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We use a dual-laser optical-tweezers (DLOT, Smith et al., Science, 271:795,
1996) to define the highly cooperative conformational transition in the mole-
cule of DNA, where the natural B-DNA is converted into a new overstretched
conformation called S-DNA (Bensimon et al., Phys. Rev. Lett. 74, 4754, 1995,
Cluzel et al., Science 271, 792, 1996). Single molecules of double stranded
A-phage DNA are stretched at 27 °C with the DLOT either with ramp length
changes or with force step staircases. The microchamber solution contains
150 mM NaCl, 10 mM tris-HCI, 1 mM EDTA, pH 8.0. When the DNA mole-
cule is stretched in length clamp mode, it shows the previously described highly
cooperative overstretching transition at ~60 pN, attributed to unwinding from
the B-form to the 1.7 times longer S-form. Stretching the molecule in force
clamp mode with a staircase of force steps (AF, step sizel-5 pN) at 5 s intervals
shows different amount of DNA elongation (AL) for a given clamped force
depending on AF The peak of the Gaussian fit to the AL-F relations is at ~60 pN
independently of the step size, but the ¢ of the Gaussian is smaller at smaller
AF. The L-F relations obtained by integrating the Gaussian curves,fitted with
the Hill sigmoid equation, show a Hill coefficient n (an estimate of the order
of the underlying transition) that increases with the reduction of AF. n is 20,
70 and 125 with AF = 5, 2 and 1 pN respectively. These results demonstrate
the importance of fine force clamp to establish the degree of bps cooperativity
for the unwinding of DNA helix. Supported by MiUR, Ente Cassa di Risparmio
di Firenze (2007. 1421) and ITB-CNR (Milano).
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Unraveling the Structure of a Single DNA During Overstretching Using
Multicolor Fluorescence Imaging

Peter Gross!, Joost van Mameren!, Geraldine Farge!, Pleuni Hooijman!,
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'VU University Amsterdam, Amsterdam, Netherlands, *Department of
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Single-molecule manipulation techniques have provided a comprehensive un-
derstanding of the elastic behavior of DNA. We now know that its double-he-
lical structure yields a significant persistence against bending on length scales
of 150 base pairs and smaller. Interestingly, optical tweezers studies have also
revealed, that at 65pN DNA undergoes a phase transition to another structure
with significantly different elastic properties. Over a very narrow force range
the polymer gains ~70% in contour length, and becomes significantly more
flexible.

Until now the basic microscopic structure of overstretched DNA is under de-
bate. Two qualitatively different models disagree on the molecular mechanism
of the overstretching transition. The first one suggests that the DNA double he-
lix unwinds to form a new structure, named S-DNA, which is usually depicted
as a ladder with intact base pairing. The second model states that DNA over-
stretching is a force-induced melting transition, in which the hydrogen bonds
between the two strands gradually break to yield single-stranded DNA, similar
to thermal melting.

Using a combination of fluorescence microscopy and optical tweezers we di-
rectly visualize the DNA overstretching transition and demonstrate that it is
driven by melting of the double-stranded DNA. In the experiments we use
intercalating dyes and fluorescently labeled single-stranded binding proteins
to specifically visualize double- and single-stranded segments in DNA mole-
cules undergoing the transition. Our data unambiguously show that the over-
stretching transition comprises a gradual conversion from double-stranded
to single-stranded DNA, in agreement with the force-induced melting model.
Interestingly, not predicted by either model, we found that melting is nucle-
ation-limited, typically initiating from DNA extremities and nicks.

Platform J: Calcium Fluxes, Sparks, & Waves

106-Plat

Calcium Flickers Steer Cell Migration
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Well-organized calcium signal in space, time and concentration is essential to
directional movement, which is common to all cell types during development
and critical to tissue remodeling and regeneration after damage. However, to
date, it remains perplexing how calcium regulates the dynamics of leading la-
mella, which is the signalling and motility centre of a migrating cell, contains
numerous effector proteins that require high levels of calcium for activation.
Here we visualise, for the first time, high-calcium microdomains (“‘calcium
flickers”), which are most active at the leading lamella of migrating fibroblasts,
displaying a4:1 front-to-rear polarisation opposite to the global calcium gradient
(Fig). Calcium flicker activity is dually coupled to membrane tension (via
TRPM7, a stretch-activated Ca“-permeant channel of the transient receptor po-
tential superfamily) and chemoattractant signal transduction (via type 2 inositol
1,4,5-trisphosphate receptors). Interestingly, when exposed to a PDGF gradient
perpendicular to cell movement, asymmetric calcium flicker activity develops
across the lamella and promotes the turning of migrating fibroblasts. These find-
ings illustrate how the exquisite spatiotemporal organisation of calcium micro-
domains can orchestrate complex cellular processes such as cell migration.

lamella .

