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adamantane cage reduced activity. Another showed that the adductmust bemore
than 2 carbons. Pre-exposing the virus to drug before inoculation showed inac-
tivation and exposure-recovery of the virus on the ~10-minute time scale. Resis-
tance development is dramatically reduced. For selected compounds, 10
passages (~5 weeks) in the presence of drug were required before the 2009
H1N1 developed resistance. However, themechanism of action is unclear. Lipo-
some assays indicate direct block of S31N M2 (22-62). But 2009 H1N1
M2-transfected HEK cells are not blocked, either on the 2- or the 30-minute
time scales. Yet, the revertant (N31S) is well blocked. Solid state NMR suggests
that drugs bind to the S31N transmembrane peptide domain. The resistant strains
developed in the presence of these drugs show no mutations in M2, but a few
mutations in hemagglutinin. It is possible that these hydrophobic amines func-
tion partly by neutralizing the endosome. However, the virus pre-exposure
results indicate a direct effect on the virus, not just on the endosome. The
A/WSN/33 virus is not blocked by these drugs in cytopathic effect assays, but
the revertant (N31S) is, indicating for A/WSN/33 that the M2-block is the key
effect. In summary, resistance-invulnerable drugs for the 2009 H1N1 influenza
A virus have been identified and the mechanism of action is yet to be defined.
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Dual Regulation of G Proteins and the G Protein-Activated Potassium
Channels (GIRK) by Lithium
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Carmen W. Dessauer2, Nathan Dascal1.
1Tel Aviv University School of Medicine, Tel Aviv, Israel, 2University of
Texas Health Science Center, Houston, TX, USA.
Cellular targets of Liþ, such as glycogen synthase kinase 3b and G proteins, have
been long implicated in bipolar disorder (BPD) etiology. However, recent genetic
studies linkBPD to other proteins, in particular ion channels. Liþ affects neuronal
excitability, but the underlying mechanisms and the relevance to putative BPD
targets are unknown. We discovered a novel, dual regulation of G protein-
gated Kþ channels (GIRK) by Liþ, and determined the underlying molecular
mechanisms. In hippocampal neurons, therapeutic doses of Liþ, 0.5-2 mM,
increased GIRK basal current (Ibasal) but attenuated neurotransmitter-evoked
GIRK currents (Ievoked) mediated by Gi/o-coupled G protein-coupled receptors
(GPCRs). Molecular mechanisms of these regulations were studied with heterol-
ogously expressed GIRK1/2. In excised membrane patches, Liþ increased Ibasal
but reduced GPCR-induced GIRK currents. Both regulations were membrane-
delimited and G protein-dependent, requiring both Ga and Gbg subunits. Liþ

did not impair direct activation of GIRK by Gbg, suggesting that inhibition of
Ievoked results from a Liþ action on Ga, probably through inhibition of GTP-
GDP exchange. In direct binding studies, Liþ promoted GPCR-independent
dissociation of Gai

GDP from Gbg by a Mg2þ-independent mechanism. This pre-
viously unknown Liþ action on G proteins explains the second effect of Liþ, the
enhancement of GIRK’s Ibasal. The dual effect of Li

þ on GIRK may profoundly
regulate inhibitory effects of neurotransmitters acting via GIRKs. Our findings
link between Liþ, neuronal excitability, and both cellular and genetic targets of
BPD: GPCRs, G proteins and ion channels.
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The Microglial KD Channels Kv1.3 and KCa3.1 as Potential Therapeutic
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Ralf Köhler2.
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Activatedmicroglia significantly contribute to the secondary inflammatory dam-
age in ischemic stroke and therefore constitute attractive targets for post-infarct
intervention. Microglia express the voltage-gated Kv1.3 and the calcium-
activated KCa3.1 channels, both of which have been reported to be involved
in microglia mediated neuronal killing, oxidative burst and inflammatory cyto-
kine production. However, most of these experiments have been performedwith
cultured neonatalmicroglia and it has always been questionedwhether these cul-
tures accurately reflect the Kþ channel expression of activatedmicroglia in adult
brain. Following intrahippocampal LPS injection or middle cerebral artery
occlusion (MCAO) with 7 days of reperfusion we observed Kv1.3 and KCa3.1
immunoreactivity on activated microglia in mouse brain. In both conditions
we further detected currents exhibiting the biophysical and pharmacological
properties of Kv1.3 and KCa3.1 on microglia immediately following isolated
with CD11b-magnetic beads. Channel expression was significantly higher
than on microglia isolated from control brains. We next investigated the effect
of genetic deletion and pharmacological blockade of KCa3.1 on the reperfusion
injury following ischemic stroke using reversible MCAO as a model. KCa3.1-/-

