338a Monday, February 27, 2012

of a P2X4 receptor based on normal mode analysis and molecular dynamics
(MD) simulations. Starting with the first available P2X4 crystal structure in
the resting state, a normal mode that couples the motions of three B strands
(B1, B13 and P14) at the trimeric interface of the ligand binding domain
(LBD) and the motion of the pore-forming helix (TM2) of the transmembrane
domain (TMD) was identified. The resulting widening of the fenestrations
above the TMD and the opening of the TMD pore are in close agreement
with observed signatures of channel activation. Four charged residues impli-
cated in ATP binding are located in 1, B13 and f14. P2X4 activation was fur-
ther investigated by MD simulations in explicit water. ATP was placed near
the putative binding site in two opposite orientations, with the adenine either
promixal or distal to the TMD. In simulations with proximal adenine, the ad-
enine ring inserted between 1 and B13 and the phosphate group moved down-
ward. At the same time B1 and B14 approached each other to close in on the
ATP, allowing close interactions with the four charged residues. The motions
of these P strands are similar to those in the normal mode putatively represent-
ing channel activation. In simulations with distal adenine, the ATP hindered
the closure between Bl and P14, perhaps representing a desensitized state.
Our computational studies produced the first complete model, supported by
electrophysiological data, for how ATP binding leads to P2X4 channel activa-
tion. The detailed gating mechanism will be essential for the rational drug
design.
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Elevation of intracellular Ca2+ regulate sperm motility, chemotaxis, capacita-
tion and the acrosome reaction, and play a vital role in the ability of the sperm
cell to reach and fertilize the egg. In mammalian spermatozoa, the flagellar pH-
dependent Ca2+ channel CatSper is the main pathway for calcium entry as
measured by the whole-cell patch clamp technique. Mouse CatSper channel
is activated by alkaline intracellular pH, but human CatSper requires also a li-
gand. By applying the patch-clamp technique to mature human spermatozoa,
we found that nanomolar concentrations of female hormone progesterone acti-
vate CatSper and this action explains the mechanism of non-genomic action of
progesterone on human sperm cells. Progesterone is released by cumulus cells
surrounding the oocyte and serves as a chemoattractant for human
spermatozoa.

Interestingly, human CatSper can be further potentiated by prostaglandins, but
apparently through a binding site other than that of progesterone. Behavior of
CatSper channel gradually changes during spermiogenesis with CatSper chan-
nel being fully operational only in mature spermatozoa. Physiological regula-
tion of CatSper channel by different components of seminal plasma as well
as hormones of female reproductive tract will be discussed.
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The tetrameric voltage gated sodium channel NaChBac from Bacillus
halodurans was studied by conventional patch clamp techniques in synthetic
lipid liposomes composed of dioleoyl phosphatidylcholine, and by a.c. imped-
ance spectroscopy within a family of synthetic tethered palmitoleic phytanyl
phosphatidylcholine tethered membranes. By patch clamp techniques the sin-
gle channel conduction was found to be 11pS + IpS in agreement with pub-
lished values. The same protein when incorporated into tethered membranes
from Cymal-5 detergent micelles at concentrations of up to 100 nM NaChBac
showed levels of conduction up to ~0.4mS/cm?. Electrode areas of 2 mm?
yielded easily read resistances of ~250 kQ. The single channel measurements
showed a symmetrical conduction with bias potential suggesting an equal like-
lihood of the NaChbac incorporation in either orientation. In the tethered
membranes, however, the orientation dependence and thus voltage dependence
may be controlled by the tethered membrane composition. The results
for a number of tethered membrane constructs will be presented in which
the tether density and spacer lengths are varied. The effects of these variations
on the observed results will be discussed and examples given of using
tethered membranes to measure Mibefradil and other ligand (drug) binding
to NaChBac.
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Using a combination of electrophysiology and spectroscopic approaches we
have recently shown that CorA acts as a Mg2+-gated Mg2+-selective channel.
NiEddA/O2 accessibility together with intersubunit distances were measured in
two conditions: 1) Saturating Mg2+, which stabilizes CorA in the closed confor-
mation and 2) The nominal absence of divalent ions, which stabilizes the open
state. Here, we use a computational approach for incorporating both solvent ac-
cessibility data and distance constraints through restrained molecular dynamics
(MD) simulations using CorA in a closed conformation as the starting structure.
The accessibility restraints were enforced through interactions between a pseu-
doatom representation of the spin-label and environmental probe-surrounding
particles. Intersubunit CB-C distances estimated from DEER experiments, to-
gether with the accessibility data were used to generate hundreds of models by
varying the upper and lower bound of distance constraints and increasing the
number of MD refining cycles. The top 25 models show structural convergence
especially around the stalk and inner helices, where the EPR restraints were im-
posed. After a second round of refinement, the stability of the top ranked struc-
ture was evaluated by an all-atom MD simulation in a fully hydrated
phospholipid bilayer. After 2ns of the simulation, the RMSD of the stalk and in-
ner helices is stable around 4-5A. Based on the pore-radius profile, the perme-
ation pathway has dilated enough to allow a hydrated Mg2+, as expected if
this conformation is conductive. A linear interpolation between the closed and
open conformations suggests a gating mechanism for CorA, where the tips of
the stalk helix come together like the ribs of an umbrella. After a kink, this motion
translates into an expansion of the cavity and the mouth of the pore opens up with
a motion reminiscent of an iris of a camera.

