NM-3

A|_I7c:>|k”£ IE of MEMEAMA #BS =et

Studies on the Structural Remodelling of Neurons

x
Ho
=
1o
El

ic]
el
~N
>
-



ek

N

o] HuAE A

2009. 5. 30

&

ol

o|J

ol

0
w_
B
i
N

@
4o

i
S

VA

VA

o

&

ol

S
o

174 2

53



AABAWS | NM-1 AEAaa @i TR e ) 259
FAFY Hlls &8 ¢ SHEE XES)is MEHAIPAY
A7A19 7 T A9 H | | | l= OH - At
AFAT
MIME SIZHHO MSHEMHA B2 S IIseEdI|=
EEE
SEER e
A ()T A
- F 56 H AE: 925,000 A4
'C—)ﬂ' o [e] _6]-4_ o1 ’ !
A7AYA | wEe et s ow) AR g, 24
HAGTET g . 5 om| U7 Al: 925,000 A9
A7y 2 : ‘
joli IR LLERTECERR I EECE
SAZEAT | AU | PEETET R
dudr | ared EEFEE
LA
LHATANE FHO2 AEA 500%]) = s
T

%
Z W 3Hremodeling)+= ©%F

MM EL] H F3 37 @ AT 2R E (extracellular signals)ol
o] frEHM, ol & AAAMES 75H WEE olojXt) o]l ANz FxH
sl w3 g A shggo] W gl (mental retardation) 9} 22 e H 3]
ARlo] H7|= gt} wElA B A= AAA XS] FF2WS) (remodeling) & sk Al
ENTAGAA Y ATE Fot] AABAES] 72 B Ves 24T 7 v 2HAENA
= WEetal, ol & o] &ate] AAMES] Tl ool U= TE E AERLE A 2HS
Mo g FHA0R HAAT B W7y W o] Zivks Aeds 5%
2 g9t olE fHste], A 1 AFHAAE 24 ABAE] AWx FA 2 AIYPE T}
Aol $ Q3% dendritic spine?] remodelingol] ZFAH o g Sty = AEANEZTAT Z
Mol 47142l Rac GTPase A e 2425 BPix, Abi-1, CaMKII 5& T4 o= A
sto]l 1 B4 Z2A7AES SR AL, o]E 7]HFS 2 dendritic spine®] Z Ao o] Ato]
UE F=/AE DS NEei Al 2 AFAAl= ABAEY 724 W] Fuksto

=]
receptor recyclings @l 7154 WEE FE3F= endocytosis A QIAQ sorting nexin
family o] AAAE 7sxzdoA A4S s, o5 B-Pix A dGA] A eF9
AARA AFE F3}o] dendritic spines®] morphogenesis % metabotropic glutamate
receptor o4 MA7FAAA Y BAA 2AVIAE AT Al 3 AFAA = A HAE

of FEWILE Fdshs A2 2hol4AE (lysophospholipid) o &3 ANAAxE 5 o] 4

gt 2 | dendritic spine, BPix, SPIN90/18/14, Al W¥ 2, A& dho] A= 2

%9 ] | dendritic spine, BPix, SPIN90/18/14, synapse, lysophospholipids




ko
Mo

1) AIAEZA 0 B 7= Rho GTPase A HdGAAE $4 02 dedritic spine
of e A 2 AEE 2-de = As dE 71HdS ¥ elal, dendritic spine
o ol THAE AAAAG] YUS e, o] Tl Hr|TINS T
FAGMAS w2y 53 S FAU. 53], dendritic spine®] remodeling®l] 2
FAHoR Rty = AFAEEAT -9 A7 Rac GTPase AT H =
£ BPix, Abi-1, CaMKIl 5& %402 d7sle] 1 2xd 247242 7959