Figure: Calcium flickers in a migrating fibroblast.
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Ca2+ Spark Restitution In Ventricular Myocytes With Modified Ryano-
dine Receptor Gating
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The local release of calcium (Ca ") through sarcoplasmic reticulum ryanodine
receptor channels (RyR) via Ca®' induced Ca®" release (CICR) is called
a Ca®* spark. The mechanisms responsible for the termination of Ca®" sparks
and refractoriness after termination remain a subject of debate. While local
depletion of SR Ca®" is clearly important for spark termination, the roles of
SR refilling versus time-dependent changes in RyR gating in refractoriness
and recovery are unclear. Using our previous experimental technique, here we
further our findings by altering RyR gating behavior with caffeine and tetracaine.
Isolated ventricular myocytes loaded with Ca>" indicator fluo-3, were rapidly
perfused with 50 nM of ryanodine together with either 100 uM of caffeine, to
sensitize RyRs, or 100 uM tetracaine, to inhibit RyRs. At this very low concen-
tration of ryanodine, limited number of RyR clusters have repetitive Ca*" sparks.
From confocal linescan images, we analyzed consecutive spark pairs from such
clusters to measure Ca>" spark amplitude and the triggering probability recov-
ery. The recovery of Ca?* spark amplitude was insensitive to altered RyR gating,
with a time constant of recovery of ~70 ms in all three conditions. Modified RyR
gating had a great impact on the distribution of spark-to-spark delays, however.
The median delay between consecutive sparks was 169 ms for caffeine, 316 ms
for control, and 371 ms for tetracaine. These results indicate that changes in RyR
gating affect the recovery of Ca>* spark triggering probability but not the recov-
ery of Ca®" spark amplitude. This strongly suggests that Ca>* spark amplitude is
determined primarily by the size of the local SR [Ca®*] store.
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Quarky Calcium Sparks in Heart
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Ca*" sparks are the stereotyg)ed unit of Ca®" release in the heart and Ca®"
blinks are the reciprocal Ca*" depletion signal produced in the exquisitely
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small junctional sarcoplasmic reticulum (SR). With improved resolution and
sensitivity that can be achieved by examining Ca®" spark - blink pairs, we re-
port here for the first time small, local but also sometimes spatially extensive
Ca®" releases (subsparks and Ca®" "mist") that co-exist with regular Ca®"
sparks. Similar low-level Ca®>" releases also occur in the declining phase of
regular Ca*" sparks and the abundance of these small Ca®" releases dictates
the kinetics of the spark-blink pair. We propose a model in which the Ca®" re-
lease unit, consisting of a large array of type 2 ryanodine receptor (RyR2) Ca>*
release channels, underlies the initial high-flux release of a Ca®" sparks. In
contrast, rogue unconstrained RyR2s, which may display higher Ca>* sensitiv-
ity but smaller Ca** flux, produce the Ca*" quark-like or "quarky" local re-
leases. The existence of the additional release mechanism provides new funda-
mental mechanistic understanding of cardiac Ca®" signaling in health and
disease.
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Concerted Phosphodiesterase (PDE) Subtype Activity Modulates Ca>"
Influx Through L-type Ca’" Channels To Regulate Spontaneous Firing
of Rabbit Sinoatrial Node Cells (SANC)

Tatiana M. Vinogradova, Alexey E. Lyashkov, Harold Spurgeon, Edward
G. Lakatta.
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Spontaneous beating of rabbit SANC is controlled by cAMP-mediated, PKA-
dependent rhythmic, local subsarcolemmal Ca”‘releases (LCRs) from sarco-
plasmic reticulum during late diastolic depolarization. While Ca®"influx via
L-type Ca*" channels ensures LCR occurrence, high basal PDE activity limits
LCRs. The extent to which PDE regulates L-type Ca?* current, IcaL, however,
remains enigma. We determined the extent of PDE subtype-dependent control
of basal I¢, 1, spontaneous SANC firing rate; and compared those to the effect
of B-adrenergic receptor (B-AR) agonist, isoproterenol. A specific PDE4 inhib-
itor, rolipram, had no effect, on either I, | or spontaneous beating; cilostamide,
a specific PDE3 inhibitor, in contrast, increased both I, and spontaneous
SANC firing (Fig). Simultaneous inhibition of PDE3 and PDE4 by (cil-
ostamide+ rolipram) increased I, ; amplified LCR size (from 5.9+0.58 to
8.6+0.50 um); decreased the LCR period (from 309.7 +20.6 to 214.3+3.9
msec); and accelerated spontaneous SANC firing rate equivalent to broad-spec-
trum PDE inhibitor, IBMX. These effects were even greater than those pro-
duced by B-AR stimulation. Thus, concerted PDE3 and PDE4 activities control
basal cAMP-PKA-dependent phosphorylation and suppress I, 1, limiting basal
LCRs and spontaneous SANC firing rate.
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Development of Calcium Handling Defects During Aging in Spontaneously
Hypertensive Rats

