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Control of macropinocytosis by photomanipulation of Racl activity
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We attempted to characterize the activation and deactivation of Racl in
macropinocytosis using microscopic photo-manipulation. Expression of genetically encoded
photoactivatable(PA)-Racl in RAW264 macrophages enabled the local, reversible control of macropinocytosis
using blue laser irradiation. Marked membrane ruffling and unclosed pre-macropinosomes were observed in
the irradiated region of macrophages under the persistent activation of PA-Racl. Although P14,5P2 and
actin accumulation were observed to this region, the recruitment of maturating endosome markers, such as
PI3P and Rab21, was restricted until PA-Racl deactivation. After deactivating PA-Racl by ceasing
irradiation, membrane ruffling immediately receded, and the macropinosomes acquired maturation markers.
These data suggest that activation of Racl is sufficient to induce membrane ruffling and macropinocytic
cup formation, but subsequent deactivation of Racl is required for macropinosome closure and further
maturation.

Racl



G Ras, Rho, Rab,

ARF, Ran subfamily
GTPase GTP GTP  GDP
GDP  GTP
GTP
Rho family
Racl
ON OFF
RNA
ON,OFF
FRET
Rac  Ras
Klaus Hahn
GTP
ON
OFF
Wu et al. Nature,2009
kinase phototropin
light-oxygen-voltage (LOV) domain
Racl LOV domain
Racl
OFF
ON
photoactivatable(PA)-Racl
Racl

Racl

Rac

(
)
Racl
Racl
Rac ,Cdc42
Racl
PA-Racl DNA  RAW264
Neon
(Invitrogen)
mCherry PA-Racl mCherry
Racl
Carl Zeiss LSM700
445 nm
Racl
Rab YFP
GFP
Racl
Racl
Racl
PA-Racl
Racl
PA-Racl

optogeneic microscopy system (



)

PA-Racl PC3
Racl
Racl
ON OFF
Racl PI3K
PI3K PA-Racl
Racl PI3K
PA Racl RAW264
Racl
ON OFF

(b)

(c)

Fig.1 PA-Racl

@ (b)
©
mCherry PA-Racl
(Fig.1a)
P1(4,5)P2
PI3P, Rab2l
Rab21
(Fig.2)
Racl

Racl

ON

Scientific
Reports (2013) Frontiers
in Physiology(2014)
Fig.2 Racl €)) Rab21
Rab21
1gG
Fc
PA-Racl Fc
IgG
Racl
ON OFF
1gG
Racl ON 19G
Racl OFF
Racl ON OFF
PC3
Racl ON,OFF
PI3K PA-Racl
Racl
PI3K

PI13K



PLOS
ONE(2014)

Egami, Y., Fujii, M., Kawai, K., Ishikawa,
Y., Fukuda, M., Araki, N.. Activation-
inactivation cycling of Rab35 and ARF6 is
required for phagocytosis of zymosan in
RAW?264 macrophages. J. Immunol. Res. (2015)
in press.

Egami, Y., Taguchi, T., Maekawa, M., Arai,
H., Araki N.. Smal GTPases and
phosphoinositides in the regulatory mechanisms
of macropinosome formation and maturation.
Front. Physiol. 5, article 374 (2014) doi:
10.3389/f phys.2014.00374

Maekawa, M., Terasaka, S., Mochizuki, Y .,
Kawai, K., Ikeda, Y., Araki, N., Skolnik, E. Y.,
Taguchi, T., and Arai, H.: Sequential breakdown
of  3-phosphorylated  phosphoinositides is
essential for the completion of macropinocytosis.
Proc. Natl. Acad. <ci. U. S A. 111, E978-987
(2014). doi:10.1073/pnas.1311029111.

Kato, T., Kawai, K., Egami,Y., Kahehi, Y.,
Araki, N.: Racl-dependent lamellipodial motility
in prostate cancer PC-3 cells revealed by
optogenetic control of Racl activity. PLOS ONE,
9, €97749 (2014) doi: 10.1371/journal.pone.
0097749 .

Araki, N., Tkeda, Y., Kawai, K., Egami, Y.,
Miyake, K., Tsurumaki, N., Yamaguchi, M.:
Development of an automated fluorescence
microscopy system for photomanipulation of
genetically encoded photoactivatable proteins
(optogenetics) in live cells. Microscopy 63,
255-260 (2014) doi: 10.1093/jmicro/dfu003

Fujii, M., Kawai, K., Egami Y., Araki, N.:
Dissecting the roles of Racl activation and
deactivation  in  macropinocytosis  using
microscopic  photo-manipulation.  Scientific
Reports 3, 2385, (2013) doi:10.1038/srep02385

15

Araki, N.: Optogenetic analysis of
spatiotemporal regulation of macropinocytosis

and phagocytosis through Racl switching in
macrophages. 120
, 92
2015 3
2123,

Ikeda, Y., Kawai, K., Araki, N.: Molecular

mechanism of phagosome formation by
Raclswitching control both in space and time.
120
92

2015 3 21-23

Kato, T., Kawai, K., Egami, Y., Araki, N.,

Kakehi, Y. Optogenetic control of
Racl-dependent lamellipodial motility in prostate
cancer PC-3 cells. 66

2014 11 6-8
Zymosan Ritl GTPase

119
2014 3 27-29
Rab35
119

2014 3 27-29
(migration) GTPase Racl

optogenetics . 23
2014 3 14-15

photo-manipulation .
68 2013
10 19-20

Zymosan Ritl GTPase
54

2013 9 27-28

Racl



69 2013

5 20-22
R : Photo-activatable Racl
. 35
2012 12 11 -14
s Racl
Racl 65

2012 11 23

R Photo-activatable Racl

2012 9 1

Araki, N., Fujii, M., Kawai, K., Egami, Y.:
Control of macropinocytosis by  photo-
manipulation of Racl (Workshop lecture). 14™
International Congress of Histochemistry and
Cytochemistry 2012 8  26-29

, Photo-activatable Racl

117
2012 3 26-28

G Racl

67 2011 5 16-18

@
ARAKI1 Nobukazu
10202748

@
KAWAI Katsuhisa
80534510

©)

EGAMI Youhei

80432780

©)
MIYAKE Katsuya
30219745
®)
FUJII Makoto
30398086



