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Bcl-xl Regulates ATP Synthase Activity at the Inner Mitochondrial
Membrane
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Marie Hardwick>.
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Anti-apoptotic BCL-2 family proteins such as BCL-xL play a crucial role in
protecting cells from death. High levels of expression of BCL-xL are key to
the maintenance of life of certain cancer cells, but whether BCL-XL protects
cells from death simply by sequestering pro-apoptotic molecules, or by produc-
ing a growth phenotype is controversial. Although adult neurons resist onco-
genic transformation, they contain high levels of BCL-xL and overexpression
of BCL-xL in cultured neurons causes an increase in the number and size of
synapses and an increase in synaptic activity, suggesting that BCL-xL enhances
the availability of ATP for synaptic events while also in some way enhancing
synaptic growth. We describe herein that in cultured hippocampal neurons,
BCL-xL overexpression promotes biosynthetic metabolism, increases mito-
chondrial growth, and enhances the availability of total cellular ATP by in-
creasing the ATP/ADP ratio. BCL-XL specifically enhances mitochondrial
ATP production even while producing a marked decrease in cellular oxygen
use. Although BCL-xL is usually thought to function in the mitochondrial outer
membrane, our findings suggest that it creates a super-efficient state of cellular
energy metabolism by direct protein-protein interaction with the ATP synthase
at the inner membrane. We find that recombinant BCL-xL protein increases na-
tive brain ATP synthase enzymatic activity and that a pharmacological inhib-
itor of BCL-xL decreases the enzymatic activity of the synthase complex. In
patch clamp recordings of the isolated synthasome ATP enhances membrane
conductance and a BCL-xL inhibitor decreases the conductance. Our findings
suggest that BCL-xL improves the efficiency of mitochondrial metabolism.
This allows the neuron to continue to produce ATP needed for synaptic activity
during biosynthesis of synaptic components. It remains to be determined if this
type of BCL-xL-induced metabolic phenotype is recapitulated in cancer cells.
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Large Conductance Potassium Channel In Mitochondria of Endothelial
Cell
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It is well established that endothelial dysfunction contributes to ischemia-reper-
fusion injury of cardiovascular system. This phenomenon can be limited by the
ischemic preconditioning. Recently, it was shown that mitochondrial ATP reg-
ulated potassium channel activation induced ischemic preconditiong of the en-
dothelium in humans in vivo.

In our study a single channel activity was measured after patch-clamp of the
mitoplasts isolated from endothelial cell line (EA.hy926). Mitoplast samples
were prepared by addition to a hypotonic solution causing the cristae of the in-
ner membrane to unfold and breaking of the outer membrane. Isotonicity was
restored by adding of hypertonic solution. A potassium selective current was
recorded with mean conductance 270 = 10 pS in symmetrical 150 mM KCl
solution. Patch-clamp single channel studies showed properties of the large
conductance Ca2+—regulated potassium channel (BKCa channel): it was acti-
vated by calcium and NS1619 an activator of BKCa channel at micromolar
concentration range. These effects were blocked irreversible by iberiotoxin
(IbTx), an inhibitor of BKCa channel. Additionally, we showed that inhibitor
of mitoKATP channel (ATP/Mg2+ complex) have no effects on observed ac-
tivity of ion channel.

We conclude that large conductance Ca2-+—regulated potassium channels are
present in mitochondria isolated from endothelial cell line.

This work was supported by Polish Mitochondrial Network MitoNet.pl and
grant N30105331/1676
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Coupled Hair Cells in the Bullfrog Sacculus

Clark E. Strimbu, Damien Ramunno-Johnson, Dolores Bozovic.
UCLA, Los Angeles, CA, USA.

