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Plenary Lecture 1
PL-01 Molecular Mechanisms of Ion-Coupled Conformational Dynamics in
Secondary Transporters
0

0

1

Sergei Noskov , Chunfeng Zhao , Bogdan Lev , Hristina Zhekova
1
0

0

Royal Melbourne Institute of Technology (RMIT), Australia
University of Calgary, Canada

Ion coupled secondary transporters play diverse roles in all kingdoms of life ranging from neurotransmission
+
termination by Na -dependent reuptake of released neurotransmitters to nutrient and osmolyte transport.
Several independent studies suggest that in spite of obvious difference in sequence, these molecular
machines operate under some unifying mechanistic principles. For instance, number of previous studies
+
suggested that Na -binding reconfigures dynamically-coupled structural elements in an allosteric interaction
network (AIN) responsible for function-related conformational changes, but the intramolecular pathway of this
mechanism has remained uncharted. We describe a new approach for the modeling and analysis of
intramolecular dynamics applied to a number of secondary transporters based on a combination of
microsecond-time scale MD simulations and free energy sampling using string method. We will discuss
convergence of the free energy estimates for ion-coupled conformational dynamics as well as contrast our
current findings in Mhp1 and LeuT transproters to cognate experimental verifications. Arguably, we are in the
position to connect free energy surface sampled by molecular simulations perturbed by ion binding to global
conformational changes that are critical for the transport mechanism.
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Plenary Lecture 2
PL-02 Na+/H+ exchangers link endosomal pH to neurological disorders:
insights from yeast to human
Rajini Rao
Johns Hopkins University, United States
Endosomal pH is precisely tuned by a combination of inward proton pumping through V-ATPase and outward
+ +
+
proton leak via endosomal Na (K )/H exchangers (eNHE); both mechanisms that are evolutionarily conserved
from yeast to plants, fruit fly and mammals. An imbalance in the pump and leak pathways results in
hyperacidification or alkalization of the endosomal lumen. In the budding yeast S. cerevisiae, deletion of the
eNHE ortholog Nhx1/Vps44 leads to enlargement of endosomal compartments, enhanced proteolysis of
chaperone proteins, and profound deficiencies in protein sorting and lysosomal cargo delivery. These
trafficking defects are mimicked by weak acids, or corrected in nhx1D mutants with weak base. In a genomewide analysis of vacuolar pH in ~4,600 yeast null mutants, we observed a link between luminal pH and vesicle
trafficking. However, in neurons, although the contribution of V-ATPase in acidification of endolysosomal
compartments is well established, the role of eNHE remains largely unexplored. In recent years, endosomal
+ +
Na /H exchangers NHE6 and NHE9 have been implicated in a growing list of neurological disorders, ranging
from autism to Alzheimer Disease. Mutations in NHE6 cause Christianson’s syndrome, characterized by
severe developmental delay, autism, ataxia, epilepsy and microcephaly in males. Genetic analysis and GWAS
point to the association of NHE9 with autism, attention deficit hyperactivity disorder and late onset Alzheimer
disease. Both isoforms have distinct but overlapping distribution in early and recycling endosomes, suggesting
similar but non-redundant cellular roles. We show that loss of function mutations or downregulation of eNHE
expression leads to hyperacidic endosomes, resulting in decreased expression of cell surface receptors and
neurotransmitter transporters in astrocytes. Furthermore, acidic endosomes promoted amyloidogenic cleavage
of the amyloid precursor protein, consistent with a role in the etiology of Alzheimer’s disease. In contrast,
overexpression of NHE9 in glioblastoma is associated with poor patient survival prognosis and resistance to
chemoradiation therapy. Our studies show that alkalinization of endosomal lumen by deregulated NHE9
activity promotes membrane persistence of the epidermal growth factor receptor, EGFR, to sustain and
prolong downstream oncogenic signaling. Thus the eNHE exert inside-out control over cell membrane activity
and signaling and are emerging drug targets for multiple neurological disorders.
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Plenary Lecture 3
PL-03 Mechanism of the polyspecificity of the multidrug ABC transporter Pglycoprotein
Suresh Ambudkar
National Cancer Institute, NIH, USA
The human ATP-binding cassette (ABC) transporters, ABCB1 (P-glycoprotein, P-gp), ABCG2 and ABCC1 are
drug efflux pumps that transport cytotoxic anticancer agents, thereby conferring resistance to
chemotherapeutic agents in most cancers. One of the most important features of ABC drug transporters,
including P-gp, is their ability to recognize a variety of chemically dissimilar hydrophobic or amphipathic
compounds. We employed site-directed mutagenesis, cell- and membrane-based assays, molecular modeling
and docking to elucidate the molecular basis of the promiscuous nature of P-gp. We generated single, double
and triple mutants with substitutions of several residues at the proposed drug-binding site with cys in a cysless
P-gp, and expressed them in insect and mammalian cells using a baculovirus expression system. All the
mutant proteins were expressed at the cell surface to the same extent as the cysless wild-type P-gp. With
substitution of three residues of the pocket (Y307, Q725 and V982) with cysteine in a cysless P-gp, QZ59SSSS, cyclosporine A, tariquidar, and valinomycin lose the ability to inhibit the labeling of P-gp with a transport
substrate, radiolabeled-iodoarylazidoprazosin, indicating these drugs cannot bind at their primary binding
sites. However, the drugs can modulate the ATP hydrolysis of the mutant P-gps, demonstrating that they bind
at secondary sites. In addition, the transport of fluorescent substrates in HeLa cells expressing
triple (Y307C/Q725C/V982C) mutant P-gp is also not significantly altered, showing that substrates bound at
secondary sites are still transported. The substrate and modulator docking studies support the biochemical
and transport data. In aggregate, our results demonstrate that a large flexible pocket in the P-gp
transmembrane domains is able to bind chemically diverse compounds. When residues of the primary drugbinding site are mutated, substrates and modulators bind to secondary sites on the transporter and more than
one transport-active binding site is available for each substrate. We propose that in addition to the structural
flexibility, molecular or chemical flexibility also contributes to the binding of substrates to multiple sites, forming
the basis of polyspecificity
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Plenary Lecture 4
PL-04 Controlling biological function with photopharmacology
Dirk Trauner
Ludwig-Maximilians-Universitaet Munich, Germany
Light can be used to control biological events with unmatched temporal and spatial precision. A case in point
is optogenetics, which is currently revolutionizing neuroscience. Optogenetics relies on natural photoreceptors
that typically employ retinal as the chromophore. Recently, the incorporation of synthetic photoswitches, such
as azobenzenes, into naturally “blind” receptors has been explored as well. These molecules can bind
covalently or non-covalently to a wide variety of proteins, including ion channels, GPCRs, enzymes, molecular
motors, and components of the cytoskeleton, effectively turning them into photoreceptors. As such,
photoswitchable molecules add another dimension to pharmacology. I will discuss the advantages and
disadvantages of photopharmacology and its potential in biology and medicine, in particular with respect to
restoring vision and fighting cancer.
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Plenary Lecture 5
PL-05 Life's Ups and Downs: the Elevator Transport Mechanism of the
Succinate Transporter, VcINDY
Christopher Mulligan, Cristina Fenollar-Ferrer, Gabriel Fitzgerald, Ariela Vergara-Jaque, Desiree
Kaufmann, Yan Li, Lucy Forrest, Joseph Mindell
NIH/NINDS, USA
Secondary transporters use alternating access mechanisms to couple uphill substrate movement to downhill
flux of a coupling ion, presenting binding sites alternately to either side of the membrane. Most known
transporters utilize a “rocking bundle” motion, where the protein moves around an immobile substrate binding
site to regulate ingress. However, one protein, the glutamate transporter homolog GltPh translocates its entire
substrate binding site vertically across the width of the membrane, a so-called “elevator” mechanism. Here we
+
examine an unrelated transporter, the Na /succinate transporter VcINDY. With the crystal structure of an
inward facing state of VcINDY as a template, we used the “repeat swap” approach to computationally predict
the structure of the outward-facing state of the transporter. Our model suggests that VcINDY undergoes a
substantial elevator-like movement to transfer its substrate binding site, with a vertical translation of ~15 Å and
o
a rotation of 43 . Crosslinks formed between three different pairs of introduced cysteine residues, proximate
only in the outward-facing state, confirm this large-scale motion. These crosslinks completely inhibit transport,
demonstrating that such movement is essential for transport. In contrast, multiple crosslinks across the
VcINDY dimer interface preserve transport function, revealing an absence of large scale coupling between
VcINDY protomers.
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Session 1 - Speaker 1
S1-01 The enigmatic role of lipids in protein-protein interactions
Gerhard J. Schütz
TU Vienna, Austria
The organization and dynamics of proteins and lipids in the plasma membrane, and their role in membrane
functionality, have been subject of a long-lasting debate. Specifically, it is unclear to what extent membrane
proteins are affected by their immediate lipid and protein environment and vice versa. To study protein
interactions directly in the live cell plasma membrane we developed a method for in vivo micropatterning. Cells
transfected with a fluorescent fusion protein (“prey”) are grown on micropatterned surfaces functionalized with
specific antibodies to the extracellular domain of a membrane protein (“bait”); the fluorescence copatterning is
used as readout for the bait-prey interaction. Specifically, we used the micropatterning approach in
combination with single molecule tracking to quantify the influence of a glycosylphosphatidylinositol- (GPI-)
anchored protein – a typical marker of liquid ordered phases – on its molecular environment directly in the live
1
cell plasma membrane . We found that the captured proteins merely acted as bulky obstacles to the diffusion
of other membrane constituents, but did not influence their membrane environment over distances past their
actual physical size. Our results imply that the outer leaflet of the plasma membrane is in a homogenous
single phase regime under physiological conditions, ruling out the presence of “raft” phases associated with
lipid-anchored proteins.
Next, we applied single molecule tracking combined with brightness analysis to study the oligomerization of
2
membrane proteins. For a GPI-anchored GFP we observed cholesterol-dependent homodimerization .
3
Similar lipid-dependent oligomerization was observed for the Serotonin transporter (SERT) . Surprisingly,
oligomerization kinetics were completely different at the plasma membrane versus the ER membrane,
indicating that oligomerization is equilibrated at subcellular membranes, but kinetically trapped at the plasma
membrane.
References
1
Sevcsik, E. et al. GPI-anchored proteins do not reside in ordered domains in the live cell plasma
membrane. Nat Commun 6, 6969 (2015).
2
Brameshuber, M. et al. Imaging of Mobile Long-lived Nanoplatforms in the Live Cell Plasma
Membrane. J Biol Chem 285, 41765-41771 (2010).
3
Anderluh, A. et al. Single molecule analysis reveals coexistence of stable serotonin transporter
monomers and oligomers in the live cell plasma membrane. J Biol Chem 289, 4387-4394 (2014).
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Session 1 - Speaker 2
S1-02 Watching transport in real time: single-molecule studies of ABC
importers
2

2

2

2

1

Giorgos Guoridis , Gea K. Schuurman-Wolters , Evelyn Plötz , Florence Husada , Ruslan Vietrov ,
2
1
2
Marijn de Boer , Bert Poolman , Thorben Cordes
1

Department of Biochemistry, Groningen Biomolecular Science and Biotechnology Institute, Netherlands
Proteomics Centre & Zernike Institute for Advanced Materials, University of Groningen, Nijenborgh 4, 9747 AG
Groningen, The Netherlands
2
University of Groningen, The Netherlands
ABC transporters are vital to any living system and involved in the translocation of a wide variety of substrates.
Despite their importance, all proposed molecular models for transport are based on indirect evidence due to
the inability of classical biophysical and biochemical techniques to visualize dynamic structural changes. Our
group has recently started to use single-molecule fluorescence microscopy to characterize conformational
states and changes in type I ABC transporters to directly observe how different steps in transport are
coordinated. The ABC importer GlnPQ from Lactococcus lactis has different covalently linked substrate
binding domains (SBDs), thus making it an excellent model system to elucidate the dynamics and role of the
SBDs in transport. We demonstrate by single-molecule Förster resonance energy transfer that the two SBDs
intrinsically transit from open to closed ligand-free conformation, and the proteins capture their amino acid
ligands via an induced-fit mechanism. High-affinity ligands elicit transitions without changing the closed-state
lifetime, whereas low-affinity ligands dramatically shorten it. We show that SBDs in the closed state compete
for docking onto the translocator, but remarkably the effect is strongest without ligand. We find that the ratedetermining steps for translocation depend on the SBD and the amino acid transported. We conclude that the
lifetime of the closed conformation controls both SBD docking to the translocator and substrate release.
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Session 1 - Speaker 3
S1-03 Imaging the functional dynamics of individual membrane proteins
using single-molecule fluorescence
Scott Blanchard
Weill Cornell Medical College, USA
abstract not available

17

8th SFB35 Symposium 2015, Vienna
Session 1 - Speaker 4
S1-04 Antibodies on the Video Screen
Bipedal Antibody Walking on Membranes observed with High-Speed AFM
Peter Hinterdorfer
Johannes Kepler University Linz, Austria
Binding of antibodies to their cognate antigens is fundamental for adaptive immunity. Molecular engineering of
antibodies for therapeutic and diagnostic purposes emerges to be one of the major technologies in combating
many human diseases. Despite its importance, a detailed description of the nanomechanical process of
antibody-antigen binding and dissociation on the molecular level is lacking. Here, we utilize single molecule
force spectroscopy and high-speed atomic force microscopy to examine the dynamics of antibody recognition
and uncover a new principle. Contradicting the current textbook view, antibodies do not remain stationary on
surfaces of regularly spaced epitopes; they rather exhibit “bipedal” random walking. As monovalent Fabs do
not move, steric strain is identified as the origin of short-lived bivalent binding. Randomly walking antibodies
gather in transient clusters that might serve as docking sites for the complement system and/or phagocytes.
Our findings will inspire the rational design of antibodies and multivalent receptors to exploit/inhibit steric
strain-induced dynamic effects.
Reference: IgGs are made for walking on bacterial and viral surfaces. Nat Commun. 2014. 5 (Nr.4394). J.
Preiner, N. Kodera, J. Tang, A. Ebner, M. Brameshuber, D. Blaas, N. Gelbmann, H. J. Gruber, T. Ando, and P.
Hinterdorfer.
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Session 2 - Speaker 1
S2-01 Understanding structure and function of antibiotic efflux resistance
mechanisms in Gram-negative bacteria
Klaas M. Pos
Goethe University Frankfurt, Germany
In Gram-negative bacteria, tripartite efflux pumps, like AcrAB-TolC from Escherichia coli, play a prominent role
in the resistance against multiple antibiotics. Transport of the drugs across the outer membrane and its
coupling to the electrochemical gradient is dependent on the presence of all three components. The innermembrane component AcrB is the substrate binding and transport determinant of the entire three partite
complex. Functional analyses of the efflux activity of this pump displayed a daunting substrate polyspecificity.
AcrB can recognize and transport a wide selection of toxic compounds including bile salts, organic solvents,
detergents, dyes, and antibiotics from almost any class. With the help of X-ray crystallography and other
biophysical/biochemical methods, we aim to understand the molecular basis of this promiscuity. We have
identified a “hot-spot” involved in selection of drug substrates and non-substrates and can induce – via a
directed evolution approach – changes in the substrate transport profile. It appears that evolution has
generated an efflux pump based on compromise, i.e. a substitution induced at the substrate binding hot-spot
which largely increases the transport efficiency of molecules within a certain antibiotic class is balanced by a
compromising lower activity towards molecules of other antibiotic classes. We have solved structures of
several AcrB variants in complex with drugs, which reveals insight into the promiscuous binding phenotype.
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Session 2 - Speaker 2
S2-02 The ‘pas de quatre’ of transmembrane and nucleotide binding
domains in the ABC transporter ABCB1 (P-glycoprotein)
1

1

1

Peter Chiba , Fauzia Nasim , Yaprak Dönmez , Thomas Stockner
1
2

2

Medical University of Vienna, Austria
Institute of Pharmacology, Medical University of Vienna