Cardiac Electrophysiology I
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Interleukin-13 Modulates Cardiac L-Type Calcium Channel via PKC
Signalling Pathways in Mice
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Background- Inflammation is being widely recognised as a key component of
heart disease. Several pro-inflammatory cytokines have been shown to mediate
heart failure and cardiac remodelling. High levels of cytokines have been re-
ported in patients suffering from arrhythmias suggesting they might be impli-
cated in rhythm disturbances and electrical remodelling. Of these cytokines is
interleukin-1 (IL-1pB), one of the earliest and main cytokines induced via the
inflammatory response. The specific role it plays in modulating cardiac ion
channels is largely unknown.

Objective- The L-type calcium current (ICaL) plays a critical role in electrical
and contractile properties of the heart, therefore, the purpose of this study was
to determine the effect of a chronic IL-1f exposure on ICaL density, its under-
lying a-subunit CaV1.2 and the mechanisms potentially involved.

Methods & Results- The patch-clamp experiments revealed that the ICaL den-
sity (pA/pF) was decreased by 36% after a 24H-treatment of IL-1J3 at pathophys-
iological concentration (30pg/mL) in cultured neonatal ventricular myocytes
compared to controls (at 0 mV, CTL: —6.2%+0.5, n=17 and, IL-18:
—4.0%+0.5, n=19, p<0.05). The qPCR experiments revealed no differences in
CaV1.2 mRNA expression. Confocal imaging showed a significant increase of
ROS levels in IL-1pB-treated myocytes, however antioxidant treaments failed
to restore ICaL density. Conversely, the PKC inhibitor chelerythrine rescued
ICaL (at 0 mV, CTL: —5.6 +0.5, n=10 and, IL-1B+Chelerythrine: —6.2 +0.7,
n=14, p<0.05). The implication of PKC was further demonstrated by using
the PKC activator PMA which decreased ICaL similarly to IL-1p treatment.
Conclusion- Overall, this study shows that a pathologically relevant concentra-
tion of IL-1p significantly decreases the density of ICaL in cardiomyocytes
without affecting CaV1.2 expression. The data suggests that IL-1p mediates
its effect via PKC activation.
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Amylin amyloid deposition is generally considered a pancreatic disorder and
a hallmark of type-2 diabetes. Recently, amylin amyloids were also found in
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failing hearts from obese and type-2 diabetic patients, suggesting a possible con-
tribution to cardiac dysfunction. Here, we investigate the mechanism of cardiac
amylin accumulation and consequent effects on myocyte structure and function
inrats transgenic for human amylin. In this model, we observed that soluble amy-
lin oligomers are released from the pancreas in the blood and accumulate in the
heart. Amylin oligomers attach to the sarcolemma and raises the intracellular
Ca®>" ([Ca®'];) leading to myocyte dysfunction. In contrast, rats expressing
same level of wild-type, non-amyloidogenic rat amylin showed normal cardiac
myocyte structure and function. To test whether the rise of [Ca®"]; is an amylin
oligomer-mediated effect, we measured Ca®" transients in intact cardiac myo-
cytes incubated with exogenous human/rat amylin. 50 M of human amylin,
which rapidly forms oligomers, increased substantially the amplitude of cardiac
myocyte Ca’ " transients, while same concentration of rat amylin had no signif-
icant effects. Passive trans-sarcolemmal Ca" leak was substantially larger in
