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Bridge between the channel and FRET of PtdIns(4,5)P, sensor
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In 1953, Hokin MR and Hokin LE
reported that stimulation of the pan-
creas by acetylcholine leads to a marked
increase of phosophate incorporation to
phospholipid, particularly in inositol-con-
taining lipids.! This was the first observa-
tion that phosphoinositides are a link in
the process of receptor-mediated cellular
reactions. Later, Michell RH reported
that the agonist-stimulated acceleration
of Phosphatidylinositol (4,5)P, phos-
phate (PtdIns(4,5)P,, P1(4,5)P, or PIP)
catabolism was associated with a rise in
cytoplasmic calcium levels.? Subsequent
studies have shown that the hydrolysis
response of PI(4,5)P, by phospholipase C
(PLC) by a variety of stimuli is of funda-
mental biological significance in processes
such as secretion, smooth muscle contrac-
tion, gene expression, and differentiation
of cells. Consequently, PI(4,5)P, is now
established as the source of the big-three
secondary messengers-  Diaclyglycerol
(DAG), Inositol  1,4,5-triphosphate
(Ins(1,4,5)P,)) and Phosphatidylinositol
(3,4,5)P, phosphate.

A substrate of these secondary mes-
sengers, P1(4,5)P, is also well-known to
regulate ion conducting proteins. The
first evidence of this was reported by
Hilgemans’s group in the middle 90s in
K, , channel and Na/Ca exchanger.’
The reason PI(4,5)P, is the regulator for
numerous ion channels and transporters
may seem rather obvious, given its relative
abundance and preferential localization
in the plasma membrane, as described in
review by B. Hille’s group.* Detection of
PI(4,5)P, dynamics in living cells would
strengthen our understanding of the role
of PI(4,5)P, in channel regulation. To
monitor PI(4,5)P, several types of P1(4,5)
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P, or PI(4,5)P, metabolites biosensors
are available. Forster resonance energy
transfer (FRET) based PI(4,5)P, sen-
sors developed by Jalink’s group utilize a
PH-domain taken from PLC31 to detect
PI(4,5)P, and has high sensitivity and high
temporal resolution for detecting PI(4,5)
P, dynamics’ This sensor was applied
to the studies of KCNQ2/3 channels to
demonstrate the positive role of PI(4,5)
P,, as excellently demonstrated by Hille’s
group.® This method was also applied to
TRPMS8 channel research in which the
temporal correlation between PI(4,5)P,
by hydrolysis through calcium-dependent
PLC activity and channel desensitization
was clearly demonstrated.”

However, P1(4,5)P, has a complicated
role in TRPC3/6/7 channels, because
these channels are activated by ‘DAG,
one of the products of PLC hydrolysis
of PI(4,5)P,. In order to study the link
between the effect of PI(4,5)P, or DAG
and TRPC3/6/7 currents during the
PLC-coupled receptor stimulation, the
simultaneous measurement of PI1(4,5)P, or
DAG and the TRPC6/7 currents is quite
useful, but is not enough to gain a deep
mechanistic insight. To fill a gap between
the lipids dynamics and the channel activ-
ity, a model simulation was employed in
our recent research.® Our model consisted
of three parts as follows: 1) consecutive
reaction scheme of PI(4,5)P, hydrolysis
by PLC, 2) calculation of open prob-
ability which is controlled by PI(4,5)P,
and DAG, where the channel gating was
opened by DAG, and inhibited by reduc-
tion of PI(4,5)P,, 3) calculation of FRET
strength based on the concentrations of
PI(4,5)P, and Ins(1,4,5)P,. However, the

building of the model simulation also led
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of which was simultaneously
obtained with the electrophys-
iological data, was evaluated

by use of standard deviation.
By using this validated model,
the complex interplay between
PI(4,5)P, or DAG and ionic
currents could be simulated.
From this simulation, the
following conclusions were

reached: (a) the effect of DAG

dynamics predominated when

Figure 1. Diagram illustrating for the model evaluation.

‘ the receptor stimulation was

to questions about how to assess the fidel-
ity of this model?

We formulated a strategy for model
evaluation as follows (Fig. 1). First; the
receptor (muscarinic or vasopressin)-
operated TRPC6/7 currents recording
from the whole-cell patch clamp mode
was fitted to the model with over 10 free
parameters. Second; the fitted current
in the model simulation turned out to
give time-dependent changes in the free
parameters including of PI(4,5)P, and
Ins(1,4,5) P, concentrations. The concen-
tration of PI(4,5)P, and Ins(1,4,5) P, were
then converted to the strength of FRET.
Third, the error between the calculated
and the experimental FRET, the latter
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weak, (b) the inhibitory role
of PI(4,5)P, reduction pro-
gressively emerged to inhibit
TRPCG6/7 currents, as receptor stimula-
tion increased.

The regulation of ion channels is a
complex phenomenon. To understand this
complexity, simultaneous measurement of
both the regulatory factors, which dynam-
ics are measured by FRET biosensors, in
conjunction with ion channel activity
is becoming a generalized approach. In
addition to experimental measurement,
validated model simulation of the simul-
taneously measured data proves to be
an insightful approach, especially when
the channel activity is linked to cellular
signaling.
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