In their functional form ABC transporters are composed of a minimum of four domains. Two transmembrane
domains (TMDs) form the substrate translocation paths and two nucleotide binding domains (NBDs) energize
transport by ATP binding and hydrolysis. At their interface NBDs form two composite and symmetry-related
ATP binding sites. Similarly, the TMD interface provides residues for substrate interaction in two symmetry
related modes. P-glycoprotein (ABCB1) is an ATP-binding cassette multidrug transporter that actively effluxes
chemically diverse entities from cells. It plays an important role in disposition of systemically administered
drugs and cancer cell resistance to antineoplastic agents. For ABCB1 (P-glycoprotein) a dual interaction mode
with substrates was shown for the paradigmatic substrates rhodamine 123, vinblastine, verapamil and
propafenones (Parveen et al., Mol Pharmacol 2011). Thus NBDs and TMDs act in a concerted way with a
possible dedication between individual nucleotide binding sites and substrate binding modes (Zolnerciks et al.,
FASEB J 2014). An understanding of the functional biology of ABC exporters has been aided greatly by the
availability of higher resolution crystal structures. A recent addition to the panel is the X-ray structure of a
eukaryotic homolog of human ABCB1 from Cyanidioschizon merolae (Kodan et al. 2014). This structure
addresses the aspect of substrate gating and identified a tyrosine residue in the apex of the central cavity
(Y358) as being part of the extracellular gate. We mutated the analogous tyrosine residues Y310 and Y953 in
human ABCB1 to alanine and characterized the mutant in rhodamine 123 (rh123) transport experiments. The
mutants were combined with selector residues that allow the two pseudosymmetric binding modes of
substrates to be addressed individually (Parveen et al. 2011). The wild type transporter and mutants were
characterized in steady state and zero-trans efflux protocols. Substrate loading of cells and efflux rate are
inversely correlated when active transporters are expressed. The function describing the interdependence of
these two parameters is hyperbolic. Interestingly active transport was supported for one of the binding modes
of substrates in the Y310A mutant and for the other in the Y953A mutant. Binding of substrates in the
respective other mode lead to leak transport, as evidenced by the loss of an inverse relationship between
steady state loading and transport rate. These data indicate that not only ATP and substrate binding, but also
gating follows a dual principle and that ABCB1 has separate exit paths for substrates, depending on which of
two pseudosymmetric binding modes is selected. Results will be discussed in the context of protein
architecture. Supported by the Austrian Science Fund within the scope of “Spezialforschungsbereich” SFB35
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Session 2 - Speaker 3
S2-03 Towards high-throughput structure and function studies of human
SLCs
Liz Carpenter
SGC, Oxford, UK
Solute carriers and other membrane transporters are emerging as the next family to be targetted for drug
design. At the same time structural studies of human integral membrane proteins (IMPs) is a field that is
advancing rapidly. New technologies for producing proteins and new methods for solving structures are having
a very significant impact and this has lead to the deposition of over 50 structures of human IMPs. Solute
carriers are however still under represented, with few structures of human SLCs solved At the Structural
Genomics Consortium (SGC) in Oxford we work with solute carriers, ABC transporters, ion channels and other
IMPs that are associated with genetic diseases. We use primarily expression in insect cells although we are
also testing the use of mammalian systems for protein production. We have screened over 360 proteins,
including 76 solute carriers and 22 ABC transporters. We have produced 12 of the solute carriers and 5 of the
ABC transporters. To produce stable proteins we use a range of constructs, purification methods, detergents
and lipids, with size exclusion chromatography profiles and thermostability as the main readouts of protein
quality. We also use several crystallisation methods and, for the proteins we have crystallised to date, vapour
diffusion has been the most successful technique for crystallisation of our targets. From the 30 human IMPs
we have purified, we have obtained lead crystals for thirteen proteins and solved 6 structures, with examples
from each of the protein families we are working with.
We now plan to focus a large part of our future efforts to solving structures and studying the function of human
SLCs. As part of this effort we recently solved structures of human GLUT3 (SLC2A3), the high throughput
neuronal sugar transporter. We have obtained this structure in an open outwards conformation, with and
without bound sugar. The crystals were obtained using vapour diffusion and they diffracted to 2.7Å. This
structure shows the protein in a conformation where the transport substrate binding site is facing the
extracellular environment, ready to receive the substrate and also in a conformation where the substrate has
bound, but the structure has not yet closed to form the occluded state.
In the next 5 years we plan to attempt expression and purification of all human solute carriers, using at least
two expression systems. We will develop methods for testing binding of small molecules to solute carriers and
solve their structures, using X-ray crystallography and/or electron microscopy. Both techniques now give high
resolution structures and a combination will give the maximum coverage of proteins and conformations for
each individual protein.
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Session 3 - Speaker 1
S3-01 Role of ABCB11 and SLC10A2 in protection against bile acidmediated cholestatic liver and bile duct injury
Michael Trauner
Hans Popper Laboratory of Molecular Hepatology, Div. of Gastroenterology and Hepatology, Dept. of Internal
Medicine III, Medical University of Vienna, Austria
Hepatobiliary solute carrier (SLC) and ATP-binding casette (ABC) transporters for bile acids (BAs) and other
biliary constituents play a key role in normal bile formation and the molecular pathogenesis of cholestasis.
Hereditary and acquired transporter defects may contribute to the pathogenesis of cholestasis and current
theapeutic startegies aim at restoring defective transporter function and stimulating adaptive transporter
responses limiting the intrahepatic and systemic accumulation of potentially cytotoxic BAs. Since the bile salt
export pump (BSEP/ABCB11) is the main canalicular BA efflux system, we first addressed the role of ABCB11
in the development of acquired cholestatic liver and bile duct injury in a mouse models of obstructive
cholestasis (bile duct ligation, BDL) and primary sclerosing cholangitis (PSC, induced by 3.5Diethoxycarbonyl-1.4-dihydrocollidine (DDC) feeding). In contrast to wildtype (WT) animals, mice lacking
ABCB11 (KO) where surprisingly protected from cholestatic liver injury after 7 days of CBDL or 4 weeks of
DDC feeding, as reflected by unchanged serum liver enzymes and liver histology. Notably, ABCB11 KO mice
were also protected from cholestasis-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 showed significant up-regulation of both inflammatory and
fibrotic markers. Interestingly, after CBDL poly-hydroxylated BAs (PHBA) were 4-fold increased in ABCB11
KO mice compared to WT mice. In line, mRNA expression of Cyp2b10, a downstream target of CAR
regulating BA detoxification pathways – was increased (10-fold) in ABCB11 KO mice under cholestatic
conditions. These findings suggests, that cholestatic preconditioning with changes in BA metabolism and
transport favoring detoxification and efflux of potentially toxic BAs may protect ABCB11 KO mice from acute
and chronic cholestatic liver and bile duct injury. Moreover, PHBAs may open a new therapeutic avenue
against cholestasis and biliary fibrosis in cholangiopathies (e.g., PSC).
Since approximately 95% of bile acids (BAs) excreted into bile are reabsorbed in the gut and circulate back to
the liver (enterohepatic circulation) for further biliary secretion, pharmacological inhibition of the ileal apical
sodium-dependent BA transporter (ASBT/SLC10A2) may also protect against BA-mediated cholestatic liver
and bile duct injury. A4250 (a potent and selective ASBT inhibitor) improved sclerosing cholangitis and
-/cholestasis in Abcb4 mice as genetic mouse model of PSC. Furthermore, A4250 significantly reduced bile
flow and biliary BA output, which correlated with reduced Bsep transcription, while Ntcp and Cyp7a1 were
induced. Importantly, biliary concentrations/output of protective bicarbonate and phospholipids did not change
in A4250 treated mice, resulting in a favorable bicarbonate/BA and phospholipid/BA ratio. In addition, A4250
altered BA pool composition and increased fecal BA elimination, resulting in reduced concentrations of primary
BAs tauro-β-muricholic acid and taurocholic acid. Collectively, these findings suggest that pharmacological
ASBT inhibition attenuates cholestatic liver and bile duct injury by reducing biliary BA concentrations. Future
strategies could target other SLCs in liver such as NTCP (SLC10A1).
This work was supported by grant F3517-B20 from the Austrian Science Foundation
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S3-02 Biliary lipid secretion and drugs: from key transporters to orphan
transporters
Bruno Stieger
University Hospital Zurich, Switzerland
One of the essential functions of the liver is bile formation. Two main functions of bile are elimination of poorly
water soluble compounds from the body and assistance to the digestion and absorption of fat in the intestine.
Major constituents of bile are bile salts and other organic anions and lipids. The phospholipid component of
bile is almost exclusively composed of phosphatidylcholine. The secretion of phosphatidylcholine into bile
requires the concerted action of MDR3 acting as a phosphatidylcholine translocator in the canalicular
membrane and the bile salt export pump BSEP for the canalicular secretion of bile salts. Drugs, which
interfere with either of the two transporters may lead, in susceptible patients, to drug-induced cholestasis. For
many drugs, leading to idiosyncratic drug-induced liver injury, the molecular pathogenetic mechanisms remain
enigmatic. Therefore, to get more insights into the protein composition of the canalicular membrane, we used
a shot-gun proteomic approach for isolated highly purified rat canalicular plasma membrane vesicles. We
identified a total of 1745 proteins. Comparing our data set with published liver proteomes revealed 1138
proteins unique to our data set. With respect to transport proteins, our data set contains 19 SLC and 11 ABC
transporters. Of note, we also found five P4- and one P5-ATPases. The P4 ATPases are most likely involved
in phospholipid translocation in membranes and hence contribute to lipid homeostasis of membranes.
Mutations in the human ATP8B1 gene lead to progressive familial intrahepatic cholestasis type 1 and
inactivation of the mouse Atp11c gene has been reported to lead to hyperbilirubinemia. In addition, we
identified ATP8A1, ATP9A and ATP11A. The P5-ATPase ATP13A1 is currently an orphan
transporter. Analyzing the expression of these ATPases at the mRNA and protein level identified ATP11 C as
the most abundant transporter in liver. Currently, immunolocalization of these transporters is ongoing. Hence,
our proteomic analysis has yielded a wealth on proteins, where e.g. P4-type ATPases may be associated with
inherited or acquired liver disease.
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S3-03 Title to be announced
Maria Sibilia
MedUni Wien, Austria
abstract not available
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S4-01 The structure, function and disease causing mutations in human
Anion Exchanger 1
Yilmaz Alguel
Imperial college london, United Kingdom
Anion exchanger 1 (AE1) found in the kidney, red blood cells and other tissues in the human body plays an
important role in regulating pH homeostasis as well as maintaining the continuous uptake capacity of carbon
dioxide in the erythrocytes. Various truncations of the anion exchanging membrane protein transporter are
found in the different tissues. They all commonly conserve the full membrane spanning entity of the
transporter required for the exchange of ions across the cell membrane. Alterations of the structure of the
membrane domain by point mutations or deletions lead to diseases. Mutations in the kidney lead to distal renal
tubular acidosis whereas the mutations observed in the red blood cells cause hereditary spherocytosis,
hereditary stomacytosis or southeast asian ovalocytosis. Observing the structure of these anion transporters
reveals not only the structure function relationship of anion exchange but also gives an insight into diseases
causing mutations and their effect to the function.
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S4-02 Conformational Dynamics of LeuT-fold Transporters
Hassane Mchaourab
Vanderbilt University, USA
The LeuT-fold class encompasses ion-coupled transporters that translocate diverse substrates such as
neurotransmitters, nutrients, and osmolytes. Crystal structures of representative transporters reveal a
recurrent five-helix inverted repeat that encodes common principles of ion and substrate coordination.
However, fundamental aspects of the conformational cycles by which this conserved scaffold harnesses the
energy of ion gradients to power transport remain undefined. We used distance measurements between pairs
of spin labels to elucidate conformational equilibria and ion/substrate induced structural rearrangements in two
LeuT-fold symporters, Mhp1 and LeuT, that couple transport of dissimilar substrates to different Na ion
stoichiometry. We find that these transporters operate by divergent alternating access mechanisms featuring a
distinct role for the symported Na ion. Our model of LeuT alternating access features an equilibrium between
Na-stabilized outward-facing, a substrate-stabilized doubly occluded conformation and an inward-facing
conformation populated upon Na and substrate-dissociation. The conformational changes that underlie this
equilibrium are incongruent with the crystal structures. Collectively, these results provide a structural dynamic
basis to understand the diversity of ion coupling modes and the mechanistic flexibility of the conserved LeuT
fold.
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S4-03 Dynamics of Dopamine Transporters: Molecular Simulations and
Comparison with LeuT
Mary Hongying Cheng, Ivet Bahar
University of Pittsburgh, USA
Despite significant progress in elucidating the structure and dynamics of several members of the
neurotransmitter:sodium symporter (NSS) family, the mechanism of dopamine translocation coupled to cotransported sodium ions remains unknown. The recent elucidation of DAT structure (dDAT) from Drosophila
permits us for the first time to directly view the sequence of events involved in dopamine re-uptake. To this
aim, we performed microseconds simulations using as input structure the human orthologue, hDAT, in the
outward-facing state, homology-modeled after dDAT. The observed interactions provide new insights into the
origin of the machinery of hDAT, in addition to suggesting rational methods for modulating its activity. Notable
observations include the spontaneous closure of the extracellular gates R85-D476 and Y156-F320 after
substrate and ion binding, the passage over an intermediate occluded to both extracellular and intracellular
environments as hDAT transitions from outward- to –inward-facing state, the redistribution of the salt bridges
R445-E428 and K257-E446 at the intracellular face to resume the transport cycle after the release of
dopamine and ions. Simulations also invited attention to the key role of a number of residues, including D79
that prevented the dislocation of dopamine from the binding site unless protonated, the N82-N353 hydrogen
bond whose disruption contributed to triggering the transition to inward-facing state facilitated by the
involvement of TM10 and TM5, and the salt-bridge forming pairs K66-D345 and R60-D436 that had to break in
order to allow for TM1a opening. Overall simulations provide insights into dynamic features shared by LeuT
family members while also highlighting mechanisms specific to dopamine transport and hDAT interactions with
ligands and psychostimulants.
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S5-01 MCT1 and Oligodendroglia: Essential elements in neuronal survival
and neurodegeneration
Jeffrey D. Rothstein MD, PhD
Johns Hopkins University, USA
In the CNS oligodendrocytes are well established as being involved in myelination of axons and providing
saltatory conduction of action potentials. Oligodendrocytes are generated from oligodendrocyte progenitor
cells (OPCs), which mildly proliferate and differentiate under normal physiological conditions and more so
upon oligodendrocyte injury. Besides their role in myelination, our laboratory and others have found that
oligodendrocytes are important mediators of metabolic support to ensheathed neurons through their
expression of monocarboxylate transporter 1 (MCT1). MCT1 is involved in shuttling metabolic substrates like
lactate, pyruvate and ketone bodies together with hydrogen ions across plasma membranes. In our laboratory
it has been shown that local lentiviral mediated loss of MCT1 expression in oligodendrocytes leads to axonal
degeneration both in vitro and in vivo. In this study, we will use transgenic mouse tools to further explore the
basic biology of MCT1 expression in the CNS during aging under normal physiological conditions. We found
that MCT1 mRNA expression remained unaffected during aging both using MCT1-tdTomato (MCT1-tdT)
mRNA reporter mice as well as qPCR of different CNS regions. In order to gain further insight into the role of
MCT1 in oligodendrocyte maturation, and to examine whether adult OPCs still have the capacity to generate
MCT1-expressing oligodendrocytes, we performed in vivo genetic fate tracing of OPCs using PDGFaRCreER
mice crossbred with YFP reporter mice and MCT1-tdTomato reporter mice. We found that up to the age of 12
months, the ability of newly generated oligodendrocytes to turn on MCT1 mRNA expression was unaffected by
aging. MCT1-tdT expression was induced late upon differentiation, well after the initiation of expression of
other oligodendrocyte markers. Interestingly, and in contrast to what is seen for MCT1 mRNA, MCT1 protein
expression was significantly reduced in spinal cord at the age of 12 months, suggesting posttranslational
modifications affected MCT1 protein expression during rodent aging. Using MCT1 conditional knockout mice,
we found that the loss of MCT1 trophic support leads to neurodegeneration very early after MCT1 knockout
induction. This indicates that MCT1 expression in oligodendrocytes is essential for neuronal homeostasis and
suggests that MCT1 is an important target for future therapeutic intervention.
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S5-02 Structure-based ligand discovery for nutrient transporters
Avner Schlessinger
Icahn School of Medicine at Mount Sinai, United States
Alterations in cell metabolism support rapid growth and proliferation of cells - key hallmarks of cancer. Solute
Carrier (SLC) transporters are membrane proteins that transport solutes such as metabolites and drugs across
membranes, and play a major role in mediating nutrient delivery in reprogrammed cancer metabolism
networks. Here, we describe a structure-based discovery approach to identify small molecule modulators for
key nutrient SLC transporters. In particular, we use homology modeling, virtual screening, and experimental
testing to identify ligands, including drugs, metabolites, and lead-like molecules for a variety of nutrient
transporters such as the amino acid transporters LAT-1 and ASCT2, which function cooperatively in cancer
metabolism and are highly expressed in the blood-brain-barrier (BBB). Our results may explain some of the
pharmacological effects (i.e., efficacy and/or side effects) of known drugs via polypharmacology, and
rationalize the enhanced brain permeability of drug-like molecules. Finally, our top hits inhibited proliferation of
various cancer cell lines via distinct molecular mechanisms, providing useful chemical tools to characterize
reprogrammed metabolic networks, as well as a framework for developing efficacious drugs against these key
targets and other SLC transporters.
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S5-03 Molecular determinants of fast and slow human glutamate
transporters
Erica Cirri, Nico Reyes
Pasteur Institute, France
Human excitatory amino acid transporters (hEAATs) function as glutamate pumps under physiological
conditions, and regulate the extracellular concentration of glutamate. In addition, the hEAATs mediate passive
transport of chloride, which contributes to tune the excitability of neurons. Interestingly, the five hEAATs can
be divided into two groups based on their dominant transport function: hEAAT1-3 show fast glutamate
transport compared to chloride, while hEAAT4-5 show the opposite behavior. However, the molecular
mechanisms underlying these differences are poorly understood. To shed light on such mechanisms, we
designed a library of chimeras between fast and slow glutamate transporters, using the high-resolution
structures of archeal homologs as structural models, and probed their function by fluorescence spectroscopy,
radioactive uptake and patch-clamp electrophysiology. Our analysis provides a better understanding of the key
structural elements that limit the transport rates of the hEAATs.
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S6-01 The enigmatic localization and function of ABCB6
Zsofia Rakvacs, Melinda Gera, Nora Kucsma, Gergely Szakacs
Medical University of Vienna, Austria
Determination of the correct subcellular localization represents an important basis toward characterization of
ATP-binding cassette (ABC) transporters and resolution of their roles in cellular physiology. Initially, ABCB6
was suggested to be responsible for the mitochondrial uptake of porphyrins, but recent reports have shown
that ABCB6 is a glycoprotein present in the membrane of mature erythrocytes and in exosomes released from
reticulocytes during the final steps of erythroid maturation. Elucidation of the intracellular targeting and
trafficking of ABCB6 should provide hints to the physiological functions of ABCB6. Whereas lack of ABCB6 in
Lan-negative individuals does not result in an overt phenotype, ABCB6 mutations have been associated with
various pathological conditions such as ocular coloboma, dominant familial pseudohyperkalemia and
dyschromatosis universalis hereditaria (DUH). The genotype-phenotype correlations or the pathophysiological
role of ABCB6 in these conditions are not known, as it has been difficult to correlate sequence variations to
ABCB6 function or expression. This is partly due to the lack of our understanding of the physiological function
and the structure-activity relationships within ABCB6, and also to the complex regulation of synthesis,
maturation, trafficking and posttranslational modifications of membrane proteins. To reveal structure-function
relationships and the consequences of mutations and polymorphic variations on the intracellular trafficking and
the function of ABCB6, we expressed the human ABCB6 protein in yeast, insect cells and several human cell
lines. Our results confirm that the localization and function of ABCB6 is associated with the endolysosomal
compartment of cells.
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S6-02 The molecular basis of transport and regulation of mitochondrial
carriers in human physiology and disease
Edmund Kunji
Medical Research Council, United Kingdom
Mitochondrial carriers transport nucleotides, amino acids, inorganic ions, fatty acids, keto acids, and cofactors
across the mitochondrial inner membrane. They link the biochemical pathways in the cytoplasm and
mitochondrial matrix, playing key roles in cellular metabolism and regulation. Here we report on the progress
made in defining the structural mechanism of transport and regulation of mitochondrial carriers.
One of the members of the transport protein family, the mitochondrial ADP/ATP carrier, imports ADP from the
cytosol and exports ATP from the mitochondrial matrix, replenishing the eukaryotic cell with metabolic energy.
We have determined the atomic structures of two yeast mitochondrial ADP/ATP carriers in the cytoplasmic
state. The carriers consist of three domains, each containing two transmembrane α-helices linked by a short
matrix α-helix. They function according to an alternating access transport mechanism in which two salt bridge
networks on matrix and cytoplasmic side of the central cavity regulate access to a central substrate binding
site. Analyses of the domain structures and properties of the interdomain interfaces indicate that
interconversion between states involves movement of the even-numbered α-helices across the surfaces of the
odd-numbered α-helices by rotation of the domains. The simultaneous movement of three domains around a
central translocation pathway constitutes a unique mechanism among transport proteins.
Another transport protein of the family, the mitochondrial aspartate/glutamate carrier imports glutamate and
exports aspartate, and is central to human physiology, as it is involved in the aspartate-malate shuttle, urea
cycle, myelin synthesis and gluconeogenesis. The carrier is a chimera, consisting of three separate domains;
an N-terminal domain with eight EF-hands involved in calcium binding, a carrier domain involved in transport,
and a C-terminal domain of unknown function. We have determined the structure of the regulatory domain in
three different states, elucidating the molecular mechanism of calcium regulation of the mitochondrial
aspartate/glutamate carrier.
The proposed transport and regulatory mechanism provides new insights into the molecular basis of several
human diseases caused by dysfunctional mitochondrial carriers, such citrin deficiency, global hypomyelination,
progressive external ophthalmoplegia, HHH syndrome, Amish type microcephaly and thiamine metabolism
dysfunction syndrome, carnitine/acylcarnitine translocase deficiency, D-2- and L-2-hydroxyglutaric aciduria,
intellectual disability and pyridoxine-refractory sideroblastic anemia.
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S6-03 Molecular mechanisms of multidrug transporters
Hendrik W. van Veen
University of Cambridge, United Kingdom
Multidrug transporters mediate the extrusion of drugs from the cell, away from intracellular targets. They
modulate the toxicity and pharmacokinetics of drugs in organisms ranging from bacteria to man. Using
structural biology and biochemical tools, we work on interesting questions: how are drugs recognised by
multidrug transporters and how is metabolic energy coupled to transport? Is drug transport the primary
physiological role of these systems? Can we use novel mechanistic insights to generate inhibitors and new
drugs that bypass recognition?
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S8-01 Phenyl ring substituents alter the transporter selectivity of
methcathinone analogs
Michael H. Baumann
IRP, NIDA, NIH, United States
Recently, there has been an alarming rise in the abuse of synthetic stimulants known as “bath salts” or
“research chemicals”. Most of these stimulants are structurally-related to methcathinone, a drug which acts as
a substrate-type releaser at monoamine transporters. Here we examined the pharmacology of para ringsubstituted analogs of methcathinone using transporter release assays in rat brain tissue and intracranial selfstimulation methods in conscious rats. In vitro findings demonstrated that increasing the steric volume (i.e.,
size) of para substituents reduces releasing potency at dopamine transporters (DAT) relative to serotonin
transporters (SERT). In vivo findings showed that increasing size of para substituents renders compounds
less reinforcing, as measured by reductions in the facilitation of ICSS. Overall, our results suggest that ringsubstituted cathinones with large bulky para substituents have augmented serotonergic activity and reduced
abuse liability. These structure-activity data may provide critical information for treating patients exposed to
synthetic stimulants and for making policy decisions related to drug scheduling legislation.
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S8-02 PKCβ is an intermediary in functional interactions between the
dopamine transporter and the D2 autoreceptor
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3Department of Physiology and Pharmacology, Wake Forest School of Medicine, Winston-Salem, NC,
27157 USA
2

The concentration of extracellular dopamine in the striatum, and thus the strength and the duration of the
postsynaptic dopamine signaling, is controlled by two presynaptic proteins: the dopamine transporter (DAT)
and the D2 autoreceptor (D2autoR). Recent studies indicate that that these two proteins are functionally and
maybe even physically connected to some extent. Both proteins are substrates of protein kinase C (PKC). D2
receptor agonists elicit increased trafficking of the DAT to the surface via activation of the MAPKinase
pathway. We demonstrated that the beta isomer of PKC, PKCβ, is upstream of MAPKinase in the signaling
pathway. This presentation will describe regulation of D2autoR function by PKCβ. Moreover, we find that the
DAT appears to have regulatory actions on D2autoR and, again, PKCβ is an intermediary.
Our data demonstrate that PKCβ diminishes the D2autoR functional response on exocytosis. Either knockout
or inhibition of PKCβ enhances D2autoR inhibitory effects on dopamine exocytosis. This was demonstrated
by superfusion experiments directly measuring dopamine efflux and by cyclic voltammetry in nucleus
accumbens slices. The physiological relevance of the effect was demonstrated by the increased capacity of
the D2 receptor agonist, quinpirole, to decrease locomotor activity in response to novelty in PKCβ knockout
mice. This behavior is a reflection of D2autoR activity. Binding experiments suggest that inhibition of PKCβ
enhances surface levels of D2autoR, making them more active.
As discussed above, activation of D2autoR can regulate DAT surface levels. We investigated the reverse,
whether DAT could regulate trafficking and function of D2R. Using a heterologous cell system, we found that
co-expression of DAT with the short isoform of the D2 receptor (D2S) induces a different, DAT-dependent
regulatory context for D2S. When co-expressed with DAT, the proportion of baseline D2S on the surface was
decreased as compared to empty vector control, but the surface levels were increased following either agonist
(quinpirole) treatment or inhibition of protein kinase Cβ (PKCβ). PKCβ appears to stabilize D2S-DAT. Removal
of PKC phosphorylation sites from D2S or DAT disrupted the interaction, allowing D2S to be regulated more
similarly to other GPCRs. When D2S and DAT are co-expressed, there is increased D2S-mediated ERK
signaling. We propose that the D2S-DAT milieu may ultimately lead to increased surface DAT localization,
increased dopamine reuptake, and consequently less dopaminergic signaling.
These studies were funded by DA DA11697, DA007267,GM07767 (MEG), DA021325, DA030161 (SRJ) and
DA031791 (MJF).
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S8-03 Animal models to unravel the pathogenesis and develop therapeutic
approaches for the Dopamine Transporter Deficiency Syndrome (DTDS)
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Dopamine Transporter Deficiency Syndrome (DTDS), is an autosomal recessive condition affecting DAT gene
and the first identified human disorder caused by genetic alterations of the dopamine transporter (DAT),
leading to severe neurological phenotype in paediatric patients. At present, this syndrome is poorly – and only
with partial effects – treatable with current available drug treatments. To achieve this goal we used
genetically modified animal models (DAT knockout mouse, DAT knockout rat), sharing genetic background
with DTDS patients and featuring same phenotypical/biochemical characteristics. Furthermore, we set the
basis for high-throughput screening of DTDS related - DAT mutations in a simple in-vivo nematode model
lacking the Dopamine Transporter, namely Dat-1(null) C.Elegans. Specifically, we: 1. Provided evidence of C.
Elegans use for in-vivo DAT loss-of-function studies. 2. Peformed behavioral and phenotypical
characterization of newly-developed DAT knockout rat line. 3. Validated gene therapy strategy aimed at
restoring DAT function in preclinical study involving genetically modified DAT-KO mouse line. Results from
these experiments may identify novel potential candidates for therapeutic approahces for Dopamine
Transporter Deficiency Syndrome, along with development of gene therapy strategy to be translated from
animal models of DTDS to human patients in future.
Supported in part by research grant from F. Hoffmann La-Roche and the grant from the Russian Science
Foundation to TDS, EE and RRG (project №14-15-00131).
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PP-01 Intracellular loop 5 is important for the transport mechanism and
molecular pharmacology of the human serotonin transporter
Saida Said, Henrik A. Neubauer, Heidi K. Muller, Steffen Sinning
Aarhus University, Denmark
The serotonin transporter (SERT) belongs to a family of transport proteins called the neurotransmitter:sodium
symporters. The specialized members of this family transport different neurotransmitters across the cell
membrane, thereby regulating signaling between neurons. Most of these transporters are important drug
targets in treating i.e. affective disorders such as depression and anxiety, and for drugs of abuse such as
ecstasy and cocaine.
The normal function of the SERT relies on large conformational changes and its inhibition by antidepressants
represents a conformational lock. Understanding the molecular mechanism of inhibition and which structural
elements are involved in inhibitor binding and conformational changes of the transporter will provide clues for
the development of improved drugs for the treatment of depression.
Guided by our previous studies, we combined different biochemical methods to characterize the interplay
between TM10-IL5-TM11 region and the rest of the SERT protein in response to inhibitor and substrate
binding and as well as the conformational changes in SERT. We find that the length of IL5 affects the
conformational equilibrium of SERT and increases the turn-over rate of SERT for 5-HT transport. We also find
that the potency of antidepressants is improved by in SERT with a lengthened IL5. These findings support the
notion that intracellular loops are important substructures with a role in both the transport mechanism and
molecular pharmacology of SERT.

