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represent the first evidence for the long sought-after protein folding process
triggered by photo-induced CO dissociation.
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Phosphorescence from Single Tryptophan in Amorphous Solid Human
Serum Albumin Exhibits Solvent-Protein Dynamics Slaving
Andrew Draganski, Richard D. Ludescher.
Rutgers University, New Brunswick, NJ, USA.
The physical properties of amorphous biomolecules are important to the texture
and stability of low-moisture foods, the stability of pharmaceuticals, the perme-
ability of edible films, and the viability of organisms during anhydrobiosis.
Protein stability is often improved via the inclusion of small-molecule excipi-
ents during freeze-drying and organisms overproduce sugars such as sucrose or
trehalose during anhydrobiosis. The effect on internal protein dynamics caused
by substitution of a protein’s surface water molecules with small sugar mole-
cules is unclear. To explore this question, we have analyzed tryptophan phos-
phorescence decays of human serum albumin (HSA) in the dry amorphous
solid state. Phosphorescence is an ideal approach, as the long-lived triplet state
of tryptophan is sensitive to the long time-scale molecular motions of proteins
in the dry state. Human serum albumin (HSA) was chosen because it contains
a single, buried tryptophan residue and thus can provide information on the
local dynamics of a specific site in the interior of the protein. Amorphous pro-
tein films were prepared by spreading concentrated solutions of HSA with and
without sugar onto quartz slides, followed by rapid drying and extensive desic-
cation. Phosphorescence intensity decays were collected and fit with multiple
exponential functions. From the average lifetime of these fits the rates of non-
radiative decay (kNR) of the triplet state were calculated; kNR is dependent on
the microviscosity of the site and is thus a measure of molecular mobility of the
HSA tryptophan site. At all temperatures this measure of molecular mobility
was lower in the films containing sucrose. Break-point analysis of a kNR
Arrhenius plot revealed two temperature regimes with a transition occurring
at the glass transition temperature of sucrose. Research supported in part by the
National Research Initiative of USDA-CSREES.
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In a recent publication (Andersson et al. (2009) Structure. 17(9):1265-75), we
applied the emerging technique of time-resolved wide-angle X-ray scattering
(TR-WAXS) to visualize the structural dynamics of two light-driven proton
pumps, namely bacteriorhodopsin and proteorhodopsin, in real-time. Direct
structural information was obtained over a time course of 360 ns to 100 ms.
Our results establish that three conformational states are required to describe
the respective photocycles of both proteins. Significant motions of the cytoplas-
mic half of helix F and the extracellular half of helix C are observed prior to the
primary proton transfer event, which increase in amplitude following proton
transfer. These results both simplify the structural description that have

emerged from a range of biophysical
techniques and reveal shared dynami-
cal principals for proton pumping.
Moreover, the measured magnitudes
of the helical movements associated
with the bacteriorhodopsin photocycle
are larger than those anticipated by in-
termediate trapping studies. This dem-
onstrates the effect of a crystal lattice
on protein dynamics and shows the
advantage of direct measurements in
solution at room temperature.
Figure 1. Schematic showing the ob-
served helical rearrangements during
the photocycle of bacteriorhodopsin.
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Ulf Hensen1, Lars Schaefer1, Frauke Graeter1, Joao M. Nunes2,
Daniel J. Mueller2, Helmut Grubmueller1.
1Max-Planck-Institute for Biophysical Chemistry, Goettingen, Germany,
2Biotechnology Center, University of Technology, Dresden, Germany.
