
These measurements were consistent with previous reports on the
inhibitory effects of IbTX and verapamil on reconstituted hBK
channels40,41. This type of pharmacological analysis using our auto-
mated system has great potential for aiding in the determination of
drug activity.

Amyloid-beta fragments directly inhibited a single hBK channel.
We investigated the topological effects of an amyloid-beta fragment
(Ab1-42) on hBK at the single-channel level. Figures 7a and c show the
current recordings obtained from the hBK channel before and after
the injection of Ab1-42 on the intracellular side. The Po value
decreased immediately after the injection. A similar reduction was
also observed following an extracellular application (Fig. 7d). The
effect of Ab1-42 on the lipid bilayer itself was also examined because
amyloid proteins can form a channel structure in negatively charged
membranes (DOPE)42. However, Ab1-42 did not affect the neutral

membrane used in this study (EggPC) as shown in Figure 7b. This
experiment demonstrates another advantage of this artificial system:
the lipid content can be controlled to directly observe channel
activities without disturbing the membrane. Figures 7e and f show
the current histograms that were obtained before and after the
application of Ab1-42 to a single hBK channel from the intrace-
llular (Fig. 7e) and extracellular (Fig. 7f) sides. In both cases, the
open channel states were inhibited by Ab1-42. The effects of Ab1-42
on channel conductance are shown in Figure 7g; the same buffer
solution without Ab1-42 was used as a control (Ab (-)). The con-
ductance of the hBK channel did not change upon Ab1-42 appli-
cation. In contrast, Po decreased upon Ab1-42 application from
both directions (Fig. 7h).

Discussion
Our automated methodology represents a powerful means to acquire
a massive amount of data regarding topologically identified single
ion channels. Using this method, we investigated hBK channel
inhibition with respect to membrane topology (intracellular or extra-
cellular) by using the amyloid-beta fragment (Ab1-42) . Abnormal BK
channel activity has been recently reported in the pyramidal cells of
Alzheimer’s disease model mice43. However, the effect of Ab on the
hBK channel remains unclear for two reasons. First, it is unknown
whether Ab affects the BK channel directly or via another in vivo
inhibitory cascade. Second, it is unknown whether Ab affects the
channel from the intra- or extracellular direction. Although extra-
cellular deposits of Ab in the cortical neuropil and blood vessel walls
in the brain are classical histopathological features of Alzheimer’s
disease, emerging evidence from transgenic mice and human
patients has revealed that Ab also accumulates intracellularly in
neurons44. Therefore, we used our system to measure the inhibitory
response of Ab1-42 applied to topologically identified hBK channels.
It was revealed that Ab1-42 directly inhibits the hBK channel from

Figure 5 | The performance of the 16-ch recording system. (a) Parallel recordings of the hBK channel obtained using the automated system.
Single-channel currents were observed from all 16 channels of the arrayed PDW chip. The arrows indicate the channel closed state. (b, c) Histograms
of the conductance and dwell time of hBK channels obtained using numerous single-channel recordings (n 5 102, each recording period . 20 s).
The holding potential was 160 mV.

Figure 6 | Automated single hBK channel inhibition from both the intra-
and extracellular sides. (a) Dose-dependent inhibition of the hBK channel
by iberiotoxin (IbTX) and (b) verapamil (n 5 4, mean 6 S.D.).
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