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Interaction of CRMP1 and Filamin-A regulates F-actin-cytoskeleton.

Nakamura, Fumio
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Sema3A, an axon guidance molecule, repels neurite outgrowth. This action
accompanies the collapse of actin-cytoskeleton in the neuronal growth cones. We found that CRMP1, an
intracellular mediator for Sema3A-signaling, interacts with Filamin-A, an actin binding protein. In C.
elegans, Filamin-1 (Filamin-A homologue) is involved in DD/VD motoneuron guidance with UNC-33 (CRMP1
homologue). CRMP1 binds N- and C-termini of Filamin-A and alters its ternary structure. We determined the
interaction residues in Filamin-A and CRMP1. Overexpression of the point-mutants of those residues in
cultured neurons interferes Sema3A-response. Sema3A induces phosphorylation of CRMP1. A phospho-mimicking
mutant of CRMP1 binds Filamin-A with higher affinity than wildtype. The phospho-mimicking CRMP1
interferes the actin cytoskeleton weaved with F-actin and Filamin-A. These results suggest that
phosphorylated CRMP1 removes Filamin-A from actin-cytoskeleton in turn to bring the collapse in
Sema3A-signaling.

Sema3A CRMP1 Filamin-A



3A
Sema3A
(Nakamura, 2000) Sema3A
(DRG)

Neuropilin-1/Plexin-A
Plexin-A

Collapsin response mediator protein
(CRMP) Sema3A
(Goshima, 1995) CRMP
CRMP1~CRMP5
CRMP1/2 Sema3A
Fyn Cdk5, GSK38

(Uchida,
2005,2009) CRMP2
(Yoshimura, 2005)
Sema3A CRMP1
Sema3A CRMP1
(Yamashita, 2007)
Sema3A CRMP1
CRMP1 UNC-33
Bait Yeast two hybrid
Filamin-1
Filamin-1 Filamin-A CRMP1
Filamin-A Sema3A
CRMP1
UNC-33 Filamin
Sema3A CRMP1
Filamin-A
Filamin-A CRMP1
Filmain-A CRMP1
DRG Sema3A
CRMP1
Filamin-A
Filamin-A CRMP1
in vitro
CRMP1-Filamin-A
Sema3A

Filamin-1 UNC-33
Filamin-1(fln-1)

(tm545) DD/VD GFP
Filamin-1 unc-33 (e204)
(mn407)

DD/VD

Filamin-1

unc-33
Sema2A

Plexin-2 (tm729)

Filmain-1

Filamin-A CRMP1
Filamin-A ABD CRMP1

Dot
blot

[BE SNF-EALICDOWNT, 1 ~8T7 I D

Filamin-A, CRMP1

bioassay
Filamin-A CRMP1

(DRG)
Sema3A
Filamin-A CRMP1
Filamin-A
CRMP1

Filamin-A CRMP1
Filamin-A  F-actin
CRMP1
HEK293

Filamin-A-ABD CRMP1
ABD CRMP1

CRMP1-Filamin-A

CRMP1-Filamin-A
Sema3A

filamin-1 wunc-33
DD/VD
14~17KDOZHEMHMED B FAIRITBLIEE S

A

(dorsal nerve cord)



Filamin-1 (tm545)
DD/VD
B unc-33 (e204)
C
filamin-1(tm545) unc-33(e204)
D, E unc-33
(mn407)
( 1B unc-33  filamin-1
DD/VD
Sema2A
Filamin-1
Filamin-1 (tmb45)
Sema2A Plexin-2
(tm729)
F Filamin-1

Sema2A/Plexin-2

Filamin-1 A)
DD/VD 14~17
DD/VD
B) filamin-1 (tm545)
DD/VD
C) unc-33 (e204)

D) filamin-1(tm545)
unc-33(e204) DD/VD
E) filamin-1(tm545)
unc-33(e204)

unc-33(mn407) filamin-1

unc-33 ** p<0.01, T-test.

