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data showing that fluor-labeled PDK1 forms homodimers when bound to PIP3
on supported lipid bilayers, enabling further analysis of the PDK1 activation
mechanism. Most recent results will be presented.
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Revealing the Dynamics of KRAS4B Dimerization on Anionic Membrane
from One Millisecond all Atom Molecular Dynamics Simulations
Van A. Ngo, Angel E. Garcia.
Center for Nonlinear Studies, Los Alamos National Lab, Los Alamos, NM,
USA.
RAS dimers have been proposed to be building blocks for initiating down-
stream MARK/ERK cellular signaling pathways. One of the RAS-RAS inter-
faces, called alpha4-crossed-alpha5 interface, has been proposed to be the
most stable, based on docking techniques and NMR-driven structures of
KRAS4B tethered to nanodiscs. It has been hypothesized that RAS dimeriza-
tion may not only affect RAS effectors required for signaling pathways, but
also hinder GTP hydrolysis. However, how RAS monomers diffuse and rotate
on lipid membranes to form dimers including the alpha4-crossed-alpha5 inter-
face remain unclear. To fully examine the dynamics of RAS dimerization will
all possible RAS-RAS interfaces, we performed long simulations using an all-
atom model of two full-length farnesylated GTP-bound KRAS4B diffusing on
30% POPS-mixed POPCmembranes. We reported effects of RAS dimerization
on the conformations of Switch-1 and Switch-2, which can potentially result
into different states of KRAS4B. We argued that the exact structure of the
alpha4-crossed-alpha5 interface proposed on the nanodisc is less likely to be
formed on simulated membranes, but a similar interface may be formed with
a low probability. Our simulations unveil many stable interfaces of the RAS
dimer. For instance, the HVR of each RAS can have strong interactions with
various parts of the RAS monomers; there are up to 13 cationic residues that
have significant direct interactions with the beta phosphate of the GTP bound
in KRAS4B, very similar to a crystal structure of HRAS having the Arginine
finger of GTPase-activating protein pointed to the beta phosphate. Based on
these results, we hypothesized that some of interfaces in RAS dimers may result
into an increase in the hydrolysis rate compared to the rate in RAS monomers,
thus adding more insight into how RAS regulates MARK/ERK pathways.
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Iacopo Galleano1, Hendrik Harms1, Koushik Choudhury2, Keith K. Khoo1,
Lucie Delemotte2, Stephan A. Pless1.
1Department of Drug Design and Pharmacology, University of Copenhagen,
Copenhagen, Denmark, 2Science for Life Laboratory, Department of Applied
Physics, KTH Royal Institute of Technology, Stockholm, Sweden.
Activation of the voltage-gated sodium channel Nav1.5 initiates the cardiac ac-
tion potential and numerous Nav1.5 mutations are known to cause severe and
potentially life-threatening arrhythmias. These are typically caused by changes
to channel function, such as altered inactivation. Additionally, it is becoming
increasingly recognised that Nav1.5 undergoes heavy post-translational modi-
fication in vivo. However, conventional approaches are unable to reliably
mimic post-translational modification, such as phosphorylation. This has pre-
vented investigation of a potential functional interplay with patient mutations.
Here, we overcome this limitation by using protein semi-synthesis of Nav1.5 in
live cells in combination with molecular dynamics simulations. Indeed, we
introduce stable phosphorylation mimics on both WT and two different patho-
genic long-QT mutant channel backgrounds and decipher functional and phar-
macological effects with unique precision. Our data demonstrate that the
altered steady-state inactivation profile caused by phosphorylation of Y1495
is due to a destabilization of the inactivation particle in its binding site. Surpris-
ingly, we find that unlike the DK1500 mutant, the Q1476R mutation does not
itself change channel inactivation properties, but that phosphorylation of this
mutant results in a greatly increased right-shift in steady-state inactivation
compared to WT (20 mV vs 10 mV). Additionally, free energy calculations
suggest that unbinding of the inactivation particle is energetically favored
when Y1495 is phosphorylated, and this effect is again exacerbated in the pres-
ence of the Q1476R mutation. Lastly, we show that both phosphorylation and
patient mutations can impact Nav1.5 sensitivity towards the clinically used
anti-arrhythmic drug quinidine, but not flecainide. In short, functional effects
can be exacerbated by phosphorylation in the presence of human patient muta-
tions in Nav1.5. This has implications for the interpretation of mutational phe-
notypes, as well as possibly the design of future drug regimens.
