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structure is not critically modified, or the ER milieu significantly altered. In the
present study, we found that skelCSQ trafficked differently from cardCSQ in
nonmuscle cells and neonatal heart cells. In fact, the distribution of skelCSQ
was unique among known ER markers. SkelCSQ concentrated in a membrane
compartment that was juxtaposed and distal to ER containing the cardiac iso-
form. SkelCSQ was contained in novel streaming tubules and vesicles aligned
on tufts of microtubules. Consistent with immunofluorescence microscopy
were the structures of the two Asn316-linked glycans on CSQ isoforms, with
skelCSQ glycans trimmed beyond the Man9,8 that are indicative of proximal
ER. Despite the complete non-overlap of skelCSQ and cardCSQ compart-
ments, the two proteins co-localized in early ER when co-overexpressed,
suggesting heteropolymer formation. The present study indicates that skelCSQ,
in contrast to cardCSQ, evades ER polymerization, and polymerizes in the next
distal secretory compartment, an early subcompartment of ERGIC. We con-
clude that different subcellular localizations for skelCSQ and cardCSQ result
from a difference in the lumenal requirements for polymerization of each of the
two CSQ isoforms, leading to ER retention (cardCSQ) or retention in a contig-
uous intermediate compartment (skelCSQ).
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Calumenin is a multiple EF-hand Ca?*-binding protein localized in the sarco-
plasmic reticulum (SR) lumen. Evidence of the interaction between calumenin
and SERCA?2 in rat cardiac SR was shown recently (Mol. Cells, 26:265-269,
2008). To elucidate the possible role of calumenin in cardiac excitation-contrac-
tion (E-C) coupling, calumenin was knocked down by transfection of mouse
cardiac cell line (HL-1 cells) with calumenin specific siRNA oligonucleotides.
After 72 hrs of transfection, calumenin protein level was reduced by 75% with-
out any obvious changes in the expression levels of other E-C coupling proteins
such as RyR2, SERCA2, NCX, CSQ and PLB. A field stimulation (1Hz) of KD
cells (n = 58) led to significantly increased Ca® " transient peak height (1.02 =
0.02 vs. 0.82 =+ 0.03 fura-2 ratio at 340 and 380 nm, p < 0.05), decreased time to
peak (0.093 £ 0.001 vs. 0.107 = 0.003 s, p < 0.05) and time to 50% baseline
(0.172 £ 0.005 vs. 0.235 £ 0.006 s, p < 0.05) as compared to control cells (n =
44). On the other hand, the SR Ca*" load remained unchanged in KD cells. Pull-
down experiments with GST fusion proteins showed that calumenin interacts
with both RyR2 and SERCA2 in a Ca*" dependent manner. Taken together,
the present results suggest that calumenin is related to SR Ca®t homeostasis.
Currently, the molecular interactions between calumenin and SERCA2 or
RyR2 are being examined by using various deletion mutants.

2656-Pos Board B626

Interaction between Cardiac Ryanodine Receptor and FKS506-Binding
Protein Revealed by Cryo-EM and FRET

Zheng Liu!, Ruiwu Wang?, Xing Meng!, Richard Cole!, S. R. Wayne ChenZ,
Terence Wagenknecht!.

'Wadsworth Center, New York State Department of Health, Albany, NY,
USA, *Departments of Physiology and Biophysics, University of Calgary,
Calgary, AB, Canada.

