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Background and Objective. ATP-sensitive potassium (KATP) channel couples cell metabolism to excitability. To explore role of
KATP channels in cellular photobiomodulation, we designed experiment to study effect of low intensity 808 nm laser irradiation
on the activity of membrane KATP channel. Study Design/Materials and Methods. Plasmids encoding Kir6.2 was constructed and
heterologously expressed in culturedmammalianHEK-293 cells.The patch-clamp and data acquisition systemswere used to record
KATP channel current before and after irradiation. A laser beamofGa-As 808 nmat 5mW/cm2 was used in experiments. A one-way
ANOVA test followed by a post hoc Student-Newman-Keuls test was used to assess the statistical differences between data groups.
Results. Obvious openings of KATP channels of Kir6.2-transfected HEK-293 cells and excised patches were recorded during and
after low intensity 808 nm laser irradiation. Compared with the channels that did not undergo irradiation, open probability, current
amplitude, and dwell time of KATP channels after irradiation improved. Conclusions. Low intensity 808 nm laser irradiation may
activate membrane KATP channels of Kir6.2-transfected HEK-293 cells and in excised patches.

1. Introduction

It has been demonstrated that irradiation of specific infrared
wavelengths is able to penetrate scalp and skull and can reach
superficial layers of the cerebral cortex [1]. A recent research
confirmed that transcranial laser stimulation (TLS) with low
intensity near-infrared laser (NIR) can modulate the excit-
ability of the motor cortex [2]. As constant fluctuation of
excitability is a fundamental characteristic of neurons in both
central and peripheral nervous system and the homeostatic
regulation of neuronal excitability is mainly effected through
the mechanisms involved in maintenance of the membrane
potential, these findings give further insights into the mech-
anisms of TLS effects in the human cerebral cortex.

ATP-sensitive potassium (KATP) channels are widely
expressed in cytoplasmic membranes of neurons and are the
marker of cellular energymetabolism [3].They link themem-
brane potential to the metabolic state of the cell and can

regulate neuronal excitability. KATP channels may mediate
a potential neuroprotective role which may be achieved by
membrane hyperpolarization and reduction of excitability in
response to hypoxia, ischemia or metabolic stress. Using UV
photoirradiation stimulation, the effects of cell stress on
KATP channels were studied and the linkage between KATP
channels and cellular stress has been confirmed [4]. Never-
theless, there has been no study published so far on effects of
low intensity infrared laser irradiation on KATP channel.

Here, we designed experiment to study effect of low inten-
sity infrared laser irradiation on the activity of KATP chan-
nels. Molecular cloning of KATP channels was constructed
into plasmid and was overexpressed in HEK293 cells. By
using patch clamp electrophysiology techniques, we inves-
tigated the KATP channels activities under low intensity
808 nm laser irradiation.We found that infrared low intensity
laser irradiation activated KATP channels of Kir6.2-trans-
fected HEK-293 cells and in excised patches directly.
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2. Materials and Methods

2.1. Construction of Plasmids Encoding Kir6.2. A truncated
form of the Kir6.2 subunit, Kir6.2ΔC35, was constructed
using a PCR-based site-directed mutagenesis kit, ExSite
(Stratagene, CA, USA), in a mammalian expression vector,
pcDNA3.1 (Invitrogen, CA, USA). The Kir6.2ΔC35 sequence
was also subcloned into a yeast expression vector, pYES2/NT
(Invitrogen), containing a GAL1 promoter for high-level
inducible protein expression by galactose and repression
by glucose, for expression with a (His)

6
-Xpress tag at its

N-terminus for affinity purification and antibody recogni-
tion. Kir6.2ΔC35 without SUR subunits expresses functional
ATP-sensitive channels in mammalian and yeast cells. For
simplicity, in this study Kir6.2ΔC35 is referred to as Kir6.2.

