across the lipid bilayer, and are directly related to
human disease and multidrug resistance.
In E. coli, the inner membrane ABC transporter BtuCD interacts with the periplasmic binding protein BtuF to
form the vitamin B12 transport complex, BtuCD–BtuF. The role of the binding protein is to shuttle back and forth to
the transporter and to present it with substrate molecules. Accordingly, the conventional view assumes that to
support transport, BtuCD–BtuF complex must dissociate and re-associate in a cyclic manner. However, in-vitro,
BtuCD forms a very stable complex with BtuF. The interaction has a moderate kon and an extremely slow koff.
Surprisingly, the substrate, vitamin B12, greatly reduces the affinity of complex formation.
Here, we studied BtuCD–BtuF interaction in-situ, i.e., in conditions that closely mimic the in-vivo environment. We
find that similar to what is observed in-vitro, in a pseudo in-vivo environment, BtuCD–BtuF complex is extremely
stable with an equilibrium affinity that extends beyond the detection limit. The destabilization effect by the substrate
is similarly maintained. We also find a very good correlation between the pre-equilibrium rate constants (kon, koff)
determined in-vitro and in-situ. We conclude that the qualitative and quantitative traits of the physiological
interaction are adequately recapitulated in-vitro.

PP-32 Comparative analysis of the P-glycoprotein (ABCB1) expressing and
non-expressing JIMT-1 breast cancer cell subpopulations
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Cancer stem cells (CSCs) are tumor cells with stem cell like characteristics including the ability of selfrenewal, expression of stem cell markers (e.g. CD44, CD133) and ABC transporters P-glycoprotein (Pgp, ABCB1)
and Breast Cancer Resistance Protein (ABCG2, BCRP). There are two methods used for CSC identification: (1)
Hoechst 33342 staining (2) and characterization of cancer stem cell markers. Owing to the ABCG2 and/or Pgp
expression of CSCs Hoechst can be transported out of these cells resulting in the emergence of a Hoechst
negative population (“side population”, SP cells). In most cases, CSCs have higher tumor initiating potency and
higher expression of tumor markers needed for the invasion and adhesion to form metastases.
Cancer cells often rely on the increased activity of glycolysis rather than on mitochondrial respiration to produce
ATP and glycolytic intermediates needed for anabolic cellular processes, and it also provides adaptive advantages
for cancer cells to survive hypoxic conditions. To date, little is known about the possible metabolic differences
between CSCs and other cells of the tumor.
As a model system we used the JIMT-1 breast cancer cell line, in which we proved the existence of side population
cells on the basis of Hoechst staining. The whole JIMT-1 cell population is ABCG2-positive, while only 10-12 % of
+
them express Pgp, but we found no correlation between Hoechst staining and Pgp expression. The Pgp
subpopulation showed higher expression of some tumor marker proteins like GLUT-1 glucose transporter and
+
+
ErbB2, while they had lower CD44 expression. After separation of the Pgp and Pgp cells we found that Pgp cells
+
are capable of forming Pgp- cells probably due to asymmetrical division while Pgp- cells were unable to form Pgp
cells, however, the proliferation rate of the two populations were similar. Culturing the cells at hypoxic conditions
+
(for 7 days) increased the number of the Pgp cells by 50%. Interestingly, the Pgp cells showed higher glucose
+
uptake compared to the Pgp cells, in spite of their lower GLUT-1 expression and similar hexokinase-I and –II
expression.
+

As a conclusion, we identified a Pgp subpopulation of JIMT-1 cell line with characteristics crucial for chemotherapy
resistance and increased metastasis forming potency. Our results also suggest complex differences in the
+
metabolic processes between the Pgp and Pgp JIMT-1 subpopulations.
Grants: OTKA grants PD75994, K72762 and NK101337, TÁMOP 4.2.2. A-11./1/KONV-2012-0023
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PP-33 Improving Oral Bioavailability: Accurate Prediction of Transport by
Proton-Oligopeptide Symporters
Firdaus Samsudin, Nicolae Solcan, Simon Newstead, Mark Sansom, Philip Fowler
University of Oxford, United Kingdom
The human peptide transport system is a promising route for improving oral drug absorption. In addition to taking
up di- and tripeptides along the gastrointestinal tract during protein digestion, the proton-coupled transporter PepT1
also shows affinity for a broad range of peptide-mimetic drugs like the β-lactam antibiotics. The promiscuity of this
symporter has recently been exploited in the development of amino acid prodrugs of floxuridine used to treat colon
carcinoma and dipeptide-drug conjugates of azidothymidine for AIDS therapy. However, in the absence of
structural data, rational drug design targeting this membrane protein has been hitherto restricted to empirical
approaches. The crystal structure of the bacterial homolog, PepTSt, provides a useful model system for the
understanding of the key protein-ligand interactions and building an accurate structure-based pharmacophore
model. In this study, we validate the use of in silico methods of varying speed and accuracy to predict the transport
of peptides and drugs by PepTSt and PepT1 homology model. We found that a good correlation to experimental
data can be achieved by the fast end-point free energy calculation methods, although more rigorous methods such
as thermodynamic integration are essential to distinguish, to a high accuracy, between substrates of similar
transport properties. Overall, our studies demonstrate the significant potential of computational predictions to
design drugs with enhanced bioavailability.

PP-34 Determination of the chemical and enantiomeric purity of D-84
Patrick Neiens, Klaus T. Wanner
LMU Munich, Germany
Binding assays are an essential tool to determine the affinity of a compound towards a biological target. For this
purpose suitable reporter ligands such as radioligands or fluorophore labelled ligands are often employed.
Recently, also nonlabelled reporter ligands quantified by means of LC-MS/MS were used in binding assays that are
therefore termed MS Binding Assays [1]. This concept has been applied to different targets, such as the neuronal
GABA transporter or the serotonin transporter [2, 3]. For the dopamine transporter (DAT) there’s a lack of potent
and selective inhibitors, that could be used as a marker in MS Binding Assays. The most promising compound in
this context is (+)-R,R-trans-4-(2-Benzhydryloxyethyl)-1-(4-fluorobenzyl)piperidin-3-ol (D-84), which was
synthesized by the group of Dutta [4]. To use this substance in DAT MS Binding Assays to be established, its
chemical and enantiomeric purity is of high importance. Therefore it was the aim of the present study to provide
analytical methods to achieve this task.
19

The chemical purity was determined by quantitative F NMR. A solution of 25 mg/mL D-84 hydrochloride was
mixed with an equimolar solution of fluoxetine hydrochloride (EDQM reference substance, certified purity: 99.9%)
and diluted with deuterated tetrachlorethane. This solution was acidified with acetic acid to guarantee single ionized
species prior to being analysed by NMR. Linearity of this method has been proven in a range of 2 mg/mL to
60 mg/mL. The calculation of the chemical purity of D-84 was enabled by integration of the resulting signals.
To determine the enantiopurity of D-84, a chiral stationary phase HPLC method was developed. A LUX Cellulose-1
column in combination with a mobile phase consisting of n-hexane/isoprolanol/ethanol/trifluoroacetic
acid/diethylamine (85/13.5/1.5/0.5/0.1, v/v/v/v/v) at a flow rate of 2.0 mL/min was suited to analyse a sample,
containing 25 mg/mL D-84 hydrochloride. The HPLC method was validated in a range of 25 µg/mL to 30 mg/mL per
enantiomer, concerning the linearity, accuracy and precision. According to this linear range, it is possible to quantify
enantiopurities up to 99.8% ee.
In this work an analytical procedure to assure sufficient chemical as well as enantiomeric purity of D-84 was
established, allowing its employment as a marker in DAT MS binding assays.
Literature:
[1] Höfner G, Zepperitz C, Wanner K T in: Wanner K T, Höfner G (Eds.), Mass Spectrometry in Medicinal
Chemistry, Wiley-VCH, Weilheim, 2007, 247 - 283. [2] Zepperitz C, Höfner G, Wanner K T, ChemMedChem, 2006,
1, 208 – 217. [3] Hess M, Höfner G, Wanner K T, ChemMedChem, 2011, 6, 1900 – 1908. [4] Ghorai S K et al., J.
Med. Chem., 2003, 46, 1220 - 1228.
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PP-35 Novel classification for transporters and ion channels in ChEMBL
derived from protein taxonomies
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Taxonomies enhance the communication about the classified objects and, in addition, reflect one’s view of the
relationship among them. In light of the development of Open PHACTS, which provides an open pharmacological
space, we analyzed selected membrane transport protein classification schemes (Transporter Classification
Database, ChEMBL, IUPHAR/BPS Guide to Pharmacology, and Gene Ontology) for their ability to serve as a basis
for pharmacology driven protein classification. We intended to find a comprehensive classification scheme for
human membrane transport proteins in general, as well as non-human membrane transport proteins annotated in
the bioactivity database ChEMBL-16. Therefore, we selected several open access databases (e.g. UniProt, HGNC,
TCDB, ChEMBL-16, and Gene Ontology) and compiled an up-to-date list of membrane transport proteins. The
resulting dataset comprised 1144 human membrane transport proteins and 300 non-human channel/transporter
proteins. Further, we analyzed their classification in TCDB, ChEMBL-16, Gene Ontology and IUPHAR/BPS Guide
to Pharmacology. We identified profound discrepancies between the classification schemes. For instance,
classification of several ABC-transporters or Solute Carrier superfamily members was ambiguous, as
characterization by function labels the proteins as ion channels, whereas classification by sequence similarity
assigns them to the transporter class. On a higher detail level, we found disagreements such as the degree of
branching levels within the ABC-transporter family. Among the retrieved transport proteins, 604 and 500 were not
classified in TCDB and IUPHAR/BPS Guide to Pharmacology, respectively. We anticipated a TCDB-like and an
IUPHAR-BPS-like classification by blasting against classified proteins, by comparison between the compared
classifications, by using Gene ontology terms and by literature research. In the recently released version of
ChEMBL (CHEMBL-19), the classification for ion channels follows our newly developed IUPHAR/BPS-like
classification. Additionally, the ChEMBL-19 classification for transporters is a combination of our TCDB-like and
IUPHAR/BPS-like classification.
We
gratefully
acknowledge
funding
provided
by
Austrian
Science
Fund,
grant
F3502.
The research leading to these results has received support from the Innovative Medicines Initiative Joint
Undertaking under grant agreement no. 115191, resources of which are composed of financial contribution from
the European Union’s Seventh Framework Programme (FP7/2007-2013) and EFPIA companies’ in-kind
contribution.

PP-36 Astrocytic transport processes in the regulation of epileptic activity
László Héja, Orsolya Kékesi, Julianna Kardos
Research Centre for Natural Sciences, Hungary
Glial cells have long been considered to have only supporting role in the central nervous system. Substantial
advances in the past two decades, however, demonstrated the ability of astrocytes to sense, respond to and
regulate neuronal function. Besides these physiological tasks, astrocytes also play a major role in various
pathophysiological functions and diseases not only by the supplement or lack of metabolic support, but also by
direct modulation of neuronal activity. Here we show evidence that astrocytic processes including transportermediated glial GABA release and gap junction mediated long-range coupling have the potential to effectively
2+
modulate neuronal activity during seizure-like events (SLEs) in the low-[Mg ] in vitro epilepsy model. We
demonstrate that activation of the glial glutamate transporters by their endogenous substrates triggers the reversal
of the closely localized glial GABA transporter subtypes GAT-2 or GAT-3 and lead to an increase of the
extracellular GABA level. The released GABA significantly contributes to the tonic inhibition of neurons in a network
activity-dependent manner providing a tuneable, in situ negative feedback that reduces the length of SLEs. In
addition we show that not only neurons, but also astrocytes synchronize their activities during SLEs and this
synchronization appears to be affected by both the Glu/GABA exchange process as well as gap junctional interglial transport. Deeper understanding of the epilepsy-related astrocytic mechanisms might provide the opportunity
to develop novel astrocyte-based antiepileptic drugs.
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PP-37 Primary mouse hepatocyte sandwich culture: a complimentary tool for
investigating liver specific membrane protein function
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Mutations in the liver specific gene of the ABC transporter ABCC6 (MRP6) cause the severe disease, Generalized
Arterial Calcification of Infancy (GACI, OMIM 208000), and a milder late-onset genetic disorder, Pxeudoxanthoma
Elasticum (PXE, OMIM 26480). Recent studies suggested the role of ABCC6 in the maintenance of systemic PPi
levels being able to inhibit ectopic mineralization of the peripheral tissues and the manifestation of PXE. Other
studies showed, that the FDA approved drug 4-phenylbutyrate (4-PBA) could successfully contribute to the correct
plasma membrane localization of localization-defected but otherwise functional mutants of human ABCC6. On the
basis of the above fundamental results there is a need for different model systems to further investigate the
pathomechanism and the physiological role of ABCC6, and to establish personalized medical treatment for
patients. In addition to the already set up biochemical transport assays, cell lines and animal models we apply liver
perfusion and a technique that allows the 3D formation of polarized and functionally active primary hepatocyte
sandwich cultures from mouse, closely resembling the tissue organization of the intact liver. In this line we have
investigated the PPi levels of the medium of primary mouse hepatocyte sandwich cultures generated from wild-type
versus Abcc6-/- mice and found that PPi levels were significantly increased in the culture medium of wild-type
mouse, while substantially lower PPi levels were detected in the medium of Abcc6-/- mice. These results were in
harmony with PPi levels detected in liver perfusates of wild-type versus Abcc6-/- mice and also with PPi levels
determined from plasma samples of healthy individuals versus PXE patients [1.]. Combining primary mouse
hepatocyte sandwich cultures with heterologous liver specific expression of human ABCC6 mutants in Abcc6-/mice enables us to identify disease causing human ABCC6 mutants that are potential therapeutic targets of 4-PBA
treatment, thus providing potential allele specific therapy of PXE patients. Moreover it can be useful as a medium
throughput assay mimicking tissue-like environment to search for novel drugs, which like 4-PBA, could make the
pharmacological correction of mis-localized human mutants opening possibilities for the clinical treatment of
ABCC6 related calcification diseases. Our results demonstrate that primary mouse hepatocyte sandwich cultures
are feasible tools for investigating complex liver specific physiological phenomena, meanwhile they might be
suitable for a medium throughput-screening assay. Thus primary mouse hepatocyte sandwich cultures compliment
the array of methods and it is applicable to gain mechanistic insight into the physiological and pathological role of
other liver residing membrane proteins.
[1.] R. S. Jansen et al Arterioscler Thromb Vasc Biol. 2014 Jun 26
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XPR1 was initially identified as a cell surface receptor of murine leukemia viruses that can infect human cells. It
contains eight predicted transmembrane domains and we recently described XPR1 as the first phosphate exporter
in metazoans (Giovannini et al, Cell Reports 2013). XPR1 is widely expressed in vivo with highest expression in the
brain.
Here, we describe a XPR1 mutation in a family with primary familial brain calcification (PFBC). PFBC, also known
as Fahr’s disease, is a rare neurodegenerative disorder presenting bilateral calcification of the basal ganglia and
eventually other brain areas. This condition is inherited in an autosomal dominant manner and was associated, until
now, to mutations in SLC20A2, which codes for the inorganic phosphate transporter PiT2, PDGFRB, which codes
for the platelet-derived growth factor receptor B, and PDGFB, which codes for the main ligand of PDGFRB.
The XPR1 mutation was identified in absence of mutations in the SLC20A2, PDGFBR and PDGFB genes, and was
found to significantly reduce efflux of radiolabeled phosphate in human cells, while phosphate uptake remained
unchanged. These results provide new insights on the implication of phosphate homeostasis in the etiology of
PFBC and unveil XPR1 as a novel gene associated to PFBC
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PP-39 Inhibition of NPC1L1 increases transintestinal cholesterol excretion
(TICE) dependent on ABCG5/G8 but independent of plasma apoB-containing
lipoproteins
Jan Freark de Boer, Gemma Brufau, Marleen Schonewille, Arne Dikkers, Henk Wolters, Albert Groen,
Uwe Tietge
University Medical Center Groningen, The Netherlands
Background and aims
Transintestinal cholesterol excretion (TICE) has recently emerged as a novel pathway contributing to the removal
of cholesterol from the body via the feces independent of biliary sterol excretion. However, the mechanisms
involved in the regulation of TICE have thus far remained largely elusive. The present study aimed to delineate
mechanisms operative both at the luminal and the basolateral side of enterocytes.
Methods
The amount of cholesterol excreted via TICE was assessed by calculating the origin of secreted fecal neutral
sterols, thereby correcting food- and biliary-derived cholesterol (assessed by continuous bile cannulation) for
absorption (determined with a dual stable isotope approach).
Results
Inhibition of NPC1L1 by Ezetimibe increased TICE in WT mice from 5.2 mmol/day to 14.4 mmol/day (p<0.001).
-/Also in Abcg8 mice Ezetimibe stimulated TICE, though the magnitude of the induction was about 50% of the
induction in WT mice (4.6 vs. 9.2 mmol/day, P<0.001). These data indicate that Abcg5/g8 contributes for a major
part to the stimulation of TICE by Ezetimibe. At the basolateral side of the enterocyte we investigated whether
apoB-containing lipoproteins contribute choleterol to the TICE pathway using two separate and complimentary
approaches. First, a strong increase in ApoB-containing lipoproteins induced by expressing the cholesterol ester
transfer protein (CETP) via adenovirus-mediated gene transfer, resulted in decreased TICE rather than the
expected increase (-42% at baseline, P<0.001; and -31% upon Ezetimibe, P<0.01). Second, a substantial
reduction in plasma ApoB-containing lipoproteins by inhibition of the microsomal triglyceride transfer protein (Mtp)
did not alter TICE. These combined data suggest that the plasma levels of ApoB-containing lipoproteins do not
impact on TICE.
Conclusion
The results of this study demonstrate that (i) inhibition of the cholesterol importer NPC1L1 results in enhanced
cholesterol removal from the body not only by inhibiting the absorption of dietary- and biliary-derived cholesterol but
also by enhancing cholesterol excretion via the TICE pathway, (ii) Abcg5/g8 expression is required for maximal
stimulation of TICE by the NPC1L1 inhibitor Ezetimibe, and (iii) the plasma levels of apoB-containing lipoproteins
do not regulate the rate of cholesterol excretion via TICE and are therefore unlikely to represent major substrates
for this pathway.