mice and wild-type mice treated with the KCa3.1 blocker TRAM-34 exhibited
significantly smaller infarct areas and improved neuronal survival and motor
coordination in neurological deficit test on day-7 after MCAO. Kv1.3 blockade
with PAP-1 exhibited similar beneficial effects in wild-type mice but did not
further reduce infarct area or improve neurological deficit in KCa3.1-/- mice.
In male Wistar rats combined blockade of both Kv1.3 and KCa3.1 with PAP-1
and TRAM-34 also did not further reduce infarct area compared to treatment
with either TRAM-34or PAP-1 alone suggesting that blockade of onemicroglial
Kþ channel is sufficient to improve outcomes in ischemic stroke.
Supported by RO1 GM076063 from the National Institute of Health.
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A large scale sequencing endeavor (Epi4K Consortium, Nature 501:217-221,
2013) recently reported discovery of several de novomutations in genes encod-
ing ion channels, neurotransmitter receptors and other proteins that may explain
severe, early onset childhood epilepsy. One intriguing variant was found in
KCNB1, encoding KV2.1. Although KV2.1 is a potassium channel involved
in repolarization of neuronal action potentials, it has not previously been asso-
ciated with epilepsy. The reported variant (T374I) was heterozygous and af-
fects a highly conserved residue within the KV2.1 ion selectivity filter 5
amino acids N-terminal to the GYG motif. We performed heterologous expres-
sion of wildtype (WT) and mutant KV2.1 channels and used whole-cell patch
clamp recording to define the functional consequences of the mutation and to
infer the pathophysiology of the epilepsy. Wild-type or mutant KV2.1 channels
were transiently expressed under control of the CMV promoter in CHO cells.
Expression of channel subunits was confirmed by co-expression of a fluores-
cent protein encoded by the same plasmid. Cells expressing homomeric
WT-KV2.1 exhibited large outward currents with rapid voltage-dependent acti-
vation and slow inactivation. By contrast, cells expressing homomeric KV2.1-
T374I exhibited no outward or inward current. Our findings suggest that this
mutation impairs ion permeation and confers a loss-of-function as the molecu-
lar basis for epilepsy. Further studies will evaluate the impact of mutant sub-
units on formation of functional heteromultimeric channels to explore
possible dominant-negative behavior.
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The human voltage-gated proton channel (hHv1) is a transmembrane protein
responsible for selective proton permeation across cell membranes in nasal mu-
cosa, sperm, and white blood cells. Its pathological states include male infer-
tility, allergies, and diseases such as cystic fibrosis, asthma, and lupus. Its
involvement in ischemic stroke and invasiveness of breast cancer cells has sub-
stantiated hHv1 as a therapeutic target for drug designs for which require the
understanding of hHv1 structure and proton conduction mechanism. We
recently constructed and validated a homology model (Kulleperuma et al.,
2013) of hHv1 characterized by the presence of a salt bridge between anionic
D112 and cationic R208 side chains in the narrow region of the hydrated pore.
Thanks to the pairing of these and other charged residues in ionic networks, the
distribution of charged and polar residues in the wild-type channel is a priori
compatible with permeation of either cations or anions. However, a static-
field electrostatic barrier opposing cation movement arises in neutral mutants
of residue D112, consistent with the observation that these mutants are selec-
tive to anions (Musset et al., 2011). Our recent experiments show that proton
selectivity is restored in double mutant D112V/V116D, while D112S and
D112V/D116S are anion-selective and D112V does not conduct ions. Atom-
istic molecular dynamics simulations of these mutants in lipid bilayers show
that their structures differ in the organization of ionic side chains in the external
vestibule and suggest that, consistent with the above analysis, the distribution
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of charged groups plays a role in modulating the selectivity of the pore for
either anions or protons. To elucidate the molecular mechanism of permeation
and selectivity, we are conducting free energy simulations for the translocation
of protons and other ions in both wild-type and mutant forms of hHv1.
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The sperm-specific cation channel, CatSper, regulates intracellular calcium
levels and is crucial for male fertility, both in mice and humans. CatSper trig-
gers hyperactivation, a type of inducible motility that enables sperm to pene-
trate the egg’s protective vestments. For this motility change, human CatSper
requires elevation of intracellular pH with simultaneous extracellular stimula-
tion by progesterone which sperm encounter during their journey to the oocyte.
In the absence of these stimuli, CatSper retains some basal activity which can
be reversibly inhibited by mild lipid extraction. Here we report that basal CatS-
per activity, as recorded using whole-cell patch clamp technique from mature
human spermatozoa, requires a lipid signaling molecule produced within the
sperm plasma membrane. Furthermore, treatment with the female hormone
progesterone up-regulates the production of this lipophilic signal. Development
of a novel lipid extraction technique has provided a method for concentration,
isolation, and identification of this lipid signaling molecule providing a better
understanding of the lipidic pathways regulating male fertility in humans.