PP-02 Mutation of a conserved tryptophan disrupts the allosteric
interaction network in LeuT
Jonas S. Mortensen, Ulrik Gether, Claus J. Loland
University of Copenhagen, Denmark
The termination of neurosignaling is performed by members of the neurotransmitter:sodium symporter (NSS)
family, removing neurotransmitters from the synaptic cleft by utilizing the sodium gradient across the
membrane as driving force. This is performed by the controlled opening and closure of intracellular and
extracellular gates, altering access to a central binding site for sodium and substrate. A prerequisite for such a
complete substrate transport process is the presence of an allosteric interaction network (AIN) [1]. The AIN
mediates the information of ligand- and ion binding and turn it into structural rearrangements within the gating
domains to undergo the transport cycle.
We decided to extend the knowledge about the AIN on the intracellular side using fluorescent spectroscopy on
detergent solubilized LeuT, a prokaryotic NSS member. To this end, we incorporated the environmentally
sensitive fluorophore tetramethylrhodamine (TMR) at the intracellular gate, in order to monitor conformational
changes at the intracellular face of the transporter during substrate and ion binding. Utilizing this method, we
identified a conserved tryptophan (Trp8 in LeuT) at the N-terminal, as an important constituent of the
intracellular AIN. The mutation of this conserved tryptophan to alanine (LeuT W8A) still binds leucine, but
abrogates substrate-mediated isomerization of the intracellular gate, hence stabilizing the intracellular domain
of the transporter in a novel state. We also compared the results with known disrupting mutations (Y268A and
R5A), which yielded distinctly different fluorescence quenching profiles from that of W8A. Finally the W8A
mutation was shown to mediate its effect across the length of the transporter where it causes an altered
competitive binding profile, when testing several hydrophobic amino acids.
1.
Stolzenberg, S., et al., Mechanism of the Association between Na+ Binding and Conformations at the
Intracellular Gate in Neurotransmitter:Sodium Symporters. J Biol Chem, 2015.
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PP-03 Studying the kinetics of substrate binding and transport in the
serotonin transporter
Peter S. Hasenhuetl, Harald H. Sitte, Michael Freissmuth, Klaus Schicker, Walter Sandtner
Institute of Pharmacology, Medical University of Vienna, Austria
The serotonin transporter (SERT) terminates serotonin signaling by reuptake of serotonin from the
extracellular space. In addition, SERT (together with the transporters for dopamine and norepinephrine) is a
target of a variety of psychoactive drugs, ranging from illicit to therapeutic compounds. Some of these drugs
are inhibitors; others are substrates. The actions of these substances on SERT have been subject of intense
study. However, technical limitations have hindered the development of kinetic knowledge on the mechanism
by which SERT orchestrates substrate binding and translocation.
Here, we used the whole-cell patch-clamp technique to identify the kinetic underpinnings of substrate binding
and transport in SERT. In addition, we developed a refined kinetic model of SERT function that adequately
describes the experimental data.
The present method is suitable to measure substrate-binding kinetics without the need of any radioligands as
surrogate, and with high temporal resolution.
Our findings will help rational drug design by providing kinetic knowledge to present structural data.

PP-04 Homology Modelling of The Human Dopamine Transporter and
Subsequent Validation of The Model
Talia Zeppelin, Lucy K. Ladefoged, Julie Grouleff, Birgit Schiøtt
Aarhus University, Denmark
The human dopamine transporter (hDAT) is essential for regulating dopaminergic neurotransmission by
transporting dopamine from the synaptic cleft back into the presynaptic neuron. Dysregulation of hDAT is
involved in several debilitating diseases such as Parkinson's disease, attention deficit hyperactive disease
(ADHD) and Tourette's syndrome, among others. DAT is also the target of many illicit drugs and has been
proposed to be involved in the development of addiction. It is therefore essential to understand the
transporter's architecture, transport mechanism and means of regulation. There are currently no available
crystal structures of hDAT, making homology modelling the obvious choice for enabling computational studies
of
the
transporter.
In this study we present a new refined homology model of hDAT, using a DAT template from the species
Drosophila melanogaster [1] with an approximately 55% sequence identity to hDAT. From molecular dynamics
simulations of the model, it is clear that the overall structure shows a high degree of stability. When studying
important structural elements, including the extracellular gating behavior and the three ion coordination sites
within the hDAT model, similar behavior and coordination patterns are observed to what has previously been
reported in the literature, suggesting that the model has been accurately constructed. However, future studies
are needed to be able to validate whether the flexible loop region within the large extracellular loop two (EL2)
has been refined correctly within the model.
[1] Penmatsa, A.; Wang H. K.; Gouaux E., Nature 2013; 503, 85-90
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PP-05 Exploring the molecular interaction between the dopamine
transporter and cocaine analog MFZ2-12 using atomic force microscopy
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It is well established that cocaine binds to the dopamine transporter (DAT) and inhibits the reuptake of
dopamine from the synaptic cleft into the presynaptic neuron, which enhances dopaminergic
neurotransmission. The aim of our experiments was to investigate the kinetics and energy landscapes of
binding of the cocaine analogue MFZ2-12 with DAT. We used single molecular recognition force spectroscopy
(SMRFS), a technique based on atomic force microscopy (AFM), for directly measuring the force strength and
the dynamics of the ligand-transporter interaction on living CHO cells stably expressing DAT fused with yellow
fluorescence protein (YFP). Cantilever tips were modified with APTES, conjugated with a PEG linker, and
subsequently functionalized with the MFZ2-12 molecule by using click chemistry. Interaction forces were
measured by approaching and subsequently withdrawing MFZ2-12-functionalized AFM tips from the cellular
surface. The specificity of the interactions was examined in block experiments by adding 50 µM free MFZ2-12
into the measurement solution, which resulted in a significant reduction of the binding activity. We also
observed a good correlation between binding activity and DAT expression levels, which further supported the
specificity of binding data. Force measurements were performed with a series of different force loading rates
and the data were analyzed by using a maximum likelihood method. In this way, every individual unbinding
event with its corresponding force loading rate was taken into account for fitting the data with Evans’ single
energy barrier model, from which the kinetic off rate koff and the width of the energy barrier xB were deduced.
Furthermore, the kinetic on rate kon was estimated from the relation between the binding activity and the dwell
2+
time of the MFZ2-12-conjugated cantilever tip on the cellular surface. Since DAT has an endogenous Zn
2+
binding site and the molecular conformation changes with Zn , force spectroscopy experiments were
2+
conducted with different Zn concentrations. The binding activity between MFZ2-12 and DAT increased when
2+
2+
the Zn concentration changed from 0 to 10 µM. With higher concentrations of Zn the binding activity did not
increase further. From the force distributions we observed two populations of unbinding events, which were
2+
pronounced at a Zn concentration of 10 µM. These data suggest the existence of a second binding site for
MFZ2-12 binding in DAT. To identify the location of the two binding sites, DAT mutants were studied. For
mutant S422A, the force spectroscopy experiments revealed a significant reduction of the second peak in the
force distribution, which indicates that the unbinding events with stronger unbinding force originate from the
central S1 site. The measurement of additional mutants will further detail the existence and location of a
MFZ2-12 secondary binding site in DAT.
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PP-06 Characterising the intracellular interaction network of the human
dopamine transporter
Alexander Morley, Jelena Gotovina, Felix P Mayer, Harald H Sitte, Thomas Stockner
Medical University of Vienna, Austria
Dopamine is a neurotransmitter involved in addiction, learning and memory, it is translocated by the human
dopamine transporter [hDAT] through coupling to the transmembrane sodium gradient. Zinc is thought to
regulate dopamine, as it has been found to inhibit hDAT at physiological concentrations (10- 30 µM). Here we
begin to determine the effect of mutations and zinc on the conformation of hDAT. The mutations are clustered
into two groups; the intracellular hydrophobic lid (Y335A and T432F) and the second ion lock (D59A, E61A
and R443A).The mutations that disrupt the intracellular hydrophobic lid have been previously found to
drastically reduce uptake activity of substrate by hDAT[1]. This project will investigate the effect of zinc
inhibition on hDAT, with inward mutations in either the intracellular hydrophobic lid or second ion lock. Before
further work into the conformational changes induced by substrates, inhibitors and mutations on hDAT.
Transport activity of hDAT with mutations present in the intracellular hydrophobic lid can be rescued to near
wild-type levels through the addition of zinc, in a dose-dependent manner. Our data show that those mutations
in the second ion lock have been found to have similar (to wild-type) substrate uptake by hDAT, in the
absence or presence of zinc, but the triple mutant (D59A_E61A_R443A) has been found to reduce
amphetamine-mediated efflux in the presence of zinc to near-basal levels. In order to further investigate the
conformational effects of mutations, substrates and inhibitors on the conformational cycle, the development of
mutations that allow for facile labelling for use in spectroscopic investigations are to be selected. The primary
spectroscopic data (from EPR and FRET) will be used in combination with molecular dynamics simulations to
elucidate structural changes during the hDAT transport cycle.
References: Loland CJ, Norregaard L, Litman T, Gether U. Generation of an activating Zn(2+) switch in the
dopamine transporter: mutation of an intracellular tyrosine constitutively alters the conformational
equilibrium of the transport cycle. PNAS, 2002; 99(3): 1683-1688.

PP-07 An analysis of the action of partial releasers on the conformational
cycle of SERT and DAT
Shreyas Bhat, Peter S. Hasenhuetl, Walter Sandtner, Michael Freissmuth
Medical University of Vienna, Austria
Introduction: The dopamine transporter (DAT) and the serotonin transporter (SERT) terminate dopaminergic
and serotoninergic synaptic transmission by reuptake of their cognate neurotransmitters from the synaptic
cleft. Mutations in SERT and DAT lead to their misfolding and ER retention with clinical implications in DAT:
Infantile/juvenile dystonia and Parkinsonism. Misfolding of SERT and DAT can be rescued by compounds
termed pharmacochaperones that stabilize the inward facing conformation of the transporter. The folding
trajectory of SERT and DAT is hence thought to proceed via the inward facing conformation. Identification of
potential pharmacochaperones in SERT and DAT has great scope owing to their rich pharmacology. They are
important targets for illicit substances derived from amphetamine and cathinone. This
includes phenethylamine library of compounds (PAL) of which few exhibit low efficacy in inducing
neurotransmitter efflux through SERT and DAT when compared to amphetamines. These compounds are
hypothesized to trap SERT and DAT in specific conformational states in the transport cycle and are predicted
to have pharmacochaperoning capabilities, if they stabilize the inward open conformation of the transporter.
Thus, the aim of our study was to identify the conformational state, to which PAL compounds bind, by
analysing their effects on the transport cycle. Methods: Conformational changes in SERT and DAT, on
substrate binding, can be inferred from analysis of substrate induced currents carried through the transporters:
peak current reflects substrate induced charge movement; the steady-state current indicates inward facing
conformation visited by the transporter during transport cycle. These currents were measured by whole cell
patch clamping of HEK293 cells stably expressing hSERT. Currents induced by PAL-1045 (a partial releaser
for SERT and DAT) were compared to 5-hydroxytryptamine induced currents. Results: Steady state
amplitudes of currents though SERT decreased with increasing concentrations of PAL-1045. This suggests
that PAL-1045 readily diffuses through the cell plasma membrane and displays high affinity for the inward
facing conformation of SERT. This was confirmed by increased steady state amplitudes with increasing
concentrations of PAL-1045 when pH of the external solution was lowered from 7.4 to 5.5 decreasing its
membrane diffusibility. Slow recovery of 5-HT induced peak currents on PAL-1045 application and subsequent
washout also argues for a longer dwell-time of PAL-1045 in its binding site, which precludes intracellular
serotonin binding and efflux. Discussion: Taken together, our observations provide evidence for a
mechanism resulting in low-efficacy substrate efflux through SERT in the presence of PAL-1045. The results
have implications for the development of low-efficacy releasers as therapeutic agents for addiction therapy
and as pharmacochaperones for the treatment of folding mutants in SERT and DAT.
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PP-08 PIP2 mediates the oligomeric assembly of the serotonin transporter
at the plasma membrane
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The human serotonin transporter (hSERT) is responsible for the termination of synaptic serotonergic signaling.
Using single molecule microscopy, we have shown previously [1] that SERT forms higher oligomers at the
plasma membrane of living cells; we found a variety of aggregation 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 oligomerization was found to be independent of SERT
surface density, indicating a stable interaction of the subunits. 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 SERT oligomers at the
plasma membrane, subsequent to an equilibration which occurs at an unknown subcellular organelle. By
evaluating the subunit stoichiometry of SERT in the endoplasmic reticulum (ER) we show here that the
oligomerization is indeed chemically equilibrated at ER membranes; after trafficking to the plasma membrane,
the SERT stoichiometry remains fixed. Furthermore, we show that the stabilization of the transporter
complexes can be ascribed to the differences in the lipid composition of the plasma membrane and the ER.
Upon enzymatic depletion of phosphatidylinositol-4,5-bisphosphate (PIP2) the SERT complexes are liberated
from kinetic trapping at the plasma membrane and their oligomeric size is significantly reduced. In conjunction
with the use of SERT mutants exhibiting altered PIP2 binding capability, we could thus show that PIP2
mediates stable oligomerization of SERT.
1. Anderluh, A., et al., Single Molecule Analysis Reveals Coexistence of Stable Serotonin Transporter
Monomers and Oligomers in the Live Cell Plasma Membrane. Journal of Biological Chemistry, 2014.
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PP-09 The invertebrate SLC6 transporters KAAT1 and CAATCH1 from
Manduca sexta are able to transport D-amino acid
Elena Bossi, Alessandra Vollero, Francesca Imperiali, Daniele Zanella, Raffaella Cinquetti
DBSV-University of Insubria, Italy
1

+

The insect neutral amino acid cotransporter KAAT1 (K -coupled amino acid transporter 1) and its
2
homologous CAATCH1 (cation anion activated amino acid transporter/channel) has been studied to elucidate
their ability to transport D- amino acids by heterologous expression in Xenopus laevis oocytes using two
electrodes voltage clamp technique. KAAT1 and CAATCH1, highly expressed in the midgut and in salivary
glands of Manduca sexta larvae, belong to the NSS (neurotransmitter sodium symporter) or SLC6 (SoLute
0
Carrier 6) family. These transporters are NATs, nutrient amino acid transporter, classified as B (the Broad
3
+
+
neutral amino acid spectrum system) for their substrate spectrum. They are able to utilise the Na and/or K
electrochemical gradients to transport amino acids. The amino acid uptake is electrogenic, giving rise to a
transmembrane transport-associated current, whose amplitude, is different in the two transporters, and
depends on the driver ion. In this work, the transport D isomers of amino acids was investigated in KAAT1 and
4
CAATCH1 expressing oocytes. The work of Boudko , who identified the first Drosophila melanogaster
functionally expressed NAT-SLC6 member that showed a broad spectrum of substrates and an extraordinary
ability to absorb the D isomers, was the starting point of this research. In presence of the D- isomers of
leucine, serine and proline, the KAAT generates inward, transport-associated, currents with variable relative
+
+
potencies, depending on the driving ion Na or K . Higher concentrations of D-leucine (≥ 1mM) give rise to a
peculiar response, for kinetic characteristics, suggesting the existence of a second binding site with inhibitory
action on the transport process. CAATCH1 is also able to transport the D- amino acids tested, including D5
leucine, while L-leucine acts as a blocker. A similar behaviour is exhibited by the KAAT1 mutant S308T ,
confirming the relevance of the residue in this position in L-leucine binding and the different interaction of Dleucine with residues involved in transport mechanism. The findings highlights the relevance of D-amino acid
absorption not only in the insect nutrition and metabolism but also reveal a possible role in delivering
substrates for glutamatergic neurotransmission, and may provide new clues in the molecular mechanism of
transport.
1
Castagna, M. et al. Proc Natl Acad Sci U S A 95, 5395-5400 (1998). 2
Feldman, D. H., Harvey,
W. R. & Stevens, B. R. J.Biol.Chem. 275, 24518-24526, doi:DOI 10.1074/jbc.M907582199 (2000).
3
Stevens, B. R. et al. Membrane biochemistry 4, 271-282 (1982). 4
Miller, M. M., Popova, L. B.,
Meleshkevitch, E. A., Tran, P. V. & Boudko, D. Y. Insect Biochem.Mol.Biol 38, 923-931, doi:DOI
10.1016/j.ibmb.2008.07.005 (2008).
5

Miszner, A. et al. J Physiol 581, 899-913, doi:10.1113/jphysiol.2007.132555 (2007).
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PP-10 Degree of freedom for TM1A movement in LeuTAa is dictated by the
surrounding environment.
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Background:
Solute carrier class six proteins (SLC6) have gained a great attention in terms of their pharmacological
importance. Malfunctioning of SLC6 proteins results in numerous debilitating central and nervous system
diseases. LeuT a bacterial homologue of SLC6 protein, with various high resolution crystal structures is
serving to date as structural and functional paradigm to SLC6 proteins. Large scale changes in helix1a (TM1a)
of LeuT in solution have been investigated using single molecule FRET studies relating these movements to
the substrate releasing state of the LeuT. We used LRET as a tool to study the movement of TM1a in micelles
as well as in a more native lipid membrane environment.
Methods:
Employing Lanthanide based resonance energy transfer (LRET) as a tool of trade, we measured the
intramolecular distance changes in LeuT. Mutants were screened for their functional activity using scintillation
proximity assay. These mutants were further characterized by accessing their uptake activity after successfully
reconstituting them in POPC liposomes. LRET based intramolecular distance measurements were done in
DDM detergent micelles from purified pre-labeled proteins. In case of lipid membrane environment, prelabeled protein was reconstituted into POPC liposomes. Ionic gradient was excluded during measurement in
POPC proteoliposomes.
Results:
The C-terminal LBT (R519-LBT-G520_LeuT) and its cysteine (R519-LBT-G520_A9C_LeuT) mutants showed
their subtrate binding and transport activity comparable to the Wt_LeuT. Focusing TM1a movements in Na+
bound (outward-open) and Na+ free (inward-open) conformations of LeuT, LRET measurements were carried
out. In case of DDM detergent micelles environment TM1a was quite flexible in inward-open verses outwardopen conformations. In contrast to detergent micelle environment, lipid environment posed a great constrain
over the flexibility of TM1a. These experimental results were also supported strongly with our insilco studies.
In addition, we reconstituted LeuT into quite stable giant unilamellar vesicles (GUVs) of defined composition to
gain a gradient over the plasma membrane with defined lipid bilayer.
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PP-11 Serotonin transporter forms a somatodentric protein complex with
the synaptic cell adhesion protein neuroligin 2 within the dorsal raphe
nucleus
Meagan Quinlan
Vanderbilt University, USA
Disruptions in the regulation of the serotonin transporter (SERT) have been implicated in a wide range of
neuropsychiatric disorders, including major depression, autism spectrum disorder and schizophrenia. Within
the central nervous system, the dorsal raphe nucleus (DRN) contains a majority of the serotonin (5-HT)
neurons, which send diffuse axonal projections across multiple forebrain regions. However how the synaptic
proteins are organized in DRN 5-HT neurons to coordinate distinct local and extrinsic inputs is unknown. In an
unbiased proteomic analysis of the composition of SERT protein complexes in the midbrain revealed the
synaptic cell adhesion protein neuroligin 2 (NLGN2) as a SERT interacting protein (SIP). A separate midbrain
5-HT gene network derived from BXD recombinant inbred mice also identified a correlation between NL2 and
SERT expression. Further characterization of the NLGN2-SERT interaction revealed is a midbrain-specific,
somatodendritic protein complex in DRN 5-HT neurons. Interestingly, the key populations of neurons in the
DRN that provide inhibitory input to 5-HT neurons are GABA interneurons. Given the major roles of NLGN2 in
GABAergic postsynaptic protein complexes, we hypothesized that NLGN2-SERT interaction is important for
connecting the molecular machineries of GABA input and somatoderitic 5-HT release on 5-HT
neurons. NLGN2 KO mice, GABAA receptor-mediated spontaneous IPSCs in 5-HT neurons are drastically
reduced, along with significantly decreased SERT expression across multiple brain regions. There are also
significant changes in behavioral paradigms that are sensitive to SERT or 5-HT receptors. Our findings reveal
a novel, essential protein complex in DRN 5-HT neurons for maintaining normal 5-HT neuron physiology and
signaling.

PP-12 Phosphorylation-mediated modulation of the dopamine transporter
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The dopamine transporter (DAT) mediates reuptake of dopamine (DA) from the synaptic cleft to terminate
dopaminergic signaling. The functions of DAT are regulated by oligomerisation, protein-protein interactions
and post-translational modification, such as phosphorylation.
Previously, we found that phosphorylation at Thr53 in rat DAT is involved in amphetamine-mediated DA
1
efflux . In this study, mass spectrometry (MS) identified interaction of mouse DAT with protein phosphatase
-/PP2A from the wild-type striatum, but not from DAT knock-out (DAT ). We further confirmed PP2A interaction
with human DAT (hDAT) in heterologous cells by co-immunoprecipitation and further identified hDAT
phosphorylation at Thr48 by MS analysis. Treatment of an inhibitor of PP1/2A, okadaic acid, strongly
enhanced Thr48 phosphorylation and concomitantly reduced DA uptake in a stable cell line expressing hDAT.
These findings suggest that N-terminal phosphorylation of DAT is orchestrated by kinases and phosphatases
to regulate DA functions.
1

§

Foster JD*, Yang JW*, Moritz AE, Challasivakanaka S, Smith MA, Holy M, Wilebski K, Sitte HH , Vaughan
§
RA (2012) Dopamine transporter phosphorylation site threonine 53 regulates substrate reuptake and
amphetamine-stimulated efflux. J Biol Chem. 287(35):29702-29712
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PP-13 Substrate-modulated gating dynamics at the extracellular and
intracellular faces of LeuT
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Neurotransmitter:sodium symporters (NSS) regulate the spatiotemporal dimension of signaling through
reuptake and recycling of neurotransmitters from the synaptic cleft in a co-transport mechanism driven by the
+
Na electrochemical gradient. NSSs for serotonin, dopamine, and norepinephrine are targeted by
antidepressants and psychostimulants. The amino acid transporter LeuT from Aquifex aeolicus is a prokaryotic
NSS homolog that has been crystallized in several conformations that have been interpreted as states visited
in the transport cycle, but the mechanism by which the binding of ions and substrates controls transitions
between states is not understood. We have developed single-molecule Forster resonance energy transfer
(smFRET) techniques that enable us to obtain direct measures of conformational fluctuations of LeuT in real
time, allowing the elucidation of functional mechanisms. We previously used smFRET to characterize
conformational dynamics at the intracellular face of LeuT and their modulation by ions and substrates. Here,
we have made technical improvements enabling us to characterize the dynamics at the extracellular face of
LeuT for the first time, and the relationship to dynamics at the intracellular face. Each face demonstrates
independent ligand-modulated dynamics, indicating flexible motions between the two faces, rather than a rigidbody movement.