PP-40 Hidden dangers of novel psychostimulant abuse revealed using Danio
rerio as a model of neurodevelopmental toxicity
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2,5-dimethoxy -4-bromophenethylamine (2C-B) is a designer drug of abuse. A member of the 2C class of
substituted phenethylamines, it has both psychedelic and entactogenic effects and is often consumed in
combination with 3,4-methylenedioxymethamphetamine (MDMA; Ecstasy). The effective dose range of 2C-B (810mg) is approximately ten times lower than ecstasy (75-125mg), leading to numerous documented cases of
overdose following the unwitting consumption of 2C-B. Several cases of persistent psychosis have also been
reported following the consumption of 2C-B alone, thus highlighting the need for urgent research into both its
pharmacological and toxicological effects. The teratogenic and neurotoxic potential of 2C-B and its related
analogues (2,5-dimethoxy-4 bromoamphetamine and MDMA) was investigated using the zebrafish (Danio rerio) as
a developmental model. 2C-B induced significant dysmorphological effects in developing larvae and also effected
larval movement when assessed using standard behavioural assays, both potential indicators of developmental
neurotoxicity. This work highlights the hidden dangers involved when consuming unknown pharmacological entities
such as 2C-B, particularly during early pregnancy.
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PP-41 Dissection of the catalytic cycle of Pgp using Walker A mutants
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P-glycoprotein (Pgp) belongs to the family of ATP-binding cassette (ABC) proteins, which bind and hydrolyze ATP
to catalyze the translocation of substrates through membranes. The basic architecture of ABC transporters is highly
conserved, consisting of two homologous halves each built from a transmembrane domain (TMD) and a cytosolic
nucleotide binding domain (NBD). Based on crystal structures of the mouse Pgp and bacterial transporters a
universally accepted model suggests that the association and dissociation of the NBD dimer interfaces propagates
to the TMDs switching them from the high substrate affinity inward facing conformation to a low substrate affinity
outward facing conformation, however, the exact sequence of the conformational snapshots is unknown, yet. To
analyze the relation of ATP binding and hydrolysis to the conformational switch of the TMDs we exploited the
unique property of a conformation sensitive anti Pgp antibody (UIC2) recognizing a complex extracellular epitope.
Various pre- and post-hydrolytic catalytic intermediates of Pgp were stabilized and characterized in terms of their
UIC2-reactivity, nucleotide and substrate affinity and the rates of the formation and dissociation of the above
intermediates were also studied in case of wild-type and Walker A mutant Pgps.
Financial support: OTKA grants PD75994, K72762; TÁMOP-4.2.2.A-11/1/KONV-2012-0023 „VÉD-ELEM”, Astellas
Pharma Kft, MTA Lendület (Gergely Szakács), Szodoray Fellowship (Katalin Goda), "Gábor Szalóki is supported by
TÁMOP 4.2.4. His research was realized in the frames of TÁMOP 4.2.4. A/2-11-1-2012-0001.

PP-42 Thyroid hormone receptor beta 1 (TR-β1) as a major stimulator of bile
phosphatidylcholine secretion via transcriptional up-regulation of ABCB4
Thierry Claudel, Julien Gautherot, Frans Cuperus, Claudia Fuchs, Michael Trauner
Medical University of Vienna, Austria
ATP-binding cassette protein subfamily B4/ multidrug resistance transporter 3 (ABCB4/MDR3) is a critical
contributor of bile secretion by mediating phosphatidylcholine (PC) translocation at the canalicular membrane of
hepatocytes. Since defects in ABCB4 expression result in cholestatic liver and bile duct injuries, pharmacological
strategies up-regulating ABCB4 may improve cholestatic liver diseases. It has been previously reported that
ABCB4 expression is modulated by two nuclear receptors, farnesoid X receptor (FXR) and peroxisome proliferatoractivated receptor alpha (PPARα). However, the potential role of other nuclear receptors on ABCB4 regulation was
not examined. Since thyroid hormone receptor (TR) is a major regulator of lipid metabolism, we investigated the
role of triiodothyronine (T3) in ABCB4 regulation in HepG2, IHH and HuH-7 cells. Here, we show that ABCB4 is
transcriptionally activated by T3. Interestingly, co-treatment with T3 and FXR agonists resulted in additive
stimulation of ABCB4 expression. In the liver, TR-beta 1 (TR-β1) is the main TR isoform. To prove that TR-β1 is
involved in this regulation, we used TR-β1 specific agonists (GC-1, KB-2115, CGS23425 and KB-141) and showed
that these agonists more potently inducd ABCB4 transcription than the native hormone. Chromatin
immunoprecipitation (ChIP) analysis identified TRb response elements in ABCB4 promoter. Moreover, in wild-type
mice treated with KB-141 showed profound ABCB4 induction which was paralleled by increased biliary PC
secretion and PC/bile salt ratio, emphasizing the in vivo fucntional relevance ofour observation. Conclusion: We
identified TR-β1 as a novel activator of ABCB4 in human and mouse liver. Our findings may have important
implication to understand thyroid hormone function as a potential modifier of bile duct injury.
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PP-43 Proteome analysis and conditional deletion of the EAAT2 glutamate
transporter provide evidence against a role of EAAT2 in pancreatic insulin
secretion in mice
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Glutamate (Glu) is found at high levels in pancreatic β-cells and is at the crossroad between several metabolic
pathways. Glu has also been proposed to play a signaling role. There is, however, a great deal of uncertainty as
different investigators have arrived at different conclusions. For instance, EAAT2 has been reported to reside at the
cell surface and (a) provide islet cells with Glu, (b) protect islet cells against high extracellular Glu concentrations,
or (c) mediate Glu release. EAAT2 has further been suggested to be intracellular and colocalize with the vesicular
Glu transporter 3 in insulin containing secretory granules. Here we address these questions to determine the
physiological roles of EAAT2 in islets. We floxed the EAAT2 gene to enable pancreas selective deletion. This was
necessary because global deletion of EAAT2 results in epilepsy and hyperactivity before β-cells have matured.
Crossing with Nestin-Cre eliminated EAAT2 from the brain resulting in epilepsy and premature death confirming the
importance of EAAT2 for brain function and validating the genetic construction. Crossing with insulin-Cre lines
(RIP-Cre and IPF1-Cre) to obtain pancreas selective deletion did not appear to affect survival, growth, glucose
tolerance or β-cell number. We found (using TaqMan RT-PCR, immunoblotting, immunocytochemistry and
proteome analysis) that the EAAT2 levels were too low to support any of the four hypothesized functions. The
proteome analysis detected more than 7000 islet proteins of which more than 100 were transporters. Granuleassociated transporters (e.g. zinc transporter 8; slc30a8), mitochondrial Glu transporters and transporters for
glucose and neutral amino acids were abundant in islets. The only neurotransmitter transporter detected by
proteome analysis was glycine transporter 1 (slc6a9), but that was not enriched in islets. Transporters with known
ability to transport Glu were strikingly absent. Glu metabolizing enzymes were abundant. The level of glutamine
synthetase (GS) was two orders of magnitude higher than that of glutaminase. Conclusions: (1) EAAT2 plays its
main roles in the CNS. (2) The uptake of Glu by islets from the extracellular fluid is insignificant implying that Glu is
intracellularly produced. (3) GS may be more important for islets than previously assumed.

PP-44 Glial GABA transporters contribute to astrocytic synchronization during
seizure-like events
Orsolya Kékesi, Julianna Kardos, László Héja
Centre for Natural Sciences, Hungarian Academy of Sciences, Hungary
Modulation of neuronal activity by astrocytes is still an unexplored territory in epilepsy research. By releasing
gliotransmitters or acting through the astrocytic syncytium, glial cells have various effects on neuronal network
activity. Here we present evidence that astrocytes get activated and synchronized during seizure like events (SLE)
2+
in hippocampal slices from juvenile rats in the low-[Mg ] in vitro epilepsy model. We simultaneously monitored
neuronal activity by field potential measurements and astrocytic activity by application of the calcium sensitive
2+
fluorescent dye, Fluo-4-AM in the stratum radiatum. Both amplitude and frequency of astrocytic Ca transients
were significantly elevated during SLEs. Moreover, beside neuronal synchronization, synchronization of astrocytic
2+
Ca transients occurred after the initiation of SLE. The maximal glial synchronization coincided with the transition
2+
between the tonic and clonic phases of SLE. The synchronization of the astrocytic Ca transients was significantly
reduced in the presence of the gap junction blocker carbenoxolone. Moreover, inhibition of astrocytic GABA release
through these GABA transporters and hence modifying the level of tonic inhibition also significantly diminished
astrocytic synchronization (this work) in parallel with an increase in SLE duration (Héja et al., 2012). These results
suggest that astroglial synchronization and glial GABA transporters may play an important role in the termination of
seizures.
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PP-45 EAAT2 (GLT-1; slc1a2) glutamate transporters reconstituted in
liposomes argues against heteroexchange being substantially faster than net
uptake
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The major glutamate transporter is the EAAT2 subtype which accounts for more than 90% of brain glutamate
uptake. Although EAAT2 is predominantly expressed in astrocytes, about 10% of EAAT2 molecules (at least in
hippocampus CA1) are found in axon-terminals (Furness et al., 2008 Neuroscience 157:80-94)). Despite the lower
level of EAAT2 expression in glutamatergic terminals, when hippocampal slices are incubated with low
concentration of D-aspartate (an EAAT2 substrate), axon-terminals accumulate D-aspartate (using EAAT2) as
quickly as astroglia. This implies an unexplained mismatch between the distribution of EAAT2 protein and of
EAAT2 mediated transport activity. One possibility is that this is an in vitro artifact due to a high rate of fast
heteroexchange in axon-ternimals and a slower net uptake in astrocytes. Heteroexchange is a process whereby
internal substrate is exchanged in a 1:1 ratio with external substrate. This process is potassium independent and
does contribute to glutamate clearance, but can contribute to accumulation of labeled substrate. In contrast, net
+
+
+
uptake is a process whereby external substrate (together with Na and H ) is taken up while K is being released. If
heteroexchange is considerably faster than net uptake, then this might explain the disproportionate strong labeling
of terminals because of the high internal levels of glutamate in terminals that would facilitate exchange. However,
the relative rates of the two processes are currently unknown. To address this issue we used a reconstituted
system to compare the relative rates of the two processes in rat and mice. Net uptake was sensitive to changes in
the membrane potential and was stimulated by external permeable anions in agreement with the existence of an
uncoupled anion conductance. By utilizing the latter, we demonstrate that also the rate of heteroexchange depends
on the membrane potential. Additionally, our data further suggests the presence of a sodium leak in glutamate free
EAAT2. By incorporating the new findings in our previous model of glutamate uptake by EAAT2, we predict that the
+
voltage sensitivity of exchange is caused by the voltage-dependent third Na binding. Further, both our experiments
and simulations suggest that the relative rates of net uptake and heteroexchange are comparable in EAAT2. The
slow kinetics of exchange despite fast individual steps may suggest that the transporter undergoes a random walk
similar to the “Drunkard’s walk” which significantly prolongs the time to complete an exchange of a glutamate
molecule. These findings improve our understanding on how EAAT2 works and refute the hypothesis that the
strong labeling of terminals is simply an in vitro artifact due to fast heteroexchange in metabolically compromised
terminals containing large amounts of endogenous glutamate.

