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WFEER R OB EL (33¢0) : Small GTPases play important roles in the formation of neural
network, especially axon guidance. We recently reported that the Sema4D receptor,
Plexin-B1, suppresses PI3 kinase signaling through R-Ras GAP activity, inducing growth
cone collapse. We then revealed that Sema4D/Plexin-B1 suppresses PI3 kinase activity
but stimulates PTEN activity, leading to Akt activity suppression, GSK3b activation and
CRMP-2 phosphorylation and then promotes growth cone collapse in hippocampal neurons.
Sema4D/Plexin-B1 suppresses the ECM-dependent R-Ras activation and R-Ras-mediated
integrin activation through R-Ras GAP activity. We also revealed that R-Ras binds to
Myo7a and stimulates its motor activity, promoting trafficking integrin to the leading edge
of plasma membrane and then induces resultant integrin activation. We here propose
that Sema4D/Plexin-B1 suppresses R-Ras-mediated Myo7a stimulation and trafficking
integrin to the plasma membrane, leading to integrin inactivation and subsequent axon
repulsion.

SR TERR
(AL - 1)
ELEER B ] F2 78 2L & &t
200 54F% 9, 400, 000 0 9, 400, 000
200 6% 18, 800, 000 0 18, 800, 000
200 7THE 16, 900, 000 0 16, 900, 000
200 8% 16, 900, 000 0 16, 900, 000
200 9% 16, 900, 000 0 16, 900, 000
ik 78, 900, 000 0 78,900, 000




RSB - [ H5E7
FERBE O 5B - M 3% - R

% —U — K : plexin. semaphorin, R-Ras. Rho. #fiZ8 %1 # > A, ephrin

1. WFZEBEAE S A D 5

FR A L R 7o M 2 H T 2 R C
ZTOREMM e EETHDIMRERE N LT
HUMNIHEE L, BRI EZ TR L. &
WRIMESRE DIE B & FIREIC LT\ 5, ffkgeid
DR EIT, MRREACHREA, AR AT
FEMEDORFE T, MO TEERAT v 7T Th D,
TR, MPRRZEE O (i & 0B HE & R ET 9 2 HE
NWhLTF oM onicEh,. B TFEGEHE
Rho7 72V —=Ras 7 7 I U — ) \iiRzeic
TRICTES S L TWA Z LRI SN, £
DHEBE D PR F T RGBT 72 E Ak 2 7o fh iR
BaolEEzdztnbhroTE, Rho 7
7 IV —OHF TR L TEY., ik
K <N EA TV D DX, Rho, Racl.
Cdc42 T, Rho [I##RZeE DiHE4 . Racl
& Cded2 1FEEMRICEAET 22 E0mMb
NLTW5, Rho 7 7 I U —I213% < OFEHEMN
F1E3 5725, Rho, Racl, Cdc42 Li4k® Rho
77U —DOMREEIZIZEEAERATH
5, AL, B Rho 77 2 U —. RhoG »”
Racl, Cdc42 @ L Cix, Znbo G &
HEZEHE L L CHREEZHMEIE S Z
L. ¥72. RhoG DR T7 =7 2 —L
LT Elmo #I[FE L. RhoG-Elmo-Dock180
2 Racl Z{5ME L CHREREMEICEET 5
ZEERLMNT LT, —H . REMZRRENE
DR T A X AR, SemadD DOZHFIK,
Plexin-B1 OffifdNfEIKAY R-Ras (ZX4 5
GAP %#HE#:=2— F L. Sema4D/Plexin-B1
7% R-Ras OIEMEZ JIf] L | #hfdhsR o 6 %
SIS T EEZALMNCLE, BT, 2
@ R-Ras GAP iEMEDFHEHIZIX, Rho 7 7 2
Y—DHd Rnd Y7773V —ICgEND
Rnd1 7’ Plexin-B1l O NfEISIZHE A9 5
ZEBMHATHALZ ERNbhoT,