, O]& 7]¥Fo & dendritic spine®] ZAo| o]Ato] Q= FE/AXE RS s)utst

2 Koo

ay

2) ARAFIA - B AFE T s
(hippocampus)2] +4 AEZE o] A
AAZE(LTD) d4e A 7141 4l
ol #oJsl= actin 2 actin 2 5
ol Fx# W3l FuHbEle] receptor recyclings el 7|e% WIE
endocytosis FA<1#¢l sorting nexin family 2] 217 Al
Bakgia, oS3 B-Pix ABALAASE] Avy ATE Fat
morphogenesis ¥ metabotropic glutamate receptor &% Al 7FAA o] EA14
=A71dE& 8k

3) A3 AFHAA o AAGA

5t J)ele] 2/194e 2AtE v
] =
[}

==
(

ke
olr
BN
i)
=2
X
lo
12
]
filo
=

o] dendritic spines2]
A

o FERWEHE Huss ABY FolaAd

H



(lysophospholipid) © €3 417 5-0] %]
Ao ot ¥ MEU AAMNs G} Ho] AP FAAZ vl F Jdste], W
slel P des BT EHN, AEE H 475 2EEA dFFHL e gl

g
aAAe Ag 14 FEsn

A 1&sATolA+= BPixe isoformel we} ANAAZAAN ttEA YHehbs 2
Bl 7|59 AolE rHst e, 53 BPix-a2t b7} A7 A E dendritic spine
Aol m = Hols Was FHstAdrh =3, BPix-bol A 598 A tyrosine 14t
3l wE dendritic spine@A 24 282 leucine zipper domain®| 2|3+ dimer &
4 Ao ok 71 Zolgt= AS e AT MYNAAEE o] &3 o] AFE in
vivooll A 82l13t7] 93l BPix knockout mouse lineE 53t om WAes o
£ $33Ah o Yol BPix knockout mouse lineg ©]-&3to] AHGAE Eo]F
BPix isoform knockout mice A ZFeo| Al&3tAtt A FAAE Eo]A BPix isoform
knockout mice®= A EA 419 x7|dA o)A vk A A A X2 dendnritic spine
gt AW gAo| T3 98-S s Racld Cded2 &4 3}, PAKY ERKe &
AstE AR AAAE Sol4Ql BPixe] Ldo] AAARG T8 AYS I
dat= ATE FHAT AbilE o8& AFolA = Abile]l 7]FEel W
CaMKIlao] ti3t =4 @z E Ht ¢ %2 sequence homologys zbil Q= o
WA Z A Abil7} CaMKIla2]l F8 24 @dz 283 Je 7S &
i CaMKlIla%}e] 2ZFg 0 2 dendritic spine Yo ZAA2 Aol ks A A S}

A2 FE5ATolA = SNX family & SH3 =v<l¥ BAR =W1E& A

mt

2~

= SNX9¥ Hzagsts gAY ES A Y 2 MAAMEY S
®2 SNX9% endocytosis#d @l o] Aazx8 YEIATFH U A7 sx2dd
2 FsgL SNX9T Wi fAE Fx e ol fle=

& AWoy g
SNX183 Az zgsts dlAvEY=e] 4
&2, SNX9¥ SNX189] H&e] oA 2 wjAlAQl G+, SNXI8FH w49
FaAg UESATH 2 ARV sx2d dFE Sk g SNX14¢] GPCR
ol AA7I A HA e JIFATE FRE, B-PIX A AGA A} SNX A
FAEAT 2 FAEVRIIA AT, GPCRAZAGA A 23k 27 7F A ol A
SNX142] 93 A+, B-PIX/LPA KO/TG miceoll A SNXE &8 A=z FA %
71sAdTE A3

A3 FEATFolE 2424 Fall AEFA YEFYE Lysophospholipids 3
a 7)ol #e AFE AABAE RIS o] g3te] FaEon, LPA 849 2
24 71AE syl g8 dArERE A 2 2-AA Y gig AFE s