PP-46 Binding modes of a novel antidepressant to the human serotonin
transporter
Lucy Kate Ladefoged, Julie Grouleff, Birgit Schiøtt
Aarhus University, Denmark
The monoamine transporters are responsible for reuptake of the neurotransmitters serotonin, dopamine, and
norepinephrine. Major depressive disorder is commonly linked to imbalances in the serotonergic nervous system,
1
and it is traditionally treated by decreasing the rate of uptake by the serotonin transporter . The traditional
treatments show a high degree of side effects and a high amount of non-responding patients. A new multi-modal
2
drug called vortioxetine has been developed, which not only slows down the transporter, but also regulates several
serotonergic receptors thus leading to a more specific regulation of serotonergic effects on the nervous system. We
have investigated how vortioxetine binds to the serotonin transporter using an induced fit docking protocol. We
have determined four possible binding modes all with similar energies. Our results suggest that the drug occupies
the same central binding pocket as serotonin itself does. However, the size of the drug most likely prevents the
transporter from changing conformation from outward- to inward-facing, and thereby locks it in an inactive state.
1

Golan, D. E. et al. Principles of Pharmacology: The Pathophysiologic Basis of Drug Therapy; Lippincott Williams &
Wilkins: Philadelphia, 2011
2

Bang-Andersen, B. et al. J. Med. Chem. 2011, 54, 3206-3221
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PP-47 Role of cholesterol and mutations in the lucifer yellow transport of
ABCG2 multidrug transporter
Agnes Telbisz, Zsuzsanna Nerada, Balazs Sarkadi
RCNS Hung. Acad. Sci., Hungary
Multidrug transporters of the ABC membrane transporter family are involved in the chemical defense mechanism of
the cells by pumping out several different, mostly hydrophobic, but otherwise chemically unrelated toxic
compounds. These transporters have important roles in developing multidrug resistance, which is a major problem
in the therapy of several diseases, including tumors or chronic infections. ABCG2 is one of the three important
multidrug transporters, localized in several therapeutically important tissues, e.g.in the intestine, the blood-brain
barrier, tumor cells, stem cells, hepatocytes and kidney cells. There are several assays measuring drug-transporter
interactions, including cellular transport assays or transport and ATPase assays in transporter-containing
membrane vesicles. Due to the complexity of drug interactions with multidrug transporters, which have polyspecific
and overlapping substrate binding sites, only the application of several different assays can properly reveal their
drug interactions. In this study we have examined several new aspects of the vesicular lucifer yellow (LY) transport
by ABCG2, namely the cholesterol sensitivity and the effects of ABCG2 mutations on the LY transport. Lucifer
yellow is a fluorescent compound and a transported substrate of wtABCG2, and can be used in vesicular transport
assays as an alternative of radiolabelled methotrexate or estradiol glucuronide. We found that increasing
membrane cholesterol greatly increased lucifer yellow transport, similarly to that observed for most other
transported compounds. Several drugs (Ko143, prazosin, elacridar) reduced LY transport in a concentration
dependent manner. The polymorphic ABCG2 variant, Q141K, reported to have reduced transport function,
transported LY similarly to the wild type ABCG2. The R482G mutant ABCG2, originally found in multidrug resistant
cancer cell lines showes an altered substrate profile as compared to the wild-type ABCG2. In the LY transport
assay, the ABCG2-R482G mutant was found to be non-functional, similarly to the lack of measurable methotrexate
and estradiol glucuronide transport by this mutant variant. Both LY and these molecules are more hydrophylic than
most ABCG2 substrates, thus our results underline the role of the R482 position in the variety of drug interactions
of the ABCG2 multidrug transporter.

PP-48 Substrate binding and transport by Walker-A mutant Pgps
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P-glycoprotein (Pgp) is an ABC transporter that is able to extrude a large variety of chemotherapeutic drugs from
cells, causing multidrug resistance of cancer cells. The protein consists of twelve transmembrane alpha-helices
forming the substrate binding site, and two nucleotide binding domains (NBD) involved in ATP binding and
hydrolysis. Based on crystal structures of several ABC transporters, Pgp is believed to alternate between an inward
and an outward facing conformation, characterized by high and low substrate binding affinities,
respectively. Despite accumulating structural and functional data, it is still unknown how ATP binding and
hydrolysis are connected to the conformational changes that allow transmembrane transport. To elucidate partial
catalytic reactions, we studied Pgp variants carrying mutations in the conserved Walker A region (K433M and
K1076M) of either the N-terminal or C-terminal ABC domains or both. Although mutation of these key residues
have been shown to abolish ATPase and transport activity, we found that single mutants possessed a residual drug
efflux activity (the double mutant variant was indeed inactive). Confocal microscopic image analysis showed that
both the single and double mutant Pgp variants sequester vinblastine-bodipy in the plasma membrane, whereas
wild-type Pgp can efficiently catalyze transmembrane transport. Fluorescence cross-correlation analysis proved
that the sequestered vinblastine-bodipy strongly co-localize with the mutant Pgp molecules. Since the vinblastinebodipy staining of the plasma membrane could be competed with Pgp substrates, these results suggest that
mutations of the key Walker A lysines stabilize Pgp in the inward open, substrate binding conformation. Using
transition state analogs, single mutants could be trapped in the outward open (low substrate affinity) conformation,
suggesting that single mutations allow the transition between the two conformations.
Taken together, we show that mutation of a single Walker A lysine is compatible with a residual transport activity.
Analysis of the partial catalytic reactions suggests that ATP binding brings about the conformational change
needed to switch Pgp from the inward facing to the outward facing conformation.
Support: TÁMOP 4.2.4.A/2-11-1-2012-0001; Astellas Pharma Kft. and University of Debrecen; OTKA grants
PD75994 and K72762, MTA Lendület (Gergely Szakács) and TÁMOP 4.2.2.A-11/1/KONV-2012-0023 "VÉD-ELEM"
project.

66

7th SFB35 Symposium 2014, Vienna
PP-49 Binding affinities of ligands in the S2 site of NSS family member LeuT
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The human monoamine transporters (MATs) facilitate the reuptake of serotonin, dopamine and norepinephrine
from nerve synapses. Imbalance in the monoaminergic nerve system is related to a number of neurological
diseases, and the transporters are the targets of both therapeutic and illicit drugs. As no high-resolution structures
of the human MATs exist, studies of this transporter family are often based on investigations of the homologous
bacterial leucine transporter LeuT, which has been crystalized in several conformational states. We have
performed molecular dynamics simulations of LeuT to shed light on the mechanism of transport for this family of
transporters. In particular, we present results in relation to the proposed allosteric S2 binding pocket, where we
have investigated the affinity of substrate binding using independent-trajectory thermodynamic integration. We
have validated our approach by calculating the binding affinity of ligand binding to LeuT for two cases where it is
known experimentally that the free energy of binding is favorable. Our results in relation to leucine binding in the S2
site suggest that the site does not bind leucine with affinity, which in turn makes it unlikely that the site plays an
important allosteric role in the transport mechanism.

PP-50 “Bruise-blues” with chronic SSRI treatment: blocking SERT uptake
changes peripheral serotonin homeostasis and decreases ADP-mediated αIIbβ3
activation.
Kendra Oliver, Michael Dohn, Matthew Duvernay, Heidi Hamm, Ana Carneiro
Vanderbilt University, USA
Increased risk for bleeding, bruising, and GI bleeding is associated with chronic administration of selective
serotonin reuptake inhibitors (SSRIs). However, the mechanism(s) responsible for this observation remain elusive.
Serotonin (5HT) in the blood, mainly found in platelet stores, has long been known to play a role in
vasoconstriction. However, it can also act on platelets via 5HT2A receptors and is readily taken up by platelets via
the serotonin transporter (SERT). Here we used SERT KO mice to investigate how chronic SERT inhibition
affects bleeding tendencies. Similar to the observed clinical phenotype of patients taking SSRIs, SERT KO mice
treated with SSRIs displayed significantly reduced blood levels of 5HT. We did not observe a significant difference
in 5HT metabolite (5HIAA) levels, suggesting that production of 5HT remains intact. This also suggests that without
platelet SERT, blood 5HT is readily cleared and that the vast majority of 5HT in the periphery is stored within
platelets. In this system, platelets can release 5HT to promote platelet activation and vasoconstriction during injury.
The SERT KO mice also had a bleeding phenotype similar to chronic SSRI patients, demonstrating increased tail
bleed time, increased clotting time, and increased thrombin time. Because platelets are a major player in clotting,
we measured platelet activation in SERT KO mice and found a severe decrease in ADP-mediated platelet
activation of integrin αIIbβ3. This difference was not seen in a different platelet activation maker, CD62p, or
following activation with stronger agonists, PAR4-AP and thrombin, suggesting that this effect is specific for ADPmediated αIIbβ3 activation. Additionally, SERT KO mice displayed a cellular phenotype related to reduced αIIbβ3
function. We hypothesize that 5HT plays an important role in enhancing platelet activation that contributes
to clot formation through activation of αIIbβ3. 5HT was able to potentiate ADP-mediated αIIbβ3 activation in
wild-type samples. Additionally, we found that acute SSRI treatment did not change platelet function, whereas subchronic (six days) SSRI treatment significantly reduced platelet αIIbβ3 activation with ADP. These finding suggest
that chronic SSRI treatment alters 5HT homeostasis in the periphery, which leads to increased bleeding in part due
to reduced ADP-mediated αIIbβ3 activation.
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PP-51 Does protease-activated receptor 2 coordinate the salmonid immune
response in whirling disease?
Subhodeep Sarker, Mansour El-Matbouli
University of Veterinary Medicine, Vienna, Austria
Whirling disease of rainbow trout (Oncorhynchus mykiss) is caused by the actinosporean triactinomyxon spores of
the parasite Myxobolus cerebralis. The parasite has a complex, two-host life cycle alternating between salmonid
fish and an oligochaete host, Tubifex tubifex. Several previous observations have shown that specific proteases
of M. cerebralis are highly expressed during its parasitic development in the salmonid host. However, a clear
understanding of the molecular target of M. cerebralis serine proteases in whirling disease pathogenesis is lacking.
Using real-time quantitative PCR, we observed that protease-activated receptor-2 (PAR2), cyclooxygenase-2
(COX-2) and interleukin-8 (IL-8) are highly expressed in the uninfected rainbow trout brain and spine tissues;
exposure to M. cerebralis significantly down-regulated PAR2, COX-2 and IL-8 expression at 20 days post infection
(d.p.i) but were up-regulated at 25 d.p.i. In brown trout(Salmo trutta), the original host of M. cerebralis and which is
known to be resistant to M. cerebralis, PAR2, COX-2 and IL-8 are up-regulated in the brain but down-regulated in
the spine at 25 d.p.i. These observations suggest that PAR2-dependent immune responsive pathways involving
COX-2 and IL-8 may have specific but distinct roles in rainbow and brown trouts offering an evolutionary advantage
to M. cerebralis by facilitating its parasitic life cycle in salmonid hosts. It might be suggestive of the possibility that
changes in PAR2 gene expression upon M. cerebralis infection may alter the expression of immune-responsive
genes under the PAR2 signaling axis facilitating M. cerebralis development in rainbow and brown trouts in whirling
disease.

PP-52 Vesicular glutamate transporters (VGLUTs) use flexible anion and cation
binding sites for efficient accumulation of neurotransmitter
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Vesicular glutamate transporters (VGLUTs) accumulate the neurotransmitter glutamate in synaptic vesicles.
+
Transport depends on a V-ATPase dependent electrochemical proton gradient (ΔµH ) and requires chloride ions
but it is controversial how chloride acts and how ionic and charge balance is maintained during transport. Using a
reconstitution approach, we used an exogenous proton pump to drive VGLUT-mediated transport either in
liposomes containing purified VGLUT1 or in synaptic vesicles fused with proton-pump-containing liposomes. Our
data show that chloride stimulation can be induced at both sides of the membrane. Moreover, chloride competes
+
with glutamate at high concentrations. In addition, VGLUT1 possesses a cation binding site capable of binding H
+
+ +
or K ions, allowing for proton antiport or K /H exchange. We conclude that VGLUTs contain two anion and one
cation binding sites, allowing the transporter to adjust to the changing ionic conditions during vesicle filling without
being dependent on other transporters or channels.
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PP-53 Structural and functional studies of an ABC transporter by solid-state
NMR
Anja Voreck, Britta Kunert, Anup Anup Chowdhury, Matthias Hiller, Andrew Nieuwkoop, Lieselotte
Handel, Natalja Erdmann, Mahsheed Sohrabi, Monika Beerbaum, Brigitte Schlegel, Peter Schmieder,
Hartmut Oschkinat
Leibniz-Institut fuer Molekulare Pharmakologie, Berlin, Deutschland
ATP-binding cassette (ABC) transporters are ubiquitous substrate translocators in cellular membranes. By coupling
hydrolysis of ATP to import of nutrients (sugars, amino acids, ions) or export of a variety of chemicals (antibiotics,
toxins, chemotherapeutics), they perform substantial physiological roles such as multi-drug resistance in bacteria or
cancer cells and maintenance of the mammalian blood-brain barrier [1]. Despite numerous recent crystal structures
of isolated domains and full transporters, the understanding of their operational mechanism is still limited as their
size and lipid environment makes them difficult to study by conventional methods of structural biology. To learn
more about the mechanistic details of ABC transporters we investigate the arginine import system ArtM2P2J from
the thermophilic Geobacillus stearothermophilus with a combination of solution- and solid-state NMR, as well as
other biophysical techniques like analytical ultracentrifugation (AUC) and isothermal titration calorimetry (ITC).The
dimerization behavior of ArtP and a hydrolysis-incompetent mutant as well as the nucleotide-binding affinities of the
transporter are investigated were analyzed. Knowledge of these properties improves the quality of our solid-state
NMR samples and allows for the investigation of biologically relevant states of ArtM2P2J during its substrate
translocation cycle. Our assignments from well resolved solution-NMR spectra of the nucleotide-binding domain
(NBD) ArtP and the substrate-binding protein (SBP) ArtJ enable us to identify residues that are particularly affected
by binding of nucleotides. Applying MAS solid-state NMR techniques to samples of ArtM2P2 in its native lipid
environment in which either ArtM, ArtP or both are isotopically labeled, we further investigate the transporter in a
close-to-natural setting. Here, the comparison of ArtM2P2 with different nucleotide-analogs helps to understand
how hydrolysis of ATP at the NBD dimer in the cytosol is ultimately linked to the release of substrate from the SBP
into the interior of the transmembrane pore ArtM2. Combining the advantages of 1H-detected experiments in solidstate NMR with 13C-detected experiments for chemical shift assignments, we compare the effects of nucleotidebinding to the lipid-embedded transporter with our solution NMR results for isolated ArtP. For more details about
the domain interplay, the ArtP2/ArtM2 coupling interface, as suggested from an initial ArtM2P2J model, will be
confirmed via TEDOR solid-state NMR measurements. Finally, 2H-crosspolarization experiments will be used to
gain more information about the still unknown structure of the transmembrane domain of this transporter.

