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spike-and-dome or triangular shape, respectively, but variability is huge
within each rhythm group. The aim of our study was to apply the machine
learning algorithm RIMARC (Ranking Instances by Maximizing the Area un-
der the ROC Curve) to a large data set of 480 APs combined with retrospec-
tively collected general clinical parameters, and to test whether the rules
learned by the RIMARC algorithm can be used for accurately classifying
the pre-operative rhythm status. APs were included from 256 SR and 224
AF patients. During a learning phase, the RIMARC algorithm established a
ranking order of features by predictive value for SR or AF. This was achieved
by discretizing each continuous feature using a maximum area under ROC
curve-based discretization (MAD2C) algorithm, and learning a ranking func-
tion for each feature, which is a linear combination of non-linear scoring func-
tions learned. The model was then challenged with an additional test set of
features from 28 patients in whom rhythm status was blinded. The accuracy
of the risk prediction for AF by the model was very good (0.93) when all
features were used. Without the 7 AP features accuracy still reached 0.71.
In conclusion, we have shown that training the machine learning algorithm
RIMARC with an experimental and clinical data set allows predicting a clas-
sification in a test data set with high accuracy. In a clinical setting this
approach may prove useful for finding hypothesis-generating associations be-
tween different parameters.
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The KCNQ1 gene encodes the voltage-gated Kþ channel Kv7.1, which is
mainly expressed in cardiac muscle. Coassembly with the b-subunit (MinK)
Kv7.1 generates a very slowly activating delayed-rectifier Kþ current, IKs,
with no apparent inactivation.
It has been reported that amitriptyline, a tricyclic antidepressant, inhibits the
Kv1.1 and Kv7.2/7.3 Kþ channels in a voltage-independent but concentration-
dependent manner. However, there is no evidence of the effect of this drug on
Kv7.1; a channel of the same Kþ channel family than Kv7.2/Kv7.3 but with
different kinetics and sequential characteristics.
Amitriptyline has been shown to induce long QT syndrome and torsades de
pointes in human hearts which cause sudden death. This effect was related
to HERG channel blockage, the molecular correlate of the rapid activated
delayed rectifier Kþ current (IKr); however, the drug effects on IKs, a major
determinant of action potential repolarization in the heart, has not been
studied yet.
In this study we show that amitriptyline inhibits Kv7.1/MinK in a
concentration-dependent manner with an IC50 of 3.27 mM. Inhibition of these
channels was voltage-independent and reversible. The voltage dependence
activation of the channel was not modified by amitriptyline. We assessed
the effect of the drug on Kv7.1 channels assembled as homotetramer, without
the accessory subunit. Kv7.1 channel current was less sensitive to inhibition
by amitriptyline (IC50 13.17 mM) than heteromeric Kv7.1/MinK channel
current but like Kv7.1/MinK, current inhibition was voltage independent.
Our results demonstrate that amitriptyline inhibits Kv7.1/MinK channels
and we suggest that the drug acts on the pore forming subunit Kv7.1 instead
of MinK.
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Polyunsaturated fatty acids (PUFAs) affect cardiac excitability. Kv7.1 and the
b-subunit KCNE1 form the cardiac IKs channel that is central for cardiac
repolarization. In this study, we explore the prospects of PUFAs as IKs chan-
nel modulators. We report that PUFAs open Kv7.1 via an electrostatic mech-
anism. Charged n-3 and n-6 PUFAs affect the voltage dependence of Kv7.1
by shifting the conductance versus voltage curve towards more negative volt-
ages. In contrast, uncharged methyl esters of the PUFAs do not affect the
voltage dependence of Kv7.1. Both the polyunsaturated acyl tail and the nega-
tively charged carboxyl head group are required for PUFAs to open Kv7.1.