) plexin-2 filamin-1 DD/VD

filamin-1(tm545)  filiamin1(tm545); plexin-2
(tm729)

CRMP1 Filamin-A

Filamin-A CRMP1

A HEK293T
Filamin-A CRMP1
DRG
Filamin-A RNAi
Sema3A
B, C Filamin-A  Sema3A
Filamin-A (ABD)
(Ig)
Filamin-A
CRMP1
CRMP1 ABD
Ig24 A ABD

>

control IgG
anti-Filamin-A

=]
2
S

blot: =
ant-CRMP1 | g

]

i

anti-Filamin-A

Filamin-A
DRG

RNAi
C

93~96

DRG
ABD) Ig24

D-F

Sema3A

A

BSA

A0 | @

5 1915
- 1921
,;gﬂ 15 / 2

5 191620 1623

~CHI
“cH2

Slg21-24
g g o4 @

D _contol widype _AABD

1]

none

SemagA|

Alg1-15
o H

Sema3Al|

Filamin-A
A)Filamin-A
dot blot

Ig24

C) 93~
93-96AA,

Sema3A

CRMP1

Sema3A
247

Filamin-A CRMP1

Filamin-A

Filamin-A

Aliu RI6A

(Q95A, R96A)

Filamin-A

Control  Filamin-A 20 =

SIRNA SiRNA none
mSemasA

none

¢

Sema3A /v

Control SIANA ~ Filamin-A SIRNA

A)
CRMP1
Filamin-A RNAi

B, O
Sema3A
Sema3A
Filamin-A
Sema3A
) Filamin-A RNAi
** p<(0.01, T-test.

CRMP1
B

CRMP1
C
ABD
(A Tg24) R96A

(A

Sema3A

Igl-15 (A Igl-15)
Ig24
ABD

Sema3A

ABD

(R96)

8 50
®

5 4
§ 40
£ 30

cont wildiype AABD Algi-15 Alg24

wildtype Q95A R9BA

CRMP1
Filamin-A
ABD
B)ABD 93~96
GIn95 Arg96
Filamin-A
CRMP1

96

D-F) Filmain-A
DRG
AABD
GIn95
Sema3A

Sema3A
(AIg24)
Ala

ABD Ig24

Arg96

245~247
DRG

(N247)
Sema3A



Filamin-A CRMP1 Sema3A

CRMP1
Sema3A
CRMP1 522

Cdk5
Sema3A
CRMP1
CRMP1(S522D) CRMP1
Filamin-A

DRG

CRMP1(S522D)
Filamin-A  RNAi

Filamin-A CRMP1

Filamin-A CRMP1

Filamin-A (ABD)
Ig Ig24
Filamin-A V
CRMP1 Filamin-A
ABD 1Ig24 Filamin-A
Filamin-A
CRMP1(S522D)
AFM Filamin-A
A% 140 nm
4A-C CRMP1(S522D)
40nm 4D-F
Filamin-A CRMP1(S522D)
60nm
4G-1
Filamin-A 650nm3 AFM
CRMP1 362nm?3
Filamin-A CRMP1(S522D)
4G,
1680nms3
Filamin-A CRMP1

Filamin-A CRMP1(S522D)

Filamin-A CRMP1
Filamin-A F-

CRMP1(S522D) Filamin-A F-

CRMP1 Filamin-A
Sema3A
CRMP1 Filamin-A HEK293
Filamin-A F-
Sema3A
CRMP1(N247A)
Filamin-A(R96A)
Sema3A
CRMP1
Filamin-A

Filamin-A

Filamin-A, CRMP1
A, B)Filamin-A Y V
C)Filamin-A
140nm

Ig
C-E)CRMP1(S522D) 40nm 0.5nm
F-G)Filamin-A CRMP1(S522D)
60nm. S 2~ 4nm
Filamin-A CRMP1

CRMP1 Sema3A

v Sema3ARIHIZ kU
ok UV BEEh.
— SEMEIELT=CRMP1
Filamin-A
—_

Filamin-AlZ& Y
EigEht
TOF A

Filamin-A[LCRMP1&#8& L.
TFOFU NSRS D,
FOFUMHEIXIES LS5,

E15 CRMP1 Filamin—-ADFAE ¥ AR

ABD CRMP1
ABD CRMP1

ABD CRMP1
ABD CRMP1

1.46p M

Sema3A
CRMP1 Filamin-A
CRMP1
Filamin-A

Sema3A



~ (Nakamura,
2014)

Goshima Y et al Nature 376:509-14, 1995.