Type 2 ryanodine receptor (RyR2) is the major calcium release channel in cardiac
muscle. Abnormal calcium release through a dysfunctional RyR2 has been im-
plicated in certain types of sudden cardiac death and heart failure. A 12.6kDa
FK506 binding protein (FKBP12.6) tightly associates with RyR2, and stabilizes
the close state of RyR2 calcium channel. One proposed mechanism that underlies
RyR2 channel dysfunction is the destabilization of the RyR2-FKBP12.6 interac-
tion. In the present study, we mapped the location of green fluorescent protein
inserted after residue Tyr-846, near the amino-terminal diseases-causing muta-
tion hotspot, in the three-dimensional (3D) structure of RyR2 by cryo-electron
microscopy (cryo-EM). The location of the inserted GFP was found to be close
to the previously mapped FKBP12.6 binding site. Based on the structural infor-
mation that we have learned from 3D cryo-EM, we designed a fluorescence res-
onance energy transfer (FRET) pair by inserting a yellow fluorescent protein in
RyR2 after residue Tyr-846, and attaching a cyan fluorescent protein to
FKBP12.6. By monitoring the FRET signals between the donor and acceptor,
we are investigating the interaction dynamics between RyR2 and FKBP12.6.
Supported by AHA to ZL, NIH to TW, CIHR and HSFA to SRWC.
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Bone marrow derived stem cells (MSCs) are often discussed as a potential
source for cardiac replacement tissue. Transplantation of undifferentiated

cells into cardiac infarct regions has been shown to decrease infarct size
and preserve cardiac function but the impact the cells have through paracrine
effects or intercellular coupling remains to be determined. To determine how
MSCs influence the excitability of cardiac myocytes we established a co-cul-
ture between freshly isolated mouse ventricular myocytes and dissociated
MSCs. After 3 hrs of co-culture the cells were loaded with the Ca®" indicator
Fluo-4/AM and the Ca*" handling properties of ventricular myocytes were
analyzed at a stimulation frequency of 0.5 Hz. In comparison to control
myocytes (ctrl) cardiomyocytes that co-localized with MSCs (co-MSC) ex-
hibited a significantly increased Ca®"-transient amplitude (F/F,: ctrl: 2.3 +
0.5, n =8; co-MSC: 3.5 £ 1.2, n=4). In addition, the transient duration at
50% (APDsg: ctrl: 457 = 61 ms to co-MSC: 360 = 33 ms); and 90% inac-
tivation (APDgy: ctrl: 1.31 = 0.15 s; co-MSC: 1.08 = 0.16 s) was signifi-
cantly shortened. We have previously demonstrated that stem cell derived
cardiomyocytes and adult myocytes can establish intercellular coupling
within 1 hour of co-culture. However, in heterocellular pairs of ventricular
myocytes and MSCs no change MSC [Ca®"]; could be determined upon stim-
ulation of the myocyte. The data indicate that MSCs modulate substantially
the Ca>" signaling properties of adult ventricular myocytes and therefore
could have as substantial anti-arrhythmic effect upon transplantation. It
remains to be determined if intercellular coupling is necessary to establish
this effect.
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The present study was designed to evaluate the functional impact of cardiac
environment on the differentiation of skeletal myoblasts and Ca2+ signaling
in electrically stimulated myotubes. Adult mice FDB muscle myoblasts were
cultured alone or in co-culture with cardiomyocytes contractile monolayers.
After 5 days of differentiation in a cardiac environment, the number of skeletal
myogenic cells and myotubes were fourfold higher than control. Cardiac envi-
ronment changed parameters of myotube calcium transients (Fluo-4AM) asso-
ciated with Ca2+ removal mechanisms without affecting parameters related to
Ca2+ release. The values (mean + sem) of half width (HW) and single expo-
nential decay time constant (7), obtained from mono-cultured myotubes (MMy)
were 209.42 +34.72 ms and 415.16 =55.12 ms (n=9), while for co-cultured
myotubes (CMy) they were 554.94+67.38 ms and 1340.17+330.73 ms
(n=9), respectively. HW and T from neighboring cardiomyocytes (CM) were
274.78£50.17 ms and 387.72+47.98 ms (n=5). The transient rise time
(RT) values for MMy and CMy were 33.46+8.79 (n=9) and 29.66 +8.97
ms (n=9) while the amplitude values (AF/F) for the two cases were
0.94+0.09 (n=9) and 1.00+0.07 (n=9), respectively. In the absence of exter-
nal Ca2+ (0.5mM EGTA) the parameters associated with Ca2+ removal were
not affected, while those related to release mechanisms were as follows: RT =
105.38 £24.93 ms (n=>5) and 80.87 +18.28 ms (n=5) for MMy and CMy re-
spectively, and AF/F=0.56=0.11 (n=5) and 0.71 £0.12 (n=5) for MMy and
CMy, respectively. Thus, transient sensitivity to extracellular Ca2+ was not af-
fected by coculture since both CMy and MMy were similarly modified by
exposure to 0Ca2+. We conclude that at an early coculture stage, a cardiac
environment facilitates skeletal muscle differentiation without affecting func-
tional attributes characteristic of skeletal muscle, with the exception of a selec-
tive effect on Ca2+ removal parameters.
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To investigate the spatial relationship between the sarcolemma and ryanodine
receptors (RyRs) we dual-labeled cells using Alexa fluor dyes and simulta-
neously imaged them with confocal microscopy. We deconvolved the images
and subjected them to digital processing. We obtained three-dimensional re-
constructions from cells in two configurations: lying flat and standing on
end. In the flat configuration, RyR clusters appeared to be arranged in sheets
near Z-disks. The distance between sheets was ~2 um. Although some clusters
are closely associated with detectable sarcolemma, the majority of them are not
(>70%). With cells standing on end in agar we obtained XY scans orthogonal
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to the cell long axis. This improved the
separation of RyR clusters and the clas-
sification based on their relationship to
the sarcolemma. These data confirmed
our initial finding obtained on cells
lying flat, that most of RyRs are non-
junctional (see figure). It is unclear
whether they contribute to the Ca tran-
sient. If they do, the transient would re-
flect the combined activity of locally
controlled couplons with the activation
of non-junctional RyRs, which are not
locally controlled.
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To further understand the role of stochastic dynamics of ryanodine receptor
(RyR) channels on spark generating process we studied the stochastic RyR’s
cluster gating in calcium release unit (RU) in cardiomyocytes under steady-
state conditions. We apply a simple biophysically-reasonable electron-confor-
mational (EC) model [Moskvin ea, PBMB, 2006] for the RyR channel. Single
RyR channels are characterized by fast electronic and slow classical conforma-
tional degrees of freedom. The RyR gating implies calcium induced electronic
transitions between two branches of a conformational potential, a conforma-
tional Langevin dynamics, thermoactivated transitions and quantum tunneling.
The sarcoplasmic (SR) load is incorporated into the model through the effective
conformational strain.