N
8 U2 EAF hg2E o §e] LPA #84 ¢ o /154 o

=

™

3
o,

H

3|
oy



hil)
ol
ol
2
)
J[m
ol

A
P o

AAAE Seol A<l BPixel digh A= 53
5|

=
endritic spinete 2 AW A

2
o,
e
2

 Ho K Lo
N
ol oy
2 B
o i
m
ot

ox HE
B9

_\TLI

f
o.

o R
)

o o
>

ol
e >
NN

ox
o
MY N

Aolgt= 7S FAsH] 9

A4 7]5}% AAIgE om 7} At o= ¥
ofel 7HA HAS Az ¥7)s X A
, BPix knock miceA| 2} ¥ A Hx# E
L3k AT R A EFFA 93] dendritic spine
—’F%Oﬂ/ﬂ 713 ghsgoll A 01‘—‘:?74] x“lil A9 "ﬂ

H

oft
=
oft

PO
oX,
4 o rlo

r
e orr Koo

é‘é
> oft

=2
[ oX,

target= A A5}

Pix knock mice A

™ rlr I

f
o

o
)
o

@

o,
i -
o

NE
e
g
>
T
>4
o
ox,
N
9
o,
AN
-
2 O

rok
>
o i
2}
o
rO
-4
Ll
N
)
off 4
ol

X
ol
o

2
i
o2
ox
|
i)
L
lo, -
iy offt
o
il
e,
mlo
OH
% &l'
9
A
i
oﬂ
™
o
(0]
ot
kil
i)
i
L
il
=,

2,
ol
|

5}74] ?‘—zl Ao = *37”5}5} g gholAx
Sh A WA ZAYE S A 7]“‘:’#?5 A
gol x| d e Jd 9 wItHEFS tHEE Aow
BN s o H ko] g Bﬂﬂﬂﬂ«] THI X8
Sk A2 o]lojd o]t} Sorting nexin familye] 217 AXEW AsHGE
BPix signaling¥e] &Aoo ot H A= G protein signaling® ¥ ¥
MEQ 53 7)Ao )k MEAYESSAH 7]AE AT Aolw AT
A 7=l Aoldl= AABAEY HFFH} AEY dEAws T A =
13| A%= CCD camera®t vj& DIC ¥ 3dw 4L o]&3 digital imaging”] ¥
= AAAR SR 24 o o dA e ATt v EFE AlEGA ok AT
AN= AA 7194T Ao AlsHY.

i)
o
rr

o o i o 2 g o

o
o)
2
-

> =
>
[_UEO::
T
=

ol

2
X

2
ke
30 4 >

.
ot
©



SUMMARY

The neuronal morphology can be changed dramatically by their external
environment and extracellular signals. This structural remodeling of neurons leads
to many functional changes that are required for neuronal differentiation and
development. To understand structural remodeling of neurons, it is essential to
investigate changes in the cytoskeleton of neurons, particularly the actin
cytoskeleton which is required for structural remodeling, and the cell signaling
pathways that regulate the actin reorganization.

In the 1st individual project, research focus was on the Rho GTPase
signaling pathway which is a major cell signal transduction pathway determining
the structural changes of dendritic spines. We investigated the role of BPix,
Abi—1, and CaMKIl in the dendritic spine formation and development. We
found the molecular mechanism of dendritic spine regulation by BPix—=b during
neuronal development. The dimer of BPix—-b is changed into its monomer by
tyrosine phosphorylation via AMPA receptor-mediated Src kinase activation
and monoeric BPix-b can locally activate Racl at dendritic spines. In
addition, we generated neuronal specific BPix knock—out mice. This will
provide a valuable tool for the studies of the development of brain and nerve
system. And we also found that Abi-1 is involved in spine development
through the interaction with CaMKlla.

The 2nd individual project was centered on the role of SNX family in synaptic
vesicle recycling, dendritic morphogenesis, and synaptogenesis. We found that
SNX18 is involved in the regulation of neuronal development through its
interaction with other proteins. We also found that SNX14 functions as a
neuronal RGS protein. It regulates Gas-linked G protein—coupled receptor
signaling in neurons.