PP-14 Altered dopamine dynamics in rats lacking the dopamine transporter
(dat-ko)
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The major function of Dopamine Transporter (DAT) is the reuptake of dopamine (DA) from the synaptic cleft
into presynaptic nerve terminals. Wistar Han rats in which the gene encoding the DAT (SLC6A3, belonging to
the family of Solute Carrier Transporter genes) has been disrupted, were produced by means of Zinc Fingers
- Nucleases technology. DAT homozygous knockout rats (DAT / ) do not show any pre- and postnatal
+ +
impairment, since they feed, develop and reach adult stage as their wildtype (DAT / ) and heterozygotes
+ - littermates (DAT / ). Nevertheless, (DAT / ) show an impaired weight gain during developmental stage; naïve
homozygotes have a pronounced spontaneous Locomotor Activity, as detected throughout development up to
adulthood, at different ages and over different periods of observation. Preliminary tissue content and fast scan
cyclic voltammetry analysis suggest that the increase in the spontaneous locomotor activity is a direct
consequence of the extended length of time that DA spends in the extracellular space following release.
Particularly, as noted previously in DAT-KO mouse model [1,2], DA clearance in the striatum is much longer in
KO strain (60 sec) when compared to WT strain (1-2 sec) indicating that the lack of DAT in rats results in
- disrupted clearance of released DA. Preliminary pharmacological characterization of (DAT / ) with
amphetamine and a Tyrosine Hydroxylase reversible inhibitor show further support for the hyperdopaminergic
functional state induced by the knockout of DAT, key protein for the homeostasis of dopaminergic terminals.
The DAT knockout rats should be an excellent and improved tool for the study and development of drugs used
in the management of dopaminergic disfunctions. Our goal is to provide a complex and translational model for
several human diseases involving aberrant DA function or mutations affecting DAT or altered DAT regulatory
mechanisms in vivo such as schizophrenia, ADHD and newly discovered Dopamine Transporter Deficiency
Syndrome (DTDS).
References
1. Giros B, Jaber M, Jones SR, Wightman RM, Caron MG (1996) Hyperlocomotion and indifference to
cocaine and amphetamine in mice lacking the dopamine transporter. Nature 379:606–612
2. Jones SR, Gainetdinov RR, Jaber M, Giros B, Wightman RM, Caron MG (1998) Profound neuronal
plasticity in response to inactivation of the dopamine transporter. Proc Natl Acad Sci U S A 95:4029–4034
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PP-15 Comparison of functional assays for studying ABC multidrug
transporters
Zsuzsanna Nerada, Agnes Telbisz, Balazs Sarkadi
Hungarian Academy of Sciences, Research Center for Natural Sciences, Institute of Enzymology, Hungary
ABC multidrug transporters are key players in cancer multidrug resistance and in determining the ADME-tox
properties of drugs and xenobiotics. The most appropriate and sensitive detection of the expression and drug
interactions with these transporter is based on functional assays, while there is still relatively little consensus
of selecting appropriate methodologies. Here we compare the advantages and disadvantages of functional
assays for assessing the activity of two key multidrug transporters, ABCB1 (MDR1, Pgp) and ABCG2 (BCRP).
Fluorescence based flow cytometry assays are compared to direct ATPase activity and cytotoxicity
measurements by using DyeCycle Violet (DCV), Hoechst 33342 and Mitoxantrone reporter substrates, and by
applying selective inhibitors. DCV and Hoechst 33342 have similar transport properties, but measurements
with DCV can be performed with better efficiency due to a DCV excitation spectrum shifted to higher
wavelengths. Moreover, DCV is less toxic to cells, especially if a multidrug transporter is expressed. Here we
also demonstrate the applicability of high-content analysis for assessing ABC transporter function by
measuring dye uptake and antibody staining in single cells or in selected cell populations. These studies may
promote the clinically important quantitative detection of drug-transporter interactions.

PP-16 Purification and reconstitution of the human ABCB11/BSEP bile salt
transporter
Zsofia Kocsis, Balazs Sarkadi, Agnes Telbisz
RCNS-HAS, Hungary
ABCB11/BSEP is an ABC transporter expressed at the canalicular membrane surface of hepatic cells. This
ABC transporter is responsible for the ATP-dependent outward transport of conjugated bile salts and it has a
major importance in maintaining normal bile acid secretion into the bile canaliculi. Various mutations of
ABCB11 associated with markedly reduced protein expression can cause different forms of cholestatic
symptoms, e.g. progressive familiar intrahepatic cholestasis (PFIC2), benign recurrent intrahepatic cholestasis
(BRIC2) or intrahepatic cholestasis in pregnancy (ICP). Several drugs shown to have hepatotoxic effects
turned out to be inhibitors of the ABCB11 mediated transport. ABCB11 has a high sequential similarity to the
ABCB1/P-gp multidrug transporter and ABCB11 seems to be also able to interact with a broad spectrum of
drugs. In order to reveal potential hepatotoxic properties of drugs it is necessary to examine direct drug
interactions with ABCB11. Our aim was to express human ABCB11, purify the protein in a functionally active
state and reconstitute the protein in artificial liposomes. This would allow the examination of drug interactions
and the effect of the lipid environment on the transporter, as well as to produce purified protein for structural
investigations. We expressed His-tagged ABCB11 in insect cells and showed that the ATPase activity of the
protein was not altered by His-tagging. The membrane proteins were solubilized from the insect cell
membranes, ABCB11 was purified by affinity purification, and the activity of the protein reconstituted in
liposomes was detected by measuring transport coupled ATPase activity. The ATPase activity of the purified,
reconstituted ABCB11 was similar to that of the ABCB11 in the original membrane vesicles, often used in
functional assays. ABCB11-ATPase could be significantly stimulated by the addition of glycocholate. We plan
to investigate ABCB11-drug interactions by using this assay system with purified and reconstituted ABCB11.
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PP-17 In vitro and in vivo characterization of the P-glycoprotein expressing
subpopulation of JIMT-1 breast cancer cells
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Tumor development is driven by numerous genetic and epigenetic alterations within normal tissues, leading to
the emergence of malignant, proliferative cells. According to the clonal evolution theory, after the appearance
of the first tumor cells these cells begin to accumulate additional mutations due to their genetic instability,
resulting in the emergence of several genetically different subpopulations. These subpopulations might be
responsible for the maintenance of the primary tumor and also could have crucial roles in metastasis
formation. Tumor initiating cell subpopulations have been shown frequently to express multidrug transporters
like P-glycoprotein and ABCG2, providing chemoresistance against anti-cancer therapies. Therefore, it is of
great importance to understand the function and regulation of ABC transporters on these tumor cells as a
promising target of anticancer therapies. In our experiments we used the aggressive JIMT-1 breast cancer cell
line, in which we proved the existence of the “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. We found no differences in the mammosphere formation capacities of the two subpopulations.
+
+
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%. In contrast to in vitro results, the majority of JIMT-1 cells become Pgp expressing in
vivo, and also the proliferation rate of the cells is different: upon CFSE staining 3 subpopulations can be
observed with highest Pgp expression on the cells with the highest proliferation rate. In vivo a Pgp
overexpressing subpopulation also can be observed with 20-times higher Pgp expression levels, which might
+
be explained by a possible gene-amplification event. These overexpressing cells remain Pgp even after
+
culturing them under in vitro conditions for several weeks. As a conclusion, we identified a Pgp subpopulation
of JIMT-1 cell line with characteristics crucial for chemotherapy resistance and increased metastasis forming
potency. We identified major differences in the behavior of JIMT-1 cells under in vitro and in vivo conditions. In
our future experiments we aim to characterize the molecular basis of the regulation of Pgp expression and to
investigate the exact molecular function of Pgp expressing cells in tumor development.
Grants: OTKA grants PD75994, K72762 and NK101337, TÁMOP 4.2.2. A-11./1/KONV-2012-0023

PP-18 Purification and structural analysis of the cystic fibrosis
transconductance regulator protein (CFTR) expressed in S. cerevisiae
Naomi Pollock, Clare Levene, Xin Meng, Robert Ford
University of Manchester, United Kingdom
The cystic fibrosis transmembrane conductance regulator protein (CFTR) is a member of the ATP-binding
cassette (ABC) family of membrane proteins. It functions as an anion channel. Mutations, which reduce in the
amount of functional CFTR reaching the plasma membrane of epithelial of cells in the lung, intestines,
pancreas, testes and other tissues, give rise to the disease cystic fibrosis (CF). This genetic disorder affects 1
in 2500 live births in Europe and significantly reduces median life expectancy in suffers to <40 year.
Hitherto, therapy for CF has relied on treatment of the symptoms (e.g. poor lung function and digestive
issues), but since 2012, drugs directly targeting CFTR have become a reality. The precise modes of action
and sites of interaction of these new drugs with CFTR remain undetermined. One way to address this
knowledge gap is through determining structures of CFTR. To this end, we have produced purified,
reconstituted CFTR in large quantities to study its structural and functional characteristics.
We have developed a Saccharomyces cerevisiae heterologous overexpression system for human CFTR, both
the wild-type protein, and two common disease-causing mutants: G551D and ΔF508. Tags at the N-terminal
(poly-His) and C-terminal (StrepII), and an internal FLAG tag provide options for affinity purification of CFTR
from the solubilized cell membranes. A C-terminal green fluorescent protein (GFP) tag allows rapid detection
of the CFTR during expression and purification by fluorescence microscopy and spectroscopy. The constructs
are codon-optimised for yeast, and we have optimized growth and induction conditions for the maximal
expression of CFTR.
After affinity purification in the detergents lysophosphatidylglycerol-14 (LPG-14) or dodecylmaltoside (DDM),
CFTR has been analysed by gel permeation chromatography (GPC), thermal unfolding and light scattering
techniques. Samples judged to be suitably stable after purification have been chosen for structural studies
including electron microscopy, small-angle X-ray scattering and 3D crystallization.
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transporter BtuM
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Cobalamin (vitamin B12) is an essential co-factor for most organisms except higher plants but can only be
synthesized by a handful of bacteria. Therefore, the ability to take up cobalamin is indispensable for most
organisms, including the majority of prokaryotes. The only characterized prokaryotic uptake system is
the Escherichia coli ABC-transporter BtuCD-F, but many prokaryotes that require cobalamin for their
metabolism and are devoid of cobalamin de novo synthesis-capacities lack a BtuCD-F homologue and,
therefore, must take up the vitamin by means of yet unknown uptake systems. With genome mining one
potentially new prokaryotic uptake system exclusive to Gram-negative bacteria was identified: BtuM, which
does not share sequence homology to any known transporter and has five predicted TMs. On the
chromosome, the gene encoding BtuM is constitutively associated with genes encoding a variety of cobalamin
modifying enzymes and the outer membrane active transporter BtuB. Additionally, translation is controlled by a
B12-regulatory element suggesting a role in vitamin transport. We tested whether BtuM from the
bacterium Thiobacillus denitrificans is involved in transporting vitamin B12. We show that an E. coli mutant
strain devoid of the endogenous cobalamin transporter (ΔbtuC), could accumulate cobalamin when we
heterologously produced BtuM compared to the same strain without BtuM. We further demonstrate that BtuM
is a monomer in vivo. We purified the protein in detergent solution and used static light scattering analysis to
confirm the monomeric state and molecular weight of 22 kDa. Surprisingly, the affinity for the substrate is
estimated to be around 100 µM, which is relatively low compared to transporters specific for other essential
co-factors. BtuM is the first prokaryotic cobalamin transporter that does not belong to the ABC transporter
superfamily, which makes it an intriguing new uptake system from a phylogenetic, structural and mechanistic
point of view. Cobalamin transporters might also be targets for new antimicrobial drugs because scavenging
the co-factor is essential for many pathogens, and humans take up the vitamin by means of endocytosis.

PP-20 Identification and comparative analysis of ABC-transporter in
Fasciola hepatica
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The trematode Fasciola hepatica (liver-fluke) is a parasitic worm infecting the liver of both livestock and
humans on all continents (except the Antarctic). Up to 17 million people worldwide are thought to be infested.
A survey in Tyrol revealed that antibodies against F. hepatica were found in 73% of the cows. At present, the
only effective drug is triclabendazole. However it has been used for more than 20 years and resistance of
F. hepatica was reported already in the mid 1990s. It has been hypothesized that ABC-transporter play an
important role in the mechanisms underlying the resistance which is further supported by a recent survey that
examined polymorphisms in a putative ABC transporter.
RNA-seq data from four different isolates (resistant and non-resistant phenotypes) were created. Based on the
created reference transcriptome we identified all ABC-transporter transcripts, including different transcripts
that could be further grouped as splice variants of the same gene. A comparative analysis was performed
including known and well annotated species (e.g. C. elegans, H. sapiens). The identified ABC-transporter
genes showed similar amounts and a similar distribution over the different subfamilies as C. elegans whereas
the sequences differ substantially. In order to address the question of potential mutations causing the
resistance phenotype we performed further comparative analysis between the different samples and could
identify a variety of alterations including SNPs and allelic variations with specific expression potentially related
with the resistance phenotype.
The identification of ABC-transporter in F. hepatica and the variation within these sequences is a crucial step
in the analysis of the ABC-transporter dependent development of resistance phenotypes.

49

8th SFB35 Symposium 2015, Vienna
PP-21 ABSENCE OF BSEP/ABCB11 PROTECTS FROM CHOLESTATIC
LIVERAND BILE DUCT INJURY IN A MOUSE MODEL OF SCLEROSING
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Background and Aims:Cholestasis, characterized by intrahepaticaccumulation of potentially cytotoxic bile
acids (BAs) leads toliver injury reflected by disruption of hepatocellular integrity,inflammation and fibrosis. Bile
salt export pump (BSEP/ABCB11)is the main canalicular BA transporter and therefore rate limitingstep for
hepatobiliary BA secretion. Here we investigate the role ofABCB11 in development of cholestatic liver and bile
duct injury ina model of sclerosing cholangitis.Methods:Wildtype (WT) and ABCB11 knockout (KO) mice
weresubjected to common bile duct ligation (CBDL) (7 days) and DDCfeeding (4 weeks) as models for acute
and chronic cholestasis(sclerosing cholangitis), respectively. RNA profiling was performedby RT-PCR. BA
transporter expression was assessed at proteinlevel. Serum biochemistry, hepatic hydroxyproline (HP) levels,
BAcomposition as well as liver histology were assessed.Results:In contrast to WT, ABCB11 KO mice where
protectedfrom cholestatic liver injury after CBDL or DDC feeding, reflectedby unchanged serum levels of ALT,
AST, AP, total cholesteroland BA. ABCB11 KO mice where protected from inflammation(reflected by
unchanged mRNA levels of F4/80 and MCP1) andfibrosis (reflected by unchanged mRNA levels of Col1a1,
Col1a2and aSMA protein levels) while WT mice display significant up-regulation of both inflammatory (F4/80
4-fold and Mcp1 60-fold)and fibrotic (Col1a1 2-fold, Col1a2 2.5-fold, HP levels 2-fold)markers.
Polyhydroxylated BAs (PHBA) were increased 4-fold inABCB11 KO CBDL mice compared to WT CBDL mice
(p<0.01).mRNA expression of Cyp2b10, downstream target of CAR, a nuclearreceptor regulating BA
detoxification, was increased (10-fold) inABCB11 KO mice under cholestatic conditions. Protein levels ofBA
transporter such as NTCP, OATP (sinusoidal uptake) and MRP2(canalicular export) were reduced in WT and
increased in ABCB11KO mice under cholestatic conditions. MRP3 and MRP4 (sinusoidalexport) protein levels
were increased in WT CBDL mice and notchanged in ABCB11 KO mice. Notably, the phosphorylated formof
STAT3 – essential for the differentiation of pro-inflammatoryTH17 cells – was exclusively found in WT BDL
mice.Conclusions:Changes in BA metabolism favouring detoxificationand efflux of potentially toxic BAs
protects ABCB11 KO mice fromdevelopment of acute and chronic cholestatic liver injury. ThereforePHBAs
may open a new therapeutic avenue against cholestasis andsubsequent progression toward fibrosis in
cholangiopathies such asPBC and PSC.

PP-22 Mitochondrial Transport of the Peroxisomal ABC-Transporter ABCD1
Markus Kunze, Johannes Berger
Medical University of Vienna, Austria
The peroxisomal ABC-transporter ABCD1 has been linked to the inherited human disease X-linked
adrenoleukodystrophy (X-ALD). The protein mediates the translocation of very long chain fatty acids across
the peroxisomal membrane to facilitate their degradation. ABCD1 encodes a peroxisomal targeting signal for
membrane proteins (mPTS) that is sufficient to mediate protein transport to peroxisomes and interacts with the
soluble receptor protein PEX19 (Halbach et al., 2005; JBC, 21176-21182). Two alternative transport routes for
peroxisomal membrane proteins (PMP) into their target organelle have been proposed: either cytosolic PMPs
are directly integrated into the peroxisomal membrane or PMPs first insert into the ER and subsequently
become transferred to peroxisomes. However, a systematic investigation of all targeting signals encoded in
the full length protein has not been reported yet. Thus, we performed a deletion analysis of a reporter protein
consisting of ABCD1 tagged at its C-terminus by EGFP and used fluorescence microscopy to determine the
subcellular location of the protein. Thereby, we identified a second targeting signal in the protein, which is
sufficient to mediate peroxisomal transport of ABCD1 independently of the previously identified mPTS. The
concomitant ablation of both peroxisomal targeting signals ablates the peroxisomal transport of ABCD1
excluding the existence of further targeting information. Moreover, we identified a mitochondrial targeting
signal at the N-terminus of ABCD1, which is not functional under normal conditions. However, when the
protein lacks both peroxisomal targeting signals or when the cell is void of peroxisomes, ABCD1 is transported
to mitochondria. This mitochondrial targeting signal is repressed by the peroxisomal receptor protein PEX19,
which binds to a sequence element close to the N-terminus partially overlapping with the mitochondrial
targeting signal. The physiological function of this repressable mitochondrial targeting signal has not been
elucidated yet, but its existence renders the transport route of ABCD1 to peroxisomes via the ER very unlikely.
Acknowledgement: this work was supported by the Austrian Science Fund (FWF) project P26112-B19
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PP-23 Thyroid hormone receptor beta 1 (TR-β1) stimulates biliary
phosphatidylcholine secretion via ABCB4 regulation
Thierry Claudel, Julien Gautherot, Frans Cuperus, Claudia Fuchs, Michael Trauner
Medical University of Vienna, Austria
INTRODUCTION:
ATP-binding cassette protein subfamily B4/ multidrug resistance transporter 3 (ABCB4/MDR3) mediates
phosphatidylcholine (PC) biliary secretion. Defects in ABCB4 expression result in cholestatic liver injuries, thus
up-regulating ABCB4 pharmacologically may improve non-obstructive cholestatic liver diseases.
AIM:
We investigated the role of triiodothyronine (T3) in ABCB4 regulation in primary immortalized human cells and
in vivo.
METHODS:
HepG2, IHH and HuH-7 cells were incubated with T3 and specific THR alpha (THRα) and beta (THRß)
agonists. Mice were fed with THRb agonist, bile composition and flow were determined as well as gene and
protein expressions measured by Q-PCR and western blot.
RESULTS:
ABCB4 gene expression and protein levels were increased in a time- and dose-dependent manner by T3 as
well as THRß (GC-1, KB-2115, CGS23425 and KB-141) but not THRα agonists in vitro in all human cell lines.
ABCB4 regulation was direct and transcriptional as shown by cycloheximide and actinomycin D treatments.
Gel shift revealed a bona fide THRß specific binding site in the promoter of ABCB4. Interestingly, coincubation of T3 and FXR agonists resulted in additive stimulation of ABCB4, while repressing CYP7A1
expression. Moreover, Abcb4 was up-regulated in wild-type mice treated with KB-141 which in turn increased
biliary PC secretion.
CONCLUSION:
We identified TR-β1 as a novel activator of ABCB4 in human and mouse. Moreover, FXR and THRß agonists
may modify bile composition by increasing phospholipids and reducing bile salts thus favouring less toxic bile
and opening new therapeutic opportunities in bile duct injury.

