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Akt is commonly overexpressed and activated in cancer cells and plays a pivotal role in cell survival, protec-
tion, and chemoresistance. Therefore, Akt is one of the target molecules in understanding characters of cancer
cells and developing anticancer drugs. Here we examined whether a newly developed photo-activatable Akt
(PA-Akt) probe, based on a light-inducible protein interaction module of plant cryptochrome2 (CRY2) and
cryptochrome-interacting basic helix—loop—helix (CIB1), can regulate Akt-associated cell functions. By illu-
minating blue light to the cells stably transfected with PA-Akt probe, CRY2-Akt (a fusion protein of CRY2 and
Akt) underwent a structural change and interacted with Myr-CIBN (myristoylated N-terminal portion of CIB1),
anchoring it at the cell membrane. Western blot analysis revealed that S473 and T308 of the Akt of probe-
Akt were sequentially phosphorylated by intermittent and continuous light illumination. Endogenous Akt and
GSK-3p, one of the main downstream signals of Akt, were also phosphorylated, depending on light intensity.
These facts indicate that photo-activation of probe-Akt can activate endogenous Akt and its downstream sig-
nals. The photo-activated Akt conferred protection against nutritional deprivation and H,O, stresses to the cells
significantly. Using the newly developed PA-Akt probe, endogenous Akt was activated easily, transiently, and
repeatedly. This probe will be a unique tool in studying Akt-associated specific cellular functions in cancer cells

and developing anticancer drugs.
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INTRODUCTION

Akt is expressed ubiquitously and constitutively in
various types of cells and organs and is known to be a key
molecule in cell survival/protection in noncancerous as
well as cancerous cells''’. Akt sends various kinds of
signals which are important for antioxidation”*, antiapo-
ptosis®’, cell proliferation/growth®, and sugar/lipid metab-
olism’ in cells. In cancer cells, Akt is often upregulated
at the level of both gene and protein expression and con-
tributes to cell survival by conferring resistance against
various physical and biological stresses”'’. Therefore,
Akt has been a good target for the development of anti-
cancer drugs'""”.

Recently, a unique optic probe to activate Akt has
been developed, potentially activating endogenous Akt in

various cells". The photo-activatable Akt (PA-Akt) probe
is based on a light-inducible protein interaction module
of Arabidopsis thaliana cryptochrome2 (CRY2) and
cryptochrome-interacting basic helix—loop-helix (CIB1).
In the cells, CRY2 is expressed as a fusion protein
with Akt (CRY2-Akt), and N-terminal portion of CIB1
(CIBN) is myristoylated (Myr-CIBN), enabling CIBN
to anchor at the cell membrane. By illuminating light to
the cells, CRY2 of CRY2-Akt, interacting with CIBN of
Myr-CIBN, anchors Akt of CRY2-Akt at the cell mem-
brane. Akt can then be activated by kinases located at the
cell membrane.

In the present study, we proved that the PA-Akt probe
can activate the endogenous Akt of cells and protect cells
against biological stresses. Light illumination induced
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Akt phosphorylation of the PA-Akt probe, which further
phosphorylated endogenous Akt and its downstream sig-
nals, conferring resistance against malnutrition and oxi-
dative stresses. This will provide a unique tool to analyze
Akt-specific cellular effects and evaluate various drugs
targeting Akt.

MATERIALS AND METHODS
Cell Culture and Reagents

The oo mouse liver 12 (AML12) cells, established from
hepatocytes from a mouse transgenic for human trans-
forming growth factor-o (TGF-o), express high levels of
human TGF-o and lower levels of mouse TGF-o (ATCC,
Manassas, VA, USA). AMLI12 cells were maintained at
37°C in 5.0% CQO, in Dulbecco’s modified Eagle’s medium
(high-glucose DMEM; 450 mg/dl glucose; Sigma-Aldrich,
St. Louis, MO, USA) supplemented with 10% fetal bovine
serum (FBS). For nutritional deprivation, AML12 cells
were cultured in low-glucose DMEM (150 mg/dl glucose)
without FBS.

Generation of AMLI2 Cells Stably Expressing
the Photo-Activatable Probe for Akt Activation

The expression vectors encoding Myr-Venus-CIBN-
myc and CRY2-mCherry-Akt-V5 (Fig. 1A)" were sepa-
rately introduced into AML12 cells using Lipofectamine
2000 reagent (Thermo Fisher Scientific, Waltham, MA,
USA), in accordance with the manufacturer’s instruction.
Cells stably expressing these two proteins were obtained
after selection with G418 and hygromycin B (Nacalai
Tesque Inc., Kyoto, Japan) for 2 weeks.

Light Illumination to Cells

LED pulse irradiation device (model No. IL-03; iTest
Co., Ltd., Osaka, Japan) was used to illuminate cells with
blue light (wavelength: 450 nm, pulse drive frequency:
800 Hz). This generates various light intensities of 0.7
to 7.7 mW/cm” at the sample points.