PP-54 Real-time uptake of fluorescent ASP+ via the organic cation transporter
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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 neurons and glial cells. Here, OCT3 serves as an additional re-uptake system for
neurotransmitters, such as dopamine, serotonin and norepinephrine and therefore OCT3 mediated uptake has
been termed “uptake 2” Methods We measured OCT3 mediated uptake of the fluorescent OCT3 substrate 4-Di-1+
ASP (4-(-4-(dimethylamino(styryl)-N-methylpyridinium (ASP ) in real-time in HEK293 cells stably expressing the
+
human and the mouse isoforms of OCT3. Data obtained on OCT3 mediated uptake of fluorescent ASP were
+
compared to uptake of tritiated 1-methyl-4-phenylpyridinium (MPP ).We further used mass-spectrometry to assess
+
the phosphorylation status of OCT3 Results We show that ASP is selectively taken up via OCT3 in real time and
this allows for sensitive assessment of transport via OCT3. Hence, we analyzed the mode of action of several
OCT3 substrates and transport inhibitors, such as the stress hormone corticosterone and decynium-22. All results
+
+
obtained from ASP uptake studies are comparable with data obtained from uptake studies with tritiated MPP and
in line with previously published reports. Finally ,we tested if OCT-mediated uptake is sensitive to phosphorylation
+
and found that the protein kinase C inhibitor GF109203X inhibited uptake Discussion The use of ASP as
substrate for OCT3 provides the opportunity to analyze OCT3 mediated transport with a high temporal resolution
+
and is comparable to OCT3 mediated uptake of tritiated MPP . Uptake inhibition by corticosterone was comparable
+
+
using either ASP or MPP and similar to inhibition of protein kinase C
Acknowledgements Grant F3506 to HHS
FPM is a recipient of a DOC-Fellowship of the Austrian Academy of Sciences at the Institute of Pharmacology,
Medical University of Vienna
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PP-55 A method for the enrichment of labelled peptides for mass spectrometric
identification of ABC protein drug binding sites.
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Characterization of the interaction of small molecules with ABC proteins is motivated by an interest for
pharmacological interference with diseases, which are related to the malfunction of members of this protein family.
Understanding the mechanism of action of candidate drugs on the function of ABC proteins among others requires
localisation of binding sites. When structural models of proteins are available, mass spectrometry in conjunction
with photoaffinity labelling can provide precise information about drug binding sites. The low abundance of labelled
peptides together with complexity in protein digests represents a challenge for mass spectrometry. Therefore,
development of a method for the enrichment of peptides of interest was considered prioritary. Bio-orthogonality of
the alkyne-azide cycloaddition reaction, also called “click chemistry reaction”, allows purifying peptides labelled with
drug-like molecules carrying an alkyne group.
Magnetic beads were azide-functionalised via a methylamine cleavable linker, allowing release of labelled peptides
after purification. A paradigmatic ABCB1 ligand carrying both a photon-sensitive and an alkyne capture group was
designed and synthesised. The click between magnetobeads and ligand was induced by using the commercially
available Click-IT Kit from Invitrogene. Mass spectrometry analysis was performed on an LTQ Orbitrap Velos,
resolution MS 60 000.
We performed a step by step evaluation of the purification protocol for a paradigmatic photoaffinity ligand (2-(2hydroxy-3-(prop-2-ynylamino)propoxy)
phenyl)(phenyl)methanone. The presence of specific products was probed and ascertained by MS analysis.
Correct progression of the click chemistry reaction, successful cleavage of the cycloaddition adduct by
methylamine, and recovery of the predicted adducts was demonstrated. We also characterised the MSMS
fragmentation pattern of the ligand and cleaved click chemistry adduct.
Funded by the Austrian Science Fund (project SFB3509)

PP-56 Molecular basis of the dominant-negative effect of a glycine transporter
2 mutation associated with hyperekplexia
Esther Arribas-González, Jaime de Juan Sanz, Carmen Aragón, Beatriz López-Corcuera
CBMSO-UAM, España
Hyperekplexia or startle disease is a rare clinical syndrome characterized by exaggerated startle in response to
trivial tactile or acoustic stimuli. This neurological disorder can have serious consequences for neonates, including
brain damage and/or sudden death caused by apnea episodes and cardiorespiratory failure. The disease is caused
by defective inhibitory glycinergic neurotransmission. Mutations in the human SLC6A5 gene encoding the neuronal
glycine transporter GlyT2 are responsible of the presynaptic form of hyperekplexia. GlyT2 mediates the recycling of
synaptic glycine, which constitutes the main source of releasable transmitter at glycinergic synapses. Although the
majority of GlyT2 mutations detected so far are recessive, producing bi-allelic loss of function, the mutant S512R
exerts a dominant-negative mode of action on GlyT2 trafficking. In this work, we explore the properties and
structural alterations of the dominant-negative mutant, which retains wild-type GlyT2 in the endoplasmic reticulum
(ER) and prevents surface expression. We show that the introduction of an arginine instead of S512 provoked
transporter misfolding and promoted sustained association to the ER chaperone calnexin, defective association to
the coat protein complex II component for ER export Sec24D and, therefore, ER retention. S512R formed common
oligomers with wild-type GlyT2. Overexpression of calnexin rescued wild-type GlyT2 from the dominant-negative
action. Calnexin increased the amount of transporter reaching the plasma membrane and reduced the interaction
between wild-type and mutant GlyT2. The ability of chemical chaperones to overcome the dominant-negative effect
of the disease mutation on the wild-type transporter was investigated in heterologous cells and primary neurons.
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PP-57 Altered palmitoylation affects the membrane mobility and microdomain
association of the adhd-associated dopamine transporter mutant a559v
Madhur Shetty, Daniel Stanislowski, Austin Espy, Joshua Morell, Bryan Grove, Roxanne Vaughan,
James Foster
University of North Dakota, United States
The neurotransmitter dopamine (DA) plays a key role in reward, pleasure, motor activity and attention. Synaptic DA
homeostasis is controlled by the dopamine transporter (DAT) which transports DA from the extracellular space
back into the pre-synaptic neuron. Imbalances in this function are associated with neurological disorders such as
schizophrenia, bipolar disorder, Parkinson disease and attention-deficit hyperactivity disorder (ADHD) but the
contribution of DAT dysfunction to disease is poorly understood. The ADHD-associated hDAT coding variant
A559V displays anomalous DA efflux (reverse transport) that is associated with elevated N-terminal DAT
phosphorylation (Bowton E, Saunders C, Erreger K, Sakrikar D, Matthies HJ, Sen N, Jessen T, Colbran RJ, Caron
MG, Javitch JA, Blakely RD, Galli A. J Neurosci. 2010; 30: 6048–6057). This enhanced DA efflux occurs in the
absence of amphetamines which are known to stimulate DAT-dependent DA efflux and stimulate DAT N-terminal
phosphorylation. We have recently discovered that increases in DAT phosphorylation are accompanied by
decreased levels of the lipid modification, palmitoylation, which impacts DAT transport capacity and degradation.
We hypothesized that the A559V hDAT mutant reported to display elevated phosphorylation would also display
decreased levels of palmitoylation. To test this hypothesis we analyzed the palmitoylation status of WT and A559V
hDAT expressed in LLC-PK1 cells. Our results showed that the coding varient had significantly decreased levels of
palmitoylation. Because palmitoylation is known to influence protein microdomain association and membrane
lateral mobility we hypothesized that the ADHD-associated coding varients would possess decreased membrane
raft association and increased membrane lateral mobility. To test this hypothesis we expressed YFP-tagged A559V
hDAT and A558V rDAT in LLC-PK1 cells and Neuro 2A (N2A) cells and subjected them to FRAP. Our results
showed that A559V hDAT and A558V rDAT showed greater lateral mobility (lower T ½ values) compared to hDAT
and rDAT WT respectively. This correlates with findings from palmitoylation deficient rDAT mutant C580A, which
also shows greater membrane mobility. However, analysis of membrane microdomain distribution of these varients
by sucrose density gradient fractionation demonstrated an increased level of membrane raft association for these
mutants compared to their WT counterparts. These results indicate that this coding variation has significant impact
on DAT membrane mobility and microdomain localization, which could potentially influence DAT function and
synaptic DA homeostasis.
(Supported by NIH RO1 DA13147 (R.A.V.) and R15 DA031991 (J.D.F.))

PP-58 Site directed mutanesis of Cys residues of the human OCTN1
transporter
MICHELE GALLUCCIO, LORENA POCHINI, VALENTINA PETA, MARIA IANNI', MARIAFRANCESCA
SCALISE, CESARE INDIVERI
University of Calabria, Italy
OCTN1 (SLC22A4) is a member of the OCTN subfamily (organic cation transporter novel) belonging to a larger
protein family which includes also the OCT transporters. Owing the localization of OCTN1 in epithelia, it is exposed
to the action of xenobiotics. Among the most common environmental pollutants there are mercury compounds.
HgCl2 and Methylmercury are potent inhibitors of OCTN1. The inhibition has been investigated by dose response
analysis giving IC50 of 12 ± 1.5 µM and 12 ± 2.5 µM, respectively. It is well known that mercury compounds can
react with Cys residues. To investigate the mechanism of inhibition site-directed mutagenesis has been performed.
Each of the seven Cys residues of the OCTN1 protein was substituted by Ala. The activity of the mutants was
tested in proteoliposomes to verify whether one or more Cys residues were critical for the transport function of
OCTN1. Inhibition by HgCl2 and Methylmercury was impaired both in C50 and C136 mutants. The virtual loss of
inhibition of the double mutant C50A/C136A confirmed this finding demonstrating the involvement of these Cys in
inhibition. An homology model of hOCTN1 was built using as template the phosphate transporter from P. indica. On
the basis of the structural model the Cys residues sensitive to the mercury compounds are located on the external
surface of the transporter in the large hydrophilic extracellular loop. Therefore the experimental data obtained by
site-directed mutagenesis and activity measurements of the recombinant mutants in proteoliposomes allowed to
validate the homology model of hOCTN1.
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PP-59 Identification of n-terminal domain cysteine 6 as a palmitoylation site on
the dopamine transporter
Daniel Stanislowski, Roxanne Vaughan, James Foster
University of North Dakota, United States of America
The dopamine transporter (DAT) is an integral membrane protein with twelve membrane-spanning domains (TMs)
that controls synaptic dopamine (DA) levels via reuptake of the neurotransmitter into the presynaptic neuron. DAT
dysregulation is hypothesized to result in abnormal dopamine homeostasis associated with Parkinson disease,
schizophrenia, and attention deficit hyperactivity disorder, but the mechanisms leading to DAT dysfunction are
poorly understood. DAT undergoes S-palmitoylation, a reversible lipid modification in which a saturated 16-carbon
palmitate group is added to a cysteine through a thioester linkage. Protein palmitoylation is known to regulate many
protein functions including protein trafficking, protein-protein interactions, and membrane stability, but its role in
regulation of DAT is not understood. Mutagenesis analysis of five intracellularly accessible cysteines in combination
3
with [ H]palmitic acid metabolic labeling revealed that DAT is palmitoylated at Cys580 near the cytosol/membrane
interface of TM 12. However, a significant level of residual labeling was present in the C580A mutant, suggesting
the presence of one or more additional palmitoylation sites. We have now also confirmed the presence of
palmitoylation on the C580A mutant using the more sensitive acyl-biotinyl exchange (ABE) method to reanalyze the
DAT Cys mutants. To discern the location of the other palmitoylation site(s) we performed peptide mapping of rat
striatal DAT with endoproteinase Asp-N, which produces a characteristic 19 kDa fragment that extends from the Nterminus to D174 and contains Cys6 and Cys135. ABE analysis demonstrated that this fragment was
palmitoylated, indicating modification of one or both of these cysteines. To further elucidate N-terminal DAT
palmitoylation sites we employed a mutagenesis approach in which all but one of the intracellular cysteines (Cys6,
Cys135, Cys341, Cys522, Cys580), were mutated to alanine, leaving each individual cysteine available for
potential palmitoylation. ABE analysis revealed significantly elevated palmitoylation in the DATs containing Cys6
and Cys580 relative to those containing Cys135, Cys341, or Cys522. Together these results strongly support Cys6
as a second palmitoylation site on DAT, and indicate the potential for tethering of the distal end of the N-terminus to
the membrane. This presents significant ramifications for the structure and function of the N-terminus, which has
been linked to transport regulation and efflux kinetics. In addition, we have recently identified the adjacent residue
Ser7 as PKC-mediated phosphorylation site, suggesting the possibility that interplay between these two
modifications could influence DAT function.