PP-24 Exocyst-dependent trafficking of the wild type dopamine transporter
(DAT) and folding-deficient DAT mutants
Hafiz Muhammad Mazhar Asjad, Ali El-Kasaby, Ameya Kasture, Oliver Kudlacek, Sonja Sucic,
Michael Freissmuth
Medical University of Vienna, Austria
Uptake through the dopamine transporter (DAT) represents the primary mechanism used to terminate
dopaminergic transmission in the brain. DAT has a PDZ-binding motif on its C-terminus, which is required for
cell surface delivery. Substitutions within the PDZ-domain or extensions at the C-terminus result in intracellular
retention. In contrast, the serotonin transporter (SERT) is the only monoamine transporter, which tolerates
modifications of its C-terminus. Our working hypothesis posits that DAT and its close relative NET
(norepiphrine transporter) recruits the exocyst complex via its C-terminus. Accordingly, we examined the
effects of exocyst components on transporter expression by performing radiolabelled substrate uptake assays
in HEK293 cells (a cell line of fibroblast origin) or in CAD cells (a CNS cathecholaminergic cell line, which
endogenously expresses the NET and many neuron-specific proteins, such as class III beta-tubulin, GAP-43,
SNAP-25, and synaptotagmin). Briefly, the cells were transiently transfected with the plasmids encoding DAT,
SERT or NET, along with different amounts of the plasmid encoding Exo70; 48h after transfection, uptake of
radiolabelled substrate was determined to quantify surface expression of the transporters. The data indicated
that DAT relied on the exocyst to reach the cell surface. The conjecture that Exo70 interacts with DAT via its
C-terminal domain was verified, at least in part, in our experiments. Surprisingly, SERT did not require the
exocyst complex to reach the cell surface, regardless of whether the experiments were performed in HEK293
cells or in CAD cells. Moreover, confocal laser scanning microscopy in HEK293 cells transiently transfected
with DAT or SERT, in the absence or presence of different amounts of dominant negative Exo70, also
confirmed that DAT, but not SERT, was dependent on Exo70. These experiments are of physiological
relevance because misfolded DAT mutants have been shown to cause Parkinson´s disease. Hence, we
should expect these folding-deficient versions of DAT to fail binding the exocyst complex, in turn leading to
their intracellular retention. When pharmacochaperoned and thus refolded, these DAT mutants ought to bind
the exocyst, promoting their delivery to the cell surface.
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The dopamine transporter (DAT) is a member of the solute carrier 6 gene (SLC6) family. It is a protein
comprising twelve membrane-spanning helices and cytosolic amino and carboxy termini. DAT is localised at
the presynaptic specialisation, where it rapidly retrieves the previously released dopamine from the synaptic
cleft, and operates in relay with the vesicular monoamine transporter to replenish vesicular stores. Mutations
in the coding sequence of the dopamine transporter gene are known to cause protein misfolding. The aim of
our study was to characterise and rescue misfolded/dysfunctional DAT mutants by pharmacochaperoning.
Mutations in Drosophila melanogaster DAT (dDAT) abolish dopamine uptake and lead to a sleepless
phenotype in flies. We identified a single-point mutation in dDAT, i.e. dDAT-G108Q, which arises due to
defective protein folding, based on the following lines of evidence: (i) dDAT-G108Q is retained in the
endoplasmic reticulum (ER), as illustrated by confocal laser scanning microscopy images and co-localisation
with the ER-resident chaperone calnexin. (ii) The mutant displayed no specific dopamine uptake in either
HEK293 or Schneider (S2) cells. (ii) The glycine residue equivalent to G108 in dDAT is absolutely conserved
among all DAT species, from C. elegans to H. sapiens, but also among the related monoamine transporters
for noradrenaline (NET) and serotonin (SERT). (iii) G108 resides juxtamembrane to the second membranespanning helix, i.e. at the very end of the first cytoplasmic loop, which is known to play a key role in the folding
of SLC6 transporters. (iv) The mutant associated with significantly higher levels of HSP70-1A and calnexin
than the wild type dDAT. This interaction was markedly reduced upon treatment with noribogaine or pifithrin-µ;
and a combined action of the two compounds resulted in a synergistic effect, i.e. enhanced cell surface
expression. The pharmacochaperoning action of noribogaine can be accounted for by its ability to stabilize the
inward-facing conformation of DAT, whereas pifithrin-µ acts by inhibiting HSP70. Moreover, both noribogaine
and pifithrin-µ restored sleep in vivo, in dDAT-G108Q expressing flies. In addition, we examined a series of
human DAT (hDAT) mutations causing infantile dystonia/Parkinsonism. Intracellular retention of the hDAT
variants in the ER compartment leads to dramatic reductions in their functional activity. Ongoing experiments
assess whether some of these clinically-relevant mutations can be functionally rescued by
pharmacochaperoning. Collectively, our data provide a proof-of-principle that mutations in DAT are amenable
to rescue by pharmacochaperoning in vitro and in vivo.
This work was supported by the Austrian Science Fund/FWF grants P27518-B27 (to S. S.), SFB35-10 (to M.
F.), and the doctoral program Cell Communication in Health and Disease (to A.K.).
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A frequent cause for folding defects and subsequent impaired trafficking of ABC proteins are nonsynonymous
mutations. At least 15 ABC proteins have been causally linked to more than 25 human disease etiologies.
Aberrant folding leads to retrotranslocation from the endoplasmic reticulum to the cytoplasm 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. A systematic survey of disease
causing nonsynonymous mutations shows highly nonrandom clustering in regions of intracellular loops, which
form contacts with the NBDs, as well as in corresponding regions of the NBDs. Thus, the TMD/NBD interface
represents an Achilles heel of the ABC protein family (Chiba et al., Pharmacological Res 2014). Many
mutations localize to the first helix of the alpha helical domain of the nucleotide binding domains. The
paradigmatic mutation ∆F508 of cystic fibrosis transmembrane conductance regulator (CFTR) has been
introduced in an aligning position (Y490) of ABCB1. In addition, deletion of Y1133, the equivalent position of
NBD1 residue Y490 in NBD2 has been generated in ABCB1. These mutants only express 14 and 1 percent of
wild type protein levels, respectively, but can be rescued by substrate-like small molecules in a concentration
dependent manner. The ability of a larger data set of systematically modified propafenone analogs shows an
excellent correlation between inhibitory potential and ability of these compounds to rescue surface expression.
This indicates that molecules reestablish plasma membrane expression by a long-range effect between the
active (substrate binding) site at the TMD interface and the site of mutation in the NBD (distance of
approximately 60Å). 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 ΔY490Y310F and ΔY490-Y953F were generated to explore the role of these residues for hydrogen bonding
interactions of propafenone correctors, because both residues are 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 a hydrogen-bonding 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.
Supported by a grant from the FWF (www.sfb35.at)
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PP-27 Targeting endothelial cells to enhance the uptake of cytotoxic
compounds
Elisabeth Glitzner, Karin Komposch, Maria Sibilia
Medical University of Vienna, Austria
The success of anticancer therapy is often hampered by treatment resistance. One major mechanism of drug
resistance is the expression of ABC (ATP-binding cassette) protein transporters, which actively remove them
from target cells. Moreover, to reach its site of action, drugs have to pass the endothelium. In the past, several
studies have described that endothelia only express a limited spectrum of ABC transporters during
homeostasis. Conversely, it has been shown that endothelia in the vicinity of tumors exhibit upregulation of
ABC transporters such as ABCG2 or P-glycoprotein, which are frequently expressed at higher levels than in
the tumor cells themselves. In vitro, tumor-associated endothelial cells that expressed higher levels of ABC
transporters were more resistant to paclitaxel, a common cytotoxic anticancer drug. In this study, we wanted to
investigate ABC transporter expression in endothelial cells of tumors notoriously resistant to common
chemotherapeutic regimen by employing genetically engineered mouse models of human tumors.
Interestingly, in a mouse model of human hepatocellular carcinoma we observed a significant increase in
protein levels of ABCG2 expression in the tumor-associated endothelial cells (TEC) compared to non-tumor
tissue. We are currently investigating ABC transporter expression in endothelial cells using different tumor
models, such as squamous cell carcinoma, colon carcinoma and osteosarcoma, and aim at finding a common
mechanism leading to the upregulation of ABC transporters in TECs.

PP-28 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
increased expression of multi-drug-resistance ATP-binding cassette (ABC) transporters like ABCB1 and
ABCG2 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). Previous
studies also suggested that EGFR signaling pathways regulate the expression of ABCB1 via NF-κB, ABCC1
via NF-κB and indirectly via PTEN and EGFR, ABCG2 via the PI3K–AKT arm of the EGFR signaling pathway.
ΔMx
However, in a mouse model with constitutive EGFR deletion in all liver cells (EGFRfl/fl;MxCre = EGFR ), we
could not observe any differential expression in the above-mentioned ABC transporters in healthy livers.
ΔMx
Interestingly, in HCCs of EGFR
mice we observed a significant increase in protein levels of ABCB1 and
ABCG2 expression in the tumors compared to non-tumor tissue, irrespective of EGFR expression. Therefore,
we are currently investigating whether pharmacological inhibition with Erlotinib, an EGFR tyrosine kinase
inhibitor and dual substrate for ABCB1 and ABCG2, affects ABC transporter expression differentially to
genetic deletion.
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serotonin transporter
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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
1
system, 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 number of non-responding patients. A new
2
multi-modal 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 in
the nervous system. We have investigated how vortioxetine binds to the serotonin transporter by a two-fold
approach using both computational methods and mutational experiments. Using the computational induced fit
3
docking protocol as well as the experimental paired mutant-ligand analogue complementation method, we
have determined the most likely binding mode of vortioxetine when binding to the human serotonin
transporter. 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, and
thereby locks it in an inactive state.
1
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PP-30 Mercury toxicokinetics in the human term placenta: a story of amino
acid transporters, glutathione system related enzymes and ABC transporters
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BACKGROUND: Mercury is able to pass the placenta and adversely affects fetal brain development. An active
transport across the placenta is assumed as cord blood levels are higher than maternal blood levels. The
mechanisms of its placental transport however are poorly known.
OBJECTIVES: Four groups of proteins assumed to play a key role in mercury toxicokinetics were examined.
METHODS: To confirm the relevant players we determined the localization of candidate proteins in human
healthy term placenta via IF. Additionally, siRNA-mediated gene knock down was conducted in human primary
trophoblast cells (hTCs) and BeWo cells.
RESULTS: We found four amino acid transporters (LAT1, LAT2, b0,+, rBAT), four GSH system related
enzymes (GR, GGT, GSTA1, GSTP1) and two efflux transporters (MRP1, MRP3) to be involved in placental
mercury toxicokinetics. We therefore propose a model where the amino acid transporters (b0,+-rBAT LAT14F2hc, LAT2-4F2hc) located at the apical side of the syncytiotrophoblast (STB) manage uptake of MeHg.
Intracellularly, mercury is readily conjugated by GSTs to GSH. The GSH conjugates are effluxed from the STB
via MRP3 and MRP1 localized to the basal side of the STB. The GSH metabolizing enzymes GR and GGT
also play an essential role during this process. Additionally, the surprising lack of MRP2 in the term placenta,
which is reported to be localized to the apical STB, could well explain why mercury is not transported back to
the maternal circulation to large amounts.
CONCLUSION: Our findings provide new insights into the mercury toxicokinetics of the human term placenta.
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PP-31 Comparative structural modeling of human BSEP and Structure
based classification for BSEP/ABCB11 Inhibitors
Sankalp Jain, Gerhard F. Ecker
University of Vienna, Austria
ABCB11, also known as Bile Salt Export Pump (BSEP), is expressed in the bile canalicular membrane where
it transports conjugated monovalent bile acids from the hepatocytes into the bile[1]. BSEP can be inhibited by
a number of drugs, causing decreased bile flow which leads to the accumulation of cytotoxic bile salts in the
liver, and thus resulting in drug-induced cholestasis or liver injury[2]. The aim is to carry out structure based
studies for BSEP and to extract information about the characteristics of inhibitors and non-inhibitors, in order
to better understand their inhibitory mechanism. Using the FASTA sequence of human BSEP (UNIPROT ID:
O95342) as a query, a position-specific iterative BLAST (PSI-BLAST) search was performed against the
Protein Data Bank. The most structurally related template protein (corrected mouse P-glycoprotein structure
PDB ID: 4M1M) was selected based on sequence identity and atomic resolution. Multiple homology models
were constructed using MODELLER 9.13 and Maestro. Energy minimized models were then evaluated using
DOPE Score and G-Factor and the best model was selected using Ramachandran plot and Q-score.
Prediction of potential ligand-binding site was performed using SiteFinder as well as SiteMap to allow
subsequent flexible docking studies of a series of inhibitors of BSEP. For the best model, we received a
normalized DOPE score of -0.513, and Qmean of 0.599 with 91.6% residues in the allowed region. Docking of
a set of inhibitors and non-inhibitors (using ChemScore scoring function), allowed a structure-based
classification with an accuracy of 81% on the training set (113 inhibitors and 295 non-inhibitors) and 70% on
an external test set comprising 53 inhibitors and 131 non-inhibitors. The structure-assisted docking models
show reasonably good prediction accuracy and therefore, a workflow comprising prescreening with simple
descriptors, classification by machine learning techniques and postprocessing by structure-based methods
would provide accurate prediction with information useful for further drug development.
We acknowledge financial support provided by the Austrian Science Fund, grant SFB35, and by the Innovative
Medicines Initiative Joint Undertaking under grant agreement n°115002 (eTOX).
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ABCB1 and ABCG2 are transmembrane transport proteins belonging to the ABC (ATP binding cassette)
transporter superfamily. As ATP dependent efflux pumps, they mediate the transport of numerous compounds,
including drugs in clinical use and metabolites, out of cells. Based on their physiological expression in tissues
with barrier functions (GI tract, liver, kidney, and blood-brain barrier), both transporters are involved in drug
absorption, distribution and excretion and therefore are important determinants in drug action and drug-drug
interactions. Additionally, these ABC proteins are associated with cancer multidrug resistance due to their
ability to transport anticancer agents out of tumor cells. Although the overlapping substrate specificity and the
selective inhibition of ABCB1 and ABCG2 have been extensively studied, the knowledge about molecular
features driving transporter selectivity is still scarce. Therefore, an interdisciplinary approach combining in
silico prediction, chemical synthesis and in vitro evaluation was used to investigate the chemical features
influencing inhibition potency on ABCB1 and ABCG2 function. Compounds with a propafenone scaffold have
been proven to interact with both ABCB1 and ABCG2. We synthesized a set of compounds with systematically
varied features such as lipophilicity, flexibility, and electron density in certain regions of the molecule. The
inhibition activity of the newly synthesized compounds was tested by evaluation of IC50 values using
fluorescent substrate accumulation assays in ABC-transporter overexpressing cell lines. In addition,
classification models for ABCB1 and ABCG2 were built and used to predict inhibition potency of the tested
compounds. The measured IC50 values were ranked and compared to in silico predictions, showing a good
accordance.
We acknowledge financial support provided by the Austrian Science Fund, grant F3502
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PP-33 Teriflunomide, a specific BCRP (ABCG2) probe
Zsolt Sáfár, Krisztina Herédi-Szabó, Márton Jani, Erzsébet Beéry, Emese Kis, Ildikó Makai,
Annamária Bui, Péter Krajcsi
SOLVO Biotechnology, Hungary
Introduction: BCRP is a ubiquitously expressed apical efflux transporter with structurally diverse set of
substrates with a bias towards anionic compounds. As BCRP is present in barrier forming cells of
pharmacological importance, the assessment of interactions of drugs with BCRP is a relevant question in the
estimation of the ADME properties as well as dug-drug interaction potential of drugs.
Aims: The goal of this study was selection a specific BCRP substrate and the characterization of the
interaction of the most specific compound with BCRP in membrane based and cellular assays.
Methods: Membrane-based methods (ATPase and vesicular transport inhibition) were applied to select
teriflunomide from a set of potential candidates. Specifically the cross reactions with MRP2, MRP4 and MDR1
have been assessed as these transporters have partially overlapping substrate specificity and tissue
expression profiles. Cell based assays (MDCKII-BCRP and BCRP knock-out Caco-2 monolayers) in
combination with Ko143, a BCRP-specific inhibitor were applied to show that BCRP modulates barrier
permeability of teriflunomide.
Results: Teriflunomide (A771726) was selected in membrane-based inhibition assays as it provided the best
selectivity in the original set of five compounds. The IC50 of BCRP inhibition was more than 100-fold lower than
the IC50 of MRP4 inhibition the only other efflux transporter studied that teriflunomide showed an interaction
with. Teriflunomide specifically activated BCRP in the ATPase assays suggesting that it is a substrate. In cell
based assays strong BCRP-specific transport was observed with efflux ratios > 100 in both the MDCKII-BCRP
and Caco-2 cells. Efflux ratios were highly sensitive to both specific chemical inhibition as well as genetic
knock-out.
Conclusions: Our data suggest that terflunomide is a specific, potent and robust BCRP probe. In addition,
teriflunomide displayed a BCRP specific pharmacokinetics as patients homozygous for the lower activity
c.421C>A variant had about 2-fold greater AUC than patients carrying the wild type alleles (Kim et al. 2011
Eur J Clin Pharmacol 67:129).

PP-34 Interaction of Reference P-glycoprotein Inhibitors with Organic
Cation Transporter Families MATE and OCTN
Marton Jani, Ildiko Makai, Zsolt Fekete, Helena Xavier Ferreira, Katayoon Maghami, Erzsebet
Beery, Ildiko Nagy, Peter Krajcsi
SOLVO Biotechnology, Hungary
P-glycoprotein (P-gp) is an apical efflux pump with structurally diverse substrates of both endogenous and
xenobiotic origin. Expression pattern of this transporter overlaps with pharmacological barrier tissues. In
addition, elevated expression in tumors is tied to drug resistance and bad prognosis.
Therefore interactions with this protein are of interest for pharmacokinetics, drug-drug interactions as well as
therapeutic considerations. Inhibitors of P-gp historically featured as a possible avenue of bypassing drug
resistance, and also still are indispensable experimental tools for mechanistic, P-gp-specific studies. The
specificity of these inhibitors however has seldom been tested beyond efflux transporters co-localized with Pgp, in particular BCRP, that also possesses broadly overlapping substrate and inhibitor profiles.
The goal of this study was to assess the inhibition profile of a set of reference P-gp inhibitors on organic cation
uptake transporters.
CHO-K1 and MDCKII cells overexpressing OCTN1, OCTN2, MATE1 and MATE2K proteins have been applied
in accumulation type experiments to obtain IC50 values.
Among the studied compounds the cationic drugs in particular are strong inhibitors of organic cation uptake
transporters (elacridar, ketoconazole, verapamil, quinidine) and the obtained IC50s are well comparable to
those obtained on P-gp (10 nM to uM range, depending on the compound).
The substrate and inhibitor profile of P-gp is biased towards cationic compounds, and many of these
substrates and inhibitors are shared with organic cation uptake transporters, that cooperate with P-gp in
physiology. It is therefore important to recognize the potential impact of off-site effects of these reference P-gp
inhibitors when working in a complex system with multiple transporters present.
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PP-35 Discriminating P-gp from BCRP inhibitory activity by multi-class
classification models
Floriane Montanari, Barbara Zdrazil, Gerhard F. Ecker
University of Vienna, Austria
It is widely accepted that the human ATP binding cassette transporters P-glycoprotein (P-gp, MDR1, ABCB1)
and breast cancer resistance protein (BCRP, ABCG2) are working in concert in order to restrict brain
penetration of certain drugs.
Known substrates and inhibitors of these transporters are showing a great structural variety, however, there
exists some overlap in compound selectivity between the two. Because dual inhibition of P-gp/BCRP would
lead to better oral bioavailability and CNS penetration of i.e. anticancer drugs, information on determinants for
specific or dual inhibition would be of great value in early phases of drug discovery.
We tackled this research question by collecting data from in-house and open data sources, with inhibitory
activity measured against both proteins. After determination of compound overlap, machine-learning
approaches were used to establish multi-class classification models for P-gp/BCRP. The models reveal
important molecular features for specific or polyspecific inhibitory activity such as SlogP, the number of donors
and acceptors of H bonds, the number of hydrophobic atoms and the number of aromatic atoms.
Acknowledgements:
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PP-36 Elucidation of the structure of a strigolactone ABC-transporter in
Petunia hybrida
Eva Hellsberg, Floriane Montanari, Gerhard Ecker
University of Vienna, Austria
The knowledge about phytohormones and their transport is growing steadily and there is a need for an
understanding of the molecular basis of substrate and inhibitor interaction. The class of strigolactones is one
of the current centers of attention. They have several roles as stimulation and recognition signals in plants,
but the knowledge about their regulating function in shoot branching is quite new. In 2012, the ABC transporter
PDR1 in Petunia hybrida (PhPDR1) was identified as a strigolactone transporter. The PDR proteins belong to
the ABCG family, which exhibits a reverse topology to the other ABC members.
The scientific aim of this project is to elucidate the molecular 3D structure of PhPDR1. At first, we performed a
comprehensive investigation to define the transmembrane domains, their containing helices and their
locations, which was a challenging task according to the little information yet known. We combined the results
extracted from prediction tools, multiple sequence alignments and information from literature to draw the
determining conclusions.
The final choice of the template was based on a multiple sequence alignment with the potential templates,
including crystallized ABC transporters reported in the PDB and the high-quality, reliably validated homology
model of PDR5 in Saccharomyces cerevisiae. The latter was already used as a template to model the 3D
structure of Cdr1 in Candida albicans. PDR5 shows the highest sequence identity percentage and thus was
chosen as template for further comparative modelling steps.
We created the homology models with the modeller software and took the decision for a final model based on
several assessment methods.
In the validation process, we examined the polar residues of the transmembrane helices and the electrostatic
potentials of the model to characterize the translocation chamber.
Finally, we conducted a small docking study, where we docked the strigolactone orobanchol (which is
evidently transported by PhPDR1) into our model and clustered the results into several groups. This led to first
ideas of binding poses and amino acids which could be involved in the binding mode.

We gratefully acknowledge financial support provided by the Austrian Science Fund, grant F3502.
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PP-37 A molecular dynamics approach to study P-glycoprotein in complex
with propafenone-type ligands
Melanie Grandits, Gerhard F. Ecker
University of Vienna, Austria
P-glycoprotein (Pgp) plays a role in multidrug resistance by showing higher expression levels in resistant cells.
This ABC-transporter binds substrates from the membrane and causes an immediate drug efflux, which is a
major drawback for therapeutics.
The aim of this study is to get insight into the different affinities of the protein for various propafenone-type
ligands as shown experimentally. To achieve this, a molecular dynamics (MD) approach is used to determine
the interaction pattern, the binding free energy and further the kinetics to understand their influence on the
selectivity profile.
In this study a homology model of the human Pgp was generated based on a refined murine structure. The
apo protein embedded in a membrane was simulated to obtain a stable structure and clustering was used to
filter out diverse structures to use them as starting points for subsequent simulations of the complex. The
complexes were generated by positioning the ligands in multiple orientations at the entry of the
transmembrane region. This allows the ligands to freely diffuse to the binding site. The binding free energies
were determined by using the Linear Interaction Energy approach and a Markov state Model will be
constructed to determine the kinetics.
Results show a different binding pattern between the ligands, revealing residues already indicated in previous
.
-1
docking and MD studies. A difference in the binding free energy of 9 kJ mol was found, which is in agreement
with experimental data.
In summary, a difference between the ligands could be observed in terms of binding position, interactions as
well as binding free energy. This gives a first understanding of their influence on the selectivity profile, which
will further be supported by assessing the contribution of the kinetics.

PP-38 Exploring P-glycoprotein substrate access
Laura Domicevica, Philip Biggin
University of Oxford, United Kingdom
P-glycoprotein (P-gp), an ATP Binding Cassette transporter family membrane protein, extrudes mainly
hydrophobic substrates in an ATP hydrolysis-dependant manner. Structurally, P-gp consists of two
transmembrane domains each comprised of 6 ɑ-helices that together form the drug binding site, and two
nucleotide binding domains that via ATP binding and hydrolysis provide the energy for the conformational
changes necessary to drive drug translocation.
Due to the wide variety of substrates it extrudes, P-glycoprotein is one of the main causes of multidrug
resistance. Although the chemical structure is likely to play a role in recognition within the binding site, it is
equally important to understand how access to the binding site is controlled.
In the absence of a human P-gp crystal structure, several human homology models were made from both
eukaryotic and bacterial homologue crystal structures. The models were assessed for structural stability and
conformational dynamics using molecular dynamics (MD) simulations. Following analysis, the homology
model from the mouse template was chosen as the model for steered MD calculations to investigate possible
substrate access pathways.
The unwound part of transmembrane helix (TMH) 10 has been suggested to form part of the intramembrane
entrance portal for drugs in the C. elegans and C. merolae crystal structures. Amitriptyline, a P-gp substrate,
was pulled through intramembrane entrance portals on TMH10/12 and TMH4/6 sides of P-gp. However, these
proceses were associated with a large amount of free energy. Another possible entrance portal is formed by
the cytoplasmic parts of the P-gp.
Steered molecular dynamics experiments were used to compare the work profiles and showed that indeed it is
easier to access the internal vestibule through cytoplasmic entrance portals, rather than through the
intramembrane portals. Further unbiased simulations showed that amitriptyline can freely diffuse towards its
binding site after being pulled inside the aqueous pore.
In conclusion, we are able to show a detailed picture of how drugs are taken in by P-gp from the lipid bilayer
and enter the binding site.
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PP-39 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 alphahelices 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 vinblastine-bodipy 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 "VÉDELEM" project.