The giant titin filament controls many structural and functional properties of the
sarcomere. Titin filaments connect M-line and Z-disc of the sarcomere and
consist of four regions: the M-line, A-band, I-band, and Z-line. The different
domains of titin (mainly immunoglobulin Ig and fibronectin-3 domains, and
the catalytic domain titin kinase (TK)) exhibit dramatically different mechan-
ical properties. We used atomistic molecular dynamics simulations to explore
the coupling of mechanical stability with the enzymatic activity of titin kinase
and the protective properties of Ig-domains. We showed that a unique autoin-
hibitory mechanism allows TK to act as a molecular force sensor, as relatively
low forces already remove the autoinhibitory tail and prime the molecule for
ATP binding. At much higher forces, the mechanical stability of Ig27 becomes
important: In our studies, extensive dynamic force spectroscopy (DFS), Brow-
nian dynamics, and molecular dynamics simulations worked together to exam-
ine mechanical stability of Ig27 under different loading rates. Our results
suggest that Ig27 is perfectly suited to act as a molecular force buffer over a
wide range of loading rates.
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Apolipoprotein B100 (apoB100)-containing lipoproteins (very low density lipo-
protein (VLDL) and low density lipoprotein (LDL)) are the principal fat and cho-
lesterol carriers in blood. During metabolic conversion from VLDL to LDL, the
particle size decreases (from ~ 80 nm to 20 nm) and lipid composition is changed,
however, the amphiphilic apoB100 molecule remains bound to its lipoprotein
particle and most likely compensates for structural changes due to its inherent
conformational flexibility and dynamics .
Here, we report on motions in the time range of 100 ps to 1 ns in human-LDL,
human VLDL and yolk-VLDL, which were recorded by elastic neutron-scatter-
ing temperature scans from 20K to 310 K using hydrated lipoprotein powders.
The mean square displacement values <u2> were calculated from the scatter-
ing vector dependence of the elastic intensity I(Q). The effective force con-
stants <k>, which are a measure for the resilience of the particle, were derived
from the slopes in the <u2> vs. T scans. In the low-temperature harmonic
regime we found no substantial differences between lipoprotein fractions
(<k> ~1 N/m). Nevertheless, lipoproteins are softer compared to hydrated
myoglobin powder (2 N/m) or purple membranes (1.7 N/m) [1]. Significant dif-
ferences were observed with increasing temperatures. Both, human and yolk
VLDL show two breaks in the scan with a steep increase in <u2> above 270K,
whereas LDL shows a smooth behavior above a dynamic transition around
220K. Accordingly, at physiological temperatures VLDL-fractions are highly
soft and mobile (<k00> ~0.08 N/m) as compared to LDL (<k0> ~ 0.2 N/m).
Sucrose, added as cryoprotectant, significantly modified the dynamics of
VLDL, as it confers extreme stability to VLDL over the whole temperature
range and substantially suppresses dynamic transitions.
[1] G. Zaccai, Science 288 (2000), 1604-1607
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The helical transmembrane domains of fusion proteins are known to be func-
tionally important and display an overabundance of helix-destabilizing Ile and
Val residues. In an effort to systematically study the relationship of helix flex-
ibility and fusogenicity, synthetic LV-peptides were designed whose hydropho-
bic core consists of Leu and Val residues at different ratios and at different
positions (Hofmann et al., 2004; Poschner et al., 2009). The ability of the
LV-peptides to fuse membranes increases with the content of helix-destabiliz-
ing residues. Molecular dynamics simulations were performed in order to char-
acterize the backbone dynamics of these peptides in membrane-mimicking
80% TFE solvent and to relate the hydrogen-bond dynamics to experimental
deuterium/hydrogen exchange kinetics. The analysis revealed that (i) the back-
bone dynamics of the helices increases systematically with Val content, (ii) that
the impact of Val is due to stereochemical constraints within the helical struc-
ture and (iii) that side-chain packing mainly determines exchange kinetics. As
a consequence, VxxV and VVxVV motifs promote helix destabilization whose
relevance for membrane fusogenicity will be discussed.
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Hofmann, M.W., K. Weise, J. Ollesch, A. Agrawal, H. Stalz, W. Stelzer, F.
Hulsbergen, H. deGroot, K. Gerwert, J. Reed, and D. Langosch. 2004. De novo
design of conformationally flexible transmembrane peptides driving membrane
fusion. Proc. Natl. Acad. Sci. U S A 101:14776-14781.