PP-60 Palmitoylation of the dopamine transporter regulates transporter
expression and transport capacity
Danielle E. Rastedt, James D. Foster, Roxanne A. Vaughan
University of North Dakota, United States of America
The dopamine transporter (DAT) mediates the reuptake of synaptic dopamine and thus regulates the spatiotemporal dynamics of dopaminergic neurotransmission. Complex control of DAT is exerted by various regulatory
processes including posttranslational modifications. One modification of DAT is palmitoylation, the addition of a
saturated 16-carbon palmitate group to Cys 580 via thioester bond. Palmitoylation is a dynamic and reversible
process that is catalyzed by palmitoyl acyltransferases (PATs), also called DHHC enzymes based on the
conserved active site sequence Asp-His-His-Cys, and depalmitoylation is catalyzed by palmitoyl-protein
thioesterases (PPTs). Recent studies identified a family of 23 PAT enzymes in the human genome with distinct
tissue distributions (e.g. neuronal vs non-neuronal), and with some associated with DA diseases such as
schizophrenia, autism, and attention-deficit disorder. In previous studies we found that reduction of DAT
palmitoylation using the non-specific PAT inhibitor 2- bromopalmitate caused a decrease in transport Vmax and an
increase in DAT degradation, suggesting that palmitoylation controls transport capacity and transporter stability.
While these studies show that DAT palmitoylation is turned over rapidly and is important for function, the PATs and
PPTs involved were not identified. To address this question, we co-expressed PAT enzymes individually with DAT
and assessed DAT palmitoylation, total and surface DAT levels, and DA transport capacity. Acyl-biotin exchange
analysis revealed that the neuronal PATs, DHHC2, DHHC3, DHHC8, DHHC15, and DHHC17 increased DAT
palmitoylation, while several others had no effect. We observed a correlation between increased DAT
palmitoylation and increased total DAT levels, consistent with a role for palmitoylation in opposing DAT
degradation. Increased DAT palmitoylation also led to enhanced DA uptake with no effect on surface levels,
suggesting palmitoylation increases transport capacity via an alteration of DAT transport kinetics. Palmitoylation of
DAT may thus promote both short- and long-term regulation by increasing transport capacity and decreasing
transporter degradation, thereby potentially impacting transmitter clearance in dopaminergic disorders.
Support: The National Institute on Drug Abuse (Grant # DA 13147 RAV & DA 031991 JDF) and ND EPSCoR
(Grant # EPS-0184442 DER)
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PP-61 Identifying the Adduction Site of the Photoactive Azide of Irreversible
Cocaine Analog, [125I] MFZ 2 24 for Elucidating the Cocaine Binding Site in the
Dopamine Transporter
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Cocaine targets the dopamine transporter (DAT), a member of Na /Cl –dependent SLC6A family of proteins,
altering dopaminergic homeostasis thereby leading to addiction. However, the molecular mechanisms underlying
this phenomenon are not fully understood. Here, we utilized DAT homology models (based on crystal structures
from the prokaryotic leucine transporter (LeuT) and eukaryotic Drosophila dopamine transporter (dDAT)),
computational docking and protein mapping strategies to narrow down the adduction site of the photo affinity
125
cocaine analog, N-[4-(4-azido-3- I-iodophenyl)-butyl]-2--carbomethoxy-3-(4-chlorophenyl) tropane (MFZ 2 24), to
two residues in transmembrane domain 1 (TM1) of DAT. Two independent flexible docking methodologies
RosettaLigand (RL) and induced fit docking (IFD) demonstrated that the photoactive ligand, MFZ 2 24, can form
energetically favorable complexes through a set of covalent, polar, hydrophobic and ionic interactions, in the central
binding pocket (S1) of the DAT models. Our previous cross linking studies revealed that the azide moiety on the
aryliodophenyl (AIP) arm extending from the tropane nitrogen of MFZ 2 24 covalently adducts to a region on TM1
between residues 67-80. Notably, both docking algorithms predicted the adduction site of the azide group of MFZ
2 24 to the side chain of Leu80. Introduction of site-directed methionine substitution mutants between Ile67 and
Leu80 of TM1 and subsequent peptide mapping through cyanogen bromide digestion indicated adduction to
residue Asp79 or Leu80. The selected top-scoring, docked complexes are currently undergoing refinement by
molecular dynamics (MD) simulations in a lipid bilayer system. Nevertheless, placement of the tropane core of MFZ
2 24 in the DAT central binding pocket is in agreement with binding modes we obtained with another cocaine photo
affinity analog, RTI 82. Even though, the azide moiety adduction sites for these analogs are located on different
transmembrane domains, overlap of the tropane substructures in the central binding site suggests that cocaine
binds to the S1 pocket and inhibits dopamine transport through a competitive mechanism. The outcome of our
computational and biochemical strategies provides a benchmark for implementing similar docking protocols for
understanding the binding mechanisms of other DAT inhibitors including atypical drugs like benztropine. Such
studies could aid in developing novel pharmacotherapies.

PP-62 Cholesterol affects the conformational equilibrium and substrate affinity
of the serotonin transporter.
Kasper Severinsen, Louise Laursen, Kristina B. Kristensen, Pernille F. Martens, Mie Ulvbjerg, Steffen
Sinning
University of Aarhus, Denmark
The serotonin transporter (SERT) is a membrane transport protein, which is localized in the pre-synaptic
membrane of serotonergic neurons, where it actively reuptakes the neurotransmitter serotonin from the synapse
after its release in serotonergic signaling. The efficiency by which SERT depletes serotonin depends on a number
of conformational changes during the transport cycle and its affinity for serotonin. Increasing evidence suggests
that the lipid environment of the membrane is important for the functionality of many membrane proteins. In this
study, we have focused on cholesterol and its role in modulating the transport dynamics of SERT.
We have manipulated the cholesterol contents in membranes and determined the effects on ligand affinity. In
addition we used the substituted cysteine accessibility method (SCAM) to determine the effect on the
conformational equilibrium, and a combination of SCAM and mutagenesis to validate the presence of a cholesterol
binding site in SERT inferred from a recent insect DAT structure. Together our data suggest a direct interaction
between cholesterol and SERT and a clear role for cholesterol in the transport mechanism.
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PP-63 The flexibility of a conserved residue is pivotal for overcoming the ratelimiting conformational transition of the human serotonin transporter in
serotonin transport
Saida Said, Henriette Bjerregaard, Kasper Severinsen, Lina Malinauskaite, Caglanur Sahin, Poul
Nissen, Steffen Sinning
University of Aarhus, Denmark
The crystal structures of the bacterial leucine transporter (LeuT), which is a homolog to mammalian
neurotransmitter sodium symporters (NSSs), have improved our understanding of ion selectivity, substrate binding
as well as the transport mechanism of serotonin transporter (SERT) and other monoamine transporters. The
substrate binding and translocation mechanism of serotonin by SERT has been an intense area of research.
Approaches such as molecular dynamic (MD) simulations, substituted cysteine accessibility method (SCAM) and
site-directed mutagenesis have been powerful complementary tools in the investigation of substrate/ion binding and
transport mechanism in hSERT. Two recently determined crystal structures of LeuT in an outward-oriented,
substrate-free, sodium-free and presumed proton occluded state captures the structure of LeuT just after having
returned to an outward-facing conformation from an inward-facing conformation, but before the binding of ions or
substrate, contrary to existing structures. These new structures can reveal how the transporter is able to achieve
this conformational transition and overcome what is believed to be the rate-determining step in the conformational
cycle. The new structures reveal an unexpected 180 degrees flip of a highly conserved residue that facilitates the
conformational transition of the transporter in a substrate-free state. To test the role of the conserved residue in
substrate/ion binding as well as in the transport mechanism, the corresponding residue in the hSERT was mutated
to seven different residues. Our results from uptake experiments show preserved substrate apparent affinity (KM) in
all seven mutants. However, the maximum transport rates (VMax) were significantly lower than hSERT wt, indicating
that the conserved residue is not directly involved in the substrate binding, but plays a crucial role in conformational
transitions necessary for completion of the transport-associated conformational cycle. The conformational changes
that these hSERT mutants can adopt in response to binding of cations and substrate were assessed by means of
SCAM experiments. Our results show that this conserved residue plays a pivotal role in the conformational
changes necessary for serotonin transport. Combined, the remarkable flip of the conserved residue in the crystal
structures and how impairing this flip by mutating this residue impacts on transport kinetics and transporter
conformational change provides an elegant mechanistic solution to overcoming the rate-limiting step in the
transport-associated conformational cycle. Furthermore, it explains the functional background leading to an
evolutionary pressure that has forced conservation of this residue in nearly all NSS family members from bacteria
to mammals.

PP-64 A method to probe conformation-specific binding kinetics on hSERT with
high temporal resolution
Peter S. Hasenhuetl, Yang Li, Harald H. Sitte, Michael Freissmuth, Walter Sandtner
Institute of Pharmacology, Medical University of Vienna, Austria
The human serotonin transporter (hSERT) is a prominent target of various psychoactive substances, including
competitive inhibitors such as tricyclic antidepressants, selective serotonin reuptake inhibitors, and cocaine. In
addition, the hallucinogenic alkaloid ibogaine was shown to act as noncompetitive inhibitor that stabilizes the
transporter in its inward facing conformation. Upon rapid application of serotonin (5-HT), hSERT displays an
inwardly directed current comprised of a peak- and a steady-state component. Here we show that the peak
component can be used to selectively probe transporters in the outward facing conformation. Accordingly, binding
of a competitive inhibitor to the outward facing transporter leads to a reduction of the peak current amplitude,
because occupancy of the transporter by an inhibitor prevents the induction of the peak current by 5-HT. The
inhibitory effect on the peak current was used to study association and dissociation kinetics of hSERT inhibitors. In
summary, we describe an electrophysiological approach to determine Kon, Koff, and Kd of chemically distinct hSERT
inhibitors within a wide affinity range.
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PP-65 Structure/function relationships and regulatory aspects of human
SLC1A5 (ASCT2) glutamine transporter
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The human ASCT2 (SLC1A5) transporter catalyses transport of neutral amino acids among which glutamine. The
transporter is ubiquitously expressed and is responsible of glutamine absorption and distribution to several tissues,
contributing to maintenance of cell homeostasis. Recently ASCT2 has been found over-expressed in several
cancer cells which require high amounts of glutamine for energy purposes. Therefore, this protein has been
proposed as potential target for anticancer therapy. Functional information on ASCT2 derives from studies
performed both in cell systems and in proteoliposomes reconstituted with the protein extracted from rat kidney.
Very recently, the reconstitution of recombinant hASCT2 heterologously over-expressed and purified in large scale
from P. pastoris has been achieved. In this system, the basic functional properties have been found very similar to
+
those previously described in cell systems: the transporter catalyses an obligatory Na dependent antiport of
glutamine and other neutral amino acids. Interestingly, new functional and regulatory aspects of hASCT2 have
been described. Firstly, a kinetic and functional asymmetry of the transported amino acids emerged: while Gln,
Asn, Ser and Thr can be transported either inwardly and outwardly, Ala, Met and Val can be only inwardly
+
transported. The electrical properties of the Na -coupled transport have been assessed: extraliposomal
+
+
(extracellular) Na is essential for transport and is responsible for an electrogenic process, while internal Na is not
a substrate but a positive modulator of hASCT2 activity. The overall transport mechanism, studied by pseudo bisubstrate analysis, revealed random simultaneous. This result can be interpreted in the light of the tridimensional
structure of the transporter. An homology model has been built for the hASCT2 on the basis of the glutamate
transporter Gltph from P. horikoshii which have an oligomeric architecture. The same can be inferred for hASCT2
which is likely to be constituted by, at least, two subunits. This has been demonstrated by cross-linking experiments
on the purified recombinant protein. The results showed a shift towards a molecular mass corresponding to
hASCT2 dimers. Taken together these results suggest that each monomer may give rise to an independent
transport cycle, with simultaneous translocation of substrate molecules. A novel aspect has been dealt with
regarding physical interaction of hASCT2 with the scaffold protein PDZK1. The C-terminus of hASCT2 harbors a
consensus sequence for PDZK1. Pulldown experiments, both on the purified and endogenous protein
demonstrated the predicted interaction. Moreover it was shown that the glycosyl moiety of hASCT2 is not involved
in its function since treatment of the endogenous human protein by glycosidase does not alter the transport
properties.

PP-66 Lanthanide resonance energy transfer based distance measurements in
the mammalian glutamate transporter excitatory amino acid transporter 3
1

1

1

1

2

Kusumika Saha , Santoshkannan Venkatesan , Thomas Stockner , Simon Bulling , Gerhard F. Ecker ,
1
1
Walter Sandtner , Harald H. Sitte
1
2

Medical University of Vienna, austria
University of Vienna, Pharmacoinformatics Research Group, Department of Medicinal Chemistry

EAAT3 (Excitatory amino acid transporter 3) mediates the regulation of synaptic transmission by reuptake of
glutamate in the synaptic cleft. The motivation of the study is to gain insight into the structure function relation of
EAAT3. 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. LRET relies on Förster's theory of resonance energy transfer where there is distance dependent transfer of
energy between the donor fluorochrome to an acceptor fluorochrome. The protein is expressed in Xenopus laevis
oocytes. Lanthanide binding tag (LBT) has been inserted into the protein to chelate the lanthanide terbium, which
serves as the donor element, and amino acids have been mutated to cysteine, which serves as an acceptor. 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 better understand pathophysiological conditions associated with loss of function in EAAT3,
for instance in ischemia.
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PP-67 Involvement of serotonin transporter extracellular loop 4 in inhibitor
binding and transport
Hafsteinn Rannversson, Pamela Wilson, Anders S. Kristensen, Kristian Strømgaard, Jacob Andersen
University of Copenhagen, Denmark
The monoamine neurotransmission of serotonin, norepinephrine, and dopamine is tightly regulated by their
neurotransmitter transporters; SERT, NET, and DAT, respectively. An imbalance in monoamine neurotransmission
is linked to affective disorders, such as depression and anxiety, making SERT, NET, and DAT important molecular
drug targets. Here, we have identified a Leu-to-Glu mutation in position 406 in the flexible EL4 region of SERT,
which induces a remarkable gain-of-potency (up to 37-fold) for a range of inhibitors. The effect was found to be
very specific for the introduction of Glu compared to six other residues introduced in the same position.
Furthermore, the Leu-to-Glu mutation showed a 5-fold slower turnover rate, and caused a decrease in dissociation
rate of inhibitor binding, compared to WT. This suggests that the mutation stabilizes the transporter in a specific
conformation and thereby alters the conformational equilibrium of SERT. We hypothesized that the negative charge
introduced by the L406E mutation could form an intramolecular interaction and stabilize the transporter in a
conformation that promotes inhibitor binding. To investigate this further, we used an experimentally validated
homology model of SERT to guide the search for the putative interaction partner of Glu introduced in position 406.
However, the interaction partner was not identified among the 20 charged residues in the vicinity of position 406
that were tested, suggesting that the negative charge introduced by the L406E mutation might interact with a
residue not included in the present analysis or with the backbone of the transporter protein to stabilize a specific
conformation of SERT. A substituted cysteine accessibility method (SCAM) assay was established to investigate if
there was a correlation between the gain-of-potency seen for inhibitors at SERT L406E and the conformational
state they stabilize in SERT. The NET selective inhibitors nisoxetine and atomoxetine, in addition to cocaine
stabilized an outward-facing conformation of SERT, while escitalopram, duloxetine, ibogaine, talopram and
venlafaxine stabilized a non-outward-facing conformation. No correlation was observed between the conformations
the inhibitors stabilized and the magnitude of potency gain induced by L406E mutation, suggesting that the Leu-toGlu mutation promotes inhibitor binding by stabilizing a conformation of SERT that generally allows easier access
to the inhibitor binding site, rather than stabilizing a conformation that is similar to the one stabilized by some
inhibitors. Interestingly, the results from the SCAM assay showed that cocaine has different effects on the
accessibility of a Cys residue inserted in position 179 in SERT and the equivalent position 159 in DAT, indicating
that this addictive drug achieves different binding modes within SERT and DAT and possibly stabilizes distinct
conformations of the two transporters.