myocytes incubated with human amylin vs. control, implying that amylin olig-
omers alter the structural integrity of the sarcolemma and increase sarcolemmal
permeability to Ca>". In conclusion, our data show that amylin oligomers circu-
late through the blood, accumulate in the heart, and alter cardiac myocyte func-
tion by disrupting Ca>™ homeostasis. The results suggest that circulating amylin
oligomers should be targeted for pharmacological interventions to prevent heart
dysfunction in patients with obesity and insulin resistance.
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Restoration of the blood flow in the ischemic myocardium can result in a lethal
reperfusion injury. Reactive oxygen species (ROS) that are formed in the pres-
ence of oxygen are believed to play an important role in the post-ischemic injury.
Reperfusion of the myocardium is always accompanied by the reoxygenation.
Therefore the effect of reoxygenation alone is unknown. Here, using oxygen
clamp in on-chip picochambers we exposed single resting cardiomyocytes to
near anoxia (pO, < 0.1 mm Hg) and subsequently to normoxia. As cardiomyo-
cytes were trapped in picochambers no reperfusion occurred. This allowed us to
study the effects of reoxygenation independent of reperfusion. The mitochon-
drial membrane potential (AW) was measured in cardiomyocytes simulta-
neously with Ixatp, providing a measure for the cytosolic ATP. We show that
the reoxygenation of ischemic cardiomyocytes alone is insufficient to induce
a high ATP turnover rate but that the reperfusion is required for it. Upon reoxy-
genation to normoxia AW transiently (6.0 * 0.7 s) undershooted the
pre-ischemic level. The post-anoxic undershoot of AW was associated with
the increased rate of ATP synthesis, indicating that it was not due to substrate
limitation of the FyF,-ATPase. It persisted in cells with stimulated (FCCP; dura-
tion 7 = 1 s) and inhibited (rotenone; 6 = 2 s) respiration. However, in the
presence of antimycin, which is known to promote the formation of ROS, the
post-anoxic undershoot of AW was prolonged to 28 * 3 s. ATP synthesis was
also promoted. We propose that the ROS burst after reoxygenation from near an-
oxia by donating electrons to complex IV essentially contributes to a transient
stimulation of respiration and promote the post-anoxic recovery of cellular ATP.
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ATP-sensitive potassium channel (Katp) activation can drastically shorten
action potential duration (APD) in metabolically compromised myocytes.
We showed previously that SURI with Kir6.2 forms the functional channel
in mouse atria while Kir6.2 and SUR2A predominate in ventricles. SUR1 is
more sensitive to metabolic stress than SUR2A, raising the possibility that
Karp in atria and ventricles may respond differently to metabolic stress. We
performed optical mapping with voltage-sensitive dyes on Langendorff-
perfused hearts from C57BL wild-type (WT), Kir6.2 deficient (Kir6.2”"), and
SURI deficient (SUR1™") mice to examine APD during metabolic inhibition
(MI, OmM glucose+2mM sodium cyanide). In WT hearts, significant shorten-
ing of atrial APD after variable delay occurred before ventricular APD shorten-
ing after a variable delay. Atrial APD shortened by 60.5 +2.7% at 5.5+ 1.3 min
(n=6, p<0.01) earlier than comparable ventricular APD shortening
(56.4+10.0% shortening 20.33 min after onset of MI). Interestingly, prolonga-
tion (48.6 +5.2%, p<0.01) preceded ventricular APD shortening. In SUR1™
hearts (n=6), atrial APD shortening was abolished but ventricular shortening

