
 

Finding the principle regulating the secretion
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Current inactivation and PIP2 sensitivity in N-type CaV2.2 channels with
different subtypes of the β2 subunit. (A) Schematic diagram of high-voltage-
activated (HVA) calcium channel complex viewed from the intracellular side
(left). CaV β subunit is located beside the domain II of α1B in the cytosolic side
while CaV α2δ subunit is mostly localized at the extracellular surface of the
channel protein (Gao et al., 2021). Schematic model of CaV2.2 channels with
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plasma membrane (PM)-anchored β2a, cytosolic β2a(C3,4S) and β2c, or N-
terminus engineered PM-recruited β2c (right). (B) Representative confocal
images of tsA-201 cells expressing the PM marker Lyn-mCh and β2 isoforms or
its derivatives fused to GFP without the α1 and α2δ1 subunits. Scale bar, 5 μm.
The scatter plot shows a 2D intensity histogram of the red (Lyn-mCh) and green
(β2-GFP) pixels in the confocal image. The value indicates the Pearson’s
correlation coefficient (R) that is obtained by the Colocalization Threshold
plugin of Fiji software (Image J). (C) Summary of Pearson’s coefficient between
Lyn-mCh and the β2 construct (n = 10–11). (D) Current inactivation of CaV2.2
channels with β2 isoforms or its derivatives was measured during 500-ms test
pulses to +10 mV (top). Current inhibition of CaV2.2 channels by Dr-VSP-
mediated PIP2 depletion (bottom). The current traces before (a) and after (b) the
strong depolarizing pulse to +120 mV were superimposed. Peak tail current is
indicated by arrowheads (trace a, black head; trace b, red head). (E) Summary of
current inactivation (top; n = 10–11) and inhibition (%) by PIP2 depletion
(bottom; n = 10–11) in CaV2.2 channels with the β2 constructs. r100 indicates the
fraction of current remaining after 100-ms depolarization to +10 mV (top). Dots
indicate the individual data points for each cell. Data are mean ± standard error
of the mean (SEM). ***p eLife (2022). DOI: 10.7554/eLife.69500

Professor Suh Byung-chang's research team of the Department of Brain
Sciences, DGIST, announced on Wednesday, November 23 that they
have identified the molecular mechanism for the activation of "voltage-
dependent calcium channels," an important protein that regulates the
secretion of neurotransmitters at nerve cell terminals. 

Developing a system that regulates only the activity of specific voltage-
dependent calcium channels is expected to provide clues to new research
that can treat neurological diseases such as various mental illnesses and
chronic pains. 

Among the voltage-dependent calcium channels that regulate the inflow
of calcium ions, the "CaV2.2" channel plays an essential role in signal
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transmission between nerve cells, expressed at the axon terminal of
nerve cells, to regulate the secretion of neurotransmitters. It has been
reported that mental illnesses such as bipolar disorder, schizophrenia,
autism, epilepsy, and chronic pain occur when there is a problem in
regulating the activity of CaV2.2. 

The cell membrane is formed by substances called phospholipids. PIP2,
which is a phospholipid, is known to be important for the activity of
voltage-dependent calcium channels. However, the question on how
PIP2 regulates calcium channel activity has not been clearly identified
due to the complex structure in which several subunits are bound. 

Professor Suh Byung-chang's research team studied the molecular
mechanism of PIP2 concerning the activation of various receptors and
ion channels. In particular, the research team clarified that the sensitivity
of the calcium channel to PIP2 varies depending on whether the β2 unit,
an auxiliary subunit of the voltage-dependent calcium channel, is bound
to the cell membrane. 

Based on these studies, this study attempted to identify the principle in
how PIP2 regulates the activity of CaV2.2 differently depending on
whether the β2 unit is bound to the cell membrane at the molecular level.
The research team created various mutation models of CaV2.2 channels
and β2 units through genetic recombination and confirmed them using
electrophysiological techniques. 

As a result, it was found that PIP2 binds to the "I-II loop," to which β2
units bind, in the CaV2.2 channel and to "S4II," one of the voltage
sensing domains, respectively, to regulate the activity of the channel. In
addition, it was found that the binding of PIP2 to the I-II loop is
determined depending on whether the β2 unit binds to the cell
membrane, thereby regulating the activity of CaV2.2. 
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Furthermore, it was confirmed that CaV2.2 activity can be regulated in
real-time by developing a system that can artificially control the binding
of PIP2 to the I-II loop of CaV2.2 by applying β2 unit. 

The result identified a new action mechanism of the CaV2.2 channel
activity, which plays a vital role in signal transmission between nerve
cells. It is expected to provide an important clue to the treatment of
mental disorders, such as autism, bipolar disorder, and schizophrenia and
of fatal neurological diseases, such as epilepsy and chronic pain in the
future. 

In this study, Dr. Park Chun-Kyu of the Department of Brain Sciences,
DGIST, participated as the first author, and Professor Suh Byung-chang
participated as the corresponding author. The study results were
published in eLife. 

  More information: Cheon-Gyu Park et al, Molecular basis of the
PIP2-dependent regulation of CaV2.2 channel and its modulation by
CaV β subunits, eLife (2022). DOI: 10.7554/eLife.69500
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