PP-68 What is the somatodendritic serotonin transporter good for?
Ameya Kasture, Sonja Sucic, Ali El-Kasaby, Florian Koban, Harald H. Sitte, Michael Freissmuth
Medical university of Vienna, Austira
Neurotransmitter transporters belonging to solute carrier 6 (SLC6) gene are located on the presynaptic
specialization (i.e. the axonal terminals), where they mediate their primary physiological function, the rapid retrieval
of neurotransmitters from the synapse. Neurotransmitter transporters are also found on soma and dendrites. The
functional relevance of somatodendritic neurotransmitter transporters, however, remains unclear. Neurotransmitter
transporters are endowed with C termini that vary greatly in sequence. However, the C termini of these
neurotransmitter transporters harbor a conserved RI/RL motif (1, 2). The RI motif has been shown to interact with
the endoplasmic reticulum (ER)-export machinery, most notably the COPII component SEC24; of which 4 isoforms
exist, SEC24A-D (2). Mutation of conserved RI/RL to AA results in impaired axonal enrichment of neurotransmitter
transporter. In other words, the RI-AA mutant of neurotransmitter transporters localize predominantly in
somatodendritic compartment, because they fail to recruit SEC24 and exit the ER in a COPII-independent manner.
In the present study, I used mutant versions of serotonin transporter (SERT, SERT-607RI608-AA, SERT-R607A,
and the corresponding Drosophila SERT mutants) as tools to study the functional role of somatodendritic SERT in
vivo. * This work was supported by SFB35 and CCHD. References: 1. El-Kasaby et al (2010) Mutations in the
carboxyl-terminal SEC24 binding motif of the serotonin transporter impair folding of the transporter. J Biol Chem.
285: 39201-10 2. Sucic et al (2011) The serotonin transporter is an exclusive client of the coat protein complex II
(COPII) component SEC24C. J Biol Chem. 286: 16482-90
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PP-69 The vesicular monoamine transporter 2 might be a pathogenic factor in
Parkinson’s disease
1

2

1

3

4

3

Christian Pifl , Alex Rajput , Harald Reither , Javier Blesa , Carmen Cavada , José A. Obeso , Ali H.
2
1
Rajput , Oleh Hornykiewicz
1

Medical University of Vienna, Austria
Movement Disorders Program Saskatchewan, Royal University Hospital, University of Saskatchewan, Saskatoon,
Saskatchewan, Canada
3
Movement Disorders Group, Neurosciences Division, CIMA, and Department of Neurology and Neurosurgery,
Clinica Universidad de Navarra, Pamplona, Spain
4
Departamento de Anatomía, Histología y Neurociencia, Facultad de Medicina, Universidad, Autónoma de Madrid,
Madrid, Spain
2

Monoamine transporters are involved in neurodegeneration in the MPTP model of Parkinson’s disease, but are
often also hypothesized to be important for the neurodegenerative process of idiopathic Parkinson’s disease (PD).
The plasmalemmal dopamine (DA) transporter can induce neurodegeneration in its capacity as an entrance gate to
+
the cytosol of DAergic neurons for the neurotoxic metabolite MPP , formed from MPTP by monoamine oxidase B;
+
the vesicular monoamine transporter (VMAT) 2 can prevent neurodegeneration by removing MPP from the cytosol
and storing it in synaptic vesicles. Considering the similarities in the neurochemical pattern of monoamine
transmitter losses between MPTP parkinsonism and PD, an endogenously formed neurotoxin, being a substrate of
the DA transporter and VMAT2, might potentially be active in PD. In fact, the neurotransmitter DA itself is easily
(auto)oxidisable, promoting formation of reactive oxygen species as well as being normally metabolized
intracellularly by monoamine oxidase to reactive neurotoxic molecules. Normally, the cytoplasmic concentration of
DA is kept at a minimum by the continuous activity of the VMAT2 packaging DA into synaptic vesicles, where the
amine is held ready for vesicular neurotransmitter release. Accordingly, defects in the handling of cytosolic DA by
the VMAT2, or in the vesicular storage of DA, including increased DA leakage into the cytoplasm, have variously
been hypothesized in degeneration of DA neurons in PD. Here, we isolated for the first time, DA storage vesicles
from the striatum of 6 autopsied brains of PD patients and 4 controls, and directly measured several indices of DA
3
3
storage. Vesicular uptake of [ H]DA and binding of the VMAT2 selective label [ H]dihydrotetrabenazine were
profoundly reduced in PD by 87-90% and 71-80%, respectively. This was primarily due to the loss of DA nerve
terminals but the parallel determination of both parameters in each preparation revealed that transport per
monoamine uptake site was also profoundly reduced in PD; after correction for VMAT2 in serotonin terminals
(presumed to be unchanged) the reduction of transport in DA vesicles proper was by 56% in caudate and by 90%
in putamen. This was not the case after a similar degree of nigrostriatal neurodegeneration induced by MPTP in
Macaca fascicularis (7 MPTP and 8 controls) and seems to be a PD specific finding. Efflux studies and
determination of the acidification in the vesicular preparations suggest an injury of the uptake by the VMAT2 in PD
which might impair sequestration of reactive DA from the cytosol of DAergic nerve terminals and contribute to their
degeneration. Thus, by directly identifying the vesicular pathophysiologic mechanism that by its nature would
promote increased cytosolic DA levels, our results support the notion that a VMAT2 defect may be an early
abnormality leading to nigrostriatal DA neuron death in PD.
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PP-70 Action of small molecules as correctors of mutation-induced misfolding
of the bile salt export pump (BSEP/ABCB11)
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Approximately one third of the cellular proteome, including plasma membrane proteins, are processed in the
endoplasmic reticulum (ER) before reaching their site of action. A number of physiological chaperones are present
in the ER, which supervise the folding and dispatch mutated/misfolded proteins for proteasomal degradation.
Recently, a number of low molecular weight agents (pharmacological chaperones) have been identified as folding
correctors and are considered a therapeutic option for the treatment of monogenic folding disorders.
Pharmacological chaperones bind to misfolded target proteins and allow them to adopt a folded state, which is
prerequisite for trafficking to their cellular destination. In the present study we are focusing on the bile salt export
pump (BSEP/ABCB11), a membrane protein, which transports bile salts from hepatocytes into bile canaliculi. A
number of mis-sense mutations have been reported to interfere with correct folding of the protein and thereby lead
to progressive familial intrahepatic cholestasis type II (PFIC II). E297G and D482G are the most frequents
mutations found in the European population, jointly contributing to approximately 60% of PFIC II cases. Hence, this
study aimed at identifying small molecule correctors (pharmacological chaperones) that specifically bind to and
rescue mutant misfolded protein to the plasma membrane, thereby curtailing or eliminating the disease phenotype.
We have generated mutations (E297G, E482G, R517H and R1153C) in the pENTR4 plasmid containing the WTBSEP insert, using primer extension PCR. Mutated inserts were transferred to a proprietary gateway compatible
pCEP4d destination vector by exploiting the unique recombination properties of bacteriophage lambda integrase in
the commercially available LR-reaction kit (Invitrogen). HEK293 cells were transfected with these destination
plasmids and stable cell lines expressing BSEP mutants were generated under hygromycin B selection conditions.
With the exception of the R1153C mutant, these nonsynonymous mutations are rescued by temperature shift to
28°C. Cyclosporine A, troglitazone and pioglitazone, which are known to cause cholestatic liver injury, were used
as initial controls. Pioglitazone was shown to be capable of correcting folding and rescuing mutant E297G in a dose
dependent manner. Cyclosporine A trapped the mutant in the endoplasmic reticulum. This data are in agreement
with an earlier report by Román et al (Tox Sci 2003) that the fraction of BSEP reaching the canalicular membrane
in isolated rat hepatocytes couplets is decreased upon treatment with CsA. Hits retrieved from a drug database
screen with a BSEP inhibitor model are presently evaluated for their ability to act as pharmacological chaperones of
the human transporter in our model system.
Supported by the Austrian Science Fund (grants SFB3509, 3517, 3502 and P23319) and HEC Pakistan

PP-71 A transporter that benefits from exercise
Oded Lewinson, Nurit Livnat-Levanon
Technion-Israel Unstitute of Technology, Israel
On a daily basis, we observe the deterioration in the performance of man-made machines following extended use.
However, it is unknown whether biological machines undergo the same “wear and tear” associated with constant
activity. Here we show that a membrane-bound ATPase is not adversely affected by constant activity. On the
contrary, it benefits from it. We find that constant activity maintains the structural and functional integrity of the E.
coli ABC transporter BtuCD. Remarkably, after a few hours of activity, the transporter that has worked is now more
active than it was to begin with. None of the reaction intermediates convey this “training effect”. In other words, to
“improve” the transporter must complete its full catalytic cycle. To our knowledge we provide the first example that
constant activity is beneficial for a protein. We discuss here the implications of our findings with respect to protein
stability and folding, and possible physiological implications.
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PP-72 Rescue of ABCB1 domain-interface mutants by folding correctors
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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. 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 can lead to
misfolding of ABC-transporters and human disease. The trafficking deficient ABCB1 mutant ΔY490 was used as a
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 levels that might suffice
to alleviate disease symptoms. The potency to recover surface expression correlates with the IC50 values for cargo
efflux inhibition. Therefore IC50 values represent a surrogate parameter for database screening. Previous data
demonstrated the ability of substrates to interact at the TMD-TMD interface in two rotationally symmetric positions,
which involve pore exposed tyrosine residues in both interaction modes (Parveen et al, Mol Pharmacol 2011;
Dönmez et al, Mol Pharmacol 2014). ABCB1 mutant ΔY490-Y310F and ΔY490-Y953F were used to explore the
role of these residues for propafenone corrector action, because they were candidates for propafenone interaction
in the correctly folded protein. No significant difference in the rescue of these mutants was observed as compared
to the single ΔY490 mutant, indicating that interaction with those residues is not a prerequisite for rescue. These
results show that the binding characteristics in the intact protein and in the incompletely folded protein
differ. Deletion of Y1133, the analogous position of NBD1 residue ΔY490 in NBD2 also reduces trafficking of
ABCB1. Propafenone analogue GP031 restores surface expression of ΔY1133 and ΔY490 in a dose dependent
manner, while the asymmetric binding properties of cis-(Z)-flupentixol (Dey et al, Biochemistry 2012) are reflected
by different rescue characteristics of these mutants.
Supported by a grant from the FWF (SFB35, project parts 3509 and 3502)

PP-73 Pneumococcal surface adhesin A (PsaA): elucidating metal ion binding
selectivity and molecular method of action.
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Streptococcus pneumoniae is one of the world’s most foremost pathogenic bacteria, responsible for more than 1.1
million deaths worldwide in children under 5 resulting from bacterial pneumonia. Manganese (Mn) is needed for
pneumococcal virulence and is acquired through binding to pneumococcal surface adhesin A (PsaA) and
translocation through further action with the ABC transporter, the PsaBC complex. PsaA has been previously found
to bind irreversibly to Zn in vivo, although the relative abundance of Zn is 300 fold higher than Mn, PsaA has a
much greater affinity for Mn than any other bioavailable metal. Utilising a site directed spin labelling (SDSL)
approach in combination with pulsed electron paramagnetic resonance, is it possible to determine distances
between two EPR active centers of between 2-8 nm. It is thought[1] that the binding of Mn or Zn causes a closing
of two protein lobes around the metal binding site, through an uncoiling of the linking helix. The extent of this
uncoiling is dependant on the coordination of the metal ion, with Mn there is suboptimal coordination leading to a
minor, reversible uncoiling of the linking helix. Whereas Zn is bound optimally in a tetrahedral state, thought to
cause a larger, irreversible uncoiling of the linker and resulting in an irreversible binding. The pulsed-electron
double resonance (PELDOR) data of the PsaA L56C-I236C double mutant shows distinct differences in the
distance between the spin labels, from the apo-state, upon addition of Zn or Mn. The apo-state distance (~3.7 nm)
is distinct from the Mn-bound (~3.3 nm) and further distinct from the shorter distance of the Zn-bound (~3.0 nm).
However the Zn-bound form shows two separate populations of spin-label distance (~3.0 and ~3.5 nm), further
work with computational simulations may start to explain this.
1. R. M. Counago, M. P. Ween, S. L. Begg, M. Bajaj, J. Zuegg, M. L. O’mara, M. A. Cooper, A. G. McEwan, J.
C.Paton, B. Kobe, C. A. McDevitt, Nat. Chem. Bio. 2013, DOI: 10.1038/NCHEMBIO.13821.
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PP-74 Deciphering the structure of LeuTAa employing Luminescence
Resonance Energy Transfer (LRET)
1

1

1

1

Azmat Sohail , Kumaresan Jayaraman , Santoshkannan Venkatesan , Oliver Kudlacek , Peggy S.
2
3
1
4
1
Bergner , Gerhard Ecker , Michael Freissmuth , Klaus Wanner , Thomas Stockner , Walter
1
1
Sandtner , Harald H. Sitte
1

Medical University of Vienna, Austria
Research Institute of Molecular Pathology, Campus Vienna Biocenter, 1030 Vienna, Austria
3
Department of Medicinal Chemistry, University of Vienna, 1090 Vienna, Austria
4
Department of Pharmacy, Center of Drug Research Ludwig-Maximilians-University Munich, D-81377 Munich,
Germany
2

