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Elucidation of phosphorylation signal regulating the cell polarity
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The establishment and maintenance of cell polarity is essential to a wide
range of biological processes, including axon formation and cell migration. In elucidating of
molecular basis of cell polarization, cell polarity proteins such as PAR complex, and Scrib complex
have been studied. In these studies, various kinases have been shown to act as cell polarity
regulators. However, how these kinases regulate cell polarization is poorly understood. In this
study, we used our recently developed proteomic system and identified numerous candidate substrates
downstream of polarity-related kinases. Based on the substrate screening results, we analyzed the
spatiotemporal dynamics and function of the identified substrates during cell migration. Recently,
we also revealed how neurons can grow only a single axon while preventing the formation of
unnecessary axons during neuronal polarization.



Par

Scrib Crb
Wnt
Hippo
Rho, Rac, Cdc42
GTPase Rho
HRARTSHRBIZ S 1 DB AL
Anterior Posterior Jo Jo j,,
£ = Par complex
Par complex Parl o)
C. elegance Zyogote Drosophila Neuroblast
Par complex Par complex
lél W Apical
) LI EPs S
Apico-basal polarity
@ i Par complex
sA _
—A~
Axon Determination MTOC reorientation
Par
Rho-kinase Rho-kinase

IQGAP1 Tiaml/STEF Numb

Rac/Cdc42

CRMP2

Par3/aPKC CaM

aPKC, Parl/MARK, GSK3B, Rho-kinase,

Pak, LKB, Hippo/MST, LATS

aPKC, PAK, LKB, Cdk5 MARK )

(Rho-kinase,

@
KISS in vitro
KISS
LC-MS/MS
PIKISS invivo
VIVO
(PIKISS )
@
A
.03

in



BWICHEIEIZ Lo THEl (A b)) ERE

ShRNA

Cre-loxP

RNAI
Time-lapse imaging

KISS in vitro

in vitro
KISS

Rho-kinase PAK7 PKN LYN FYN PKA
MAPK1 CDK5 CaMK 1

KISS
Rho-kinase PKA MAPK1 CDK5 CaMK I PAK7
PKN LYN FYN
356 422 299 184 244 181 206 643
1062 Rho-kinase
Scrib Rho-kinase
Shroom2
Rho-kinase 3
J Cell Biol.2015
KISS
ERK PKA
ERK PKA
214 340
Rho-kinase
329
KISS
29
KISS
CARP
Rho-kinase
CARP  T102/S314
CARP H9c2
Cell Struct Funct.2016
PIKISS invivo

PIKISS
14-3-3

Pinl-WW CHEK2-FHA DLG1-GK

PIKISS
WW FHA
14-3-3
3
Kinase
oriented substrate screening (KiOSS)
HelLa PKA
14-3-3  Pinl-Ww
CHEK2-FHA 36 26 46
Shohag Cell Struct
Funct.2015
®
/(3)
CLIP-170
PIk1
CLIP-170
CLIP-170
PIk1
S312
Cell Struct
Funct.2014
EB
TTBK2
KIF2A
TTBK2 KIF2A  S135
KIF2A
EB1/3
TTBK2 N
EB3
EB1/3 TTBK2
JCell Biol .2015
CLASP2  Par3/Par6/aPKC
aPKC
CLASP2
GCC185



aPKC  CLASP2
Par CLASP2
(
Cell.2015)
Tiaml  Rac
Rac
Tiaml
aPKC  Tiaml N
Tiaml N
GEF
Tiaml Par
aPKC Tiaml G
N
Par
B
B
Par aPKC
Rac

Mol Biol Cell.2015

PDGF (9 PDGF (+)

PIP, PIP3

'y AW %O
o \\v%ﬁr
& ‘
Par3 KIF3
Par3
Erk2 Erk2
Par3 Par3 KIF3
Par3
Par3
Par3 Erk2
KIF3
Par3
Par3
Erk2 Par3
( J Neurosci,2013)

Mol Biol

Par

EF
Rac

PDGF
PDGF

Tiaml

PIP.