2. WEOBEB

AKiF3EIL. Rho 77 I VU —<Ras 77 3 U
—OfE 2 O G EHE OO O EIZ, &
NOEOBER/RaI o= — a N HkE
BIZHRIC B W TR THREZH oL,
REEEIERIC T 2180 & G EAEREO
HEREZ AWICHEME L, (KRSIF T 2 &
EHIET 5,

3. WDk
Sema4D/Plexin-Bl (2 X A M F&{EA L. R-Ras

WX BA T 70 ARHALOEH A LT
R INDMN, RRas 2k B4 077V 9%
AT E< A TH S, £ T, R-Ras
DA T TV A D T =7 X —%
O—=_ 279570, BRE two-hybrid ¥,
TT7A4=T A4 —HTLERKRERY—R
V== TEREEHWTAZ Y —= 7
1T o7,

Rho 77 I VU— Ras 77 I U —=X°
Sema/Plexin O ¥ 7 F NARER IS B 5 55
T OMENR T A & v 2B T DHERE % i
W27, lBAE1T8BDT v MEVROM X
DHHEB L ORMEZEZRO L, BRIRL7-
MR & FIREE 2 L, Bk 4 72 cDNA % U R
7 =7 T 3 ¥R nucleofection £ % W
ThIvAT7 27 ar L, BESETHE
AT A2 AT o 7,

4. WFFERR R

Hxid., 2 F TIZ SemadD DRI,
plexin-Bl ®FHESANMEIE A R-Ras I3 2
GAP % B 4% 21— K L .R-Ras O#EM:Z 4 L.
R-Ras & L 28z EBIERHZMH T 5 2 &1z
X0, REM#EOHAESI SR _TZEE2H
EMIILTET, #2C. ZOKBIEHDS
FHERE A S O L. M Mfast~ kY
v 7 ACHERTHE, R-Ras #IEMLL. &
M. & 7= R-Ras 3 A T 7V v ZiEMALT
HI LWL VHaEAMETSZ &, £ LT,
Sema4D/Plexin—Bl |¥ R-Ras GAP VEMIZ LY
R-Ras (2K DA 77V o OIEMHALZIH L.
MROESHZIMHE T2 RNWEL, 2D
ZlICkY MROKBIER ERET L &
FHOMNMZILZ, 72, ZOEMIZIE Radl
@ Plexin-Bl ~DOFEENMNETH -T2,

L Z AT, RRas 134 77V »&iEMEL
L CHiZREZMESED, RRas BREDLH
RRETA T 7Y v ERIEMHALT D DN
2L RHTH-T=, £FZ T, R-Ras DA T
T AREMHALIE Z B ST D7, G
B R-Ras \ZFEET DT HEAZ YV —=T L
RERE. I A 773U —D 1o, MyoT I
TEPERY R—Ras MNEFRMICEAT D 2 b
577, Myo7 12250 FERM R X A %25,
1EPERY R—Ras 13 1st-FERM R A A4 IS L.
Myo7 OE— & —{EM 2R L7z, £7=, Myo7
@ 2nd-FERM R A A ZiEA T 7Y D3
&L, IEHA R-Ras-Myo7T-4 77 D3



FHEEKEZK L, R-Ras 1314 T2V v %
FfRSCEIE L, A7 7Y v ERIEE
THZENDbIoTZ, 2O X HIZ, RRas IE
ELF LW THETA T 7 RN
T2 EDnbhote,

—5. MR ORFBIEAIIT, #/NE ORLE

EBNMETHDHZ ENboo Tz, £ T,

F 9", Sema4D/Plexin-B1 |Z & 5 R-Ras GAP 7
PO TR TED XD 7y 7 F IV R ERAE T
WNEBREASOHERN 2INTHNDEDNE
AT Uz, #RRREER N T O NE O EE AL i
YEf % A9 2 CRMP-2 1% GSK3b Ik U B
b, %O NEEAIREE TS =
%o GSK3b X EHEMERID U (bR TH
D, Akt 12XV U EML S 3L TE OIEMED
il 45, SemadD/Plexin-Bl 12 X % R-Ras
GAP {EMEDY . R-Ras OIEMEZE M) L, R-Ras I
£ % P13 F—EOiEMHIbOWH], Akt DOIF
P& Wi U, GSK3b Z{& M kL C CRMP-2 ® Y
R AR L. CRMP-2 12 X AUINE A D
REER ZRET S Z L0 Xk vk K5