Background: LeuTAa is a bacterial orthologue of Neurotransmitter sodium symporters (NSS). NSS are located
in the brain and retrieve neurotransmitters from the synaptic cleft to end synaptic transmission. LeuTAa has a
very close kinship to Solute carrier class six proteins (SLC6) family of proteins in terms of its structure and
function. Due to this close kinship with SLC6 proteins, LeuTAa serves as a structural and functional paradigm
for these transporters. SCLC6 are of great pharmacological importance in terms of their localization and
function. The crystal structures LeuTAa, in open to outward, occluded and open to inward conformations has
been resolved with high resolution (Krishnamurthy et al., 2012).
Methods: We use the Lanthanide based resonance energy transfer (LRET) technique to address the
dynamicity of the substrate transport cycle in LeuTAa. This method is a spin-off of the fluorescence resonance
energy transfer (FRET). We employ LRET by introducing the genetically encoded lanthanide binding tags
(LBT) as donor element. Exogenously introduced cysteine residues via site directed mutagenesis, labeled with
cysteine specific fluorophores serve as acceptor elements. Different distant dependent LRET Donor-Acceptor
pairs help us to measure the LRET distances lying within them. This technique has been implicated
successfully to examine potassium channels.(Cha et al., 1999)
Results: We screened for the functional LBT_mutants using the scintillation proximity assay. The
LeuT_A335-LBT-G336 mutant displayed its function in terms of its binding activity comparable to the wild type
LeuTAa. Within this background, we generated different LRET pairs by introducing cysteines at different
positions. To date, we have successfully measured the intramolecular distances in different LBT_LeuT_Cys
mutants. Furthermore, we observed intramolecular distance changes from these purified proteins in detergent
micelles. Along these lines we are successfully carrying out LRET measurements of LeuTAa reconstituted in
POPC liposomes, a neutrally charged lipid environment.
Discussion: Our LRET measurements will help us to understand the transport cycle and also to complete the
missing steps in substrate transport cycle of LeuTAa. Currently, we focus on the reconstitution of purified
LeuTAa into liposomes and have our LRET measurements in a reconstituted system that allows us to have
more physiological ionic gradient environment.
References: Cha A, Snyder GE, Selvin PR, Bezanilla F (1999). Atomic scale movement of the voltagesensing region in a potassium channel measured via spectroscopy. Nature 402: 809-813. Krishnamurthy H,
Gouaux E (2012). X-ray structures of LeuT in substrate-free outward-open and apo inward-open states.
Nature 481: 469-474.
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PP-75 Absence of BSEP/ABCB11 protects from cholestatic liver injury in
mice
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Background: Cholestasis is characterized as intrahepatic accumulation of potentially cytotoxic bile acids which
subsequently leads to liver injury reflected by disruption of hepatocellular integrity, inflammation, fibrosis,
cirrhosis and increased risk for development of cancer. Bile salt export pump (BSEP/ABCB11) is the main
canalicular bile acid (BA) transporter and therefore the rate limiting step for hepatobiliary BA secretion. In this
study we aim to investigate the role of BSEP/ABCB11 in development of cholestatic liver injury
Methods: Wildtype (WT) and ABCB11 knockout (KO) mice were subjected to common bile duct ligation
(CBDL) to induce cholestasis. Liver RNA profile analysis was performed by RT-PCR. BA transporter
expression was also assessed at protein levels by western blots. Serum biochemistry, hepatic TG, BA
content/composition as well as liver histology were assessed.
Results: In contrast to WT mice, mice lacking ABCB11 did not show liver injury after 7 days of CBDL reflected
by unchanged serum levels of liver transaminases (ALT, AST), alkaline phosphatase, total cholesterol and BA,
whereas WT mice subjected to CBDL showed pronounced cholestatic liver injury. Notably, ABCB11 KO mice
where protected from BDL-induced inflammation (reflected by unchanged mRNA levels of F4/80 and MCP1)
and fibrosis (reflected by liver histology and unchanged mRNA levels of Col1a1 and Col1a2 as well as aSMA
protein levels) while WT animals displayed significant up-regulation of both inflammatory and fibrotic markers.
Interestingly, poly-hydroxylated BAs (PHBA) in liver were 4fold increased in ABCB11 KO mice after CBDL
when compared to cholestatic WT mice (p<0,01). In line, mRNA expression of Cyp2b10, the downstream
target of CAR – a nuclear receptor regulating BA detoxification and basolateral excretion pathways, and
known to be activated via PHBA – was increased in ABCB11 KO mice after CBDL. Protein levels of BA
transporters such as NTCP, OATP (sinusoidal uptake) and MRP2 (canalicular export) were reduced in WT
and increased in ABCB11 KO mice under cholestatic conditions.
Conclusion: Changes in BA metabolism which favor detoxification of potentially toxic BAs protect ABCB11 KO
mice from development of cholestatic liver injury. Therefore, PHBAs may open a new therapeutic avenue
against cholestatic injury and progress to more advanced stages of liver disease.
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PP-76 In Vitro hepatocyte-Kupffer-cell coculture system – Changes in
hepatobiliary transport activity
Attila Bátai-Konczos, Zsuzsanna Veres, Mónika Szabó, Katalin Jemnitz
Hungarian Academy of Sciences - Research Centre for Natural Sciences, Hungary
Hepatocyte monocultures are widely used models to assess the toxic and pharmacologic effects of drugs and
other xenobiotics on the liver. In the case of nanoparticles (NP) these in vitro systems have only limited use
however. Because of the unique features that NPs exhibit, they often interact with other cell types, especially
the Kupffer-cells, the resident tissue macrophages of the liver. These immune cells are responsible for proand anti-inflammatory responses and for tissue repair as well. Through mediators they can also influence the
metabolic activity of the liver. Nanoparticles can be similar in size and charge to the bacterial cells that
macrophages can take up with phagocytic activity. With the accumulation of xenobiotic molecules the Kupffercells are activated and alter some of the metabolic activities of the hepatocytes, thus changing the functional
behavior of the liver. The goal of our research project is to elaborate and standardize an in vitro cell culture
system in which these specific effects of the macrophages can be observed. In this study we aimed to
evaluate the changes in some hepatobiliary uptake and efflux transport processes of hepatocytes in the
presence of Kupffer-cells. Bilirubin for Oatp1a4/Slco1a4, Mrp2/Abcc2 and Mrp3/Abcc3 and the bile salt
thaurocolic acid for Ntcp/Slc10a1 and Bsep/Abcb11 were used as endogen model substrates.
Lipopolysaccharide (LPS) was applied to activate the macrophages. Macrophage activation was inhibited by
the administration of dexamethasone. The cell ratios were: a hepatocyte/Kupffer 6/1 for the physiological,
while the 2/1 ratio for the inflamed state. Both the sinusoidal and canalicular efflux of bilirubin were reduced in
the presence of Kupffer-cells. The uptake processes however were not changed significantly which resulted in
the intracellular accumulation of the bile pigment. Elevated macrophage ratio and LPS treatment halved the
efflux transport activity compared to control levels. In case of thaurocolic acid a reversed influence could be
observed. A slight increase could be seen both in the uptake and efflux activities in cocultures containing the
Kupffer cells in physiological ratio compared to that in hepatocyte monocultures. Elevation of the macrophage
cell number to 2/1 resulted in a two-fold uptake and efflux rate compared to the activity of hepatocytes in
monoculture. The LPS treatment did not change the efflux significantly while the uptake was increased, so the
cellular accumulation of taurocholate markedly increased. Our results affirm that macrophage activation might
significantly influence liver functions such as the hepatobiliary transport processes in hepatocytes. After the
standardization of hepatocyte activities in Kupffer-cell containing cocultures, this model will provide an
excellent tool for assessing whether a nanoparticle will have any unexpected effect on liver functions.
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Canalicular bile formation is maintained by an elaborate array of ABC-transporters and requires BSEP, MDR3
(or ABCB4) and ABCG5/G8. Dysfunctions in the biliary cholesterol–bile salt–phospholipid secretion (e.g. an
increased ratio of cholesterol to bile salts or phospholipids) lead to cholestasis or result in cholesterol
crystallization followed by cholelithiasis. The aim of this project is to test the hypothesis that some drugs may
induce cholestatic liver disease by specifically interfering with biliary lipid secretion and to identify such
inhibitors/stimulators. To this end we developed a cell-based and polarized model system consisting of stably
transfected LLC-PK1 cell lines (overexpressing human NTCP, BSEP, ABCB4 and ABCG5/G8) cultured in the
®
®
Transwell system. In the Transwell system cells grown on the filter are polar, i.e. the basolateral membrane
faces the lower compartment and the apical membrane faces the upper compartment. Our cells expressing
3
the respective carriers display a vectorial transport of bile salts ( H-taurocholate) from the basolateral to the
apical compartment and an increased efflux of endogenous phosphatidylcholine and fluorescently labelled or
NBD-PC to the apical compartment. Currently, we are at the stage of testing the effect of candidate drugs on
lipid secretion by applying the generated model. First experiments demonstrate that the antimycotic agent
itraconazole inhibits phosphatidylcholine secretion into the apical compartment. Taking this result together with
3
the vectorial transport of H-taurocholate, we have successfully established an in vitro model for canalicular
bile salts and lipid secretion. Consequently, we plan to use this model to characterize the effect of additional
drugs (eg. amoxicillin and clavulanic acid) suspected to interfere with canalicular bile salts and lipid
transporters. This knowledge will help us to better understand the relation between drugs and cholestasis and
may help to identify potential therapeutical agents for gallstone disease.

PP-78 Variation of the detergent-binding capacity and phospholipid content
of membrane transport proteins when purified in different detergents
Hüseyin Ilgü, Jean-Marc Jeckelmann, María Salomé Gachet, Rajendra Boggavarapu, Zöhre
Ucurum, Jürg Gertsch, Dimitrios Fotiadis
University of Bern, Switzerland
Purified membrane proteins are ternary complexes consisting of protein, lipid, and detergent. Information
about the amounts of detergent and endogenous phospholipid molecules bound to purified membrane
proteins is largely lacking. In this systematic study, three model membrane proteins of different oligomeric
states were purified in nine different detergents at commonly used concentrations and characterized
biochemically and biophysically. Detergent-binding capacities and phospholipid contents of the model proteins
were determined and compared. The insights on ternary complexes obtained from the experimental results,
when put into a general context, are summarized as follows. 1), The amount of detergent and 2) the amount of
endogenous phospholipids bound to purified membrane proteins are dependent on the size of the hydrophobic
lipid-accessible protein surface areas and the physicochemical properties of the detergents used. 3), The size
of the detergent and lipid belt surrounding the hydrophobic lipid-accessible surface of purified membrane
proteins can be tuned by the appropriate choice of detergent. 4), The detergents n-nonyl-β-D-glucopyranoside
and Cymal-5 have exceptional delipidating effects on ternary complexes. 5), The types of endogenous
phospholipids bound to membrane proteins can vary depending on the detergent used for solubilization and
purification. 6), Furthermore, we demonstrate that size-exclusion chromatography can be a suitable method
for estimating the molecular mass of ternary complexes. The findings presented suggest a strategy to control
and tune the numbers of detergent and endogenous phospholipid molecules bound to membrane proteins.
These two parameters are potentially important for the successul crystallization of membrane proteins for
structure determination by crystallographic approaches.
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PP-79 A trans-inhibition modulator of antigen translocation evolved from a
frameshift in the cowpox virus genome
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Coevolution of viruses and their hosts represents a dynamic molecular battle between the immune system and
an arsenal of viral factors that mediate immune evasion. Cytotoxic T lymphocytes can clear virus infected cells
by recognizing antigenic peptide epitopes displayed on MHC class I molecules at the cell surface. The
heterodimeric transporter associated with antigen processing (TAP) fulfills the crucial task of antigen
translocation into the endoplasmic reticulum (ER) lumen, where peptides are loaded onto MHC I molecules. In
light of its important role, this ABC transport complex is a prime target for viral inhibition. After the
abandonment smallpox vaccination, cowpox virus infections are an emerging zoonotic health threat. Here we
delineate the mechanistic basis of how cowpox viral CPXV012 interferes with MHC class I antigen processing.
This type II membrane protein inhibits ATP binding and hydrolysis of the antigen translocation complex TAP at
a step after peptide binding and a subsequently induced conformational change. This arrest is mediated by a
short ER-lumenal fragment of CPXV012, which results from a frameshift in the cowpox virus genome.
Tethered to the ER membrane, this fragment mimics high local peptide concentration in the ER, thus
provoking a trans-inhibition of antigen translocation as supply for MHC I loading. These findings illuminate the
evolution of viral immune modulators and the basis of a fine-balanced regulation of antigen processing.
The German Research Foundation (SFB 807–Transport and Communication across Biological Membranes to
R.T.) and the European Drug Initiative on Channels and Transporters (EDICT to R.T.) funded by the European
Commission Seventh Framework Program supported this work.
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The fluoroquinolone antibiotic ciprofloxacin possesses a broad spectrum of activity against gram-negative and
gram-positive bacteria. The major route of ciprofloxacin elimination from the body is via the kidneys and
ciprofloxacin is frequently used for the treatment of urinary tract infections. Distribution of ciprofloxacin across
tissue membranes has been shown to be influenced by different members of the adenosine-triphosphate
binding cassette (ABC) and solute carrier (SLC) transporter families. Ciprofloxacin disposition may therefore
be vulnerable to transporter-mediated drug-drug interactions which may lead to loss of efficacy or side effects.
In this study we used positron emission tomography (PET) imaging with fluorine-18-labelled ciprofloxacin
18
([ F]ciprofloxacin) to assess the interaction between ciprofloxacin and the multidrug resistance protein (MRP,
18
ABCC) inhibitor MK571 in vivo in FVB mice. Biodistribution of intravenously administered [ F]ciprofloxacin in
mice was characterized by high radioactivity uptake in the liver, gall bladder, intestine, kidney and urinary
18
bladder. Pretreatment of mice (n=4) with MK571 (300 mg/kg, i.p., 30 min before injection of [ F]ciprofloxacin)
18
resulted in a marked reduction of [ F]ciprofloxacin concentration in the urinary bladder (mean area-under the
18
curve from 0-90 min (AUC0-90) after [ F]ciprofloxacin injection: 57±47 vs. 2056±1473 min, p=0.03, Student’s t18
test). In addition maximum uptake of [ F]ciprofloxacin in the kidney was significantly reduced after MK571
pretreatment (5.2±2.4 SUV at 13.1±14.8 min vs. 10.1±1.4 SUV at 5.9±3.4 min, p=0.013). Kinetic analysis of
1
PET data using the integration plot method indicated that MK571 pretreatment significantly decreases the
18
kidney brush-border efflux clearance (CLint,urine,kidney) of [ F]ciprofloxacin (0.02±0.1 vs. 18.1±9.8 mL/min/kg,
18
p=0.03). In addition, the uptake clearance of [ F]ciprofloxacin from blood into kidney (CLuptake,kidney) was
decreased (36.1±27.6 vs. 79.4±26.9 ml/min/kg, p=0.07). Our data suggest that MK571 affects renal excretion
18
of [ F]ciprofloxacin via two different mechanisms, i.e. by inhibition of uptake transporters located at the
basolateral membrane (e.g. OAT3) and by inhibition of efflux transporters located at the apical membrane (e.g.
MRPs) of kidney proximal tubule cells. Further studies to elucidate the specifically involved transporter
proteins are currently ongoing. References:
1

Kim DC, Sugiyama Y, Satoh H, Fuwa T, Iga T, Hanano M. Kinetic analysis of in vivo receptor-dependent
binding of human epidermal growth factor by rat tissues. J Pharm Sci. Mar 1988;77(3):200-207.
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Transporter Monomers and Oligomers in the Live Cell Plasma Membrane
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The human serotonin transporter (hSERT) is responsible for the termination of synaptic serotonergic signaling.
The formation of dimers of SERT in the plasma membrane 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 and decipher the
exact configuration of the oligomerization states; additionally, biochemical methods do not take the influence
of the membrane environment into account. Here we used single molecule fluorescence microscopy to obtain
the oligomerization state of SERT via brightness analysis of single diffraction limited fluorescent spots. 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. Heterologously expressed SERT was
labeled either with the fluorescent cocaine derivate JHC 1-64, or via fusion to mGFP. We found a variety of
oligomerization states of membrane-associated transporters, revealing molecular associations at least up to
pentamers and demonstrating the coexistence of different degrees of oligomerization in a single cell; the data
is in agreement with a linear aggregation model. The oligomerization was found to be independent of SERT
surface density, indicating a stable interaction of the subunits. Therefore, we developed a special bleaching
protocol to decipher the interaction kinetics of SERT oligomers; the complexes remained stable over several
minutes in the live cell plasma membrane. Together, the results indicate kinetic trapping of preformed SERT
oligomers at the plasma membrane. Indeed, by evaluating the oligomerization of SERT in the endoplasmic
reticulum we show that the oligomerization process is chemically equilibrated at ER membranes; after
trafficking to the plasma membrane, the SERT stoichiometry remains fixed.