2.2. Heterologous Expression in Cultured Mammalian Cells
(HEK-293 Cells). The pcDNA3.1-Kir6.2 vector was intro-
duced into HEK-293 cells. A HEK-293 cells cell line was
maintained in continuous culture. Kir6.2 in mammalian
expression vectors was transiently transfected with an Effect-
ene transfection kit (Qiangen, Hiden, Germany). The chan-
nels were expressed in the absence of sulfonylurea recep-
tor (SUR) regulatory subunits. Channel expression usually
peaked 36–48 hours after transfection, at which time the cells
were used for patch-clamp experiments.

2.3. Chemicals. Inside-out single or multiple channel cur-
rents were recorded with an intracellular solution containing
140mM KCl, 5.5mM HEPES, and 2mM EGTA (pH 7.4) and
an extracellular solution containing 130mM NaCl, 10mM
KCl, 1.8mM CaCl2, 0.48mM MgCl2, and 5.5mM HEPES
(pH 7.4). In some experiments, NaCl in the extracellular solu-
tion was replaced with 130mM KCl.

2.4. Electrophysiological Recording. The patch-clamp and
data acquisition systems used were Axopatch 200B amplifier
with a Digidata 1440A and pCLAMP10.2 software (Axon
Instruments, USA) running on a PC. Solution changes in the
bath (membrane side of channel in excised patches) were
achievedwithin 100ms bymeans of a rapid solution exchange
system (RSC-200, Bio-Logic Science Instruments, Claix,
France). All current recordings were filtered at 1 kHz and dig-
itized at 10 kHz. Outward currents are shown as upward devi-
ations from the closed level. The current traces were plotted
after being manually corrected for baseline shift and filtered
with a low-pass digital filter at a cut-off frequency of 500Hz.
Unless specified, currents were recorded at a membrane
potential of 0mV. B150-86-10HP Glass Micropipette and P-
97 Flaming/Brown Micropipette Puller (Sutter Instrument
Company, USA). The pipettes required 1∼2 micron tip and
5∼10MΩ of resistance.

2.5. Laser Irradiation. A laser beam of Ga-As 808 nm from
semiconductor laser (SHENZHEN LAMPLICSCIENCECO-
.LTD) was used in experiments. The laser power density was
kept constant at 5mWcm−2 measured by power meter
(Lasercheck, Coherent).Thedistance is 15 cm; the angle is 75∘.

CellCulture dish

Laser resource Inverted microscopy Patch clamp

Microelectrode

75∘

15 cm

Figure 1: The sketch of laser irradiation system.

The laser beam was delivered to samples in dishes with the
3mmdiameter of irradiation spot (Figure 1).The phenomena
of cells being irradiated by red light from laser system can be
observed under the inverted microscopy.

2.6. Analysis of Single-Channel Data. Direct 𝑃
𝑂

(opening
probability) measurement is used as a quick indicator of
channel activity. The value of 𝑃

𝑂
has a biological interpreta-

tion. For cells that demonstrate an action potential, the action
potential is the sum of the single-channel current through
many ion channel.The 𝑃

𝑂
was measured over a large number

of channels. 𝑃
𝑂
= 𝑡
𝑂
/𝑇, 𝑇 is the total recording time and 𝑡

𝑂

is the open time. In macropatch recordings containing more
than five active channels, the apparent open probability
(𝑁𝑃
𝑂
) was used, where 𝑁 is the number of channels, an

unknown parameter in a macropatch; then (𝑁𝑃
𝑂
) = 𝑇
𝑂
/𝑁𝑇,

and 𝑇
𝑂
= ∑
𝑁

𝐿=1
𝑡
𝑂𝐿
, 𝐿 is the level of channel open; 𝐿 = 1, 2,

3, . . .. 𝑡
𝑂𝐿

is the open time of different levels. Although ion
channels state transits suddenly, the dwell time of an ion
channel at a given conductance level is long enough to be
observedwith electrophysiological recording techniques.The
investigator can identify channel transitions (openings and
closings) in the recorded data. The result is an “event table”
describing each transition of an idealized data trace.This pro-
cess is also called “event detection.” According to the opening
probability resulting from ligand concentration, the dose-
response curves can be made. In general, the horizontal axis
uses a logarithmic scale (log[𝐴]), and the vertical axis indi-
cates open probability (𝑃

𝑂
/𝑃max); 𝑃max is the maximal open

probability. The concentration of ATP ([ATP]) producing
half-maximal inhibition (IC

50
) and the Hill coefficient (𝐻)

were obtained by fitting the measured open probability data
with the expression: 𝑃

𝑂
/𝑃max = 1 − 𝐴

𝐻/(𝐴𝐻 + IC
50

𝐻).