In the 3rd individual project, the roles of lysophosphatidic acid(LPA)-mediated
signaling on survival, proliferation, migration of neuronal cells were investigated.
We have found that LPA prevented apoptosis in a hippocampal progenitor cells,
H19-7, at a differentiation—-inducing condition. It is shown that the anti—apoptotic
effect of LPA is induced by stabilization of Mcl-1, anti—apoptotic factor. We also
found that lysophosphatidylcholine (LPC) induces apoptosis of H19-7 through the
activation of Fas ligand. Our results suggest that lysophospholipids plays
important roles in the regulation of cell proliferation, morphological change,
survival, and neuronal differentiation.
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o] 7o & A ¢tE QS (Current Opinion in Neurobiology, 2006).
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13) dynamin¥} spectrin®] SNX18¥} ujjz]4 A% A e
w3 Hsc709] A$% SNX18% A35zH8S sla 9L #elsta GST-pull down
assayE © = Dynamin, N-WASP, Synaptojaninl ©]

(19 17,18).

15) Mass 23} dX8}A SH3 domaing F3 F w@uldo] 452838 323
(¥ 19-20).

16) IPE &3l synapsinl¥} synapsin?2 E5 SNX18% A& %83} synapsinl 9
735 SNX18¢] PXBAR domaing &3 432&3Hs A3 (1d 21).

17) Aol 4 SNX18¢| presynaptic partdl 9] X3} B.ol| 4] synapsinl#% colocalize
s Rl (1H 22).

18) electrical stimulation (9OOAPS 10Hz)S 7}3t5 time lapse imagingS <=3 3

AFA R AP FARE Bas UES Q1R 23).

19) SNX99¢] FE3}+= tubuleoﬂ SNX18°] colocalize &S &<l. PIP strip assay 2
I PI3)PeF PIGPol S8 o283t PIP2ol = ofsiAl Fo483s B
(719 24, 25)

1 6162 265266 376377 614

1 6263 249250 360 361 595 P3

0

> SH3 : identity : 40.6%, similiarity : 67.2% 24
> LC : identity : 20.0%, similiarity : 29.8% P7 Adult

» PX : identity : 50.9%, similiarity : 63.4%
> BAR : identity : 37.8%, similiarity : 56.3%

a8 9 R 5 &
. "vo & e X
& & S T & HFE S
R & & FSEFEEFITTE LSS

& & L
R i s

--__-.- — ".-d. <+ SNX9
— . <+ SNX18
D e pe—p——— DA
= * Loading amount: 15ug/well
EE-- S S S | < GAPDH

ag 12
a8 11

J&ﬁ
Lo,
I
i)

20) SNX14<& w#3Fal  cortex, hippocampus % cerebellumol] 2& S
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P s & <&
$ FE > ¢
FFEF T P
Feeding : — g s g D
StArvation : + 1 s e s S

Feeding : --’— L

SNX18

SNX9

Starvation

*MCF-7; breast cancer (human) *NIH/3T3; embryo (mouse)

*HeLa; cervical cancer (human) *HEK293T; embryonic kidney (human)
*L929; connective tissue (mouse) +Ha-cat; keratinocyte (human)

+C6; glioma (rat)

IP: a-GFP pAb

IB: a-FLAG mAb
GFP:

g 15

A. Mouse Brain lysate B. Mouse Brain Lysate
IsG  SNX9 SNXI18

S
170
130
100 .
250 «— a—Spectrin IT
72
1P : GFP
C o FLAGHsc0 5 & @ ¥
GFP . - - °
b 5 GFP-FL(SNX18) - + - -
‘GFP-SH3(SNX18) - - -+ -
GFP-ASH3(SNX18) - - - -