Symposium: Awards Symposium
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Phases and Fluctuations in Biological Membranes
Sarah Veatch.
University of Michigan, Ann Arbor, MI, USA.
The thermodynamic properties of plasma membrane lipids play a vital role in
many functions that initiate at the mammalian cell surface. Some functions are
thought to occur, at least in part, because plasma membrane lipids have a ten-
dency to separate into two distinct liquid phases, called liquid-ordered and
liquid-disordered. We propose that at least some of aspects of lipid mediated
functions occur because plasma membrane composition is tuned close to a crit-
ical point at physiological temperature. This hypothesis is supported by our ob-
servations of micron-sized and dynamic critical fluctuations in isolated plasma
membranes near their critical temperature of roughly room temperature. In this
talk, I will discuss our ongoing efforts to probe for consequences of criticality
in the plasma membranes of intact cells.
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ATP Binding Cassette (ABC) transporters constitute a ubiquitous superfamily
of integral membrane proteins responsible for the ATP powered membrane
translocation of a wide variety of substrates. The highly conserved ABC do-
mains defining the superfamily provide the nucleotide-powered engine that
drives transport. In contrast, the transmembrane domains creating the translo-
cation pathway are more variable, with three distinct folds currently recog-
nized. Structural analyses of the high affinity methionine MetNI importer
and of a bacterial homologue of the mitochondrial Atm1 exporter will be dis-
cussed within the mechanistic framework of the alternating access model. The
interconversion of outward and inward facing conformations of the transloca-
tion pathway is coupled to the switching between open and closed interfaces of
the ABC subunits that are associated with distinct nucleotide states. As
observed for MetNI, additional domains may be present that can regulate trans-
port activity. Building on this qualitative molecular framework for deciphering
the transport cycle, an important goal is to develop quantitative models that
detail the kinetic and molecular mechanisms by which ABC transporters utilize
the binding and hydrolysis of ATP to power substrate translocation.
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The role of lipid-protein interactions in membrane function has long attracted
the attention of researchers in the field of lipid membrane biophysics. Effects of
membrane lipids on G-protein-coupled receptors (GPCRs) are revealed by UV-
visible and FTIR spectroscopic studies of the conformational energetics of
rhodopsin in visual signaling [1]. During rhodopsin photoactivation, the photo-
reactive 11-cis-retinylidene chromophore is isomerized to all-trans yielding an
equilibrium between inactive Meta-I and active Meta-II states. Modulation of
the metarhodopsin equilibrium depends on the polar head groups and the lipid
acyl chain length and polyunsaturation. Membrane lipids can forward or back-
shift the metarhodopsin equilibrium due to their chemically non-specific mate-
rial properties [2]. A flexible surface model (FSM) describes elastic coupling of
membrane lipids to the conformational energetics of rhodopsin. The new bio-
membrane model challenges the standard fluid mosaic model. Based on data
first introduced for rhodopsin [2] the idea of a curvature stress field bridges the-
ory and experiment. According to the FSM, membrane lipids whose sponta-
neous curvature stabilizes the activated state within the membrane are
involved in regulating protein function. The new biomembrane model explains
the effects of bilayer thickness, nonlamellar-forming lipids, detergents, and os-
motic stress on visual signaling. An ensemble-mediated activation mechanism
is proposed for rhodopsin in a natural membrane lipid environment, which in-
cludes a role for bulk water in the activation of rhodopsin-like GPCRs [4]. Ion
channels, transporters, and membrane-bound peptides can all be affected by
curvature forces due to elastic deformation of the bilayer, thus giving a new
paradigm for membrane lipid-protein interactions in structural biology.
[1] M.F. Brown (2012) Meth. Mol. Biol.914, 127-153.
[2] M.F. Brown (1997) Curr. Top. Membr.44, 285-356.
[3] M.F. Brown (2012) Biochemistry51, 9782-9795.
[4] A.V. Struts (2011) PNAS 108, 8263-8268.
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Deconstructing the Physical and Molecular Basis of Touch and Pain
Sensation
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Molecular and Cellular Physiology, Stanford University, Stanford, CA, USA.
Touch is the first sense to develop and the last to fade. To investigate the mo-
lecular and physical basis of this crucial sensory modality, we exploit the nem-
atode C. elegans and in vivo cellular physiology.
Platform: Optical Microscopy and Super
Resolution Imaging II
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Small RNAs play important roles in regulating gene expression. Here we
describe a new approach for characterization and quantification of small regu-
latory RNAs as well as targeting mRNA at single-cell level by combining
single-molecule in situ hybridization and super-resolution imaging. We apply
this approach to investigate a stress-induced bacterial small RNA, which is
the central regulatory effector of the glucose-phosphate stress response. The
quantitative analysis and localization information allow us to establish a kinetic
model to describe the sRNA-induced target mRNA degradation in the cell.
More importantly, our results demonstrate very promising application of this
technique in studying other bacterial small RNA systems, and potentially mi-
croRNAs in eukaryotes.
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The three-dimensional topology and compaction profile of an individual chro-
mosome likely influences the expression of its genes. We present the first
high-resolution description of the structure of an individual chromosome, the
inactive X chromosome (Xi), in its native state. Female mouse pre-B cells
were vitrified and then imaged using a pair of emerging imaging techniques,
cryogenic confocal fluorescence tomography and soft x-ray tomography
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