2.7. Statistical Analysis. Experimental data are presented as
Mean ± S.E.M. A one-way ANOVA test followed by a post hoc
Student-Newman-Keuls test was used to assess the statistical
differences between data groups. Student’s 𝑡-test was used
wherever two groups of data were compared.

3. Results

3.1. Activation of KATP Channels. For the HEK-293 cells
without KATP channels, no current was recorded in attached
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Figure 2: Activation of potassium channels in Kir6.2-transfected HEK-293 cells. (a) HEK-293 cells not expressing Kir6.2. No current was
recorded in attached and inside-out patch clamp. (b) HEK-293 cells expressing Kir6.2. The patch membrane was excised at the time marked
inside out. The cell was bathed in extracellular solution without ATP, and the patch membrane was held at 0mV throughout the recording
period. (c) A specific time domain was displayed.

and inside-out patch clamp (Figure 2(a)). A significant chan-
nel current was recorded from the patchmembrane of Kir6.2-
transfectedHEK-293 cells (the cell was bathed in extracellular
solution without ATP, the patch membrane was held at 0mV
throughout the recording period, and the patch membrane
was excised at the time marked inside out). Channel current
of a specific time domain was displayed in Figure 2(c).

3.2. Effect of ATP on the KATP Channels. As shown in the
recording trace in Figure 3(a), the patch membrane was
excised from the cell, and the sensitivity of the channels to
inhibition by ATP was measured. Upon excision of the patch
membrane into a solution with an ATP concentration
([ATP]) of 1 𝜇M, outward KATP channel currents were
recorded in all of the successful patch excisions.TheATP sen-
sitivity was obtained by varying [ATP] in the intracellular
solution. Changes in [ATP] were made by a series of both
increasing and decreasing concentration steps of 10–20 s (this
protocol has been shown to be effective at minimizing possi-
ble errors caused by run-downof the channels). Relationships
between concentration and the ATP inhibition of KATP
channels were shown in Figure 3(b).

3.3. Effect of Photobiomodulation on the Opening of KATP
Channel. 808 nm laser irradiation on KATP channels was
examined in HEK-293 cells expressing Kir6.2. Figure 4 illus-
trates an experimental recording of a patch containing mul-
tiple channels initially recorded in the cell-attached configu-
ration on a HEK-293 cells expressing Kir6.2. After establish-
ment of the cell-attached patch-clamp configuration, the cell
was exposed to a spectrum of 5mW/cm2 at 808 nm via the

microscope; the exposure lasted 1-2min, obvious openings of
KATP channels were recorded during and after irradiation,
and the current amplitude improved (Figure 4(a)). In 8 cells
tested, 5 exhibited clear openings of KATP channels after the
irradiation was started. After inside out, the ATP sensitivity
was obtained by varying [ATP] in the intracellular solution.
Changes in [ATP] were made by a series of both increasing
and decreasing concentration steps of 10–20 s. In these exper-
iments, laser irradiation was applied to excised patch mem-
branes while KATP channel currents were recorded in the
inside-out patch-clamp configuration during perfusion with
intracellular solution containingmodulators of channel activ-
ity. Irradiation induced a significant increase in the maximal
open probability of the active channels. Channel current of a
specific time domain was displayed in Figure 4(b).

3.4. Effect of Photobiomodulation on Single KATP Channel.
Thephotobiomodulation onKATP channels was further ana-
lyzed kinetically in two patches that contained only a single
active channel. An experimental recording of the photo-
biomodulation on single KATP channels was illustrated. In
the example given in Figure 5, a Kir6.2 channel was active
from the beginning of the experiment when the excised
patch was perfused without ATP. It shows that open prob-
ability, current amplitude, and dwell time of KATP channel
improved after the irradiation.