ERZREL WD ZERbnrolz, EHIT,

R-Ras GAP JEMEIE Plexin-Bl & TD
Plexin |ZILBD 5 T CTH D Z L M HEE
X+, Sema3A/Plexin-Al 2B W T b [AEIEEIC
R-Ras GAP JEMEIC L 0 Akt OFEMENHI, GSK3b
DIEHAEREIERBINDZ EEZHBLMNZ

L. A7 70 AEMEOH & #EgE L= Z o
HEBEDY semaphorin O FEIERH OBEE 45T
HHECTHDLZ L EHALMT L,

Ephrin I% semaphorin & #:I2RZFAY 70 )3
P DOPRENER T A X AKF T D, Ephrin
1$E DRI 722 3R, Eph Z B IRICHE G L.
KABVER 25T 5, Fxld, ephrin it X b
PRI R O K FAEF O 4 1 2 B 5 i
4 %7-% . Ephrin B3-EphAd O 7 F
JUGRTEIZBIT D Rho 7 7 2 U — DR&E| % i
L. Ephrin B3 7% EphA4 [Z#54 L CiEME LS
% & Racl OEFEE) 72 GAP TdH 5 a—chimerin
7% EphAd [Z#5A L. Racl OIEMEZIHIL.
Ephrin B3 (2 X % B8 Ol 3R SO IE A %
RESTDHEERWELE, £z,
a—chimerin OB A MH Lz~ U AT, &
IR DR T A X 2 ADELAL, EH 74T
N T&E 7L< 72> 7=, EphA IZ Ephexin-1 12 LD
RhoA Zi&EMAL$ 5 DT, RhoA Zi&EMd % —
5T, a—chimerin {Z & o T Racl O#EM: %]
# L. Rho 77 I UV —DIFEADOHIEI XY i
RHA B AEATo>TWD Z ENHL NI
AV

AR RIS EFIZHILL TV D Rho 7 7 2
V=D GCEAEDRd Y777 IV —0—8
THD Rnd2 OFRP /=727 2 —L LT
A7 T 2 BERED two—hybrid IEIZ XKD R
7 ) —="7 1L, Plagnin &% L7=#H&aro
DFxw7a—=.7 L7, Pragmin % Rnd2 ®
FEAIZ X Y RhoA Z{EMAL L. RhoA-Rho -

— B OIEMHALIC £V R ZEHE OB 2 5 &
#Z L7z, —J . Rndl IZ RhoA 245
ZENHLENTWAD T, Rndl & Rnd2 1B
HWIT v d=2T 4 v 7@ Z &
£ U | RhoA DIEVEZHIHT 2 Z & 1T L 0 A
MBORERG 2T TS DL Ebh
Do

5. ERSEHEMmCE
(WFgeiR e, WFgEs 8 R O EERF 22 5 |2
=)

CHEasam ) (RE2 4 4F)

(D Fujimoto, S., Negishi, M., and Katoh, H.
RhoG promotes neural progenitor cell
proliferation in mouse cerebral cortex. Mol.
Biol. Cell (ZFiAT) ,20,4941-4950 (2009)

@ Saito, Y., Oinuma. I., Fujimoto, S., and
Negishi, M. Plexin-B1 is a GTPase
activating protein for M-Ras, remodeling
dendrite morphology. EMBO Rep. (F 7
) ,10,614-621 (2009)

(®Takeuchi, S., Yamaki, N., Iwasato, T., Negishi,
M., and Katoh. H. p2-Chimaerin binds to
EphA receptors and regulates cell migration.
FEBS Leet. (#7¢H), 583, 1237-1242 (2009)

(DUesugi, K., Oinuma, 1., Katoh, H., and Negishi,
M. Different requirement of Rnd GTPases
for R-Ras GAP activity of Plexin-C1 and
Plexin-DI. J.Biol. Chem. (##Ff) ,284,
6743-6751. (2009)