72

40

33

ag 17

GST SNX18 SNX9
BL- . + -+ - +
W.B.
100_| hudy1
GST SNX18 SNX9
BL- = + = + = +
7
W.B.
55 N-WASP
GST SNX18 SNX9
BL- - + - + - +

| —
synaptojaninl
a8 19

- 31

<— Dynamin I

08

0.6

04

02

Normalized expression level

00

NIH/3T3 cells

C e P L
P =T Eepenpp— e i
P s [
s [ W = o
PR am war
P p— nm suiss
PP [y ] i eT
pRTP [T — e Pr
oo ASPPROTEIN P
SRR (R— s am
g 18
IP : GFP
HA-N-WASP T +
GFP - s - - - -
GFP-FL(SNX18) - -+ - - -
GFP-ASH3(SNX18) - - -+ =
GFP-FL(SNX9) = e om .-

GFP-ASH3(SNX9)

IB: HA

IB: GFP



SNX18-RFP

A 1P : GFP A. SoH
* FLAG-SH3(SNX18) - - - -
FLAG-ASH3(SNX18) - e e

1B : GFP

SNXIS-REP

=z

I“§ I.L‘.T
® ®

s .4

B.
-
¥
-
==
2l
a8 22
g 21
Lysophosphatidic Acid (LPA) Sphingosine-1-phosphate (S1P)
A' Rest Stimulus Lysophosphocholine (LPC) Ptdins(3,4)P,
Ptdlns Ptdins(3,5)P,
Ptdins(3)P PtdIns(4,5)P,
Ptdins(4)P Ptdins(3,4,5)P,
| Ptdins(5)P | M I Phosphatidic Acid (PA)
Phosphatidylethanolamine (PE) | £} Phosphatidylserine (PS)
Phosphatidylcholine (PC) Blank
GST-SNX18 1ug
B.

g 25

AF/F o (GFP-SNX18)

o 100 200 300 400
Time (5)

ag 23
26).

21) SNX14< Gas(QL) constitutive active formol ZAg3stal wild-type Gasoll=
AMFE7}  EAE Al T A =3 o5 dEAEd o5t Gasel GTP
hydrolysis”} %21 %™ isopreterenol®] 23t cAMP level®] 717} A&ldS &2l
o 24 SNX14°] Gasell 5o RGSYS TH (L4 27).

22) SNX14o] <l4kstel 93] RGS=A Y &do] =dHEe 59, SNX142 PKAY
o]ste]  Serine 382¢F 3880] <QlibsEE LC MS/MS=E  qf¥etal o5&
S382D/S383D 2 =W o]l AlAS 49 PKAC 293k Clibslrt AaldS &l
SNX147}F PKA®l ¢Jalo] S382/S388¢ <1AkstE S 4§ Gasehol FE#-&o] A
= o] RGS® o] ool Walds (2 d 28, 29).

23) SNX14< PXEH ¢S E3to] PI3)P, PIG)Po th4 Adsti PXAEHS =
gte] PI(3AP2, PI(45P2, PI(345P30] th4 AgFst= 3o 7
endosomes 27} sorting nexin @M A2 A9 7|5E oS 213, AEU o

A= ddR-9o] wEl endosome % Al E] EAjsS Fl(2 30).
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24) 5-HT6 receptor®] Al¥ututg o] SNX149] FA|ZE o g2 <lste] ufg- 743
5-HT6 receptor?] #rat AEUl SNX14%de] F7e} gEd Q1SS g o
= chariotS ©]€3% SNX14 peptideES AZW E=UYAAS F9Ht  Tet-on
expression system<  ©]83to] SNX14¢ wdS ZIAAE A 9ox= 5-HT6
receptor®] 749} SNX149] F717F Ad#AHUASS SHE. 5-HT6 receptor= A&
ol ubiquitinations £3}o] degradation® ™ SNX140] o2 wj$ Z2A17S A

sH(19 31, 32, 33).
25) & F7F9 Gas9FE4<2 GPCRS! dopamine D1 receptor? 7 -$ol%=
receptor®} & Y3 Al SNX149 ¢]3]4] degradation®] T7FE S 93(1¥
26) Gas7} s sfvp 217 A