Sunil Kapur!, Gary L. Aistrup!, Rohan Sharma!, Jiabo Zheng!, James
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Several defects in calcium handling have been identified in failing myocytes.
We investigated the progression of these defects in the course of development
of overt heart failure (HF). Intracellular Ca®* transients were measured using
confocal microscopy in intact hearts from age-matched Wistar-Kyoto
(WKY) control rats and Spontaneously Hypertensive Rats (SHR) at 6, 7.5, 9
and >22 months of age. Amplitude of basal Ca®" transients (cycle length of
700msec) in SHR increased at 7.5 and 9 months, but subsequently decreased
at 22 months compared to WKY. SHR myocytes exhibited longer transient du-
ration starting at 9 months compared to WKY. Cell-to-cell variability in tran-
sient duration increased at 7.5 months and subsequently decreased at 9 months

as defects became more extensive. At 22 months, Ca>" transients showed fur-
ther increases in transient duration and intercellular variability. Restitution of
Ca*" release was slowed and was paralleled by increased Ca*" alternans sus-
ceptibility starting at 9 months in SHR. Dyssynchronous alternans incidence in-
creased beginning at 7.5 months in SHR compared to WKY. SHR myocytes
also demonstrated an increased incidence of spontaneous Ca®" waves at all
ages, with the greatest difference at 22 months. A separate population of
SHR myocytes showed Ca®" waves that were activated during pacing (“‘trig-
gered waves’’) whose incidence increased at all ages but most profoundly at
22 months. We conclude that well-coupled failing myocytes demonstrate pro-
gressively increasing defects in Ca>" cycling. Biphasic changes in calcium
transient magnitude may partially account for a transient inotropic effect during
compensation but ultimately reduced cardiac output in HF. The progression of
Ca®" handling defects may also account for the increasing sensitivity to alter-
nans as well as incidence of spontaneous and triggered Ca>" waves with age,
possibly explaining increased arrhythmias during progressive HF.
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Decreased Arrhythmia Probability After Exercise Training In Post Infarc-
tion Heart Failure
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Background: Approximately half of all deaths in heart failure patients are at-
tributed to sudden death or ventricular fibrillation (VF). Exercise training might
protect against arrhythmias and VF, but the mechanism is not explored. The
aim of this study was to measure how exercise training modulates VF in post
myocardial infarction heart failure (HF) and further explore the cellular mech-
anisms.

Methods: We compared HF rats subjected to either moderate or high intensity
exercise training with HF sedentary and sham. VF threshold and action poten-
tial duration (APD) were measured in isolated hearts, whereas Ca2+ cycling
and SR Ca2+ leak were measured in Fura-2AM loaded cardiomyocytes. Addi-
tionally, t-tubule structure and Ca2+ release synchronicity were measured in
single cardiomyocytes.

Results: VF occurred in 8/8 trails in the hearts from HF sedentary, 5/8 trails
from HF exercise trained with moderate intensity, 1/9 trails in HF exercise
trained with high intensity and 1/13 trails in sham. APD was increased in HF
sedentary compared to sham (0.101 =0.004 ms vs. 0.093 =0.004 ms, respec-
tively). Moderate intensity exercise trained HF had normalized APD compared
to sham while high intensity exercise training decreased APD to a level that was
shorter than sham (0.085+0.007 ms, P<0.05 vs. sham). Currently we are
analyzing Ca2+ cycling including SR Ca2+ leak with and without CaMKII
inhibitor and PKA inhibitor, AP, t-tubule structure and Ca2+ release synchro-
nicity in single cardiomyocytes which will be finished before the meeting.
Conclusion: High intensity exercise training increase VF threshold and, thus
decrease the incidence of ventricular fibrillation in heart failure.
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Ca2+ Spark Activity in Intact Dystrophin-Deficient mdx Muscle during
Osmotic Challenge is Triggered by Mechanosensitive Pathways
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Inhibitory DHPR control on RyR1 in intact dystrophic mdx skeletal muscle fi-
bres was suggested to be disrupted, resulting in ‘uncontrolled’ Ca*" spark fre-
quencies (CSF) during osmotic challenge (Wang et al., 2005, Nat. Cell. Biol.).
However, some of their conditions must be considered completely unphysio-
logic (i.e. 50 mM external Ca>"). We recorded Ca*" sparks in single intact
wt, mdx and transgenic mini-dystrophin (MinD) expressing muscle fibres dur-
ing hypo-/hypertonic challenge using confocal microscopy. CSF were low in
wt and MinD, but twofold increased in mdx fibres under isotonic resting con-
ditions. CSF increased faster during hypertonic than hypotonic challenge and
peak CSF were about three times larger in mdx vs. wt and MinD fibres. CSF
decayed exponentially (T4e.) With ongoing challenge and were significantly
faster in mdx fibres, thus questioning ‘uncontrolled* spark activity. In hyper-
tonic solution, CSF 74, was three times larger when external Ca®>" was 50
mM compared to 2 mM. Pretreatment with streptomycine or Gd>" to block me-
chanosensitive channels (MsC), completely abolished the osmotic CSF in-
crease mdx fibres. Resting membrane potentials in mdx muscle were ~-61
mV and ~-73 mV in wt fibres under hypertonic conditions (2 mM Ca**);
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