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The development of light-activatable proteins for inducing mechanical
stimulation in the cells
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Vertebrates have the cells which receive the mechanical force from the outer
world and translate to the intracellular signaling. However, it is not clear the strength of
mechanical stimulation at the local area of the cell and how the signals transduce from cell to cell
because these mechanosensory cells are often embedded in the hard tissues like bone. So, we
developed the non-contact method to provide mechanical stress in the specified area of the cell by
using visible light. We made some light-activatable protein pairs containing LOV domain (light
accepting module) and actin-depolymerizing proteins. The expressing vectors of light-activatable
proteins were transfected into the MC3T3-El cells. The irradiation of blue light to the cells has

resulted in a decrease of the actin filament. As this effect is not so remarkably, the improvement
of light-activatable proteins is needed.



3
(cell
process) -

(MS )

15 pN

channel rhodopsin

Na

small G

actin
actin
cryptochrome
2-Cib

actin

()
actin

actin

actin

actin actin

5-7 nm
actin
profilin actin
actin

actin

Glia maturation factor
cofilin

cofilin
beta (GMFB)
cryptochrome 2-Cib

actin
actin
GMFB actin-related protein 2/3
(Arp2/3) actin
actin
488 nm
LOV
domain actin
cofiin GMFB actin
(1)
MC3T3-E1

10%FBS 30 unit/ml penicillin 30 pg/ml
streptomycin a MEM (WAKO)
37 5% CO2 100

(2) actin
actin
2
actin
actin
1
2 1
ug neon transfection system
(Thermo Fisher Scientific)
MC3T3-E1
10%FBS o MEM ( )
2
3

HBS buffer



TCS SP8

(Leica) 488 nm 552 nm
493-557 nm
588-700 nm
488 nm
10 1 1
10
(1) actin
actin TULIPs
2
2
@ 2 488 nm
Ja
LOV
(LOVpep) Erbin PDz
(ePDZb1)
Ja  ePDzbl
2 2
2
LOVpep actin
actin
actin
yeast  Abpl40 17
LifeAct rat actin-binding
inositol 1,4,5-trisphosphate-3-kinase A
43 F-tractin 2
2
actin
GFP
1 ePDZbl
actin
cofilin GMFB
mCherry
Cofilin
wild type actin
actin
() 2
(S3A, S120A) actin
2 1
488 nm
actin
(2) MC3T3-E1
1) 2
MC3T3-E1

HEK?293

MC3T3-E1
actin LOVpep
actin

LifeAct LOVpep

actin
F-tractin

actin

cofilin GMFB

LOVpep
actin

GMFB
actin
LOVpep

cofilin

actin
LOVpep

actin
cofilin

LOVpep
GMFB

2
cofilin GMFB

actin

2
2
MC3T3-E1 HEK293

LOVpep
MC3T3-E1

@)
2



(actin
) 488 nm
(10%) 1 1
10
cofilin
GMFB
actin
actin
actin
LOVpep
actin
actin
actin
3
1
actin 2
LifeAct F-tractin
actin
LifeAct
2
actin
cofilin GMFB
cofilin GMFB actin
cofilin
LOVpep
2
actin
cofilin
actin cofilin
actin
3
TULIPs
LOVpep ePDzbl
2
2
2

LOVpep ePDzbl

actin

(1) Robert M Hughes and David S
Lawrence. Optogenetic Engineering:
Light-Directed Cell Motility. Angew.
Chem. Int. Ed. 53, 10904-10907, 2014.

(2) Devin Strickland, Yuan Lin, Elizabeth

Wagner, C Matthew Hope, Josiah
Zayner, Chloe Antoniou, Tobin R
Sosnick, Eric L Weiss and Michael
Glotzer. TULIPs: tunable,

light-controlled interacting protein tags
for cell biology. Nature Methods 9,
379-384, 2012.

1

(1) Yasushi Yabuki, kazuya Matsuo,
Hisanao lzumi, Hidaka Haka, Takashi
Yoshida, Minoru Wakamori, Akikazu
Kakei, Kenji Sakimura, Takaichi
Fukuda. Pharmacological properties of
SAK3, a novel T-type voltage-gated
Ca?* channel. Neuropharmacology 117,
1-13, 2017. DOl:
10.1016/j.neuropharm.2017.01.011.

13
(1) Kaori Takahashi, Takashi Yoshida and
Minoru Wakamori. The regulatory
function of Wnt5a, secreted from
periodontal ligament cells loaded with

mechanical stimuli, in axonal
elongation of peripheral nerves.
2017
2
Wnt5a
2017

®)




Wntba 59

2017
(4)
2017 2017
G
90
2017
(6)
58
2016

(7) Kaori Takahashi, Takashi Yoshida and
Minoru Wakamori The role of the
periodontal ligament cells in neuronal
differentiation induced by mechanical
stimuli. Oral Neuroscience 2016, 2016

(8)

2015 2015

1)
Takashi Yoshida

)

Minoru Wakamori