Y

s n TN
O~ X = o e}
el Aol WS Frhekm FaEVIFe) P EE necke] oAt 4L
- PN - -
§h Gas® SNX14& SALAAZIE  Gasoll o3 =715 A4 Fejdolrt
=) @) S
AsiEe 2AFHIE 3H).
A s i A
i Gis = ¢ ® # PX PXA SNX14 (WT)
EGFP-RGSPX - - Gas(@QL) + + - - LPA s1p R 2 i R &P
ForP ) kpa Plona(s,41P3 LPC » A Ptdins(3,4)P; LPC
PLais PIAREI39IE, Ptdins PLAins(3,5)P: Ptdins
Puains@P @ PUINS@35P:  prains@p © @ Plans@5P.  Pdins@GP
Pldins(4)P PLins@345Ps  prains@p | @ PUINS@EA5P;  Prdins(@)P
Prains(5)> () P4, Plains(5)P PA Pldins(5)P PA
1P: GFP ee pe i ? e PE Ps
Pe Biank PC Blank Pc 1

5-HT6
34).

= ETel H]3}e] dendritic spines(FAHE 7]

B qg? £ & 45“} B
P o
CEEEEEE EGFP-RGS.PX Merged
AMF - - . ¥ ¥ ¥ +
Gas(QL)-FLAG + + - - - - -
Gas-FLAG - -+ + o+ + +
Forskolin -+ = + 3 + +
I
|
IP: GFP I—-Q -~ —_
=4
18 30
2|
8 29 A
A B C Dox (1pg/ml)
axHA SHT,R JHBREEAT ScHECHT AGIER — esmmeare Non 12h 24h 36h 48h
SHT(min): 57530 %  CHI(MM:0 5 153060 0 515 30 60 o 5’” SUEQEFRCRX SHTGR —~ =
72 KDa ———— RGS.PX 5 so
72 KDa o, Ejg RGSPX  — —
55 KDa J 55 KDa. of & 20
‘ . preal L L1 L 3 T
40 KDa — ———— | B-actin ST trasttime (mln)
D 6h 12h 18h 24h 30h F - B
e ———| RGSPX g F.? Dox (1ug/ml)
- S i
— = Non 12h 24h 36h  48h
e — — ——— B-actin E ¥
T RGSPX 1h2h3h4h —
S5HTsR =
SHT,R+ % SHT R =] o -—
e e B-actin 0 6 12 18 24 30 36
Wi b [ ——

G

EGFP-SNX14+5HT,R EGFP+5HT,A SHT,R + EGFP  6HT,R+EGFP-ARGS 25 _iz‘:"'
- + ok o+ o+ SHT(min)0 5 15 30 60 0 5 15 30 60 5 2
sHT(mm: 03060 6 3 0 b % 60 E1s
o B  [Beo-—cimsale
3 os
R e —lﬁ-acun 0

Basal  SHT(50uM)

31

11]3%%0 T
A glol A A o] &}el Lysophosphatidylcholine (LPC) o €3+ A EAE 3
OJ(Z% 1)
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Pldins(3.4)P:
PIdInS(3.5)P;
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IB: HA FLAG TCL