-

GEF-H1
GEF-H1

NT-3

CaMK 1

CaMK Rho-GEF

RhoA/Rho-kinase

RhoA/Rho-kinase

Nature Comm.2017

(
)
" Touch & Go”
TAG1
TAG1
Src Lyn
GTPase Racl
Neuron,2014
60%
40%
N-
RhoA

REIR

R

BETH

BAEH

(Xu

, J Neurosci,




19
(1) Takano T, Wu M, Nakamuta S, Naoki H,
Ishizawa N, Namba T, Watanabe T, Xu C,
Hamaguchi T, Yura Y, Amano M, Hahn KM,
Kaibuchi K., Discovery of Long-Range
Inhibitory Signaling to Ensure Single Axon
Formation. Nature Communications
2017 in press.
(2) Nagai T, Yoshimoto J, Kannon T, Kuroda
K, Kaibuchi K., Phosphorylation Signals in
Striatal Medium Spiny Neurons. Trends
Pharmacol Sci. 37, 2016, 858-71,
doi: 10.1016/]j-tips.2016.07.003.
(3) Yura Y, Amano M, Takefuji M, Bando T,
Suzuki K, Kato K, Hamaguchi T,
Hasanuzzaman Shohag M, Takano T, Funahashi
Y, Nakamuta S, Kuroda K, Nishioka T,
Murohara T, Kaibuchi K., Focused
Proteomics Revealed a Novel Rho-kinase
Signaling Pathway in the Heart. Cell
Struct Funct. 41, 2016, 105-20,
doi: 10.1247/csf.16011.
(4) Matsuzawa K, Akita H, Watanabe T,

10.1152/physrev.00025.2014.

(9) Shohag MH, Nishioka T, Ahammad RU,
Nakamuta S, Yura Y, Hamaguchi T, Kaibuchi
K, Amano M., Phosphoproteomic Analysis
Using the WW and FHA Domains as Biological
Filters. Cell Struct Funct. 40,
2015, 95-104. doi: 10.1247/csf.15004.
(10) Amano M, Hamaguchi T, Shohag MH,
Kozawa K, Kato K, Zhang X, Yura Y, Matsuura
Y, Kataoka C, Nishioka T, Kaibuchi K.,
Kinase-interacting substrate screening is
a novel method to 1identify Kinase
substrates. J Cell Biol. 209, 2015
895-912. doi: 10.1083/jch.201412008.
(11)Tsuboi D, Kuroda K, Tanaka M, Namba T,
lizuka Y, Taya S, Shinoda T, Hikita T,
Muraoka S, lizuka M, Nimura A, Mizoguchi
A, Shiina N, Sokabe M, Okano H, Mikoshiba
K, Kaibuchi K., DISC1 regulates transport
of 1TPR1 mRNA for synaptic plasticity. Nat
Neurosci . 18, 2015, 698-707. doi:
10.1038/nn.3984.

(12) Matsui T, Watanabe T, Matsuzawa K,
Kakeno M, Okumura N, Sugiyama I, Itoh N,
Kaibuchi K., PAR3 and aPKC regulate Golgi

Kakeno M, Matsui T, Wang S, Kaibuchi K.,
PAR3-aPKC regulates Tiaml by modulating
suppressive internal interactions. Mol
Biol Cell. 27, 2016, 1511-23, doi:
10.1091/mbc.E15-09-0670.
(5) Nagai T, Nakamuta S, Kuroda K, Nakauchi
S, Nishioka T, Takano T, Zhang X, Tsuboi
D, Funahashi Y, Nakano T, Yoshimoto J,
Kobayashi K, Uchigashima M, Watanabe M,
Miura M, Nishi A, Kobayashi K, Yamada K,
Amano M, Kaibuchi K., Phosphoproteomics of
the Dopamine Pathway Enables Discovery of
Rapl Activation as a Reward Signal In Vivo.
Neuron 89, 2016, 550-65, doi:
10.1016/j .neuron.2015.12.019.
(6) Xu C, Funahashi Y, Watanabe T, Takano
T, Nakamuta S, Namba T, Kaibuchi K., Radial
Glial Cell-Neuron Interaction Directs
Axon Formation at the Opposite Side of the
Neuron from the Contact Site. J Neurosci.
35, 2015, 14517-32, doi:
10.1523/JINEUROSCI .1266-15.2015.
(7) Watanabe T, Kakeno M, Matsui T,
Sugiyama 1, Arimura N, Matsuzawa K,
Shirahige A, Ishidate F, Nishioka T, Taya
S, Hoshino M, Kaibuchi K., TTBK2 with EB1/3

regulates  microtubule dynamics in
migrating cells through KIF2A
phosphorylation. J Cell Biol. 210,

2015, 737-51. doi: 10.1083/jch.201412075.
(8) Namba T, Funahashi Y, Nakamuta S, Xu
C, Takano T, Kaibuchi K., Extracellular
and Intracellular Signaling for Neuronal
Polarity. Physiol Rev. 95, 2015,
995-1024. doi:

organization through CLASP2

phosphorylation to generate cell polarity.