Poschner, B.C., S. Quint, M. Hofmann, and D. Langosch. 2009. Sequence-spe-
cific conformational dynamics of model transmembrane domains determines
their membrane fusogenic function. J. Mol. Biol. 386:733-741.
Platform Z: Mechanosensitive & TRP Channels
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TRPV1 is the founding and best-studied member of the family of temperature-
activated transient receptor potential ion channels (thermoTRPs). Voltage,
chemicals, and heat allosterically gate TRPV1. Molecular determinants for
TRPV1 activation by capsaicin, allicin, acid, ammonia, and voltage have been
identified. However, many years after the discovery of TRPV1, the structures
and mechanisms mediating temperature-sensitivity remain unclear. Recent
studies of the related channel TRPV3 identified residues within the pore region
required for heat activation. Here we describe both random and targeted muta-
genesis screens of TRPV1 to identify single point-mutations that specifically
affect temperature-activation. The mutations found are all located in the outer
pore region, in close proximity to but distinct from residues previously impli-
cated in acid-activation. Electrophysiological analysis shows that mutations
affect a temperature-independent step that is part of the temperature-gating
pathway. These results suggest that the outer pore plays a general role in heat-
sensitivity of thermoTRPs.
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A group of thermosensitive transient receptor potential (ThermoTRP) channels,
with high temperature sensitivity of channel gating, are the cellular temperature
sensors. ThermoTRPs are polymodal receptors. Besides temperature they are
gated by voltage, ligand, extracellular pH and other stimuli. How temperature
changes drive activation conformational rearrangement remains unknown.
Here we combine functional, mutational, and site-directed fluorescence studies
to demonstrate that temperature-dependent activation uses a pathway distinct
from those for ligand- and voltage-dependent activation.
We observed that neither strong depolarization nor application of capsaicin
could significantly alter thermodynamics of temperature-driven TRPV1 activa-
tion. In addition, voltage and ligand exhibited additive gating effects over tem-
perature gating. Indeed, a TRPV1 mutant in which part of the outer pore region
was replaced by an artificial sequence showed virtually no temperature sensitiv-

ity but maintained near normal capsa-
icin sensitivity. Furthermore, site-
directed FRET measurements showed
that conformational changes in outer
pore can only be induced by heating,
but not by voltage or ligand. Together
these observations suggest that a dis-
tinct pathway for temperature to gate
TRPV1 involves the outer pore region.
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Role Of Pip2 On Ca2þ-Dependent Desensitization of Trpv2
Jose Mercado, William N. Zagotta, Sharona E. Gordon.
University of Washington, Seattle, WA, USA.
TRPV2 is a member of the transient receptor potential superfamily of ion chan-
nels involved in chemical and thermal pain transduction. Unlike the related
TRPV1 channel, TRPV2 does not appear to bind either calmodulin or ATP in
its N-terminal ankyrin repeat domain. In addition, it does not contain a calmod-
ulin-binding site in the distal C-terminal region, as has been proposed for
TRPV1. Importantly, though, we have found that TRPV2 undergoes Ca2þ-
dependent desensitization similar to TRPV1, suggesting that the mechanism
of desensitization may be conserved in the two channels. To elucidate the
molecular mechanism underlying Ca2þ-dependent desensitization in TRPV2
we used whole-cell recordings of F-11 cells transiently transfected with TRPV2.
We found that prolonged applications of the TRPV2 agonist 2-APB led to
nearly complete desensitization of the channel in the presence of extracellular
Ca2þ. In contrast, no desensitization was observed in the absence of Ca2þ.