Auditory and vestibular organs have remarkable sensitivities which exceed
those of a single cell. We are investigating whether this can be explained by
the synchronized response of many coupled hair cells. Using a high-speed
(10,000 fps) CMOS camera, we are able to record the simultaneous motion
of multiple hair bundles in the bullfrog sacculus in an in vitro preparation
with the otolithic membrane left intact. We have measured the amplitude de-
cay, phase locking, and correlations between hair cells under localized mechan-
ical stimuli. The space constant for the amplitude decay has been found to lie in
the range of a few hundred microns. Other experiments on this preparation will
be discussed.
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Distribution of Frequencies of Spontaneous Oscillations in Hair Cells of
the Bullfrog Sacculus
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Under in vitro conditions, free-standing hair bundles of the bullfrog (Rana cat-
esbeiana) sacculus have been known to exhibit spontaneous oscillations. We de-
veloped a new method for studying the movements of hair bundles using a high-
speed Complementary Metal Oxide Semiconductor (CMOS) camera. The tech-
niques we developed allowed us to probe for correlations between pairs of cells,
and to acquire records on over 100 actively oscillating bundles per epithelium.
We measured the statistical distribution of the oscillation periods of cells from
different areas within the sacculus, and on different epithelia. Spontaneous os-
cillations exhibited a peak period of 33 ms (429 ms, -14 ms) and showed a uni-
form spatial distribution across the sacculus. Latest data will be discussed.
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Voltage Dependent Interactions of the Outer Hair Cell Motor Protein
Prestin

Ramsey Kamar, Ryan McGuire, Robert M. Raphael.

Rice University, Houston, TX, USA.

Outer hair cells (OHCs) possess the unique ability to undergo somatic length
change in response to sound evoked alteration of transmembrane potential
through a process termed electromotility. The acute sensitivity and frequency
selectivity of mammalian hearing is dependent upon this process. Electromotil-
ity is driven by the transmembrane motor protein prestin which presumably un-
dergoes a conformational change in response to transmembrane potential
changes. Previous work demonstrates that prestin exists in multimeric states
in the OHC and when exogenously expressed in mammalian cells. However
the role that prestin oligomerization in its voltage-dependent motor function
has not been defined. Towards this goal, we explore the role of prestin-prestin
interactions by measuring fluorescence resonance energy transfer (FRET) as
a function of transmembrane voltage in HEK293 cells co-expressing prestin-
CFP and prestin-YFP fusion proteins. Our data show that prestin-prestin
FRET efficiency decreases with depolarization over the operating range of volt-
ages relevant to electromotility. Prestin-prestin FRET reaches saturation at de-
polarized voltages and preliminary data suggest the same at hyperpolarized
voltages. Interestingly, when the voltage dependence of the FRET efficiency
is modeled by a two state Boltzmann function, the valence of the fit closely
agrees with the valence obtained from prestin nonlinear capacitance measure-
ments. Our data suggest that voltage-dependent FRET is dependent on prestin-
prestin interactions within or between oligomers. Whether these changes occur
from voltage-dependent conformational changes in prestin that alter prestin
oligomerization is currently being explored. (This work is supported by an
NSF CAREER Award and NIH grant DC008134)
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The Frequency Range of the Ear Supported by Hair Bundle Motility
Bora Sul, Kuni H. Iwasa.
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The sensitivity of the ear depends on the mechanical feedback in hair cells.
Here we examine two models of hair bundle motility by assuming that the en-
ergy gained by the hair bundle motor is greater than the energy loss due to vis-
cous drag in the subtectorial gap.

The channel re-closure (CRC) model (Choe et al., Proc. Natl. Acad. Sci. USA,
1998) leads to a frequency limit (kgxg)ZCI)Fm, where k, and x, are gating spring
stiffness and gating distance of the mechanoelectric transducer (MET) channel,
respectively, @ the factor that depends on channel kinetics, and F, 'n(=Ns%(hA))
the morphological factor with the number N of tip-links per hair cell, the rootlet
separation s, the height h of the tallest cilia, and the area A of the gap.
Tinevez-Jiilicher-Martin (TJM) model (Tinevez et al., Biophys. J., 2007) leads
to the frequency limit of the form a[bF,,-1]"? with both a and b depend on
transducer stiffness kg[l—kgxgzPo(l—Po)/(kBT)], which is required to be nega-
tive, and friction coefficient of the motor among others.
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The limiting frequency estimated for the mammalian ear under realistic condi-
tions is up to 1.2 kHz based on CRC model and is up to 2.8 kHz based on TIM
model, lower than the mammalian auditory range. If the mechanical character-
istics of the MET channel and the adaptation motor are similar, the limiting
frequency could be described by the morphological factor in both models, al-
though TJM model is much more sensitive to the operating point. This feature
could be used to explain the auditory range of the avian ears and their tonotopic
maps by the morphological factor.
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Frequency Analysis of Complex Waveforms in Sound Stimuli Discrimi-
nated by Human Auditory Cortex

Kimia Ghanbeigi, Arthur Leuthold, John H. Broadhurst.