Nakamura F et al J Neurobiol 44: 219-229,
2000.

Nakamura F et al Nat Commun doi:
10.1038/ncomms6325. 2014.

Uchida Y et al Gene Cell 10:165-79, 2005.

Yamashita N et al J Neurosci 27:12546-54,
2007.

Yoshimura T et al Cell 120:137-49, 2005.

*corresponding author
Fukuda N, Naito S, Masukawa D,
Kaneda M, Miyamoto H, Abe T, Yamashita
Y, Endo I, Nakamura F*, Goshima Y*.
Expression of ocular albinism 1 (OA1), 3, 4-
dihydroxy-  L-phenylalanine  (DOPA)
receptor, in  both  neuronal and
non-neuronal organs. Brain Res.
1602:62-74, 2015.
doi: 10.1016/j.brainres.2015.01.020.

Hida T, Nakamura F, Usui H, Takeuchi
K, Yamashita N, Goshima Y*.
Semaphorin3A-induced axonal transport
mediated through phosphorylation of
Axin-1 by GSK3B Brain Res
1598:46-56, 2015.
doi: 10.1016/j.brainres.2014.12.028.

Nakamura F*, Kumeta K, Hida T, Isono
T, Nakayama Y, Kuramata-Matsuoka E,
Yamashita N, Uchida Y, Ogura K,
Gengyo-Ando K, Mitani S, Ogino T,
Goshima Y*. Amino- and carboxyl-terminal
domains of Filamin-A interact with
CRMP1 to mediate Sema3A signalling. Nat
Commun. 2014 Oct 31;5:5325. doi:
10.1038/ncomms6325. 2014.

Yamashita N, Usui H, Nakamura F,
Chen S, Sasaki Y, Hida T, Suto F,
Taniguchi M, Takei K, Goshima Y*.
Plexin-A4-dependent retrograde
semaphorin 3A signalling regulates the
dendritic localization of GluA2-containing
AMPA receptors. Nat Commun
2014 Mar 6:5:3424. doi:

10.1038/mcomms4424, 2014.

Isono T, Yamashita N, Obara M, Araki T,
Nakamura F, Kamiya Y, Alkam T, Nitta A,
Nabeshima T, Mikoshiba K, Ohshima T,

Goshima Y*. Amyloid-825-35 induces
impairment of  cognitive function
andlong-term potentiation through
phosphorylation  of  collapsinresponse

mediator protein 2. Neurosci Res 77
180-185, 2013.
doi: 10.1016/j.neures.2013.08.005.

64:
498-499, 2013.

Takagawa S, Nakamura F*, Kumagai K,
Nagashima Y, Goshima Y, Saito T*.

Decreased  Semaphorin3A  expression
correlates with disease activity and
histological features of rheumatoid

arthritis. BMC Musculoskelet Disord.
doi: 10.1186/1471-2474-14-40, 2013.

Kou K, Nakamura F*, Aihara M, Chen
H, Seto K, Komori-Yamaguchi J, Kambara
T, Nagashima Y, Goshima Y, Ikezawa Z*.
Decreased expression of semaphorin-3A, a
neurite-collapsing factor, is associated with
itch in psoriatic skin. Acta Derm Venereol

92: 521-528, 2012.

doi: 10.2340/00015555-1350

Nakamura F and Goshima Y The
interaction of CRMP1 and an actin binding
protein Filamin-A mediates Sema3A
signaling. ISN Special Conference 2014
9.22

Nakamura F and Goshima Y Collapsin
Response Mediator Protein 1 augments
Filamin-A and F-actin interaction in
Sema3A-signaling.

2013. 6.22
Sema3A
Filamin-A
CRMP1 85
2012.12.15

http://www.yokohama-cu.ac.jp/amedrc/res/
nakamura 201410.html




eY)

Nakamura, Fumio
10262023
2
Arita, Kyohei
40549648
Yamashita, Naoya
40508793
Hashimoto, Hiroshi

40336590