Mol Biol Cell. 26, 2015, 751-61.
doi: 10.1091/mbc.E14-09-1382.
(13) Hamaguchi T, Nakamuta S, Funahashi Y,
Takano T, Nishioka T, Shohag MH, Yura Y,
Kaibuchi K, Amano M., In vivo screening for
substrates of protein kinase A using a
combination of proteomic approaches and
pharmacological modulation of kinase
activity. Cell Struct Funct. 40,
2015, 1-12. doi: 10.1247/csf.14014.
(14) Namba T, Kibe Y, Funahashi Y, Nakamuta
S, Takano T, Ueno T, Shimada A, Kozawa S,
Okamoto M, Shimoda Y, Oda K, Wada Y, Masuda
T, Sakakibara A, lgarashi M, Miyata T,
Faivre-Sarrailh C, Takeuchi K, Kaibuchi K.
Pioneering axons regulate neuronal
polarization in the developing cerebral
cortex. Neuron. 81, 2014, 814-29.
doi: 10.1016/j.neuron.2013.12.015.
(15) Kakeno M, Matsuzawa K, Matsui T, Akita
H, Sugiyama 1, Ishidate F, Nakano A,
Takashima S, Goto H, Inagaki M, Kaibuchi
K, Watanabe T., PIkl1 phosphorylates
CLIP-170 and regulates its binding to
microtubules for chromosome alignment.
Cell Struct Funct.
doi: 10.1247/csf.14001
(16) Funahashi Y, Namba T, Fujisue S, Itoh
N, Nakamuta S, Kato K, Shimada A, Xu C, Shan
W, Nishioka T, Kaibuchi K., ERK2-mediated
phosphorylation of Par3  regulates
neuronal polarization. J Neurosci.
33, 2013,  13270-85.

doi:

39, 2014, 45-59.



10.1523/JINEUROSCI .4210-12.2013.

20
(1) Kozo Kaibuchi. Extracellular and
intracellular signaling for neuronal
polarity. EMBO Cortical Neural
Development. 2015.12.4-2015.12.8. Taipei
(Taiwan)
®

38
88

2015.12.1-2015.12.4.

(3) Kozo Kaibuchi. Neuronal polarization
in vivo: Growing in a complex environment.
EMBO Workshop Cotrical Development in
Health and Disease. 2015.4.26-2015.4.29.
Rehovot (Israel)

(4) Kozo Kaibuchi. Neuronal polarization
in vivo: growing in a complex environment.

Emerging concepts of the neuronal
cytoskeleton. 2015.3.22-2015.3.26.
Puerto Varas (Chile)

©) Kozo Kaibuchi. Protein

phosphorylation remains as a black box in
signal transduction: developing a new
method to search for substrates of protein
kinases such as Rho-kinase. 8th
International Conference Inhibitors of
Protein Kinases. 2014.9.21-2014.9.25.
Warsaw (Poland)

(6) Mutsuki Amano. Systematic Substrate
Screening of Protein Kinases using a
Functional Proteomic Approach. 8th
International Conference Inhibitors of
Protein Kinases. 2014.9.21-2014.9.25.
Warsaw (Poland)

(7) Kozo Kaibuchi. Molecular mechanisms
regulating formation, polarity and
migration in the developing brain. 12th
Meeting of the Asian-Pacific Society for
Neurochemistry. 2014.8.23-2014.8.26.
Kaohsiung (Taiwan)

(8) Kozo Kaibuchi. Protein Phosporylation
in Signal transduction. the 17th World

Congress of Basic and Clinical
Pharmacology (WCP2014) .
2014.7.13-2014.7.18. Cape town (South
Africa)

(9) Kozo Kaibuchi. Roles of the Rho Family
Gtpases and Related Kinases in Polarized
Migration. Gordon Research Conference
Signaling by  Adhesion Receptors.
2014.6.22-2014.6.27. Maine (USA)

(10) Mutsuki Amano. Protein
phosphorylation remains a black box in
signal transduction: Developing a new
method to search for substrates of
polarity kinases including Rho-kinase.
The 4th Asia Pacific Protein Association

(APPA) Conference. 2014.5.17-2014.5.20.
Jeju (Korea)

(11) Kozo Kaibuchi. Neuronal polarity in
vitro and in vivo. ASCB2013. 2013.12.14.
New orleans (USA)

(12) Kozo Kaibuchi. Neuronal polarity in
vitro and in vivo. International
Symposium”Neocortical Organization 2".
2013.11.22.

(13)
. 65
. 2013.6.19-2013.6.21.
(14) .
. 13
. 2013.6.12-2013.6.14.

o) 0
o) 0

https://www._med.nagoya-u.ac.jp/Yakuri/

@
(KAIBUCHI, Kozo)

00169377

@
(AMANO, Mutsuki)

90304170
(WATANABE, Takashi)

10402562
H25
(NISHIOKA, Tomoki)

70435105
(KURODA, Keisuke)

80631431
H26 - H28
(NAKAMUTA, Shinichi)

20647474
H26 -H28 2