(®Kuramoto, K., Negishi, M., and Katoh, H.
Regulation of dendrite growth by the Cdc42
activator Ziziminl/Dock9 in hippocampal
neurons. J.Neurosci. Res. (&&#HtH) , 87(16),
1794-1805 (2009)

©® Yamazaki, J., Katoh, H., and Negishi, M.
Lysophosphatidic acid and thrombin receptors
require both Gal2 and Gal3 to regulate
axonal morphology in hippocampal neurons.
Biol. Pharm. Bull. (# &t A ) , 31(12),
2216-2222 (2008)

(DUeda, S., Fujimoto, S., Hiramoto, K., Negishi,
M., and Katoh, H. Dock4 regulates dendritic
development in hippocampal neurons. J.
Neurosci. Res. (#@ifi) ,86(16),3052-3061
(2008)

Iwasato, T., Katoh. H., Nishimaru, H.,
Ishikawa, Y., Inoue, H., Saito, Y., Ando, R.,
Iwama, M., Takahashi, R., Negishi. M., and
Itohara, S. Rac-GAP a-chimerin regulates
motor-curcuit formation as a key mediator of
Ephrin B3/EphA4 forward signaling. Cell

(FHEH) , 130, 742-753 (2007)

@ Yamaki, N., Negishi, M., and Katoh, H.
RhoG  regulates  anoikis  through a
phosphatidylinositol 3-kinase-dependent




mechanism. Exp.Cell Res. (&EHiH) ,313,
2821-2832 (2007)

@0 Oinuma, 1., Katoh, H., and Negishi, M.
R-Ras controls axon specification upstream of
GSK-3b through integrin-linked kinase. J.
Biol. Chem. (##Fif7) ,282,303-318 (2007)

@ Hiramoto, K., Negishi, M., and Katoh, H.
Dock4 is regulated by RhoG and promotes
Rac-dependent cell migration. Exp. Cell Res.

(EHA) ,312,4205-4216 (2006)

(@ Kakimoto, T., Katoh, H., and Negishi, M.
Regulation of neuronal morphology by Toca-1,
an F-BAR/EFC protein that induces plasma
membrane invagination. J. Biol. Chem. (#
FEA) ,281,29042-29053 (2006)

®Ito, Y., Oinuma. 1., Katoh. H., Kaibuchi, K.,
and Negishi, M. Sema4D/Plexin-B1
activates GSK-3p via R-Ras GAP activity,
inducing growth cone collapse. EMBO Rep.

(FFEA) ,7,704-709 (2006)

@ Oinuma, 1., Katoh, H., and Negishi, M.
Semaphorin  4D/Plexin-B1-mediated R-Ras
GAP activity inhibits cell migration by
regulating 1 integrin activity. J. Cell Biol.

(FHEH) ,173,601-613 (2006)

(@ Ishikawa, Y., Katoh, H., and Negishi, M.
Small GTPase Rndl1 is involved in neuronal
activity-dependent dendritic development in
hippocampal neurons. Neurosci. Lett. (FEFt
) ,400,218-223 (2006)

@ Tanaka, H., Katoh, H., and Negishi, M.
Pragmin, a novel effector of Rnd2 GTPase,
stimulates RhoA activity. J.Biol. Chem. (#F
FEA) ,281,10355-10364 (2006)

(Katoh, H., Fujimoto, S., Ishida, C., Ishikawa,
Y., and Negishi. M. Differential distribution
of ELMO1 and ELMO2 mRNAs in the
developing mouse brain. Brain Res. (Z 7t
), 1073-1074, 103-108 (2006)

(®Nakamura, K., Yamashita, Y., Tamamaki, N.,
Katoh, H., Kaneko, T., and Negishi. M. In
vivo function of Rnd2 in the development of
neocortical pyramidal neurons.  Neurosci.
Res. (FFA) ,54,149-153 (2006)

(9Katoh, H., Hiramoto, K., and Negishi, M.
Activation of Racl by RhoG regulates cell
migration. J.Cell Sci. (&Fif) , 119,56-65
(2006)

@) Tateiwa, K., Katoh., H., and Negishi, M.
Socius, a novel binding partner of Ga12/13,
promotes the Gal2-induced RhoA activation.
Biochem. Biophys. Res. Commun. (&E&A) ,
337, 615-620 (2005)

@DYamazaki, J., Katoh, H., Yamguchi, Y., and
Negishi, M. Two G12 family G proteins,
Gal2 and Gol3, show different subcellular
localization. Biochem. Biophys. Res.