University of Minnesota, Minneapolis, MN, USA.

Recognizing objects in the environment from the sounds they produce is one of
the primary functions of the auditory system. Recognition is possible, in part,
because acoustic features of sounds often represent physical properties of their
sources.

This present study is the first to investigate whether a single omitted frequency
component in the onset period produces significant differentiation.

Neural activity of 10 human subjects is recorded coincident with the sound
stimulus by whole-head Magneto-encephalography (MEG). In the first set of
stimuli constructed from a group of carefully chosen anharmoninc frequency,
repetitive (‘standard’) tones with five selected onset frequencies were randomly
embedded by rare (‘deviant’) tones, all tones having randomly varying inter
stimulus intervals. In the deviant tones one of the frequency components was
omitted during the onset period relative to the standard tones. The frequency
of the test partial of this complex tone was intentionally selected to preclude
its reinsertion by generation of harmonics or combination tones due to either
the nonlinearity of the ear, the electronic equipment or the brain processing.
In the second set of stimuli, time structured as above, repetitive (‘standard’)
tones with five selected sustained partial frequency components were embedded
with rare (‘deviant’) tones for which one of these selected partials was omitted
this time in the sustained tone. As before, the carefully frequency selection again
precluded their reinsertion by generation of harmonics or combination tones due
to the nonlinearity of the ear, the electronic equipment and brain processing.
By comparing the magnetic field responses (mismatch negativity or MMNm) of
the two data sets, the presence of significant mismatch negativity is determined
to be due to elimination of a single frequency in the onset period of sound stim-
uli rather than the sustain period.

Local Calcium Signaling
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Fluorescence Imaging Of Ryanodine Receptor And Caveolin Distribution
In Cardiac Myocytes At 30 nm Resolution
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In cardiac ventricular muscle excitation-contraction coupling arises from Ca>*
release via clusters of ryanodine receptors (RyRs) in regions of close apposition
between the sarcoplasmic reticulum and surface membranes. The local Ca*" sig-
nalling in these regions depends on the nanometer organization of RyRs and
other protein clusters. Until recently, however, optical imaging was thought to
be limited to a resolution of ~250 nm set by the diffraction of light. We have over-
come this limitation using a new technique that allows imaging of convention-
ally labelled fluorescent samples at much higher resolution. Isolated rat cardiac
ventricular myocytes were labelled with specific antibodies against cardiac
ryanodine receptors and caveolin-3 and secondary antibodies conjugated to
the organic fluorochrome Alexa 488. To visualize the distribution of the labelled
proteins at the surface sarcolemma cells were imaged on a total internal reflec-
tion fluorescence microscope. We observed that Alexa 488 (and several other or-
ganic fluorophores) exhibit reversible photobleaching with recovery times >10s.
This observation provided the basis for a new imaging technique we term revers-
ible photobleaching microscopy (RPM). RPM relies on intense illumination to
reversibly induce a very long-lived dark state from which single fluorochromes
slowly return stochastically. These single molecule fluorescence events were de-
tected with a sensitive camera and each event could be localized with an accu-
racy of better than 30 nm. From several thousand frames we thus reconstructed
ultra-high-resolution images of the distribution of RyRs and caveolin at the sur-
face sarcolemma of the stained cells. Both proteins formed dense clusters with
diameters that were generally much smaller than the diffraction limit. Our
new approach is applicable to measure the nanoscale distribution of many pro-
teins of interest in excitation-contraction coupling or other signalling processes.
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Simultaneous Determination of Free Zn(II) and Ca(II) with a Single Fluo-
rescent Indicator

Patrick Robison, Bryan McCranor, Richard B. Thompson.