We examined different model dependencies of the electronic transition proba-
bility on the calcium ion concentration and effective temperature in dyadic
space to reproduce all the features observed in lipid bilayer experiments. The
11 x 11 RyR cluster was build into a simple RU dynamic unit. Model simula-
tions performed in frames of a diabatic approximation with a conformational
inter-RyR coupling have revealed different gating regimes with a single RyR
channel openings generating a Ca>" synapse (quark) and a cooperative cluster
mode, due to a step-by-step opening of a fraction of coupled RyR channels. We
have found and analyzed the spark generating openings of groups of channels,
providing for a sufficient release. The SR overload was shown to lead to the au-
tooscillation regime with nearly periodical openings-closings of RyR-channels.
The RU functioning was examined under different rates of SR load and differ-
ent strength of the inter-RyR coupling. The EC model was shown to provide an
adequate description of the cardiomyocite RU dynamics with valid prediction
abilities.

Supported by RFBR Grants 05-04-48352, 07-04-96126.
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In our prior work, we introduced a computationally efficient moment closure
approach to modeling local control of calcium-induced calcium release
(CICR) in cardiac myocytes. This approach utilizes ordinary differential
equations (ODEs) describing the time-evolution of the first and second mo-
ments of probability density functions for local calcium (Ca) concentrations
jointly distributed with Ca release unit (CaRU) state coupled to ODEs for
the bulk myoplasmic and network SR [Ca]. We have shown that this ap-
proach allows a deterministic simulation to capture important aspects of local
[Ca] in simulated voltage-clamp protocols while dramatically improving
computational efficiency over stochastic Monte Carlo simulations. However,
previous results were limited to simulated voltage clamp protocols and incor-
porated only a minimal representation of the L-type channel. Here we present
an expanded formulation that incorporates more realistic CICR dynamics
coupled to a dynamic model of the rat action potential. The new model in-
cludes biophysically accurate models of the ryanodine receptor and L-type
Ca channel which have been shown by previous modeling to be important
for governing interval-force relations. We investigate how local control of

