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Fig. 1 Single-channel current recordings. Procedures for isolatingKcsA potassium channel and for recording single chan-
nel current by planar lipid bilayer method. KcsA channel expressed in E. coli was solubilized by a detergent, which
was then reconstituted into liposome. A Teflon chamber separated by a septum with a hole of 50 ym in diameter
was assembled and electrolyte solution was filled in both side of compartments (200 mM KCl). Planar lipid bilay-
er membrane was formed from defined composition of phospholipids, and liposomes containing the channel
molecule were added into one side of the membrane. The channel molecule was transferred from the liposome to
the planar membrane,where channel activity was measured as on and off of ionic currents (a single-channel cur-
rent trace recorded at +200 mV). Note that the noise level was increased during the open state, which represents

fluctuation of the open structure.
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Fig. 2 Structure of the KcsA potassium channel and its functional parts. A. Molecular architecture of the full length
KcsA channel. The KcsA channel is formed by tetrameric assembly. B. The transmembrane domain of KcsA
channel in the closed structure. The ribbon model is drawn from the KcsA coordinate of 1k4c. C. The gating sta-
tus and the relevant parts of the channel molecule. The pH sensor is located at the cytoplasmic side of the trans-
membrane domain. When the channel is closed the M2 helices form bundle crossing at the cytoplasmic end, which
prevents ion permeation. Relaxingthe bundle of helices leads to opening of the gate (the activation gating). The
upper part of the pore (selectivity filter) collapses its structure and obstructs the ion conduction pathway (the in-
activation gating). The channel allows to permeate ions only when both activation and inactivation gatesstay

open.
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Fig. 3 Diffracted X-ray tracking (DXT) method. A. A sample served for the DXT measurements. KcsA channels are at-
tached to the quartz glass through a surface modifying reagent, SPDP (succinimidyl 6-(30-(2-pyridyldithio)
propionamido) hexanoate) . At the C-terminal end of the channel a gold nanocrystal was bound through four cys-
tein residues of the tetrameric channel. The thickness of the electrolyte layer was 7 um. B. Geometrical relation-
ships for the sample and the X-ray beam. The white X-rays were irradiated perpendicular to the glass surface. The
diffraction spots were recorded by an image-intensified CCD camera at video rate, which is located at 10 cm from
the sample. Experiments were performed in the beamline BL44B2 of SPring-8. C. Motions of diffraction spots on
the detector plane in relation to the conformational changes of ion channels on the glass surface. (This figure is
slightly modified from Fig. 1 of the paper published in Cell 132: 67-78, 2008)
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Fig. 4 Trajectories of diffraction spots from single molecules of KcsA channel. Results from closed state (at pH 7; upper
row) and open state (at pH 4; lower row) of the channel. A. Superimposed image of diffraction stops indicating
trajectories. B. Superimposed trajectories of many spots on the image plane. C. The time series of trajectories for
conformational changes in the x-6-t coordinate. The channel fluctuates its structure slightly in the closed struc-
ture. When the channel become active, the channel molecule twists its conformation around the symmetrical axis.
(This figure is slightly modified from Fig. 2 of the paper published in Cell 132: 67-78, 2008)
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Fig. 5 Squeezing the helical bundle underlies the global twisting motion upon active gating. The bundle of M2 helices is
depicted in the right panes by eliminating the rest of the molecule (the left panel; transparent parts). The side view
(upper row) and the bottom view (a view from the cytoplasmic side) of the M2 bundle are shown. Upon opening
the channel, the bundle is relaxed initially and the bundle crossing becomes loosen. Then, the helices bend at the
middle of their length, which further open the pore, allowing for the ion permeation.
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Mechanism of Opening and Closing of the Gate for
KcsA Potassium Channel Revealed by Diffracted
X-Ray Tracking Method

Shigetoshi OIKI Department of Molecular Physiology and Biophysics,
University of Fukui Faculty of Medical Sciences
23-3, Matsuokashimoaizuki, Eiheiji-cho, Yoshida-gun, Fukui 910-1193 JAPAN

Abstract Conformational changes of KcsA potassium channels upon gating were elucidated in single
molecular level by the diffracted X-ray tracking method. When the channel was quiet at neutral pH, the struc-
ture of the channel fluctuates slightly. Upon gating the channel protein twisted its conformation around the
longitudinal axis of the molecule. This conformational change originated from the transmembrane domain and
spreaded towards the C-terminal end of the cytoplasmic domain. Single molecular measurements for ion chan-
nels and the DXT method applied here were reviewed briefly.
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