The PUFA effect is pH dependent. This is likely because high pH deproto-
nates the PUFA, making a larger fraction of PUFA molecules negatively
charged and thereby able to affect Kv7.1 channel voltage dependence. We
further show that KCNE1 co-expression abolishes the PUFA effect on
Kv7.1 by promoting PUFA protonation. PUFA analogues with a decreased
pKa value, to preserve their negative charge at neutral pH, restore the sensi-
tivity to open IKs channels. PUFA analogues with a positively charged head
group inhibit IKs channels. These different PUFA analogues could be devel-
oped into drugs to treat cardiac arrhythmias. In support of this possibility, we
show that a PUFA analogue with a permanently negatively charged head
group acts anti-arrhythmic in cardiomyocytes. This permanently negatively
charged PUFA analogue induces a shortening of action potential duration in
embryonic rat cardiomyocytes and restores rhythmic beating in an arrhythmia
model.
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The slowly activating delayed rectifier Kþ current (IKs) contributes to repolar-
ization of the cardiac action potential (AP). Intracellular Ca2þ ([Ca2þ]i) can
modulate IKs, but details of this potentially important regulation are largely
unknown. Here, we aimed at assessing [Ca2þ]i regulation of IKs and how it
governs myocyte AP duration. IKs was recorded from freshly isolated rabbit
ventricular myocytes using the patch clamp technique with intracellular
pipette solutions that buffered [Ca2þ]i to 0, 100, 300, and 500 nM. From a
holding potential of �50 mV, IKs was recorded by implementing step-like
pulses from �40 to 50 mV in 10 mV increments for 3 s, followed by a
tail-pulse to �50 mV for 3 s. When the [Ca2þ]i was increased to 300 nM,
the maximally activated tail IKs (IMAX) was more than 2-fold greater
compared to 0 nM [Ca2þ]i (IMAX ~0.8 pA/pF vs. 0.3 pA/pF). Importantly,
when the pipette solution contained 500 nM [Ca2þ]i (IMAX ~1.0 pA/pF),
IMAX was 3-fold greater than 0 nM and more than 2-fold greater than 100
nM [Ca2þ]i (IMAX ~0.4 pA/pF). The potential of half-maximal activation
(V½) was not different for any situations (~15 mV). However, deactivation
kinetics of tail IKs were slower for cells recorded with 300 and 500 nM
[Ca2þ]i compared to 0 and 100 nM [Ca2þ]i (tdeact ~1200 ms vs. 800 ms).
These results indicate that a rise in [Ca2þ]i increases IKs amplitude in rabbits,
without altering the voltage dependence of activation, and slows IKs deactiva-
tion. Computational modeling suggests these [Ca2þ]i-dependent changes
might contribute to ventricular AP duration alterations, especially in the pres-
ence of adrenergic activation.
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Background: KCNQ1 (Q1, pore-forming) and KCNE1 (E1, regulatory) asso-
ciate to form the IKs channel, a critical determinant of QT interval. None of
Q1 homology models or Q1/E1 docking models includes the cytoplasmic
domain (CD), despite its critical roles in IKs assembly/trafficking/modulation.
One major obstacle is the very long (~320 aa) and dynamic Q1 carboxyl termi-
nus (CT). However, sub-regions of CT of Q1 and homologous KCNQ4 have
been crystallized, and there is rich information on the functional roles of,
and relationships among, sub-regions or residues in CD of Q1/E1. These
prompt us to build 3-D models of full-length Q1/E1 (i.e. including CD) using
a hierarchical approach.
Methods: (1) Use Robetta server to predict structures of amino-terminus (NT,
aa 1-140) and CT (aa 354-676) of Q1. (2) Select Robetta models compatible
with existing structural data. (3) Remove flexible loop regions, and dock the he-
lical regions of chosen Robetta models to the Q1 transmembrane homology
model. This manual docking procedure is guided by data in the literature. (4)
The most favored docking-configurations are triplicated to produce the full-
length Q1 models. (5) Dock refined E1 NMR structure to the full-length Q1
model, guided by our disulfide-trapping data and information in the literature.
(6) After energy-minimization and removing steric clashes, the systems will
be subjected to molecular dynamics (MD) simulations. (7) Analyze the MD tra-
jectories to design disulfide-trapping experiments for model validation or
rejection.
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