PP-40 Structure determination of P-glycoprotein for the elucidation of its
mechanism of drug transport
Nopnithi Thonghin, Kwan Ting Kan, Robert Ford
University of Manchester, UK
P-glycoprotein (Pgp) is a multidrug transporter that plays a role in transport of xenobiotics in epithelial cells. As
it is also involved in the pharmacokinetics of a variety of drugs, overexpression of Pgp establishes multidrug
resistance and causes treatment failure, especially in cancer. Pgp structures of diverse organisms have been
well studied. However, all display only one stage in the transport manoeuvre. Studying molecular motions is
interesting as it may provide an understanding on how Pgp works. To achieve this, mouse (m) Pgp were
expressed in yeast expression system and purified with the presence of n-dodecyl-β-D-maltopyranoside
(DDM) through multistep purification including Ni-NTA, anion exchange chromatography and size exclusion
chromatography. High purity mPgp was obtained in an adequate amount for electron microscopy analyses.
The protein was subjected to negative-stain EM and cryoEM. Homogeneity of protein in the solution was
revealed. Particle images were collected and analysed resulting in a preliminary model of ATP-bound mPgp.
The model initially illustrated a rough V-shape characteristic of Pgp where TMDs fit. The model is being
improved in terms of resolution and details. Moreover, detergent-mediated reconstitution was performed using
E. coli lipid at the lipid-to-protein ratio of 100:1. After detergent had been removed, approximately 30-50% of
protein was recovered.
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PP-41 EXPRESSION AND PURIFICATION OF THE MULTIDRUG
RESISTANCE PROTEIN P- GLYCOPROTEIN AND HIGH- THROUGHPUT
ASSAY DEVELOPMENT FOR DRUG DISCOVERY
Swathi Lingam, Nopnithi Thonghin, Robert Ford
The University of Manchester, United Kingdom
P-glycoprotein (P-gp) is a multidrug transporter expressed in the cell membrane of epithelial cells. Its
expression in diseases like cancer and epilepsy is undesirable as it causes therapeutics to be exported,
leading to multidrug resistance. Many pharmaceutical industries have developed high throughput P-gp
substrate and inhibitor screens, but there are drawbacks to these methods. Firstly, intact cells and animal
models are used and these express other exporters in addition to P-gp, which can influence the results
obtained. Secondly, the model is not an accurate representation of the in vivo condition. The aim of this study
is to improve upon the existing screening methods by using human P-gp purified from a yeast expression
system. The pure protein will be reconstituted into a lipid bilayer, the composition of which resembles the lipid
composition of the human blood brain barrier. This will be used to develop a high throughput assay to screen
known substrates of human P-gp by studying their binding and transport. This will also be done in the
presence and absence of known inhibitors of P-gp. Wild type human P-gp (hP-gp) was cloned into an in house
vector with a C- terminal eGFP tag that was used for protein detection. hP-gp was expressed in S. cerevisiae
FGY217 cells and was identified in the cell membrane upon screening the cells for GFP expression. hP-gp
expressing cells were grown in a fermenter and a time course experiment was done to optimize the
expression time. hP-gp expression was highest 10-12 hours after protein induction. hP-gp expressing cells
were also induced at 20°C and 30°C to identify the optimal induction temperature. The protein did not express
well at 20°C so 30°C was retained as the induction temperature. hP-gp expressing microsomes were
solubilized with 2% n- dodecyl β-D-maltopyranoside (DDM) with an efficiency of 50%. As the protein had a Cterminal STREP tag, an attempt was made to purify the protein using this tag. However, the protein did not
bind to the STREP tag and came off in the unbound fraction. Hence, a 10X C- terminal His tag was inserted
between the GFP and STREP tags to enable protein purification. After the initial success with DDM
purification, we were unable to achieve solubilisation efficiencies higher than 12-28%. To improve the
solubilisation efficiency, 1% 1-tetradecanoyl-sn-glycero-3-phospho-(1'-rac-glycerol) (LPG-14) was used to
solubilise hP-gp with an efficiency of 85%. The protein was purified into buffer with 0.1% DDM using the His
tag followed by anion exchange chromatography. The purification yielded 10µg/mL hP-gp and was 98% pure
when visualised on a Coomassie stained gel.
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PP-42 Interdomain interactions in the ABC transporter ABCB1 (Pglycoprotein)
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In their functional form ABC transporters are composed of a minimum of four domains. Two transmembrane
domains (TMDs) form the substrate translocation path and two nucleotide binding domains (NBDs) energize
transport by ATP binding and hydrolysis. The precise molecular mechanism underlying transport is not fully
understood. At their interface NBDs form two composite and symmetry-related ATP binding sites. Similarly,
the TMD interface provides residues for substrate interaction in two symmetry related modes. P-glycoprotein
(ABCB1) is an ATP-binding cassette multidrug transporter that actively effluxes chemically diverse entities
from cells. It plays an important role in drug disposition of systemically administered drugs and cancer cell
resistance to antineoplastic agents. For ABCB1 (P-glycoprotein) this dual interaction mode was shown for the
paradigm substrates rhodamine 123, vinblastine, verapamil and propafenones (Parveen et al., Mol Pharmacol
2011). NBDs and TMDs thus act in concert, where by a dedication of substrate and ATP binding modes is
likely (Zolnerciks et al., FASEB J 2014). A recently resolved high resolution crystal structure of a eukaryotic
homolog of human ABCB1 from Cyanidioschizon merolae (Kodan et al. 2014) addresses the aspect of
substrate gating. The structure identifies a tyrosine residue in the apex of the central cavity as being part of the
extracellular gate (Y358 and Y358’). We investigated the role of the corresponding residues in the human full
transporter ABCB1 (Y310 and Y953) by mutating them to alanine. Mutants were characterized in rhodamine
123 (rhd123) steady state accumulation and efflux experiments with zero outside concentration of substrate
after preloading of cell (zero-trans efflux protocol). Because of the fact that rhd123 binding to ABCB1 (as that
of other substrates) occurs in either of two pseudosymmetric binding modes, the mutations were also
combined with positively charged selector residues that allow the two pseudosymmetric binding modes of
rhd123 to be addressed individually (Parveen et al. 2011). Both of the tyrosine mutants show active transport
characteristics, when binding in one mode, and passive (leak) transport in the other. With respect to the
binding mode, they behave inversely. This indicates that not only binding, but also gating follows a dual
principle.
Supported by the Austrian Science Fund within the scope of “Spezialforschungsbereich” SFB35 (project part
3506 to HHS, 3509 to PC and 3524 to TS). YDC was partially funded by Austrian Science Fund project 23319
to TS.
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PP-43 Understanding the role of the non-canonical nucleotide binding site
on taurocholate transport activity of the bile salt export pump
(ABCB11/BSEP)
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The shuttling of molecules across the cellular membranes is a pivotal process, which is mediated by a number
of transporter proteins. ATP-binding cassette (ABC) transporters constitute one of the large families of such
proteins. The ABC transporters bind and hydrolyze ATP to energize transmembrane transport of a wide
variety of substances including drugs, bile salts, lipids and ions. Therefore, the binding and hydrolysis of ATP
molecules is a critical step to bring about the conformational changes in the transporters required for
translocation of cargo molecules. ATP binds at two nucleotide binding sites (NBSs) formed at the interface of
the nucleotide binding domains. It has been documented that 21 of the human ABC proteins have one
consensus (canonical) and one degenerate (non-canonical) site. This project aims at investigating the role of
the NBSs of BSEP for bile salt transport activity. We selected BSEP for our study because of its role in bile
flow and intrahepatic cholestatic disorders. BSEP has one canonical and one non-canonical ATPase site, and
is therefore one of two transporters in the ABCB subfamily, which has a non-canonical NBS1. In comparison
with the NBD interface of ABCB1 it only differs in 4 residues, all of them located in NBS1 (position of E502 (Qloop), M584 (Walker B) and R1221 and E1223 (C-motif)). These residues are serine, glutamate, glycine and
glutamine, respectively in the canonical site of ABCB1. We mutated methionine of Walker B1 to glutamate
(M584E) and all four non-canonical substitutions (E502S, M584E, R1221G, E1223Q) to canonical ones to
explore the effects of these mutations on taurocholate (TC) transport activity of BSEP. The wild type and
mutant variants of BSEP were expressed in HEK293 cells and membrane vesicles were prepared according to
the method described by Hirano et al., (Hirano, 2005). The surface expression was determined by Western
3
blotting and [ H]-taurocholate uptake activity of these vesicles was measured using a rapid filtration technique
as described (Gerloff et al., 1998). Our results showed that the surface expression of mutants was comparable
to that of wild type. Furthermore, the Walker B mutant (M584E) transported TC to the same extent as wild type
protein. In contrast, TC transport of the quadruple mutant was reduced to about one third of wild type, as was
the double Q-loop, Walker B mutant. The finding that the M584E mutant is as active as the wild type protein
was unexpected and is contrasted by similar experiments conducted in another subfamily B transporter
TAP1/TAP2, which was shown to be transport incompetent. The possibility exists that despite the introduction
of the catalytic glutamate in Walker B1 of BSEP, NBS1 stays hydrolysis incompetent. Experiments to probe
into the potential of this site to hydrolyze ATP will clarify this point.
Supported by grants within the scope of SFB35
MIS is supported by HEC Pakistan
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Human ABCG2, also known as Breast Cancer Resistance Protein (BCRP) is a half-transporter that requires
dimerization to form a full functional complex and mediates translocation of a broad range of substrates across
the membrane in an ATP-dependent manner. ABCG2 is found in several types of tissues to serve a protective
role from xenobiotic substances as well as controlling urate secretion. Malfunction of ABCG2 related to human
disease includes gout. And unregulated overexpression of ABCG2 in tumor cells is one of the major causes of
multidrug resistance problems.
In this study, we focus on the study of molecular structure and function of ABCG2. We combined a theoretical
and experimental approach to elucidate valuable insights for a better understanding of ABCG2 based on
homology modeling approach. Based on more than 60 ABC transporters homology sequences analysis
through 30 distinct algorithms and biophysical properties analysis, we generated our first homology model.
This model allowed us to understand and predict the critical residues for ABCG2 transport mechanism. We
found that position of R482, which is an important residue for substrate-specificity, is located close to the inner
transmembrane region at the beginning of TM3, inside the helical bundles, where substrates are thought to
access the central binding site. We further examined the importance of charged residues located near
transmission interface region, E138 on NBD and R465 on first intracellular loop. These residues were
subjected to replace with opposite charged residues to generate E138R, R465E and double mutation of
E138R+R465E into both wild type and R482G-ABCG2 version. The wild type and mutant ABCG2 were
expressed in HEK293 cells to examine protein expression, localization and functional efflux assay with
Mitoxantrone or Rhodamine 123, in the presence or absence of ABCG2-specific inhibitor, Ko143. Our results
showed that E138R abolish matured glycosylated protein expression, but not immature protein and resulted in
loss of function. E138 is a conserved residue located close to Q141 (a natural variant of Q141K in gout which
defect protein translation) and near to F142 (homolog of F508 in CFTR which interrupt mature protein
expression). From homology model, these residues are located at the transmission interface. Mutations at this
region may affect inter-domain interaction of NBD-TMD in controlling conformational changes during
substrates translocation. In contrast, R465E slightly defects protein expression but does not alter substrate
specificity and transport function. And double mutation of E138R+R465E showed same effect as E138R due
to the loss of protein expression. These results suggest the importance of charged residues in transmission
interface. For a better understanding, we further identify and investigate more intracellular residues that may
be important for function and substrate binding of ABCG2.
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The transport of a multitude of drug molecules into the cell is mediated by multispecific uptake transporters,
belonging to the solute carrier group (SLC). The SLC47-family consists of the two multidrug and toxin
extrusion transporters, MATE-1 (SLC47A1) and MATE2-K (SLC47A2). While MATE-1 is highly expressed in
several tissues like kidneys, liver, skeletal muscle, adrenal glands, testes and heart, MATE2-K exclusively
occurs in the kidneys where it is localized at the apical membrane of proximal tubular epithelial cells. Both
transporter proteins translocate organic cations in exchange of protons into as well as out of the cell. To define
the affinity of both transporters for the anti-diabetic drug metformin and to investigate the interaction of
MATE2-K with anti-neoplastic agents, comparative transport experiments with the model substrate 1-methyl-4phenylpyridinium (MPP) were carried out. To this end, stably transfected HEK293 cells expressing MATE-1 or
MATE2-K generated by PortaCellTec biosciences GmbH and vector transfected HEK293-cells were used. The
14
3
interaction analyses were carried out by determining the uptake of [ C]-metformin and by the inhibition of [ H]MPP-uptake in presence of 26 different anti-neoplastic drugs. Cimetidine, known to interact with both MATE
14
transporters, was used as positive control. The affinities of MATE-1 and MATE2-K for [ C]-metformin with a
Km value of 274 ± 21 µM and 934 ± 200 µM, respectively, was considerably lower than those for the model
3
substrate [ H]-MPP (89 ± 9 µM and 68 ± 7 µM, respectively). In a previous study, MATE1 was shown to
interact with several antineoplastic drugs. In MATE2-K transfected HEK293-cells, a competitive inhibition of
3
[ H]MPP-uptake was observed with mitoxantrone (Ki = 1.3 ± 0.4 µM), irinotecan (Ki = 7.4 ± 1.3 µM), paclitaxel
(Ki = 28.6 ± 5.3 µM), doxorubicine (Ki = 52.3 ± 5.1 µM), vinblastine (Ki = 94.6 ± 8.1 µM), and etoposide (Ki =
107.1 ± 4.4 µM). Ki values were determined by Dixon-Blot analyses and are from three independent
experiments each. Interacting with selected antineoplastic drugs MATE1 and MATE2-K could play a role in
renal drug excretion and, possibly, in renal toxicity exerted by these compounds. If expressed in tumor cells
and serving as an uptake transporter, both transporters could increase their sensitivity towards antineoplastic
drugs.

PP-46 Molecular network and dynamics studies of Human Dopamine
Receptors implicated in neurological disorders
Latha Narayanan
Sri Venkateswara College, University of Delhi, India
Dopamine receptors (DR) that belong to the G protein-coupled receptors (GPCR) family are primary targets of
drug action in the pharmacological treatment of many neurological and psychiatric disorders, including
Schizophrenia and Parkinson’s disease. Taking into consideration that proteins function collectively in a
network for most of the biological processes, the present study is aimed to depict the interactions between all
dopamine receptors following a systems biology approach. To capture comprehensive interactions of
candidate proteins associated with human dopamine receptors, we performed a protein-protein interaction
network (PPIN) analysis of all five receptors and their protein partners by mapping them into human
interactome and constructed a human Dopamine Receptors Interaction Network (DRIN). Furthermore, based
upon the co-expression statistics of the disease genes, we constructed a common interacting co-expression
network of disease genes in schizophrenia. We explored the topology of dopamine receptors as molecular
network, revealing their characteristics and the role of central network elements. More to the point, a subnetwork analysis was done to determine major functional cluster in human DRIN that governs key neurological
pathways. Beside, drug-protein interactions of known drugs used for neurological disorders prioritized DRD2
and DRD4 as a principal drug target in the DRIN. Lack of crystal structure of DRD2 and DRD4 led us to model
the protein and investigate the structural and functional properties by intensive molecular dynamic simulation
studies. We hope that this study will help us to understand the potential role of dopaminergic system in
neurological disorders.
1. Avijit Podder and N. Latha (2014). New Insights into Schizophrenia Disease Genes Interactome in the
Human Brain:Emerging Targets and Therapeutic Implications in the Postgenomics Era. OMICS: Journal of
Integrative
Biology,
18
(12),
754-766.
2. Avijit Podder, Nidhi Jatana, N. Latha. (2014). Human Dopamine Receptors Interaction Network (DRIN): A
systems biology perspective on topology, stability and functionality of the network. Journal of Theoretical
Biology,
357
169–183.
3.
Jatana N, Thukral L, Latha N (2014). Structure and dynamics of DRD4 bound to an agonist and an
antagonist using in silico approaches. Proteins: Structure, Function and Bioinformatics, Nov 5. doi:
10.1002/prot.24716.
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PP-47 Investigation of putative AcrB homologue transporters of Brucella
melitensis by bioinformatics
Henriett Diana Szucs, Attila Tokoli, Ferenc Otvos, Gerda Szakonyi
University of Szeged, Hungary
Brucella melitensis causes one of the most common anthropozoonosis and may be considered as a potential
biological weapon that is why a thorough investigation is necessary. Brucellosis is currently treated with
antibiotic cocktails rather than monotherapy. Two transporters of B. melitensis, which are encoded by
bmei0893 and bmei1645 genes might play a significant role in the increasing rates of antibiotic resistance.
These proteins are presumably homologous to the well-known AcrB efflux pump that is expressed in
Escherichia coli and located in its inner membrane. In this study BME0893 and BMEI1645 were characterized
by homology modelling and docking experiments. The functionally essential amino acids and their orientations
were identified on the basis of the homology models and these results correlated well with AcrB. Both of the
homology models showed 15 degree rotation of the central helix of the extrusion monomer and that evolved
an H-bond with the central helix of the binding monomer affecting the movement of the ligand in the efflux
system. These residues are well-preserved in both bacteria. Docking experiments were performed by
investigating those antibiotics in case of BMEI1645 that are regularly used for the treatment of brucellosis
(rifampicin, minocycline). During the docking experiments, the proximal and distal binding pockets were
confirmed to show different affinity for the ligands with different molecular weights. According to these docking
experiments, rifampicin and tetracycline derivatives were found to be possible substrates of BME1645
although they are considered as first-line treatment choice against brucellosis. As a consequence, the
utilization of antibiotic cocktails is reasonable as steric inhibition of the adjacent pockets and saturation of the
pump activity are achieved. Therefore, the relationship between the molecular weight and the presumed
binding site during the treatment of brucellosis have to be considered. This phenomenon was further
confirmed by introducing point mutations of the active site BME0893. The effects of the mutations to the ligand
binding was tested by protein-ligand docking. The results confirmed that the antibiotics used in the treatment
of brucellosis are indeed bind to the active site of the protein.

PP-48 Mechanism of deafness mutations associated to the first
extracellular loop of Cx26 unveils a new Interaction property between
connexins.
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Mutations in Cx26 gene lead to genetic deafness, which can be nonsyndromic or syndromic, if deafness is
associated to skin disease. Syndromic mutations located in the first extracellular loop of Cx26, like Cx26G59A,
which cause palmoplantar keratoderma and deafness, are dominant. Interestingly, other mutation in this
position (Cx26G59V) produces nonsyndromic deafness. Previous report shows that co-expression of
Cx26G59A with wild-type (wt) Cx26 or Cx43 cause a decrease of function of Cx43. Because at normal
conditions, Cx26 doesn´t oligomerize with Cx43, the mechanism of negative dominance of this mutant over
Cx43 function is intriguing. When expressed in HeLa Cells both mutants localized at cellular appositional
membranes forming few and small GJ plaques compared to wtCx26. Consistently, cells that express the
mutants have reduced intercellular coupling. Through velocity sedimentation analyses we found that that these
mutations affected Cx26 oligomerization. Accordingly, biotinylation experiments indicated that these mutants
doesn´t reach plasma membrane. However co-expression of mutants with Cx43 allows mutant Cx26 to
localize in large gap junction plaques, but mutants and Cx43 segregates in different areas of a gap junction
plaque. Moreover, we found more mutant Cx26 in the plasma membrane but, co-expression of Cx43 with
either mutant reduced coupling index. Our results suggest that there’s another kind of interaction between
Cx43 and these mutants that isn’t typically hetero-oligomerization. Supported by: FONDECYT 1130855,
ANILLO ACT-1104, Millennium Institute P09-022-F
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PP-49 Beyond the cabbage patch – investigating the evolution of the Auxin
Efflux Carrier protein family to infer structure and function
Lindy Abas
BOKU Wien, Austria
Auxin (indole acetic acid) is a major plant hormone that seems to be impossibly involved in practically all
aspects of plant growth and development. A fundamental feature integral to its biological activity is that it is
transported between cells in a controlled directional manner. Outward transport from cells is thought to be
mediated by the PIN proteins. PINs are predicted to have 10 transmembrane domains (TMDs). They are
annotated in the protein databases as the Auxin Efflux Carrier (AEC) family along with another group of
related plant proteins, the PILS. As only these plant proteins have been studied, the PINs/PILS are often
labelled as being unique to plants. This is a misconception however, as AEC orthologues (with unknown
function) are found in every phylum from bacteria and archaea to higher vertebrates. Since the PINs/PILS are
not yet considered bona fide transporters in plants (due to lack of structural and biochemical information), I
embarked on a phylogenetic analysis of the AECs to see what evolution could tell us, as the thousands of
annotated sequences must contain some clues about the structure and function of these proteins. This was
not just a rhetorical exercise to obtain a nice-looking phylogenetic tree, but rather an attempt to find out what
the AEC proteins could actually be doing in plants and other phyla, and also to try and resolve the mystery of
the cryptic relationship between the PINs and PILS. To interpret the sequence alignment data, I used the
recently solved structures of the sodium-bile transporter, which is distantly related to the AEC family. The
combined results of deep phylogenetic analysis, multiple sequence alignments over a large evolutionary time
scale (bacterial, archaeal and eukaryotic proteins) and structural homology modelling reveal that the family is
based on a common motif in the TMDs, and suggests that the AECs (and thus the plant PINs/PILS) are
indeed bona fide transporters and that they have most likely evolved to transport different substrates in the
various phyla. I would like to work out the exact meaning of these conserved motifs, e.g. does it imply that the
members of the AEC family share a common fold/structure, a common topology, a common transport
mechanism, a common substrate type, a common lipid/membrane bilayer interaction etc., or a combination of
such factors.