Compared with the channels that did not undergo irradi-
ation, the current amplitude and dwell time of KATP channel
improved after irradiation (Table 1).The improvement of cur-
rent amplitude and dwell time distributions after irradiation
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Figure 3: Different concentrations of ATP on the KATP channel effects. (a) The potassium current increased in response to 0mM ATP
(inside out) and decreased in response to 10mM ATP. No open channel event in 1mM ATP was observed. HEK-293 cells expressing Kir6.2
was bathed in extracellular solution, and the patch membrane was held at 0mV throughout the recording period. (b) Relationships between
concentration and the ATP inhibition of KATP channels.
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Figure 4: Opening of KATP channels by photobiomodulation in a Kir6.2-transfected HEK-293 cell. The current was initially recorded in the
cell-attached configuration.The patchmembrane was excised at the timemarked Inside out.The cell was bathed in extracellular solution, and
the patch membrane was held at 0mV throughout the recording period. ATP was applied at the concentrations indicated by the bars above
the current trace. Irradiation indicates the period during which the patched cell was exposed to photobiomodulation (see text for details of
photobiomodulation treatment). In this and subsequent figures, the dotted line through the current recording indicates the closed channel
level.
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Figure 5: Photobiomodulation-induced activation of single-channel current recorded from a Kir6.2-transfected HEK-293 cell. The
membrane was held at 0mV. The open probability, current amplitude, and dwell time of KATP channel have changed after irradiation.
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Figure 6: Photobiomodulation on amplitude and dwell time. The Kir6.2-transfected HEK-293 cell was bathed in extracellular solution
without ATP, and the patch membrane was held at 0mV throughout the recording period.

Table 1: Effects of irradiation on closed and open time distributions.

Amplitude Dwell time Count
Control 3.1583 ± 0.5371 6.4813 ± 3.3475 972
Irradiation 3.9406 ± 0.6147∗∗ 10.7639 ± 4.7935∗∗ 1047
∗∗
𝑃 < 0.01. Control: before irradiation, irradiation: after irradiation.

can also be seen from the histograms from the single-channel
current of patch excised from a Kir6.2 channel (Figure 6).

Maximal open probability (𝑃max) has statistically been
confirmed to increase after irradiation. Under control condi-
tions, no open channel event in 1mM ATP was observed. In
contrast, open channel events could be identified clearly after
irradiation. This result indicates that irradiation reduces the

ATP sensitivity. A quantitativemeasure of the ATP sensitivity
change is presented as the half-inhibitory [ATP] (IC

50
) and

Hill coefficient (𝐻) (Table 2) from the fit of a Hill saturation
function to the relationship between ATP inhibition and
[ATP] (Figure 7). The maximal open probability and IC

50

both increased significantly after irradiation (Table 2). The
changes in these parameters might have been involved in the
increased channel activity observed in both cell-attached and
excised patches.

4. Discussion

In this study, we report that infrared low intensity laser
irradiation activated KATP channels of Kir6.2-transfected
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Figure 7: Activation of KATP channels by photobiomodulation.
Effect of irradiation on the concentration-dependent inhibition of
KATP channels by ATP. e and ◼ data collected before and after
irradiation, respectively.

Table 2: Irradiation-induced activation of KATP channels.

𝑃max (NO ATP) IC
50

𝐻

Control 0.204569 78.6 ± 6.3 1.1 ± 0.2

Irradiation 0.247436∗∗ 103.7 ± 9.2
∗∗

1.2 ± 0.2
∗

∗∗
𝑃 < 0.01; ∗𝑃 < 0.05.
𝑃max: maximal open probability. The concentration of ATP ([ATP]) produc-
ing half-maximal inhibition (IC50) and theHill coefficient (𝐻) were obtained
by fitting the measured open probability data with the expression 𝑃𝑂/𝑃max =
1 − 𝐴
𝐻/(𝐴𝐻 + IC50

𝐻).