University of Maryland School of Medicine, Baltimore, MD, USA.
Fluorescent indicators for metal ions such as Ca(II) and Zn(II) are in large mea-
sure responsible for our current understanding of the cell biology of these metal
ions and others: the success of this approach has fueled the development of
scores of fluorescent indicator systems. The inventors of the pioneering ratio-
metric fluorescent indicators Fura-2 and Indo-1 (Grynkiewicz, et al., 1985)
made clear that they had roughly 100-fold better affinity for zinc than calcium,
and more recent results have shown that high zinc affinity is frequently the case
with other calcium indicators. By comparison, zinc indicator systems have been
described with picomolar zinc affinity that are unaffected by 10 mM Ca, 50 mM
Mg. Recent evidence now indicates that some phenomena thought to be cal-
cium-dependent are in fact zinc-dependent (Stork and Li, 2006). To help
resolve such questions we sought an indicator that would exhibit unique fluo-
rescence signatures when free or bound to Ca or Zn, such that the free metal
ions could be determined simultaneously with a single indicator in the same
experiment. We found that Calcium Green 5N exhibits significantly different
lifetimes in the three states, permitting free Ca and Zn concentrations to be de-
termined simultaneously.

Supported by NIH RO1 EB 003924

Grynkiewicz, G., et al., ““A new generation of calcium indicators with greatly
improved fluorescence properties,” J. Biol. Chem. 260, 3440-3450 (1985).
Stork, C. J., and Li, Y.V. “Intracellular zinc elevation measured with a ““cal-
cium-specific” indicator during ischemia and reperfusion in rat hippocampus:
A question of calcium overload,” J. Neurosci. 26, 10430-10437 (2006).
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Applications of Genetically Targeted and Optimized Calcium Sensors
Amy E. Palmer, Janet E. McCombs, Schuyler B. VanEngelenburg.
University of Colorado, Boulder, CO, USA.

We have recently developed a series of FRET-based genetically encoded sen-
sors for calcium. These sensors (dubbed “cameleons’’) are made from cyan and
yellow fluorescent proteins combined with engineered calcium sensing ele-
ments. These optimized cameleon sensors have now been genetically targeted
to specific locations within cells including: the ER, mitochondria, Golgi, nu-
cleus, plasma membrane, and cytosol. In the present work we put these sensors
to the test in both standard tissue culture cells and in primary hippocampal neu-
rons. We have now used these sensors to define how ER and mitochondrial
calcium handling is altered by mutations in the calcium regulatory protein pre-
senilin. Presenilin is an integral membrane protein that localizes to the ER, se-
cretory pathway, and plasma membrane. There is emerging evidence from
a number of research groups that presenilin plays a critical role in modulating
ER calcium signaling. Using a combination of genetically targeted and small
molecule sensors we have identified how mutations in presenilin alter calcium
homeostasis in the ER and calcium release through the IP3R. In another line of
research aimed at testing the sensitivity and versatility of our sensors, we have
identified localized calcium signals generated upon invasion of a host mamma-
lian cell by bacteria. In this work we will discuss the strengths and weaknesses
of genetically encoded calcium sensors and potential avenues for further im-
provement and optimization.
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Rational Design of Ca>" Biosensor
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Ca*", the most ubiquitous signaling molecule in human body, regulates numer-
ous biological functions by fluxing between the subcellular compartments.
Quantitative and real-time detection of Ca*" concentration fluctuation in spe-
cific cellular environments such as the endoplasmic reticulum (ER) is essential
to explore the mechanism of Ca*"-dependent cellular signaling. Currently the
reported Ca>" sensors based on natural Ca*>" binding proteins are limited due to
the perturbation of Ca®" signaling. To overcome these limitations, we report
the rational design of Ca®" biosensors by engineering a Ca®" binding site
into a single enhanced green fluorescent protein (EGFP). These developed
Ca*" sensors exhibit a ratiometic fluorescent signal change after binding to
Ca*", with a Kd value optimal for the measurement of Ca>" in the ER. Metal
selectivity of the sensors for Ca>" in comparison with Ln**, and excessive
biological metal ions such as Mg>", K™, Na ™" has also been examined. In addi-
tion, these developed sensors can be targeted to the ER, and exhibit high poten-
tial for living cell imaging. Further, their optical and conformational properties
have been investigated using various spectroscopic methods. Moreover,
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