PP-50 Plant Aquaporins Facilitate the Transport of Arsenic to the Food
Chain
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Arsenic is a serious health hazard in arsenic contaminated areas such as Bangladesh, India, China, Chili,
Argentina, Mexico, USA and so on. Arsenic becomes exposed to humans through foods and drinking ground
water. Crops have been reported to accumulate several times higher concentration of arsenic than the
permissible level. Aquaporins (AQPs), the water channel proteins are found in all living organisms. The
genomes of rice, maize, tomato, soybean, potato, grapes, cabbage, sorgum and foxtail millet encode 39, 33,
47,66, 47, 28, 53, 38 and 52 AQP genes, respectively. Plant AQPs are transporter not only of water but also
other substrates of physiological significance and toxic heavy metals such as arsenic. Based on the homology
models and the amino acid sequences of AQPs that have been shown experimentally to transport arsenic,
some substrate-specific signature sequences (SSSS) or specificity determining sites (SDPs) have been
predicted in the regions of Arg-Pro-Ala motifs in loops B and E, aromatic/arginine selectivity filter composed of
tetrads from helices H2, H5 and loop E and Frogers' positions in helices H3, H6 and Loop E. These SSSS or
SDPs were determined in all 403 AQPs available in the genomes of rice, maize, tomato, potato, soybean,
grapes, cabbage, sorghum and foxtail millet, and thereby the arsenic transporters were predicted. At least 148
AQP homologues were predicted as arsenic transporter in these 9 crop plants and the number of such AQPs
in rice and maize was 13 and 17, respectively. Data showed that every crop plant had several AQPs to
transport arsenic to the food chain.
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PP-51 Investigating the ligands release from the inward-facing
conformation of Sodium-Galactose Transporter (SGLT)
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Sodium/galactose transporter (SGLT) is a secondary active symporter that accumulates sugars (glucose,
galactose) inside the cells exploiting the electrochemical gradient of Na+ ions across themembrane. This
process is very important for the correct functioning of intestine and kidney and it has been hypothesized to
occur via an alternating access mechanism [1], in which the protein switches from an outward to an inwardfacing conformation.The crystal structure of a bacterial homologue of this transporter has been solved in 2008
[2]. This homologue shares a high sequence identity with the human protein (hSGLT) and translocates in the
same direction one Na+ ion and one galactose molecule. The structure revealed the symporter in the inwardfacing occluded conformation with the galactose bound. Here we investigated the dissociation mechanism of
the two ligands, Na+ and galactose, from their binding sites into the cytoplasm. This topic has already been
investigated by molecular simulations and experimental studies, but contradictory conclusions concerning the
possible gating role of the amino acid Y263 in the galactose release and the overall order of dissociation
among the ligands were drawn [3-5]. Starting our simulations from a stable ion binding site identified
previously [6], we performed bias-exchange metadynamics (BE-META) [7,8] exploiting nine different collective
variables, CV (i.e. path collective variable, coordination numbers, hydrogen bonds, distances, etc). For these
simulations we used the multiple walker approach, for a total of 1400 ns, up to 16 walkerson 256 or 512 CPUs
per walker. Our results revealed that: 1) the minimum free energy exit pathway of the galactose does not
involve any rotameric transition of the side chain of Y263; 2) the release mechanism of the galactose and the
sodium ion is non-cooperative. Thus, we suggest that, from the ligand bound inward-facing conformation, the
transporter can follow independently two paths for Gal and Na+ release [9].
References
[1] O. Jardetzky, Nature, 211, 969–970 (1966).
[2] S. Faham, A. Watanabe, G. M. Besserer, D. Cascio, A. Specht, B. A. Hirayama, E. M. Wright, and
J.Abramson, Science, 321, 810–814 (2008).
[3] A. Watanabe, S. Choe, V. Chaptal, J. M. Rosenberg, E. M. Wright, M. Grabe, and J. Abramson,
Nature,468, 988–991 (2010).
[4] J. Li and E. Tajkhorshid, Biochim. Biophys. Acta, 1818, 263–271 (2012).
[5] E. M. Wright, D. D. Loo, and B. A. Hirayama, Physiol. Rev., 91, 733–794 (2011).
[6] I. Bisha, A. Laio, A. Magistrato, A. Giorgetti, and J. Sgrignani, J. Chem. Theory Comp., 9(2), 1240–
1246(2013).
[7] A. Laio and M. Parrinello, Proc. Natl. Acad. Sci. U.S.A., 99(20), 12562–12566 (2002).
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PP-52 Organic Acids Increase Zinc Permeability in E. coli
Daniel Zhitnitsky, Oded Lewinson
Technion - Israeli Institute of Technology, Israel
Zinc is a metal co-factor used by cells for reactions that require a redox-stable ion and as a structural factor,
stabilizing proteins folding and oligomerization. It is estimated that ~10% of the human proteome consists of
potential Zn-binding proteins while in E. coli, as much as 3% of the total proteins expressed in the logarithmic
2+
growth phase are Zn-binding proteins. Despite its central roles, Zn is needed at low intracellular
concentrations. At high intracellular concentrations zinc is highly toxic. Thus, its levels in the cell are tightly
regulated, mainly by transmembrane efflux pumps like PIB-ATPases. These ATPases maintain a delicate
balance between import and toxic overload of both essential and non-essential metals.
Organic acids are known to inhibit bacterial growth. They permeate into cells, undergo de-protonation, disrupt
the proton motive force (∆pH) and membrane potential (∆ψ) and also directly inhibit metabolic pathways.
Accordingly, organic acids are often used as food preservatives. Moreover, there is a substantial commercial
interest on identifying conditions enabling more efficient bioreactor production of organic acids, as possible
alternatives to common petrochemicals.
2+

2+

Here we report that Zn /Cd -sensitive E. coli are also more sensitive to organic acids. The data suggests that
2+
organic acids increase the influx of Zn ions into bacterial cells, thus leading to increased metal sensitivity.
PIB-ATPases reduces the intracellular metal concentrations to tolerable levels. A synergistic toxic effect
between Acetate and Zinc was observed in several bacteria species.
These results provide a stepping-stone for a more efficient use of organic acids as antibacterial agents and for
their cost-effective bioreactor production.
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PP-53 CyDiv, a critical protein of cell division in filamentous cyanobacteria.
Derly Andrade, Dinka Mandakovic, Carla Trigo, Monica Vasquez
Pontificia Universidad Católica de Chile, Chile
Bacterial cell division is a fundamental and complex process that requires coordinated mechanisms for
elongation and septal formation in the middle of the cell. The most of the research in cyanobacterial division
have been focused on identifying proteins that interact specifically with the FtsZ protein, but this also revealed
that machinery of division presents differences in composition and regulation compared to the division models
of gram-negative and gram-positive. Studies carried out in our laboratory, have determined a gene common to
all filamentous cyanobacteria (cyDiv), which encodes a protein with a transmembrane and coiled-coil domains.
To determine how the protein CyDiv participate in the cell division process in the filamentous cyanobacteria
Anabaena sp. PCC7120 (hereafter Anabaena), We obtain mutants strains of cydiv gen by interruption with
resistant cassette (all2320::C.S3) and was compared the phenotype generated from mutants of these genes
whith wild-type. Further, we analyzed
protein localization by immunofluorescence generating specific
polyclonal antibodies to the protein CyDiv from synthetic peptide and determine possible role of this protein in
silico.The phenotype mutant presents serious defects in cell division with anomalous septum localization
during late division and membrane instability, indicating that CyDiv is essential for the correct development of
the filament. CyDiv is localized from cell pole to the middle of the cell depending of the division, and being colocalized with the Z-ring. The results from cellular localization and previous results of cyDiv mutant suggest
that CyDiv is essential for cell division in filamentous cyanobacteria. In silico analysis determined that this
protein has similar topology than FtsB and DivIC, from E.coli and B. subtilis respectively.

PP-54 Red blood cell membrane proteins as potential biomarkers in
multifactorial diseases
Boglarka Zambo, Gyorgy Varady, Edit Szabo, Adrienn Nemeth, Balazs Sarkadi
Hungarian Academy of Sciences - Research Centre for Natural Sciences, Hungary
Blood based biomarkers are easily accessible to monitor multifactorial diseases, however, only a limited
number of membrane proteins are used in current diagnostics. Red blood cells (RBCs) are perfect candidates
for this purpose since numerous membrane proteins, including transporters and receptors, are expressed in
these cells. Determination of these membrane proteins may provide unique information about altered genetic
and regulatory background in multifactorial diseases. Our aim was to develop a simple, fast and reliable
method to detect protein levels specifically and quantitatively in the RBC membrane. We have set up a flow
cytometry-based assay for the measurement of various disease-related membrane proteins, including
PMCA4b, ABCG2, ABCA1, URAT1, GLUT-1 and the insulin receptor (INSR). Because of the large number of
RBCs present only a few microliter of blood was necessary to detect these proteins simultaneously. As an
internal standard, we documented that the most common SNP of ABCG2, Q141K (rs2231142) results in a
decreased protein level in the RBC ghosts under our experimental conditions. We could also detect rare
ABCG2 mutations in one allele by measuring reduced ABCG2 membrane protein expression in RBCs. We
have shown that GLUT-1 and INSR protein expression levels are significantly higher in RBCs of Alzheimer’s
(AD) patients as compared to those in age-matched controls. This may reflect the metabolic alterations during
AD development. Our new, relatively simple methodology may open the way to predict the prognosis or
therapy response in various multifactorial diseases.

69

8th SFB35 Symposium 2015, Vienna
PP-55 Conformational properties and transport of glucose by GLUT1 using
in silico approaches
Matthieu NG FUK CHONG, Catherine ETCHEBEST
University of La Réunion, INSERM UMR_S 1134,DSIMB, France
Glucose is an essential source of energy for the mammalian cells. Its transport is achieved by facilitative
diffusion by the glucose transporter GLUT1 into erythrocytes and endothelial cells of the blood brain barrier.
Thus, inactivating mutation or low expression of GLUT1 is medically important, as it will lead to a lack of
glucose supply to the brain. On the other hand, the expression levels of GLUT1 are often elevated in
malignant cells due to the accelerated metabolism and high glucose requirements of the cells. GLUT1 belongs
to the family of sugar transporter, a subfamily of the major facilitator superfamily (MFS). The MFS transporters
are known to alternate between different conformational states in which access to the central binding site is
switched from the extracellular medium (outward open conformation) to the intracellular compartment (inward
open conformation) in order to transport a substrate across the plasma membrane. Recently, a mutant form of
GLUT1 was purified and structurally characterized by X-ray crystallography [1]. The structure was trapped in
an inward-open state with a molecule of β-nonyl glucoside (βNG), a glucose-derivative, located within a cavity.
Even if this atomic 3D structure is valuable, it does not allow to fully elucidate the transport mechanism of
glucose by GLUT1. To address this question, we first modeled the 3D structure of the wild-type (WT) form
using the crystal structure of the GLUT1 mutant. Then, we performed molecular dynamics simulations of the
WT protein embedded in a POPC bilayer where the crystallized ligand was either replaced by β-d-glucose or
suppressed. In the holo state (i.e. with a bound glucose in the central cavity), the glucose translocates out of
the protein. In the cytoplasmic half of the channel, glucose interacts predominantly with polar or charged
residues and underwent several rotations before leaving the binding site and exiting the protein. In the apo
state (i.e. without glucose in the central cavity), the results of 1 µs equilibrium MD simulations of GLUT1
showed the partial closure of the cytoplasmic end of the protein. This state was similar to the intermediate
state, namely the occluded state seen in the bacterial homologue XylE, in which the solvated central cavity is
inaccessible from either side of the membrane. For the first time, these results enlighten the role of the
different amino acids in the conformational changes and in the translocation mechanism.
1. Deng D, Xu C, Sun P, Wu J, Yan C, et al. (2014) Crystal structure of the human glucose transporter
GLUT1. Nature 510: 121-125.
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PP-56 Predicting hyperbilirubinemia by combining extended connectivity
fingerprints (ECFPs) and liver transporter inhibition profiles
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Hyperbilirubinemia is the pathological condition of accumulation of bilirubin in sinusoidal blood. It can be an
indication of drug induced liver injury and it is dangerous because it may cause neural and non-neural organ
dysfunction. Bilirubin is taken up by OATP1B1 and OATP1B3, two transporters residing on the basolateral
membrane of the hepatocyte. Thus, potential inhibition of those transporters would lead to hyperbilirubinemia.
[1] The aim of our study was to generate classification models for hyperbilirubinemia and to evaluate if the
addition of predicted transporter inhibition profiles as descriptors increase the performance of potential
models. Two datasets were exploited, one comprising 214 compounds (55 positives and 159 negatives for
hyperbilirubinemia) containing data for animals (mostly rodents) provided through the eTOX project, and one
on a human dataset of 835 compounds (containing 86 positives and 749 negatives) from public literature. [2]
For modeling the dataset several base classifiers, such as SMO, Random Forest, Naïve Bayes, kNN (k=5),
J48 tree and Logistic regression, were used, always in combination to the MetaCost meta-classifier, due to the
imbalance of the datasets. As descriptors for modeling all 2D MOE descriptors, the volsurf 3D descriptors and
ECFP6 and ECFP4 fingerprints (with and without attribute selection) were considered. For the case of animal
data, generally merely moderate results were obtained. Using 10-fold cross validation, the best performance
was obtained using Logistic regression with MetaCost and ECFP6 fingerprints (accuracy = 0.561 and AUC=
0.584), while the inclusion of OATP inhibition as additional descriptors does not substantially differentiate the
performance (accuracy = 0.535 and AUC= 0.602). For the human data, considerably better models could be
obtained. The best performing classifier for 10-fold cross validation was SMO (RBF kernel) with MetaCost,
using ECFP6 fingerprints (accuracy = 0.679 and AUC= 0.685), while the inclusion of OATP inhibition as
additional descriptors does not substantially differentiate the performance (accuracy = 0.674 and AUC=
0.687). In general it is difficult to extrapolate animal toxicity effects from human transporter models and from in
vivo to in vitro data. Additional factors of difficulty are the multiple mechanisms underlying behind
hyperbilirubinemia and the technical issues with assays measuring bilirubin. However, careful data curation
can give moderate results with animal data, while there is improvement with human data.
References
1) Chang et al., 2013, Mol Pharmaceut, 3067-3075
2) Liu, Zhichao et al., PLoS Comput Biol, 7.12 (2011): e1002310
Acknowledgements
The research leading to these results has received support from the Innovative Medicines Initiative Joint
Undertaking under grant agreement n°115002 (eTOX), as well as from the Austrian Science Fund, grant
F3502.

71

8th SFB35 Symposium 2015, Vienna
PP-57 Functional Expression of the 11 Human Organic Anion Transporting
Polypeptides in Insect Cells Reveals that Sodium Fluorescein is a General
OATP Substrate
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Organic Anion Transporting Polypeptides (OATPs), encoded by the genes of the SLCO (Solute Carrier
Organic Anion) family, are transmembrane proteins involved in the uptake of charged compounds of
endogenous or exogenous origin. In addition to their physiological roles, OATPs influence the
pharmacokinetics and drug-drug interactions of several clinically relevant compounds. To examine the function
and molecular interactions of human OATPs, including several poorly characterized members of the family, we
expressed all 11 human OATPs at high levels in the heterologous baculovirus-Sf9 insect cell system. We
measured the temperature- and inhibitor-sensitive cellular accumulation of sodium-fluorescein and fluoresceinmethotrexate, two previously described fluorescent substrates of OATP1B1 and 1B3. OATP1B1 and 1B3 were
found to be fully functional in insect cells, showing rapid (t1/2(fluorescein-methotrexate) 2.64 and 4.16 min, t1/2(fluorescein)
6.71 and 5.58 min for OATP1B1 and 1B3, respectively) and high affinity (Km(fluorescein-methotrexate) 0.23 and 0.53
mM, and Km(fluorescein) 25.73 and 38.55 mM for OATP1B1 and 1B3, respectively) uptake of these two
substrates. We found that fluorescein is a general substrate of all human OATPs: 1A2, 1B1, 1B3, 1C1, 2A1,
2B1, 3A1, 4A1, 4C1, 5A1 and 6A1, while fluorescein-methotrexate is only transported by 1B1, 1B3, 1A2 and
2B1. Acidic extracellular pH greatly facilitated fluorescein uptake by all OATPs, and characteristic inhibitory
patterns were found for the transporters examined. These studies demonstrate the applicability of this
heterologous system for the functional expression and detailed characterization of human OATPs and provide
a useful model system to screen for drug-OATP interactions.
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PP-58 Does tariquidar inhibit OATPs in the liver at clinically relevant plasma
concentrations? An in vivo PET study.
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Background: The investigational third-generation P-glycoprotein (ABCB1) inhibitor tariquidar (XR9576) has
been used in clinical trials in tumour patients in combination with anticancer drugs (e.g. vinorelbine,..), in order
to overcome multidrug resistance of tumours. In these clinical trials increased systemic exposure to anticancer
drugs was observed in patients receiving tariquidar leading to dose-limiting toxicities, which has been
attributed to inhibition of ABCB1 in other tissues than tumour tissue. In the present study we used positron
11
emission tomography (PET) imaging to study the in vivo distribution of [ C]tariquidar to the liver of healthy
volunteers.
Methods: Five healthy male volunteers underwent two consecutive 60-min dynamic abdominal PET scans
11
11
with [ C]tariquidar, a first scan after administration of only a microdose of [ C]tariquidar (<20 µg) and a
second scan during continuous i.v. infusion of unlabelled tariquidar (3.75 mg/min). In parallel to PET imaging
arterial blood sampling was performed and radioactivity in plasma was measured in a gamma counter. The
11
liver was delineated as a region of interest on MR-co-registered PET images and distribution of [ C]tariquidar
to the liver was expressed as the liver to plasma area under the time-activity curve ratio and as uptake
clearance from blood into liver, which was estimated by a previously described graphical analysis approach.
Tariquidar plasma concentrations during PET scan 2 were measured with liquid chromatography tandem
mass spectrometry.
11

Results: Following i.v. injection of [ C]tariquidar high radioactivity uptake was observed in the liver. In PET
scan 2, which was performed during infusion of unlabelled tariquidar, AUCplasma was 35.0±26.5% higher than in
11
PET scan 1, in which only a microdose of [ C]tariquidar was administered (scan 1: 16.2±5.5, scan 2:
20.8±4.0, p=0.013, paired t-test). AUCliver/AUCplasma was reduced by 30.1±8.7% (scan 1: 24.1±5.7, scan 2:
16.8±3.9, p=0.006) and CLuptake,liver was reduced by 25.6±8.5% in scan 2 as compared with scan 1 (scan 1:
0.46±0.09 mL/min/g tissue, scan 2: 0.35±0.09 mL/min/g tissue, p=0.002). Mean tariquidar plasma
concentration (mean of three samples taken during PET scan 2) was 3.3±0.8 µM (range: 2.7-4.4 µM).
11

Discussion: We observed non-linearity in [ C]tariquidar distribution to the human liver. Liver distribution was
lower and plasma exposure was higher for a pharmacological dose as compared with a microdose of
11
[ C]tariquidar pointing to dose-dependent inhibition of basolateral uptake transporters in hepatocytes by
tariquidar, i.e. organic anion transporting polypeptides (OATPs). This suggests that tariquidar is substrate and
inhibitor of human OATPs. Inhibition of OATPs in the liver may have also contributed to increased plasma
concentrations of anticancer drugs observed in previous clinical trials with tariquidar. An in vitro
characterization of the interaction of tariquidar with human OATPs is currently in progress.
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PP-59 Calcium signaling in hepatocytes using rats transgenic for GCaMP2
calcium sensor
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Assessment of intracellular calcium levels in hepatocytes is greatly challenged by the high capacity hepatic
transport systems removing the conventional calcium indicators from the cells. Using specific or non-specific
inhibitors of the transporters can circumvent this problem, however, may also interfere with the calcium signal
measurements. Genetically encoded calcium indicators expressed in the cells do not require application of
such blockers, and can readily be used. Formerly, we have generated a stable rat strain transgenic for the
GCaMP2 calcium indicator driven by a constitutive (CAG) promoter. Here, we demonstrate that hepatocytes
isolated these rats and cultured in a collagen-sandwich configuration constitute a useful tool for assessment of
hepatic calcium signaling. We compared the applicability of these cultures from animals of three different age
groups (3, 7, and 23+ weeks), as wells as the cultures at different time points after seeding ranging from 1 to 7
2+
days. The mRNA and protein expression levels of the Ca sensor and its subcellular localization were
2+
assessed. Basal and stimulated intracellular Ca levels were assayed by confocal microscopy at each time
2+
point in all three age groups. Ca signaling was monitored even at the subcellular level, measuring changes
2+
in Ca levels in the submembrane and cytosolic regions as well as in the Golgi compartment and the nucleus.
Our results demonstrate that hepatocytes cultures isolated from CAG promoter-driven GCaMP2 transgenic
rats provides a proper in vitro test system for studying calcium homeostasis in liver cells.
This work has been supported by the Momentum Program of the Hungarian Academy of Sciences (LP2012025), and research grants from the National Innovation Office (KMR_12-1-2012-0112, KTIA_AIK_12-1-20120025).

PP-60 Hepatic and renal handling of dantrolene and 5-hydroxy dantrolene
by transporters of the SLC22A family
Maja Henjakovic, Yohannes Hagos, Gerhard Burckhardt, Birgitta C. Burckhardt
Universitätsmedizin Göttingen, Germany
Dantrolene is the only clinically available agent for the specific treatment of malignant hyperthermia, a lifethreatening genetic sensitivity of skeletal muscles to volatile anaesthetics. Dantrolene is metabolized in the
liver. The major metabolite is 5-hydroxy dantrolene (5-OH dantrolene) possessing about half of the activity of
dantrolene. Excretion of dantrolene occurs primarily via the kidneys and by the bile. The major compound of
the renal excretion is 5-OH dantrolene (79%) followed by acetamino dantrolene (17%). About 1-4% of the
administered dantrolene occurs unchanged in the urine. Because 5-OH dantrolene and its parent compound
are zwitterions or organic anions, transporters of the SLC22 transporter family might be involved in hepatic
and renal uptake and release of these compounds. In order to test this, HEK293 cells stably transfected with
the organic anion transpoters OAT1, OAT2, and OAT3 were used.
In OAT2 and OAT3 transfected HEK293 cells, the uptakes of the reference substrates cGMP and estrone-3sulfate (ES), respectively, were inhibited by dantrolene and 5-OH dantrolene. OAT3 was very sensitive to both
compounds exhibiting IC50 values of 0.83 ± 0.51 and 1.1 ± 0.2 µM, respectively. These IC50 concentrations are
well below the plasma concentration observed in patients treated with dantrolene (3-28 µM). Dixon plots
revealed competitive inhibition between the reference substrate and dantrolene and 5-OH dantrolene by OAT3
and determined Ki matched the IC50 values. OAT2 was less sensitive to dantrolene and 5-OH dantrolene with
IC50 values of 51 ± 12 and 20 ± 7 µM, respectively. OAT1 responded unexpectedly to dantrolene and 5-OH
dantrolene. Whereas dantrolene stimulated PAH uptake in a concentration-independent manner, i.e. low
concentrations (10 µM) were as effective as high ones (500 µM), 5-OH dantolene showed a bi-phasic
response exhibiting stimulation of PAH uptake in the range between 20-50 µM. Determination of a KM for PAH
in the presence and absence of dantrolene revealed KM values of 58.6 ± 6.1 µM in the absence and 38.1 ± 1.1
µM in the presence of 100 µM dantrolene.
We assume that dantrolene is taken up into and extruded from hepaocytes by OAT2. The first step in renal
secretion, the uptake of dantrolene and 5-OH dantrolene across the basolateral membrane of proximal tubule
cells, is mediated by OAT2 and by OAT3. The role of OAT1 is so far unclear. The second step, the release of
the compounds into the urine across the luminal membrane, is possibly mediated by the multidrug resistanceassociated protein 4 (MRP4). Since OAT3 was recently also detected in the cytoplasmic membrane of skeletal
muscle cells (Takeda et al. Europ. J. Pharmacol. 483: 133-138, 2004), dantrolene may reach its target, the
intracellular ryanodine receptor. RyR1, by influx through OAT3. Dantrolene inhibits calcium influx by RYR1
thereby preventing severe muscle contraction and malignant hyperthemia.
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Are the global conformational changes that convert energy into directional substrate transport
conserved between ABCB1 and ABCB11?
Yaprak Dönmez-Cakil1, Gábor Szalóki2, Katalin Goda2, Zahida Parveen3, Dóra Türk4, Gergely Szakacs5, Peter
Chiba6, Thomas Stockner1
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Department of Biophysics and Cell Biology, Faculty of Medicine, University of Debrecen, Debrecen, Hungary
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Abdul Wali Khan University Mardan, Mardan, Pakistan
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Institute of Enzymology, Research Centre for Natural Sciences, Hungarian Academy of Sciences, Budapest, Hungary
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Institute for Cancer Research, Medical University of Vienna, Vienna, Austria
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Center for Pathobiochemistry and Genetics, Institute of Medical Chemistry, Medical University of Vienna, Vienna,
Austria

The human multidrug resistance transporter P-glycoprotein (ABCB1) transports an extraordinarily
diverse range of structurally unrelated endogenous substrates, drugs, and xenobiotics. In contrast, the
closely related bile salt exporter BSEP (ABCB11) has a very narrow substrate spectrum. Sequence
alignments and structural modelling suggests that both transporters share fold and structure. Binding of
ATP to the nucleotide binding sites and its subsequent hydrolysis drives the transport process of both
transporters. ABCB1 has two functional nucleotide binding sites, while in ABCB11 one is degenerate
and cannot hydrolyze ATP or only at very low rates. It is uncertain if both transporters use the same
mechanism for the conversion of the energy stored in ATP to energize the conformational changes,
which lead to substrate transport.
Structural mapping of the sequence similarity indicated that the NBD-NBD interface between ABCB1
and ABCB11 shows only four prominent residue differences, including the catalytic glutamate (E556
in ABCB1; M584 in ABCB11). All four residues cluster at the same nucleotide binding site. Exchange
of the catalytic glutamate E556M in ABCB1 produced a functionally impaired and conformational
locked transporter. Introducing all 4 residues into ABCB1 did restore conformational dynamics similar
to wild type ABCB1, but transport function could not be observed. Our data do therefore suggest that
ABCB1 and ABCB11 share the mechanics, but an additional energy barrier imposed by not yet
identified residues outside the nucleotide binding site seems to prevent the mutated ABCB1 from an
unrestricted movement through the complete transport cycle.
Acknowledgements
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gratefully acknowledged. YDC and TS were supported by the FWF project P23319, ZP was the
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The	
  molecular	
  mechanism	
  of	
  action	
  of	
  mephedrone	
  
	
  
4-‐methyl-‐N-‐methylchathinone	
  (mephedrone,	
  MEPH)	
  is	
  a	
  popular	
  psychostimulant	
  and	
  one	
  of	
  the	
  
major	
  representatives	
  of	
  former	
  legal	
  highs,	
  commonly	
  referred	
  to	
  as	
  “bath	
  salt”	
  or	
  “plant	
  food”.	
  