HEK-293 cells and excised patches directly. A prominent
increase in KATP channel activity was perceived during
and after irradiation and the current amplitude improved
(Figure 4). An experimental recording of the photobiomodu-
lation on single KATP channels showed that a Kir6.2 channel
was active from the beginning of the experiment when the
excised patch was perfused without ATP and the open prob-
ability, current amplitude, and dwell time of KATP channel
improved after the irradiation (Figure 5). Compared with the
channels that did not undergo irradiation, the current ampli-
tude and dwell time of KATP channel improved after irradia-
tion (Table 2, Figure 6). In excised patches, the activation of a
KATP channel can be dissected into threemajor components:
(1) an increase in maximal open probability, (2) a decrease in
ATP sensitivity, and (3) an increase in dwell time of a KATP
channel.The reduced ATP sensitivity in patches excised from
cells exposed to irradiation indicated a change in the intrinsic
KATP channel sensitivity which is at least a partial cause of
channel activation (Figure 4).

Using UV photoirradiation stimulation on KATP chan-
nels of rat heart and recombinant KATP channels composed
of SUR2 and Kir6.2 in intact cells and in excised patches, it
was found that the modification favoring channel opening
triggered by UV photoirradiation affects KATP channel
activity partly by regulatingmembrane phosphoinositide lev-
els [4]. It was also found that free radical scavengers retarded

irradiation induced activation of KATP channel [4]. As free
radicals have been shown to increase the opening of cardiac
KATP channels by increasing the open probability and
reducing the ATP sensitivity [5–7], It was proposed that the
upstream step that transforms UV irradiation energy into
stimulation of enzymatic production of phosphoinositides is
the production of ROS [4, 8]. The results of our electrophys-
iological study on low intensity infrared laser irradiation on
KATP channel are very similar with the results of Fan’s elec-
trophysiological study on UV irradiation on KATP channel.
In order to interact with the living cell, light has to be
absorbed by intracellular chromophores. There is a growing
body of evidence that suggests cytochrome c oxidase is the
primary photoacceptor of nucleated cells which can absorb
the light energy [9–12]. Here, we infer that cytochrome c
oxidase may play a similar role as UV irradiation in KATP
channel. We propose that cytochrome c oxidase may absorb
the photons from low intensity infrared laser irradiation,
produce ROS, and thus stimulate the production of phospho-
inositides, while our data do not totally exclude other effects
such as direct structural modification of membrane KATP
channels of neuron.

Many physical and chemical stimuli such as photoirradi-
ation, photochemical treatment, and osmotic stress share an
array of common or closely related signal cascades to evoke a
cellular response. So our results have the similar physiological
implications in terms of the response of KATP channels to
other physical stimuli of cell stresses [13].

In this study, we only observed some interesting phe-
nomena, and much more work like the relationship among
infrared low intensity laser irradiation with changes in mem-
brane phosphoinositide and KATP channels should be
explored later.

The use of TLS which involves photobiomodulation
on neurological functions has gained significant interest in
recent years [14, 15]. TLS has shown significant beneficial and
sustained effects in animal strokemodels [15] and human trial
(theNEST-1 and theNEST-2) [16, 17] for stroke. It shows pho-
tobiomodulationmay be an alternative interventionmodality
for ischemic stroke. It is well known that there exists an
“ischemic penumbra” around the infarct area in the acute
ischemic stroke. How to save the neuron in the cerebral
ischemia penumbra area is the key to improve the cure rate
of acute ischemic stroke. Membrane KATP channels are the
marker of cellular energy metabolism which links the mem-
brane potential to themetabolic state of the cell as reflected by
the levels of nucleoside triphosphates and diphosphates. As
it was reported that activation of KATP channels plays a
protective effect on hypoxic ischemic neurons [18], the phe-
nomena we observed that low intensity laser irradiation can
active membrane KATP channels may help to reveal the pro-
tection mechanism of low intensity 808 nm laser irradiation
on ischemic hypoxic neurons.

5. Conclusions

Low intensity 808 nm laser irradiation at 5mW/cm2may acti-
vate membrane KATP channels of Kir6.2-transfected HEK-
293 cells and in excised patches.
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