PP-82 Modulation of endocannabinoid membrane trafficking: what is new in
the toolbox?
Andrea Chicca, Simon Nicolussi, Stefanie Hofer, Vanessa Petrucci, Juerg Gertsch
University of Bern, Switzerland
Endocannabinoids (ECs) are key lipid mediators in different physiological and pathological conditions both in
the CNS and periphery. By definition, ECs are arachidonic acid-derived endogenous molecules which activate
primarily CB1 and/or CB2 receptors. The effects of ECs are regulated by cellular biosynthesis, release,
reuptake, trafficking and enyzmatic metabolism. Unlike the clear knowledge about the biosynthetic and
metabolic pathways, the mechanism of cell membrane trafficking is not yet elucidated. Although the
identification of the putative endocannabinoid membrane transporter (EMT) remains still elusive, the best
experimentally supported theory relies on a passive membrane transporter-mediated mechanism. Within the
NCCR TransCure we study the mechanism of EC trafficking across cell membrane and the identification of the
putative EMT. Recently, we have shown that all ECs compete for the same EMT independently of their
intracellular fate (trafficking and enzymatic inactivation) (Chicca at al., 2012). We have generated a hydrolysisresistant fluorescent analogue of an endocannabinoid which properties were analyzed by calssical
radioactivity-based and analytical methods and real-time fluorescent flow cytometry. The results show that our
novel tool compound possesses the same biochemical features as an endocannabinoid in term of CB receptor
binding, cellular uptake and trafficking, thus allowing us to monitor uptake and efflux kinetics in different cell
types within complex matrices.
Reference:
Chicca A, Marazzi J, Nicolussi S, Gertsch J. Evidence for bidirectional endocannabinoid transport across cell
membranes. J Biol Chem (2012) 287: 34660-82.
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homologues derived from pathogenic bacteria
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Rapidly spreading multiple antibiotic resistances require new approaches for the screening of drug targets.
Although periplasmic enzymes of bacterial cell wall biosynthesis are among the most classical targets, drugs
directed against the membrane integrated pathway are still very rare. The basic bottleneck is the expression of
larger polytopic integral membrane proteins in conventional cellular expression systems, thus restricting their
availability for biochemical characterization. A key enzyme catalysing the first membrane bound step of cell
wall biosynthesis by transferring uridine monophosphate-N-acetyl-muramoyl-pentapeptide onto the carrier
undecaprenyl phosphate (C55-P) is the integral membrane protein MraY. Numerous attempts to produce
MraY homologues from human pathogens in classical cellular expression systems have failed so far.
We were successful in developing efficient cell-free expression protocols for the preparative scale production
of MraY homologues including homologues of pathogenic bacteria with emerging antibiotic resistances such
as Mycobacterium tuberculosis, Helicobacter pylori and Bordetella pertussis. The expression efficiency was in
particular dependent on the design of the mRNA and on optimization of the initiation of translation. The quality
of the synthesized enzymes was modulated (i) by modifying the hydrophobic environment for co-translational
solubilization with detergents, surfactants or supplied membranes, (ii) by selecting conditions for the posttranslational solubilization with detergents, detergent/lipid mixtures or amphipols and (iii) by systematic
screening of the lipid composition in provided preformed nanodiscs . The specific activity of the produced
MraY samples was determined by in vitro lipid-I formation. We demonstrate that the cell-free expression
strategies as well as the optimal co- or post-translational solubilization conditions are specific to the individual
MraY translocase homologues. MraY of the non-pathogenic Bacillus subtilis can be synthesized as stable
enzyme with high specific activity in a variety of different conditions implementing detergents or lipids. In
contrast, the functional folding of pathogenic MraY homologues was inhibited by detergents and high quality
protein samples could only be produced in presence of specific lipids. E. coli, H. pylori, and B. pertussis MraY
only exhibited high activity if co-translationally inserted into nanodiscs composed of lipids with charged
headgroups. Moreover, M. tuberculosis MraY activity could only be observed when expressed in presence of
nanodiscs composed of highly specific lipid mixtures. These findings indicate a high dependency of MraY
functional folding on the natural lipid composition of the host cells and they demonstrate for the first time the
synergies of cell-free expression and nanoparticle technologies for identifying environmental impacts on the
functional folding of pharmaceutically relevant membrane proteins.
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Glutamate homeostasis is maintained through uptake of glutamate by the excitatory amino acid transporters
(EAAT’s). Crystal structures of an archeal homologue of the mammalian glutamate transporter published in
various states serves as a template to study the structure function relationship in the EAATs. In this study we
have used an intergrated approach combing Lanthanide resonance energy transfer (LRET) with steered
molecular dynamics (SMD) simulations to explore substrate translocation in the aspartate transporter (GltPh)
and have complemented our key findings using biochemical studies. Multiple extended (0.3 µs) SMD
simulations of membrane embedded trimeric GltPh revealed the existence of an intermediate state during the
transition between the outward facing and the inward facing state. Correlation analyses of the global motion
showed that two local changes played a key role in the transition between states. The first involved the change
in side chain dihedral angle of T308 from the trans to the gauche state and formation of the transient Na2
binding site. The second local change involved destabilization of the ionic interaction network at the
cytoplasmic side of the transporter. Uptake experiments in reconstituted proteoliposomes showed that
mutating residue T308, which is proposed to be involved in the maturation of the Na2 binding site, increased
the Km and reduced the Hill coefficient for sodium. Generality of this finding was tested by mutations of the
corresponding residue in human EAAT3. We observed a similarly increased Km, suggesting a shared function
of the conserved threonine. These results provide computational and biochemical evidence for the existence
of Na2 binding site, highlight the importance of a gatekeeper interaction network in the cytoplasmic side and
characterize their role for the global conformational shift. Site directed mutagenesis was used to insert
genetically encoded lanthanide binding tags (LBT) and also cysteines which act as fluorophore docking sites
to perform LRET based distance measurements, thus generated LBT mutants were expressed and purified.
The distance measurements made with LRET were compatible with the distances observed in the crystal
structure. Efforts are being made to perform the distance measurements in reconstituted proteins in
proteoliposomes.
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trafficking of the renal betaine-GABA transporter 1 during hypertonic stress
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The kidney inner medulla is a challenging environment for cells, especially during antidiuresis when high
concentrations of NaCl and urea are present [1]. One important requirement for survival is to balance the
osmotic stress by intracellular accumulation of organic osmolytes that do not disturb normal cell functions [2].
Betaine is such an osmolyte and cell uptake is mediated by the Betaine-GABA Transporter1 (BGT1,
SLC6A12), which belongs to the SLC6 transporter family [3]. Although the apparent affinity of BGT1 for GABA
is at least 4-fold greater than for betaine, the primary substrate for renal BGT1 is betaine. In the present study,
several potential PKC phosphorylation sites on BGT1 were mutated and the responses to the PKC activators
DOG and PMA were determined. In wildtype BGT1 (wt-BGT1)-expressing oocytes, GABA-mediated currents
were diminished by preincubation of the oocytes with 100 nM PMA or 5 µM DOG, while application of
staurosporine, which is an inhibitor of PKC, prior to application of DOG restored the response to GABA. Three
mutants (T235A, S428A, and S564A) evoked GABA currents comparable in magnitude to the currents
observed in wt-BGT1-expressing oocytes, whereas GABA currents in T40A were barely detectable. Uptake of
3
[ H]GABA was also determined in HEK293 cells expressing EGFP-tagged BGT1 with the same mutations.
T235A, S428A, and S564A showed up-regulation of GABA uptake after hypertonic stress and down-regulation
by PMA similar to EGFP-wt-BGT1. In contrast T40A did not respond to either hypertonicity or PMA. Confocal
microscopy of the EGFP-BGT1 mutants expressed in MDCK cells revealed that T40A was present in
cytoplasm after 24 hours of hypertonic stress while the other mutants and EGFP-wt-BGT1 were in the plasma
membrane. All mutants, including T40A, co-migrated with wt-BGT1 on Western blots suggesting that they are
full-length proteins. T40A, however, cannot be phosphorylated as revealed using a specific anti-phospho
antibody and therefore T40 may be important for trafficking and insertion of BGT1 in the plasma membrane.
[1] Kwon MS et al., Physiology 24: 186-191, 2009.
[2] Burg MB et al., J Biol Chem 283: 7309-7313, 2008.
[3] Rudnick G, et al., Pflügers Arch – Eur J Physiol 466: 25-42, 2014.

PP-86 Moving ions across membranes
David Wöhlert, Özkan Yildiz, Werner Kühlbrandt
Max-Planck-Institute of Biophysics Dept.: Structural Biology, Germany
Membrane proteins are essential to transport molecules across biological membranes. This gateway task
makes them important drug targets. About 60% of all approved drugs target membrane proteins (1). Transport
of ions across membranes is essential for every cell to maintain physiological salt concentrations and to keep
+ +
pH homeostasis. Na /H -Exchangers play a key role in this process. Therefore these secondary transporters
+ +
can be found in all kingdoms of life (2). Na /H -Exchangers are involved in the development of diseases like
epilepsy (3), heart failure (4) and hypertension (5). To understand their way of function, detailed structural and
+ +
functional information are needed to be able to sketch a mechanism for Na /H -Exchangers, which could
+ +
guide drug development. We report crystal structures of an archeal Na /H -Antiporter in a substrate-boundstate, substrate-free-state, at low and high pH. These data provide a unique view on the substrate-binding site
+ +
of Na /H -Antiporters and the CPA1-family of Cation-Proton-Antiporters in general.
1. M. A. Yildirim, K. I. Goh, M. E. Cusick, A. L. Barabasi, M. Vidal, Drug-target network. Nat Biotechnol 25,
1119 (Oct, 2007).
2. C. L. Brett, M. Donowitz, R. Rao, Evolutionary origins of eukaryotic sodium/proton exchangers. Am J
Physiol Cell Physiol 288, C223 (Feb, 2005).
3. A. Ali, F. J. Ahmad, Y. Dua, K. K. Pillai, D. Vohora, Seizures and sodium hydrogen exchangers: potential of
sodium hydrogen exchanger inhibitors as novel anticonvulsants. CNS Neurol Disord Drug Targets 7, 343 (Oct,
2008).
4. K. Morris, Targeting the myocardial sodium-hydrogen exchange for treatment of heart failure. Expert Opin
Ther Targets 6, 291 (Jun, 2002).
5. I. A. Bobulescu, F. Di Sole, O. W. Moe, Na+/H+ exchangers: physiology and link to hypertension and organ
ischemia. Curr Opin Nephrol Hypertens 14, 485 (Sep, 2005).
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PP-87 The sodium/proton exchanger NHA2 is a novel regulator of sodium
and calcium homeostasis in the distal convoluted tubule
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NHA2 is a recently cloned sodium/hydrogen exchanger present in all metazoan genomes with unknown
biological function. Due to chromosomal localization, tissue distribution and inhibitor characteristics, NHA2 is
believed to be the long sought sodium/lithium countertransporter, which was epidemiologically linked to the
pathogenesis of diabetes mellitus and essential hypertension. We recently demonstrated that NHA2 is critical
for insulin secretion in β–cells (Deisl et al., PNAS 2013). Here we find that NHA2 is expressed in distal
convoluted tubules of mice and humans, a tubular segment that is paramount for the regulation of sodium,
calcium and blood pressure homeostasis. To test the physiological role of NHA2 in the kidney, we performed
telemetric blood pressure measurements and metabolic balance studies in NHA2 WT and KO mice. NHA2
was dispensable for the renal adaptation to acute metabolic acidosis and water deprivation. Blood pressure,
however, was lower in NHA2 KO mice compared to WT mice under high sodium diet, but not under low
sodium diet. In addition, NHA2 KO mice exhibited normocalcemic hypocalciuria with lower plasma PTH levels
while 1, 25-OH Vitamin D3 levels remained unaltered. Interestingly, immunoblotting of kidney tissue lysates
revealed significantly reduced phosphorylation of the thiazide-sensitive sodium/chloride co-transporter (NCC),
mutated in Gitelman’s syndrome, in the distal convoluted tubules of NHA2 KO mice. Similarly, phosphorylation
of the SPS1-related proline/alanine-rich kinase (SPAK), the kinase responsible for NCC phosphorylation, was
markedly reduced in kidney lysates of KO mice, compared with WT mice. In line with these findings, NHA2 KO
mice exhibit a reduced natriuretic response to hydrochlorothiazide compared to WT mice.
Thus, in summary, our data reveal the sodium/hydrogen exchanger NHA2 as a novel regulator of calcium,
sodium and blood pressure homeostasis in the distal convoluted tubule of the kidney.

PP-88 Force spectroscopy reveals allosteric binding sites in the serotonin
transporter
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3
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Program, National Institute on Drug Abuse, Baltimore, Maryland 21224, USA
4
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2

The serotonin transporter (SERT) shapes serotonergic neurotransmission by retrieving serotonin from the
synaptic cleft, thus replenishing the presynaptic stores. SERT is a member of the neurotransmitter/sodium
symporter (NSS) family and a target of antidepressants and illicit drugs. Because SERT is refractory to
crystallographic analysis, structural models of SERT rely on crystal structures of homologues, i.e. bacterial
LeuTAa, and more recently, Drosophila DATcryst. This approach is limited by sequence divergence. Specific
ligands of SERT, for instance, bind poorly to LeuTAa or DAT. There is controversy about the number of ligand
binding sites in NSS. Several studies provide evidence of two sites, i.e. a central S1-site occupied by the
substrate in the occluded state and a second S2-site, located within the extracellular vestibule, but this has
been questioned: S1 has been proposed to account exclusively for high-affinity binding of inhibitors and the
substrate. Here, we used atomic force microscopy (AFM) based single molecule recognition force
spectroscopy (SMRFS) to directly measure the interaction forces between SERT and citalopram (CIT), an
antidepressant. For both of the S- and R-enantiomers of CIT, two distinct populations of binding strengths
+
+
were revealed in Na -containing buffer with SERT. In contrast, in Li -containing buffer, SERT only showed low
force interactions. Conversely, the vestibular mutant SERT-G402H merely displayed the high force population.
These observations document the existence of both a central and a vestibular binding site in SERT when
accessed in a physiological context. These two distinct binding sites can be individually addressed. From
competition experiments performed by addition of free S- or R-CIT at saturating conditions (30 µM), it was
found that the binding strength at the S2 site was enhanced for S-CIT by binding of S-CIT at the central S1
site, which indicates a positive allosteric effect. However, binding of R-CIT to the S1 site reduced the binding
strength of the S-CIT at the S2 site, which implies a negative allosteric effect. The presence of such
reciprocally modulated binding sites has repercussions for drug development.
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