MEPH	
  impinges	
  on	
  monoaminergic	
  signaling	
  in	
  the	
  brain	
  in	
  an	
  amphetamine-‐like	
  fashion	
  and	
  most	
  
closely	
  resembles	
  3,4-‐methylenedioxymethamphetamine	
  (MDMA,	
  “ecstasy”).	
  Thus,	
  MEPH	
  acts	
  at	
  the	
  
high-‐affinity	
  transporters	
  for	
  dopamine	
  (DAT),	
  serotonin	
  (SERT)	
  and	
  norepinephrine	
  (NET)	
  and	
  
induces	
  efflux	
  via	
  their	
  cognate	
  transporters.	
  However,	
  the	
  exact	
  interaction	
  of	
  MEPH	
  with	
  
monoamine	
  transporters	
  still	
  remains	
  enigmatic	
  and	
  the	
  discrepancy	
  between	
  the	
  long	
  duration	
  of	
  
the	
  MEPH	
  induced	
  high	
  and	
  its	
  plasma-‐half	
  live	
  is	
  unresolved.	
  We	
  sought	
  to	
  investigate	
  the	
  molecular	
  
mechanism	
  of	
  action	
  of	
  MEPH	
  and	
  to	
  test	
  its	
  metabolites	
  for	
  psychoactive	
  properties.	
  
We	
  investigated	
  the	
  impact	
  of	
  MEPH	
  and	
  its	
  metabolites	
  on	
  DAT,	
  NET	
  and	
  SERT	
  in	
  radiotracer	
  flux	
  
experiments	
  using	
  heterologous	
  expression	
  systems	
  as	
  well	
  as	
  rat	
  brain	
  synaptosomes.	
  
In	
  addition,	
  we	
  examined	
  the	
  interaction	
  of	
  MEPH	
  with	
  monoamine	
  transporters	
  by	
  use	
  of	
  Foerster	
  
resonance	
  energy	
  transfer	
  (FRET)	
  microscopy	
  and	
  electrophysiology.	
  Moreover,	
  we	
  characterized	
  
each	
  substance	
  in	
  an	
  in	
  vivo	
  approach	
  for	
  their	
  stimulant	
  profiles	
  and	
  generated	
  in	
  silico	
  models	
  of	
  
the	
  fit	
  in	
  the	
  binding	
  pockets	
  of	
  DAT,	
  NET	
  and	
  SERT.	
  
MEPH	
  was	
  found	
  to	
  increase	
  the	
  proportion	
  of	
  transporters	
  in	
  the	
  inward-‐facing	
  conformation	
  and	
  to	
  
elicit	
  a	
  depolarizing	
  current.	
  The	
  MEPH-‐derived	
  metabolites	
  were	
  found	
  to	
  competitively	
  inhibit	
  
uptake	
  of	
  radiolabeled	
  substrates	
  via	
  DAT,	
  NET	
  and	
  SERT.	
  Efflux-‐studies	
  revealed	
  that	
  the	
  examined	
  
MEPH	
  metabolites	
  are	
  capable	
  of	
  inducing	
  efflux	
  of	
  preloaded	
  substrates	
  via	
  DAT,	
  NET	
  and	
  SERT.	
  
Consistent	
  with	
  in	
  vitro	
  findings,	
  the	
  metabolites	
  mimicked	
  the	
  actions	
  of	
  the	
  parent	
  compound	
  in	
  
vivo.	
  
The	
  fact	
  that	
  MEPH	
  is	
  subject	
  to	
  a	
  fast	
  metabolic	
  turnover,	
  yet	
  	
  induces	
  a	
  long	
  lasting	
  high	
  appeared	
  
to	
  be	
  inconsistent.	
  Our	
  data	
  unravel	
  the	
  mode	
  of	
  action	
  of	
  MEPH	
  on	
  a	
  molecular	
  level	
  and	
  indicate	
  
that	
  the	
  presence	
  of	
  MEPH	
  per	
  se	
  is	
  not	
  the	
  only	
  parameter	
  determining	
  the	
  stimulating	
  effect	
  of	
  this	
  
drug.	
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“Second generation” mephedrone analogs, 4-MEC and 4-MePPP,
differentially affect monoamine transporter function
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The increase in the use of synthetic psychoactive “designer drugs” followed by the
ban of 4-Methyl-N-methylcathinone (mephedrone) is a cause for grave concern. This
newly emerging threat of “second generation” mephedrone analogues including 4methyl-N-ethylcathinone (4-MEC) and 4-methyl-α-pyrrolidinopropiophenone (4MePPP) are skillfully designed to evade law and require thorough investigation to
understand their physiological effects and pharmacological action on their targetsthe monoamine transporters. An array of techniques was used to analyse the effects
of 4-MEC and 4-MePPP including molecular cellular and whole animal methods. In
vitro transporter assays served the purpose to elucidate the inhibitory and release
properties of the drugs at the serotonin transporter (SERT) and dopamine transporter
(DAT). Microdialysis was used to assess the in vivo neurochemistry. Transporter
mediated currents were detected in oocytes expressing SERT. Computational
docking was used as a tool to shed light to understanding the differences in their
pharmacological profile. 4-MEC displayed a “hybrid” profile acting as a SERT
substrate and DAT blocker. It also produced large increase in extracellular 5-HT,
small increase in dopamine and very minimal motor stimulation. It also evoked
inward current in SERT expressing oocytes. 4-MePPP is a blocker for both SERT
and DAT, produced selective increase in dopamine levels and robust motor
stimulation. The inability of 4-MePPP to influence the SERT was supported by
computational docking of the two drugs at the binding pocket of SERT and DAT
revealing subtle differences in their binding mode at the SERT binding pocket.
The above findings reflect the importance of understanding the pharmacology of
newly emerging drugs; it highlights the central role of structure activity relationship of
the drugs and its profound influence on the pharmacology.
Acknowledgements: This research was supported by the Intramural Research
Program of the NIDA, NIH, DA000523-07 to MHB and the Austrian Research
Fund/FWF grants F3506 and W1232 to HHS.
References: Saha, K., et al. Neuropsychopharmacology.1-11 (2015).
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Lipid-protein mismatch in the Leucine Transporter (LeuT)
Kumaresan Jayaraman, Azmat Sohail, Santhoshkannan Venkatesan,
Walter Santdner, Harald H Sitte, Thomas Stockner
Center for Physiology and Pharmacology, Institute of Pharmacology, Medical University of Vienna,
Waehringerstrasse 13A, 1090 Vienna.

Abstract:
The clearance of neurotransmitters from the synaptic cleft is essential for the normal functioning of
the neuronal system. It is carried out by the sodium and chloride driven neurotransmitter
transporters in the presynaptic cleft. Structural studies of these transporters have been carried out in
the non-physiological environment which intrudes its conformation. Crystal structures of the
bacterial homolog LeuT (SLC6 family) were solved in three states of the transport cycle: occluded,
outward and inward. The recent inward facing structure shows a conformation where the first helix
(TM1A) does not seem to be compatible with a membrane environment. We carried out Molecular
dynamics simulations of LeuT in membrane and micelle environment to investigate the
conformational behaviour of TM1A and combined with distance measurements using LRET. We
used POPC as membrane lipids, and build the micelle systems with three different protein-detergent
ratios (1:120, 1:140, or 1:160) using the detergent n-Octyl-β-D-Glucopyranoside (BOG) molecules.
In the membrane simulations we observed the TM1A helix moves towards the membrane-water
interface. In contrary, TM1A was stable in its position in the micelle simulations. We confirmed
this observation by distance measurements of solubilized LeuT in micelles and reconstituted POPC
liposomes. Our results suggest that the polar part of TM1A helix would not protrude into the
membrane core. To further characterize the conformation of the TM1A helix, we used steered
molecular dynamics simulations and pulled this helix relative to the scaffold or the core domain.
The free energy profile was also endorsed our findings in the position of TM1A. These study
indicates that changes in the environment can affect the equilibrium conformation of LeuT.
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The	
  dopamine	
  transporter	
  (DAT)	
  is	
  an	
  integral	
  membrane	
  protein	
  
that	
  regulates	
  dopamine	
  homeostasis	
  by	
  mediating	
  reuptake	
  of	
  
released	
  dopamine.	
  Moreover,	
  it	
  is	
  a	
  well-‐known	
  target	
  for	
  
psychostimulants,	
  cocaine	
  and	
  amphetamine.	
  By	
  application	
  of	
  
super-‐resolution	
  microscopy	
  techniques,	
  stochastic	
  optical	
  
reconstruction	
  microscopy	
  targeting	
  the	
  endogenous	
  DAT	
  in	
  
cultured	
  dopaminergic	
  neurons	
  and	
  photoactivated	
  localization	
  
microscopy	
  visualizing	
  the	
  Dronpa-‐DAT	
  fusion	
  protein	
  in	
  live	
  CAD	
  
cells,	
  we	
  observed	
  that	
  DAT	
  was	
  not	
  uniformly	
  distributed	
  in	
  the	
  
plasma	
  membrane	
  of	
  CAD	
  cells	
  and	
  neuronal	
  extensions	
  and	
  
varicosities	
  but	
  localized	
  to	
  discrete	
  cholesterol-‐dependent	
  
nanodomains	
  with	
  diameters	
  of	
  ~100-‐500	
  nm.	
  Whereas	
  
amphetamine	
  and/or	
  cocaine	
  stimulation	
  did	
  not	
  affect	
  the	
  
clustering	
  of	
  DAT,	
  depolarization	
  lead	
  to	
  a	
  decreased	
  clustering	
  of	
  
DAT	
  in	
  both	
  CAD	
  cells	
  and	
  dopaminergic	
  neurons.	
  Summarized,	
  we	
  
provide	
  the	
  first	
  insight	
  into	
  the	
  cellular	
  distribution	
  of	
  DAT	
  at	
  
subdiffracting	
  resolution	
  and	
  obtain	
  evidence	
  for	
  a	
  tight	
  regulation	
  
of	
  the	
  DAT	
  localization	
  in	
  the	
  plasma	
  membrane	
  by	
  cholesterol	
  and	
  
cellular	
  activation.	
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Abstract	
  
The	
  norepinephrine	
  transporter	
  (NET)	
  mediates	
  reuptake	
  of	
  synaptically	
  released	
  norepinephrine	
  
(NE)	
   in	
   central	
   and	
   peripheral	
   noradrenergic	
   neurons.	
   The	
   molecular	
   processes	
   governing	
  
availability	
   of	
   NET	
   in	
   the	
   plasma	
   membrane	
   are	
   poorly	
   understood.	
   Here	
   we	
   employ	
   the	
  
fluorescent	
   cocaine	
   analogue	
   JHC	
   1-‐64	
   to	
   investigate	
   the	
   trafficking	
   itinerary	
   of	
   NET	
   in	
   live	
  
noradrenergic	
  neurons.	
  Confocal	
  imaging	
  revealed	
  extensive	
  constitutive	
  internalization	
  of	
  JHC	
  1-‐
64	
   -‐labeled	
   NET	
   in	
   the	
   neuronal	
   somata,	
   proximal	
   extensions	
   and	
   presynaptic	
   boutons.	
   The	
  
phorbol	
   ester	
   PMA	
   increased	
   intracellular	
   accumulation	
   of	
   JHC	
   1-‐64-‐labeled	
   NET	
   and	
   caused	
   a	
  
parallel	
   reduction	
   in	
   NE	
   uptake	
   capacity.	
   Internalized	
   NET	
   was	
   co-‐localized	
   with	
   the	
   “long	
   loop”	
  
recycling	
  marker	
  Rab11,	
  while	
  only	
  little	
  overlap	
  with	
  the	
  “short	
  loop”	
  recycling	
  marker	
  Rab4	
  and	
  
limited	
  association	
  with	
  the	
  late	
  endosomal	
  marker	
  Rab7	
  were	
  seen.	
  Moreover,	
  mitigating	
  Rab11	
  
function	
  by	
  overexpression	
  of	
  dominant	
  negative	
  Rab11	
  impaired	
  NET	
  function.	
  Sorting	
  of	
  NET	
  to	
  
the	
   Rab11	
   recycling	
   compartment	
   was	
   further	
   supported	
   by	
   confocal	
   imaging	
   and	
   reversible	
  
biotinylation	
  experiments	
  in	
  transfected	
  CAD	
  cells.	
  In	
  contrast	
  to	
  NET,	
  the	
  dopamine	
  transporter	
  
(DAT)	
  displayed	
  a	
  markedly	
  lower	
  rate	
  of	
  constitutive	
  internalization	
  and	
  no	
  detectable	
  sorting	
  to	
  
the	
   Rab11	
   recycling	
   compartment	
   in	
   the	
   CAD	
   cells.	
   Exchange	
   of	
   domains	
   between	
   the	
   two	
  
homologous	
   transporters	
   revealed	
   that	
   this	
   difference	
   was	
   determined	
   by	
   non-‐conserved	
  
structural	
   elements	
   in	
   the	
   intracellular	
   N-‐terminus.	
   We	
   conclude	
   that	
   NET	
   displays	
   a	
   distinct	
  
trafficking	
   itinerary	
   characterized	
   by	
   continuous	
   shuffling	
   between	
   the	
   plasma	
   membrane	
   and	
   the	
  
Rab11	
   recycling	
   compartment,	
   and	
   that	
   the	
   functional	
   integrity	
   of	
   the	
   Rab11	
   compartment	
   is	
  
critical	
  for	
  maintaining	
  proper	
  presynaptic	
  NET	
  function.	
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In silico assessment of the negative effect of gating potentiator VX-770 on
corrected ΔF508 CFTR expression
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Cystic fibrosis (CF) is caused by mutations in the cystic fibrosis transmembrane regulator
(CFTR) that result in reduced chloride conductance at the apical membrane of secretory
epithelia. Treatment of CF patients carrying the G551D gating mutation with the potentiator
VX-770 (Ivacaftor) has largely restored channel activity and shown substantial clinical
benefit. However, the majority of CF patients carry the ΔF508 mutation, which impairs CFTR
folding, processing, function and stability. Studies in homozygous ΔF508 CF patients
indicated little clinical benefit of monotheraphy with the investigational folding corrector VX809 (Lumacaftor) or VX-770, while combinational clinical trials are ongoing. We have
examined the effect of the administration of VX-770 alone or in combination with VX-809 in
immortalized and primary human respiratory epithelia. VX-770 diminished the folding
efficiency and the metabolic stability of ΔF508-CFTR causing reduced cell surface density.
The destabilization effect of VX-770 was attributed to the NBD1-NBD2 interface
demonstrated by second site mutation experiments. In contrast, coadministration of an
experimental potentiatiors (P5) with VX-809 resulted in wild type level cell surface density
and function. In order to describe the differences of drug action on ΔF508-CFTR at the atomic
level, we performed in silico docking studies. For this purpose molecular dynamics
simulations at 321K were carried out to gain slightly unfolded conformations of structural
models of wild type and ΔF508-CFTR that were employed in in silico docking simulations of
corrector and potentiator molecules. Our docking studies revealed that VX-770 binds
similarly to wild type and ΔF508-CFTR at the NBD1-NBD2 interface suggesting that the
presence of VX-770 further destabilizes the inherently unstable interface facilitating
degradation. However, P5 binds differently to the wild type and ΔF508-CFTR which explains
the different effect compared to VX-770. The attenuated correction efficiency of ∆F508 and
two other variants with processing mutations suggests that further optimization of correctorpotentiator combination is needed to enhance the clinical benefit of CF therapy.
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Abstract
In spite of their central role in cellular metabolism and homeostasis as well as their
relevance for pharmacology, the majority of SoLute Carriers (SLCs) is functionally
uncharacterized and no systematic, integrative studies have been reported so far.
Analysis of the literature reveals that SLCs are the group of genes in the human
genome with the largest publication asymmetry, even when compared with other
membrane protein or transporter groups. While some SLC members have thousands
of publications, most of them are barely studied, making SLCs the most neglected
gene family in the genome. Furthermore, despite ample evidence for their druggability,
more than three fourths of SLCs with an already identified disease link have no active
compounds associated with them.
The interrogation of publicly available large datasets coming from high-throughput
technologies makes it possible to undertake a systems-level analysis of SLCs that can
provide a clearer insight into the coordinated function and interdependencies of these
proteins within the functional networks of the cell. By combining different gene
expression datasets at tissue level, we obtained a high-confidence SLC coexpression
network that illustrates some of these dependencies and shows how SLC expression is
regulated in robust tissue-dependent modules. Analysis at the family level also showed
preferential coregulation between certain SLC families.
Understanding how different conditions, such as a drug treatment, relate to the
environment-dependent plasticity of the SLC circuitry is of extraordinary importance in
order to explore metabolic vulnerabilities which can be worth targeting in the context of
diseases such as cancer. Integration of different “omics” to study the “SLC-ome” can
thus help to untangle the relationship between SLC expression, metabolism, and drug
sensitivity.
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transporter – GltPh
1

1

1

1

2

SanthoshKannan Venkatesan , Kusumika Saha , Azmat Sohail , Walter Sandtner , Gerhard F. Ecker , Michael
1
1
1,*
Freissmuth , Harald H. Sitte and Thomas Stockner .
1. Institute of Pharmacology, Medical University of Vienna.
2. Department for Pharmaceutical Chemistry, University of Vienna.

Glutamate is the major excitatory neurotransmitter. After its release into the synaptic cleft it is
taken up by the excitatory amino acid transporters (EAAT). Mammalian EAATs couple uptake
of one glutamate to co-transport of three Na+, one H+ and counter transport of one K+ ion.
Structural studies on the mammalian EAATs have been greatly facilitated by the crystal
structures of an archaeal aspartate transporter homologue (GltPh). We have combined insilico (Steered molecular dynamics) and in-vitro (radioactive substrate uptake in reconstituted
proteoliposomes) methods to characterize intermediate steps during substrate translocation
by GltPh across the membrane. To measure global ensemble conformational change we
have used Lanthanide Resonance Energy Transfer (LRET). Key steps during transport
involve binding of sodium to the second sodium binding site and disruption of a salt-bridge
interaction between the transport and trimerisation domains. We used steered molecular
dynamics to simulate the process of internalization of substrate in GltPh and we identified
T308 to play an important role in binding of the second sodium. Site directed mutagenesis of
T308 resulted in decreased Km for substrate and sodium as measured by uptake assays
performed in reconstituted proteoliposomes. We have also extended our findings to the
mammalian glutamate transporter (EAAT3). The conformational ensembles observed using
LRET agree well with the available crystal structures of GltPh. We have characterized the role
of T308 in substrate transport by GltPh. We found that T308 plays an important role in
binding of the second sodium in GltPh and also in the human EAAT3, binding of the second
sodium is required before progression from the outward-facing occluded state to the
intermediate and then further to the inward-facing state of the transporter.
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A novel mathematical model describing adaptive cellular drug metabolism and
toxicity in the chemoimmune system
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Cells cope with the threat of xenobiotic stress by activating a complex molecular network that recognizes
and eliminates chemically diverse toxic compounds. This “chemoimmune system” consists of cellular
Phase I and Phase II metabolic enzymes, Phase 0 and Phase III ATP Binding Cassette (ABC) membrane
transporters, and nuclear receptors regulating these components. In order to provide a systems biology
characterization of the chemoimmune network, we designed a reaction kinetic model based on differential
equations describing Phase 0–III participants and regulatory elements, and characterized cellular fitness to
evaluate toxicity. In spite of the simplifications, the model recapitulates changes associated with acquired
drug resistance and allows toxicity predictions under variable protein expression and xenobiotic exposure
conditions. Our simulations suggest that multidrug ABC transporters at Phase 0 significantly facilitate the
defense function of successive network members by lowering intracellular drug concentrations. The model
was extended with a novel toxicity framework which opened the possibility of performing in silico
cytotoxicity assays. The alterations of the in silico cytotoxicity curves show good agreement with in vitro
cell killing experiments. The behavior of the simplified kinetic model suggests that it can serve as a basis
for more complex models to efficiently predict xenobiotic and drug metabolism for human medical
applications.
Acknowledgement of funding sources: OTKA K111678 and Bolyai Fellowship of the Hungarian Academy
of Sciences to TH.
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