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hERG1a/1b Subunit Imbalance in Long QT Syndrome 2 Patient-Specific
iPSC-Cardiomyocytes
Li Feng1, Jianhua Zhang2, ChangHwan Lee3, Gina Kim2, Fang Liu4,
Andrew J. Petersen5, Evi Lim2, Corey Anderson2, Kate M. Orland2,
Gail A. Robertson4, Lee Eckhardt2, Craig T. January2, Timothy J. Kamp2.
1Beijing Anzhen Hospital, Beijing, China, 2Dept Medicine, Univ Wisconsin
Madison, Madison, WI, USA, 3Dept Biological Sciences, University of
Albany, SUNY, Albany, NY, USA, 4Dept Neuroscience, Univ Wisconsin
Madison, Madison, WI, USA, 5Waisman Center, Univ Wisconsin Madison,
Madison, WI, USA.
Inherited long QT syndrome type 2 (LQT2) results from variants in the KCNH2
gene encoding the hERG1 potassium channel. Two main isoforms, hERG1a and
hERG1b, assemble to form tetrameric channel. The N-terminal Per-Arnt-Sim
(PAS) domain, present only on hERG1a subunits, is a hotspot for pathogenic
variants, but the mechanism producing LQT2 syndrome is incompletely under-
stood. Use patient-specific induced pluripotent stem cell-derived cardiomyo-
cytes (iPSC-CMs) to define the pathogenesis of the hERG1a PAS domain
variant hERG1-H70R. Human iPSCs were derived from a LQT2 patient car-
rying the PAS domain variant hERG1-H70R. CRISPR/Cas9 gene editing pro-
duced isogenic control iPSC lines. Differentiated iPSC-CMs were evaluated
for their electrophysiology, hERG1a/1b mRNA expression, and hERG1a/1b
protein expression.Action potentials from single hERG1-H70R iPSC-CMs
were prolonged relative to controls, and voltage clamp studies showed an under-
lying decrease in IKr with accelerated deactivation. In hERG1-H70R iPSC-CMs,
hERG1b mRNA expression was significantly upregulated with an increase in
hERG1b/hERG1a ratio in mRNA complexes. Expression of complex glycosy-
lated hERG1a in hERG1-H70R iPSC-CMs was reduced due to impaired protein
trafficking, whereas the expression of the complex glycosylated form of
hERG1b was unchanged.Patient-specific hERG1-H70R iPSC-CMs reveal a
newly appreciated mechanism of pathogenesis of the LQT2 phenotype due to
both impaired trafficking of hERG1a and increased expression of hERG1b re-
sulting in reduced IKr with altered kinetics. Stoichiometric imbalance of the
hERG1a/hERG1b subunit expression patterns can contribute to LQT2 and
inform therapeutic approaches.
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We report on a new variant of KCNA2, which encodes the subunits of tetra-
meric, voltage-gated, potassium-selective channels KV1.2. The de novo, het-
erozygous mutation was discovered in an infant patient with epilepsy and
causes amino-acid substitution F233S. F233 is highly-conserved and consti-
tutes the charge transfer center at the KV1.2 voltage-sensing domain.
Our immunocytochemistry (confocal microscopy) investigations in transiently-
transfected COS-7 cells revealed that KCNA2(F233S) subunits do not traffic to
the cell surface. In flow cytometry experiments, surface-labeled KCNA2(F233S)
was detected in 1.6050.08% of cells, relative to cells transfected with
KCNA2(WT). In medium-throughput electrophysiological experiments using
the OpusXpress TEVC robot, no currents were detectable in Xenopus oocytes in-
jected with KCNA2(F233S) cRNA (p=0.17 compared with sham-injected oo-
cytes; nR10). In COVG experiments (n¼5), no significant KV1.2(F233S)
current was detected in oocytes during depolarizing pulses up to 180mV.
We then investigated the interaction of KCNA2(WT) and KCNA2(F233S) sub-
units on the OpusXpress by comparing oocytes injected with KCNA2 cRNA to
emulate homozygous WT, haploinsufficiency (half-dose WT) or heterozygous
WT/F233S conditions. All oocytes exhibited currents with similar V0.5, indi-
cating that they were produced by wild-type KV1.2 channels. However, hetero-
zygous WT/F233S cells exhibited a mean macroscopic conductance of
1151mS, 16% that of homozygous WT (70512mS) and 28% that of the hap-
loinsufficiency condition (4054mS). KCNA2(F233S)-mediated suppression of
KV1.2 channels was dependent on WT:F233S ratio.
These results show that F233S has a dominant loss-of-function effect via a se-
vere trafficking defect, which affects subunits from both alleles and potently
suppresses KV1.2 expression.
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