Commun. (#FEA) ,332,782-786 (2005)
@2 Harada, A., Katoh., H., and Negishi, M.
Direct interaction of Rndl with FRS2p
regulates Rndl-induced downregulation of
RhoA activity and is involved in FGF-induced
neurite outgrowth in PC12 cells. J. Biol.
Chem. (#Fif) ,280,18418-18424 (2005)

(F=%R] (Gt6 0fF)

QA R, B 516G EBAEY v
fn # O #H 7= 7 B & {k ] Molecular
mechanism of integrin activation by
R-Ras. : % 82 A AL L RE, #FEE
BEEEYs. 7. 2009 4F 10 A 21~24 H

@4&E R, BiE T THMREEOREL
HE 4 % > 7 F inEFR ] Semaphorin (2
AP CE Y SO BN/ S N o i Y5 a
FAEM OS5y 1M - 55 31 8] A AR E T
K&, HREEZ +—7 A, FHIE, 2008
F£THO9~11H

(®Negishi, M. : Signaling pathway of axon
guidance factors, semaphorins, for
repulsive response. EMBO Workshop :
Semaphorin function &mechanisms of
action : Abbaye Des Vaulex de Cernay,
8-11, May 2008

@ 2, Al R, IIERRAC: DEE
RSB DA V2T oA A fRRERSR AT
AKX ARGH BT+ ) DI RIGER
f#% (Signaling pathway of axon guidance
factors, semaphorins, for repulsive
response) : &# 30 [0l H AT AEYFERE
£H 80 M AL MR RS ARIKREA,
T T 4 A, MR, 2007 4 12 A 11
~15H

ORE % [GEABEY Z T /VIT & 50
FEREHIE) SNSRI A X o A5+ &=
7 U DIERISERNE « MmO EE
FHan=—JEEEFNET KR
UL 2005 BEHBRLHEESE 2D =—
JEEREENIEAT. A H T, 2005 £ 12 A
16 H

O 5. JIEEmA : THiag s L EE o
ffill 41 | Regulation of cell migration by
RhoG-ELMO-Dock180 signaling
pathway. : % 28 [B| H AR5 FaFe,
Zepp Fukuoka, fli - 2005 4F 12 H 7-10
H

DO 2. AW IR IERR A THhigse
ELTE AR D 4y FH54% | Signaling mechanisms
of axon guidance molecules,
semaphorins. : %5 48 [B] B AfR L FES K
2JAL VY —F  U—AR—7 AT,
f& i - 2005 4 9 H 28-30 H

O %, Al S JIERRAC : phiREhR
HA L A5F, B~7 4V OFRGE




. B ORIRHARETLZ VAT T A,
HERKPEEHTAES—/L, 5 - 2005 4F
7TH7~8H

ORE 2 T LW HREOHRR] kR
SR A X AT, BTV OH L
WMEBR R O R R AR AT S
EBHEFEM R L KEA Y B
BarXovgrtkvrZ—, HiB - 2005
5 H 15~17 A

WOIRFE 2 MRER T A X A1, =
74V U OERIREHM 0 2 15 COE
Iar I b wEanxv LA BET T
KRBT, #F « 200542 H 21 A

(Z DAfth)
A==
http://www. users. kudpc. kyoto—u. ac. jp/ " p
51907/negishi/index. html

6. WAL

(D) IFgefsRa

B % ( NEGISHI MANABU )
AR - AAmAL st - Bz
WFgEE &5 1 60201696

(2) WFgt oAz

N % ( KATOH HIRONORI )
AR « B2 gesl - HEHE?
WFgeE &5 : 50303847

AW & ( OINUMA TZUMI )
TR - B AT SR - Bh#
ot 40452297