EC coupling in cardiac myocytes influences phenomena depending on the dy-
namics of pacing and calcium release properties such as the formation of Ca
alternans or RyR "autoregulation" that occurs during changes to RyR Ca sen-
sitivity caused by agonists such as caffeine. Results are validated and bench-
marked for computational efficiency by comparison to traditional Monte
Carlo simulations.
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Nitric oxide (NO) signaling is a potent modulator of cardiac contractility in
conditions of increased heart rate or 3-adrenergic signaling. Changes in nitric
oxide synthase (NOS), the enzyme responsible for NO production, play a sig-
nificant role in EC coupling observed in heart failure following myocardial
infarction. NO signaling is thought to modulate cardiac function by targeting
a range of EC coupling proteins including ryanodine receptor, phospholam-
ban, L-type Ca2+ channel and myosin. However, the mechanisms underlying
NO signaling and the relative importance of NO targets are unclear. Previous
computational models of B-adrenergic signaling and EC coupling have not ac-
counted for NO regulation. We propose a new model that incorporates NO
metabolism and effects of eNOS and nNOS activity on EC coupling. This in-
tegrated model provides a consistent framework to quantitatively predict the
combined effects of NO on EC coupling and explain discrepancies in prior
experimental results.

Cell & Bacterial Mechanics, Motility,
& Signal Transduction
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Human adenovirus is a non-enveloped virus containing double-stranded DNA.
It can cause infection of the respiratory tract, urinary tract, and GI tract, espe-
cially in immunocompromised patients. Adenoviral genome packaging
requires a cis-acting packaging sequence, which is composed of seven repeated
elements, called A repeats, which are located at the left end of the genome, as
well as trans-acting proteins. Previous genetic studies revealed that one of the
trans-acting proteins, IVa2, interacts with specific sequences in the A repeats.
Another trans-acting protein, L4-22K, also interacts with A repeats, but this in-
teraction requires the IVa2 protein. In order to elucidate the molecular events
that are responsible for adenoviral genome packaging, the binding properties
of IVa2 and L4-22K to the packaging sequence were studied quantitatively
by analytical ultracentrifugation (AUC). In our previous studies, we found
that the IVa2 protein binds specifically to a truncated packaging sequence,
which contains A repeats I and 11, A-I-1I, to form a 1:1 IVa2/A-I-1I complex.
Purified L4-22K binds to the IVa2/A-I-II complex, and requires [Va2 for this
interaction. We have begun AUC studies to determine the assembly state of
the L4-22K/IVa2/A-I-1I ternary complex. Finally, purified L4-22K self associ-
ates in a concentration dependent manner. The implication of these results with
respect to viral DNA packaging will be discussed.
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MotA and MotB form the stator of the proton-driven bacterial flagellar motor,
which conducts protons and couples proton flow to motor rotation. Asp-33 of
Salmonella Typhimurium MotB, which is a putative proton-binding site, is
critical for torque generation. However, how does the protonation of Asp could
drive the conformational changes requiring for torque generation is largely
unknown.

Here, we carried out genetic and motility analysis of a slow motile motB(D33E)
mutant and its pseudorevertants. We first confirmed that the poor motility of the
motB(D33E) mutant is neither due to protein instability, mislocalization nor im-
paired interaction with MotA. We isolated 17 pseudorevertants and identified
the suppressor mutations in the transmembrane helices TM2 and TM3 of
MotA and in TM and the periplasmic domain of MotB. The stall torque
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