TRPV2 desensitization was not altered in whole-cell recordings in the presence
of calmodulin inhibitors or upon co-expression of mutant calmodulin, suggest-
ing that CaM does not play a major role in Ca2þ-dependent desensitization of
TRPV2. Interestingly, simultaneous confocal imaging and electrophysiological
recording of whole cells expressing TRPV2 and a fluorescent PI(4,5)P2 binding
probe showed a high degree of temporal correlation between the Ca2þ induced
desensitization and depletion of PI(4,5)P2. Thus, Ca2þ influx through TRPV2
is sufficient to trigger a dramatic decrease in PI(4,5)P2 levels, presumably by
activating PLC. We propose that the decrease in PI(4,5)P2 levels upon channel
activation underlies at least a major component of Ca2þ-dependent desensitiza-
tion of TRPV2.
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Single-channel patch-clamp recording allows mechanistic insights into funda-
mental ion channel properties. Thus, a single kinetic model can formally de-
scribe the complex interactions during poly-modal activation of the channels.
For TRPM8, activation depends on temperature, voltage and chemical signal-
ing [1, 2], and such modeling provides the most comprehensive approach to the
study of the channel. In this study, we examined the influence of voltage, cold
and menthol on TRPM8 gating using patch-clamp recording techniques.
In HEK293 cells stably expressing TRPM8, single-channel currents were
measured (filtered at 2 kHz and sampled at 10 kHz) in cell-attached patches
at different voltages (�100 to 140 mV), temperatures (20 or 30�C) and menthol
concentrations (10 or 100 mM) (n ¼ 7-11). As has been reported for whole-cell
TRPM8 currents [3], shifts in the voltage-dependent single-channel open prob-
ability curve toward less positive potentials were induced by cold or menthol.
Thus, the potential for half-maximal activation was reduced from 162.4 to
116.1 mV during cooling from 30 to 20�C, with a further shift to 52.8 mV
with 100 mM menthol. To investigate the relationship between these modula-
tors, we used different techniques - HJCFIT [4], QuB [5] and 2D fitting [6] -
to develop a single-channel kinetic model aiming to identify the most likely
potential-, menthol- and cold-regulated transitions. A model with 5 closed and
2 open states showing correlation between brief openings and long closings and
between brief closings and long openings, was able to describe our macroscopic
and single-channel data. Interestingly, temperature and menthol mimicked
voltage-dependent activation of the channel at the model level by increasing
the probability of transitions from long closed states to brief ones. This is the
first complete kinetic model based on single-channel data for any of the TRP
channels.
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The cold and menthol receptor TRPM8 is regulated by membrane phosphoino-
sitides. To study the effects of lipids directly on the channel, we have recon-
stituted the purified TRPM8 in planar lipid bilayers. This system allows full
control of the lipid composition in our experiments. The reconstituted channel
was activated by menthol or cold, and its activity depended on the presence of
specific phosphoinositides. In the presence of menthol, TRPM8 exhibited the
highest probability of opening in the presence of phosphatidylinositol 4,5-
bisphosphate [PI(4,5)P2] with Po ~ 0.89 at þ100 mV and Po ~ 0.4 at
�100 mV. Less channel activity was induced by phosphatidylinositol 3,4-bi-
sphosphate [PI(3,4)P2] with Po ~ 0.53 at þ100 mV and Po ~ 0.2 at �100 mV.
Phosphatidylinositol 3,4,5-bisphosphate [PI(3,4,5) P2] resulted in irregular
TRPM8 channel currents and lower open probability with Po ~ 0.21 at
þ100 mV and Po ~ 0.087 at �100 mV. Among the tested lipids the lowest
TRPM8 channel activity was induced by phosphatidylinositol 4-phosphate
[PI(4)P] with Po ~ 0.12 atþ100 mV and Po ~ 0.019 at�100 mV. The lipid spec-
ificity profile in lipid bilayers is very similar to that observed in excised patches.
We have also studied the activation of TRPM8 channels in lipid bilayer with
cold. Cooling the system with reconstituted TRPM8 channels also required
the presence of PI(4,5)P2. The main shift in the channel behavior was observed
in the temperature range from 21�C to 18�C where the channel showed drastic
changes in the open probability from 0.05 to 0.85 at þ100 mV.
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