A

IP: HA HA  HA IP: FLAG %m W D1+ EGFP
D1|-----—_ | 1 . [ D+ SNXiaRaS
o 5Tub [ 10
170KDa L -
» 130KDa T 8
e B }2 ~ D1+EGFP E ¢
——— _: 100KDa E %112 - D‘EEFP RGS.PX % .
72KDa gégg
72KDa = z 704 \. 2
02 .
55KDA SaKD08, ? Agcn.snremmem Time (h) Basal  1uM SKF81297
40KDa — 40KDa j_%! 34
33
18 35 A: GFP control; B: Gas +
] - SNX14; C, D: Gas o
2) LPCell 93 H19-7 AIEF2 AlEI G2A &A1 T3] HATS A (1H2)
3) LPCol 9]gt H19-7 MXEF2] AE 3} Fas ligandoll 93t Az A Al o&) &
Aehs FRI(LH3)
¢
nc(z;nn CREE n:“chE(n -.“’;‘S"L::jm - ) § % s . B (5::::) g
o' 53 = G2A (413 bp) % F _ fsosbel %
T S 3 il s R R
g = Anti-G2A v El pactin
Gray - p-Actin (349 bp) Il_ch:: co e
5 %' 6h 12h
ag 1 e =¥ 3
4) LPCeol| <3t Caspase-8, 3¢ &A3tES 2l(194)
5) LPCdl gt NF-kB &/ 3}& &3l Fas ligand &do] F7H19E5)
6) H19-7 A5 AAMEZ] E3tA oA LPAS] AZAFE A& HA(L

#6)

A

LPC

0

8

B -
g ey . s .
- e T
5 E=——= "
= £
> 0 5 15 30 60 (min) 3
@ 2.
2 c FasL 3
= (806bp) K
i}
® == = =L
12 24 h (349bp)
DEVDfmk - -+ - E—
LPC - K-SR - -
2l
a9 4 a8 5
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9) glycogen synthase kinase 3 (GSK3) 2] A= A3t MAEAFESAEHM Mcl-1
Gl ko] F7HEH(1™9)

»

B [ ewewes e ] G

o

GsKap
oo

z g Retvevibily

] G

0 30 60 90 120 0 30 60 90 120 CHX (min) CON LPA 'BMA PMA HIO HIG
LPAH LPAQ P e

a3 8 a4 9

10) LPA°l ol Al xH s a7t Gi A2E &3 GSK3 o EgdAdstz Qg dojd
(7L%10)

11) LPA1, LPA2
12) 5’RACE 7|4

[ei3
=

A7 AEAE oAl Fa ABE LI
2 B9 LPAIF AR AAA 4309 el(2112)

A (- B
- Transcript fa mj
B. ‘:'_ nic on2 Exon3" Exond

rn
'

Transeript 1c (1 A7 |

§5888 ¢

a3 10 a1 % 12

14) LPA1 %1%% 71222l JEDH S EE o 2AAR] odte] FAEH,
399 F8 HA A ES sel(2914)
15) LPAl AAFe] AALZH Ao E-box7}

o
e
o
0o
ftlo
St
r o
i
I
jait)
—
ol

16) Hela E-box binding protein (HEB) @@l o]st LPAl Z2XEH IAHE 7+
A1 16)
17) LPA1 2R E/Je] 244l HEB A3 &(2d17)
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18) LPA1 inducible &2 2}l
L
e o R
i e ns i
%‘iﬂ)ﬂ ’—‘ é\g{
ég 3 g *%H
gg * TeUs W+ + 1 H
g 95 nen 3 ]_>[4
a9 16
P e = e e e S I

7h AR 2=

|:|Eb

121

=2
=

T=(1918)
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4 s
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M 4 5 P

Input oHEB

HEB -+
1d3

5

AT AT

#4144

!

P

X ox

BPix-a%t BPix-b?] dendritic
spinex 4 7] 49 zfo] AT

o BPix-a%} BPix-be] % s
Ao el wd Aol 11

o MAAEe] F3tHA
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BPix-a2] &2 spine FA
TS Aslstes As &

7(

==

% BPix-b 7}

synapse@ &2 =73}
=i}
=

o

A

100

BPix
:ll

SIRNAE o] &

5}
isoformE 2] 7|5

2006

sSynapse = &=
o BPix% EE isoformel| FEFo =

2H-8-3F= 3% 2] shRNA9} BPix-b,c,d ¢
deLoll 5ol4 1 2F7F9 shRNA, 12|11
BPix-d®¢} dp ol Eoldo = 2g3h+=
79 shRNAA 2

o siRNAE o]&3}o] BPix7} focal
adhesion®] @A FQ3ltt= A2

gl

80

BPix-knock-out line 7+ %
EAdEN

o BPix-knock-out line T3
o heterozygote AHEl 2] BPix-knock-out
line 7=

o homozygote embryo2] embryonic
lethality €11 717

o homozygote embryoe] MEF (mouse
embryonic fibroblast)E focal adhesion

defect’} =< 9

MAuE =2
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SNX9¢} endocytosis¥d