(65.0+15.4%, p<0.01) was maintained. Atrioventricular block occurred ear-
lier in WT (3.85+1.21 minutes before 50% shortening of ventricular APD)
than in SUR1™ (1.083.98 minutes before 50% shortening of ventricular
APD, p=0.15, NS). In Kir6.2”~ hearts, two disparate responses to MI were ob-
served; 3 of 5 hearts displayed slight shortening in the ventricles (24 + 3%,
p<0.05) and atria (39.0%1.9%, p<0.05) but this shortening occurred later
and to much less extent than in WT (p<0.05). Prolongation of ventricular
APD was observed in the remaining hearts (327% and 489% prolongation).
The results confirm that Kir6.2 contributes to APD shortening in both atria
and ventricle during metabolic stress, and SUR1 is required for atrial APD
shortening. Moreover, the results show the atrial action potential is more sus-
ceptible to MI with SURI underlying atrial Kap.
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ATP sensitive potassium (K 1p) channels are assembled by four pore-forming in-
ward rectifier subunits (Kir6.1 or Kir6.2), each associated with one sulfonylurea
subunit (SURI or SUR2). The differential subunit composition defines distinct
Katp channel properties and tissue-specific function. Although the consensus
has been that cardiac K, 1p channels are SUR2A-based channels, our recent stud-
ies indicate that mouse cardiac K tp channels are chamber-specific: SUR1-based
channels in atria vs. SUR2A-based channels in ventricles. To test whether cham-
ber specificity is an universal property of cardiac K, 1p channels in other species,
whole-cell and inside-out excised patch-clamp techniques were applied to exam-
ine the effects of SUR- specific channel openers (pinacidil acts on SUR2A and
diazoxide on SUR1) on isolated dog and human cardiomyocytes. In dog atria, pi-
nacidil- and diazoxide-induced whole-cell currents were 40 = 4 pA/pF (n= 14)
and 13 +£ 6 pA/pF (n= 11, p<0.05), respectively; while the ventricular currents
were 52 = 15pA/pF (n=7)and 7 = 4 pA/pF (n=5,p<0.05), respectively. Also,
diazoxide-induced patch current is only ~10% of pinacidil-induced current in dog
artria and ~16% in ventricles. However, in human atria, pinacidil- and diazoxide-
induced whole-cell currents were 90 = 15 pA/pF (n=15) and 78 *= 13 pA/pF
(n = 12, p>0.05), respectively; while the ventricular currents were 117 =
75 pA (n = 3) and 92 (n = 1), respectively. The results indicate that SUR2A-
based channels are predominant in dog heart, while abundant SURI- and
SUR2A-based channels co-exist in human heart, in both atria and ventricles.
Therefore, there is marked variability between all three species studied, which
should be considered carefully when using either mice or dogs to model the
effects of human channels in either normal or diseased human hearts.
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Background: Cardiacion channel remodeling in type 2 diabetes mellitus
(T2DM) remains far less understood than in type 1 DM (T1DM). Here, we ex-
amined if and how cardiac ion channels were modified by T2DM using
OLETF, a rat model of obese T2DM.

Methods and Results: We isolated left ventricular (LV) cardiomyocytes from
epicardial (EPI) and endocardial (END) regions for whole-cell patch clamp. Ac-
tion potential duration at 50% repolarization (APDs() at 1 Hz was significantly
longer in OLETF than in non-diabetic control (LETO) (EPI; 8.89+1.04 vs.
5.20%£0.75 ms, END; 22.01 = 3.64 vs. 9.89 + 1.74 ms). Resting membrane po-
tential and membrane capacitances were similar among all groups. L-type
Ca®* current (Ica,r), inward rectifier KT current (Ix ) were comparable between
OLETF and LETO. On the other hand, in the END but not the EPI cardiomyo-
cytes, transient outward K™ current (I,,) density at 0.1Hz was significantly de-
creased in OLETF compared to LETO (END; 8.77+0.79 vs. 14.50+1.31,
PA/pF at +60mV). In both END and EPI cardiomyocytes, the fast recovering
component from inactivation of I, was significantly decreased in OLETF com-
pared to LETO. Quantitative RT-PCR analysis of genes encoding I, subunits
showed that the mRNA levels of Kv4.2 and KChIP2 were significantly reduced
by 71% and 34%, respectively, in the END but not the EPI tissue in OLETF com-
pared to those in LETO. The mRNA levels of the other I, subunits were compa-
rable in OLETF and LETO.
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