Immunoprecipitation and Western Blot Analysis

The detailed procedure of immunoprecipitation and
Western blot to detect endogenous Akt and CRY2-Akt
(Probe-Akt) is provided in Supplementary Fig. 1 (avail-
able at http://prometheus-Isi.com/wp-content/uploads/
2017/08/Suppl-Fig-1-ORM-A-1577-Haga-S-et-al.jpg).
The following were used as primary antibodies: Akt/
phospho-Akt and glycogen synthase kinase-3 (GSK-3)/
phospho-GSK-3 (Cell Signaling Technology, Boston, MA,
USA). Endogenous Akt and CRY?2-Akt (Probe-Akt) were
detected at 60 and 130 kDa, respectively (Supplementary
Fig. 2, available at http://prometheus-Isi.com/wp-content/
uploads/2017/08/Suppl-Fig-2-ORM-A-1577-Haga-S-
et-al.jpg), because CRY2-Akt is much heavier than endog-
enous Akt".
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Evaluation of Hepatocyte Cell Death

Hepatocyte cell death was evaluated by measuring
lactate dehydrogenase (LDH) release in culture media by
LDH Cytotoxicity Detection Kit (Takara Bio Inc., Shiga,
Japan) and observing attached cells by light microscopy.
LDH detection was performed according to the manufac-
turer’s instructions. Briefly, the cell-free culture medium
(cells removed by centrifugation) was added to an equal
volume of reaction mixture (catalyst and dye solution)
and incubated at room temperature for 30 min. Then the
samples were measured by absorbance at 490 nm.

Statistical Analysis

All results were expressed as meanststandard error
of the mean (SEM). Statistical analyses were performed
with Fisher’s test, and values of p<0.05 were considered
significant.

RESULTS AND DISCUSSION

The Activation Mechanism of PA-Akt Probe
by Blue Light in Cells

Figure 1A shows the constructs of two components of
the PA-Akt probe. The PA-Akt probe consists of CRY2-
Akt (CRY2-mCherry-Akt tagged with V5) and Myr-
CIBN (Myr-Venus-CIBN tagged with myc), which were
stably transfected to AMLI12 cells. mCherry and Venus
tagged to the PA-Akt probe are fluorophores that provide
red and green colors, respectively. Therefore, they can be
used as the tracers of these two molecules of the PA-Akt
probe. By fluorescent microscopic observation, CRY?2-
mCherry-Akt-V5 was expressed in the cytosol (red). Myr-
Venus-CIBN-myc was expressed/localized at the cell
membrane because it is myristoylated (green) (Fig. 1B).
[llumination to the cells with blue light (450-nm wave-
length) induced interaction of CRY2 with CIBN, gen-
erating a “yellow” signal [mixed red (CRY2) and green
(CIBN)]. This indicates that the Akt of CRY2-mCherry-
Akt-VS5 was anchored near the cell membrane. These data
indicate that the Akt of the probe can be moved to the cell
membrane by illuminating with blue light, and Akt is then
expected to be phosphorylated/activated by the kinases
located at the cell membrane.

Phosphorylation of the Probe-Akt and Endogenous
Akt/GSK-3 of AMLI2 Cells by Blue Light Illumination

Next, we studied whether Akt of the PA-Akt probe
(probe-Akt) and endogenous Akt are phosphorylated/acti-
vated in AMLI12 cells stably transfected with the PA-Akt
probe (AMLI12/PA-Akt cells). AML12/PA-Akt cells were
stimulated intermittently and continuously illuminated
by blue light (5 s/min/set). The illumination of blue light
promptly induced phosphorylation of probe-Akt at S473
and T308 sequentially by light illumination (Fig. 2A).
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Figure 1. Generation of cells stably transfected with photo-activatable Akt (PA-Akt) probe. (A) CRY2-mCherry-Akt tagged with V5
and Myr-Venus-CIBN tagged with myc were stably transfected into AML12 cells (AML12/PA-Akt cells). mCherry and Venus are flu-
orophores and provide red and green colors, respectively. Myr stands for myristoylation signal. Plant cryptochrome 2 (CRY2) and the
N-terminal of cryptochrome-interacting basic helix—loop—helix (CIBN) of a light-inducible protein interaction module work together
under blue light illumination. (B) The photomicrographs and schematic illustration demonstrate the mechanism as to how the light
affects the two molecules and activates Akt in cells. CRY2-mCherry-Akt-V5 and Myr-Venus-CIBN-myc were expressed/localized in
the cytosol (red) and cell membrane (green), respectively. By illuminating the cells with blue light (450-nm wavelength, 3.4 mW/cm®),
cytosolic CRY2-mCherry-Akt-V5 moved to the membrane and interacted with Myr-Venus-CIBN-myc, thereby providing a “yellow”

signal mixed with red and green colors.

