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channel function. Our results show that Mg2þ and Ba2þ binding to the high af-
finity Ca2þ binding site (Calcium Bowl) also induce structural rearrangements
of the gating ring, although to a lesser extent than those observed after Ca2þ

binding. All the same, these rearrangements are not strictly coupled to the open-
ing of the pore. Structural changes of the gating ring induced by Ca2þ, Mg2þ

and Ba2þ show different magnitude and voltage-dependence. These results
indicate the existence of a complex movement of the gating ring induced by
the binding of divalent cations to the calcium bowl.
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Large conductance Ca2þ and voltage-activated Kþ channels (BK) opening is
mediated by a cross-talk of modular voltage and Ca2þ sensors. BK open prob-
ability is enhanced by increasing cytosolic Ca2þ concentration and/or depolar-
ization. These stimuli activate sensors that are coupled by allosteric interactions
to channel gating. The physical basis underlying the coupling between sensors
activation and pore opening remains elusive. We found that replacement of the
F380 residue in the transmembrane segment S6 by small hydrophobic amino
acids, promotes a large and positive voltage shift of the open probability-
voltage curve with minor changes in the gating charge-voltage curve. Using
the Horrigan and Aldrich allosteric model, we show that these gating modifica-
tions are a consequence of large changes in the open-closed equilibrium and in
the coupling between voltage and Ca2þ sensors with channel opening. In the
presence of saturating internal Ca2þ, the F380A mutant increases the energy
barrier that separates closed from open states by about 16 kJ/mol compared
to the wtBK. The allosteric factor describing interaction between channel open-
ing and voltage sensor activation decreases from 19 in the wt BK channel to 6
in the F380A mutant, while the deactivation rate interpolated to 0 mV is 4.8
times faster in mutant. Molecular modeling suggest the existence of a hydro-
phobic ring formed by residues F380 and L377 of contiguous subunits that
could function as a lever support site for coupling between both sensors and
channel opening. Interestingly, the mutation (F380A) allows observing gating
currents with minor contaminants of ionic currents, so it could be used for
detailed voltage sensor studies in the presence of permeant cations.
This work was supported by Fondecyt grant 1110430 to RL and Fondecyt
1131003 to FGN.
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Large-conductance calcium-activated Kþ (BK-type, mSlo1 or mutations) chan-
nels, abundantly distributed in the excitable cells, response to the Ca2þ-influx to
regulate membrane potentials. However, it remains unknown how they react to
the fast Ca2þ-influx. Flash photolysis provides the most rapidly calcium release
for detecting actions of Ca2þ-binding proteins. In this study, our results re-
vealed that the uncaged Ca2þ activated a voltage- and calcium-independent
biphasic BK current with tf~0.2 ms and ts~10 ms, of which the fast component
ratio Rf is voltage-dependent only. We further demonstrated that this occurred
as the uncaged Ca2þ was not a constant. Moreover, a novel method was devel-
oped to calculate its time course, and finally to obtain the Ca2þ-binding rate
constant kb ~2.7*108 M�1s�1 suitable for all of BK-type models, suggesting
that BK channels as a calcium sensor may be capable to detect local Ca2þ in
many calcium events occurring in nervous activities.
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The voltage-gated potassium channels (KCNH) include EAG (Ether-à-go-go),
ERG (EAG-related gene) and ELK (EAG-like) channels. The gating of KCNH
channels is regulated by membrane potentials and these channels play impor-
tant roles in cardiac repolarizaton, neuronal excitability, cellular proliferation
and tumor cells. KCNH channels contain an N-terminal region formed mainly
by the Per-Arnt-Sim (PAS) domain and N-cap region, six transmembrane seg-
ments (S1-S6) and a C-terminal region containing a cyclic-nucleotide-binding
homology domain (CNBHD). The first four transmembrane segments (S1-S4)
form the voltage-sensor domain (VSD) that is important for sensing the
changes of membrane potential across the membrane a pore domain. The S5
and S6 segments form the pore domain that is responsible for the ion transport
across the membrane. We are using NMR spectroscopy to explore the struc-
tures of different domains of KCNH channels such as hERG. The structures
of the PAS domains of hERG and KCNH channel from Zebrafish were deter-
mined using NMR spectroscopy. To investigate the interaction between the
PAS domain and the CNBHD, the solution structure of the CNBHD was also
invested by NMR. Solution structure of the CNBHD of Zebrafish showed its
similarity to X-ray structure. Further binding study suggested that the C-linker
region of the channel might be important for interaction with PAS domain. We
also carried out some NMR study on the transmembrane segments of the hERG
channel, which might provide insight into gating of the KCNH channels.
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DOTAP is a bilayer-forming lipid containing a positively charged trimethyl-
ammonium group instead of a negatively charged phosphodiester. When recon-
stituted in pure DOTAP membranes, KvAP is unable to open due to large
positive voltage shifts in its mid-point of activation. Based on these results, it
has been hypothesized that non-phosphate lipids stabilize the down (resting)
conformation of the voltage sensor. We have tested this idea by studying the
influence of non-phospholipids on the gating properties of channels with in-
verse electromechanical coupling. In contrast to most Kv channels, the pore
domain of hyperpolarization-activated channels opens with the downward
movement of S4 (at hyperpolarizing potentials). Therefore, for any
hyperpolarization-activated channel, reconstitution in DOTAP should stabilize
the down state of the VSD, favoring the open state and not the closed state. We
carried out a CW-EPR analysis of the local structure and dynamics of the pro-
karyotic hyperpolarization activated potassium channel MVP, after reconstitu-
tion in either PC:PG (3:1) or DOTAP liposomes, in the absence of a resting
potential. We focused on residues in the S4, S4-S5 linker, and lower S6 of
MVP as a way to monitor the key regions that participate in voltage sensing
and gate coupling. In PC:PG phospholipids, the inner bundle gate of MVP is
closed, as seen from strong spin-spin coupling between residues lining the
S6. In contrast, our findings suggest that DOTAP biases the conformation of
the VSD in MVP towards the down state, which leads to a structural reorgani-
zation of the lower S5 region and conformational changes in the pore domain.
The activation gate displays key hallmarks associated with the open conforma-
tion. These lipid-driven structural changes point to a working model for the in-
verse electromechanical coupling in hyperpolarization-activated channels.
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Maynard-Smith (Maynard Smith. 1970. 10.1038/225563a0) conjectured that
protein evolution occurs through the accumulation of single mutations,
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