Phosphorylation of the probe-Akt at T308 occurred later
than at S473. Phosphorylation of T308 is considered to
be more important for Akt activation®, so 10 sets of light
illumination may be required for sufficient Akt activity.
Therefore, we performed the following experiments
at 10 sets of light illumination with various light inten-
sities. The light illumination induced phosphorylation
of endogenous Akt, depending on the light intensity
(Fig. 2B). This also phosphorylated GSK-3f3, one of the
main downstream signals of Akt. These data indicate that

the activation of the PA-Akt probe by light illumination
activates endogenous Akt and its downstream signals in
cells and is therefore expected to regulate Akt-associated
cellular functions.

Photo-Activated Akt and Cellular Resistance
Against Stresses

We next challenged the AMLI12/PA-Akt cells with
various stresses, such as nutritional deprivation and oxi-
dative stress. Nutrition was deprived by the replacement
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Figure 2. Phosphorylation/activation of Akt of the PA-Akt (probe-Akt) and endogenous Akt/GSK-3 by light illumination. (A) Western
blot analysis showed the expression of probe-Akt at 130 kDa (see Supplementary Fig. 2, available at http://prometheus-Isi.com/wp-
content/uploads/2017/08/Suppl-Fig-2-ORM-A-1577-Haga-S-et-al.jpg). Probe-Akt was sequentially phosphorylated at S473 and T308
in AML12/PA-Akt cells by light illumination (1 set; 5 s/min, 3.4 mW/cm®). Light was not illuminated in “No LL.” IP and IB stand for
immunoprecipitation and immunoblot, respectively. (B) Endogenous Akt was detected at 60 kDa. Light illumination induced phos-
phorylation of endogenous Akt and glycogen synthase kinase 38 (GSK-3B), depending on the light intensity. The conditions of light
illumination were 5 s/min x 10 sets at the light intensities of 2.3, 4.3, and 7.0 mW/ cm® for LI-1, LI-2, and LI-3, respectively. Light was
not illuminated to “LI-0.” GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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Figure 3. Prosurvival effects of photo-activated Akt in AML12/PA-Akt cells. (A) AML12/PA-Akt cells were protected against 24-h
nutritional deprivation [lactate dehydrogenase (LDH) release and cell detachment]. For nutritional deprivation, Dulbecco’s modi-
fied Eagle’s medium (DMEM; 450 mg/dl glucose) with 10% fetal bovine serum (FBS) was replaced to DMEM (150 mg/dl glucose)
without FBS. Conditions of light illumination: 1 (LI-1), 2 (LI-2), and 5 (LI-3) s/min x 10 times with the light intensity of 3.4 mW/cm’.
Light was not illuminated in “LI-0.” (B) AML12/PA-Akt cells were protected against hydrogen peroxide (H,0,) (LDH release and cell
detachment). Light was not illuminated to “LI-0.” Light was illuminated 12 h (LI-1), 6 h (LI-2), or O h (LI-3) prior to H,O, treatment
(1 mM). Light intensity: 3.4 mW/cm®. Results are expressed as mean *standard error of the mean (SEM) of three independent experi-
ments, with p<0.05 considered significant.
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of DMEM (450 mg/dl glucose) with 10% FBS to DMEM
(150 mg/dl glucose) without FBS. Twenty-four hours
of nutritional deprivation induced marked cell death of
AMLI12/PA-Akt cells (Fig. 3A). By illuminating light
prior to nutritional deprivation, cell death was signifi-
cantly suppressed depending on the time of light illumi-
nation. As an oxidative stress to cells, hydrogen peroxide
(H,0,) was administered to AML12/PA-Akt cells. H,0,
(1 mM) was enough to induce significant cell death 24 h
after H,O, treatment. AML12/PA-Akt cells were signifi-
cantly protected against oxidative stress by illuminating
light prior to H,O, treatment (Fig. 3B). LDH release and
cell detachment were both suppressed by light illumina-
tion. The light illumination just before H,O, challenge
was most effective in protecting cells, indicating that the
effect of light activation of cellular Akt was transient and
did not last long. In this way, photo-activated Akt was
demonstrated to protect cells against biological stresses
such as nutritional deprivation and oxidative stress.

In conclusion, the PA-Akt probe phosphorylated/
activated cellular Akt in AML12 cells in a time- and
intensity-dependent fashion with regard to light illumi-
nation. Though the effect of the PA-Akt probe seemed
transient, it conferred resistance against various phys-
iopathological stresses. Studies are ongoing to evaluate
the efficacy of this probe against other types of stresses
such as ligand/signal-mediated cell death. Therefore,
the optimal conditions must be examined to induce and
sustain sufficient Akt activity according to the purposes
and experiments. The PA-Akt probe can be a unique and
useful tool to study Akt-associated cell functions and to
develop anticancer drugs.
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