Tl o] A3 AHE . 100
YE I 1= YEAE 75
?f“é‘%j}i&%d] o] &t o SNX9¥ G35zt she= dwd = 100
ABAE 7szdd T o Aag Aedaty 28714 79
SNX9¢| & actin o SNX9¥ gszrg e gl actin 100
cytoskeleton®] ZH71H AT (24714 9 tubuleF 714 7
Eyggf;] S‘g}iﬁiﬁﬂigg o SNXI18%< cloning3d} il antibodyZ A 2} 100
SERE 2AdE ATe] B v
NAZA Sa A Z3A o Lysohpospholipids Al & &) Al ¢}
e = ddE 2AJAAE E E244 71H
Lysophospholipidsell €%t (A5 F3lo] afnpal 4 kA 252 100
£ 71l w3k AT A Aol Al vy E 29l
) . o LPA F&A 9 full length cDNAS
I;fﬁx;%;ﬂ :::‘i_;g:\] ZJ: GFP @92 3 oFukeko & Doxycycline?]
N L LICE LEAL § gl w100
B pBI-EGFPell &3 &%
constructE A3
o Abi-19} CaMKII®] ZAg el o s
CaMKII9] &4 A& in vitro ¥ in
Abi-19] dendritic spine 2 |"YO T # ]
NAe] o] ol o Abi-19} CaMKII®] 435 2}&-9] 100
dendritic spineg Z4d3}+= 7122 ZRho
GTPaseE &3+ actin cytoskeleton
AR FeAE AT
O rat primary culture® %3k AAA X
2007 ureh g oA BPix-d7F Al EE 3] uhe)
AAWAs 7L dojh= AHS g4l
o BPix-bi tyrosineb98¢14F3} 7} leucine
BPix-d¢} BPix-be] 7|54  |zipper domaing %3t BPix-bho %0

Aol ol

dimer&d A4S A3t monomer?]

FEl= EASHAl 3F dendritic spine®ll
SolA 0w $1Asto] Racld €4S
Eol7lul o] gt BPix-bel dendritic

spine =47 A& S
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BPix knock-out mouse?]

o Open field testZ B F3+
AAF A BPix knock-out mouse
(heterozygote)oll 4] anxiety =< ©]

AE ##EE

Golgi & &3 afink AP AL spine

densityoll &= ®s7F §las #2

At

54 24 o Cre-LoxP system= ©]-83F 2174 A% 100
Eo] A2l BPix isoform knock-out
mouses T35 2™ mRNA % oz
d s A A AAFAE
Eo] 42l isoform®re] knockout® #H-&
g g
fi\gjﬁ gNﬁ?ﬂj@ﬂ o SNXI8% SNX9¢ 27 2 A Zu| 100
sgaz SAN- Holg B4
SNX18%}
ggge;gocﬁo_sii‘_ o SNX18% & #&ste= Tl 28 100
5 o] o = =
E}g;jl?o%iﬂ S HEANAE 75
ﬁ“é%:;}i@%ﬂ] o] &t 0 SNXI18% & A& ah= Tl =4 100
ABAE Ts AT ot AW AR 71d
SNX18ell ]38+ tubulation®] |© SNX18¥ dynamin, N-WASP] 100
A7 AAT Ao Zgo] 93 tubuleF A 7] H W
o LPAl F&A9 Z2ry EAUHS
o83k Al oA 417 Hd A Z ol A
LPAl &84 &3 =4 7129 9
LPA Fg49 wd =4 o LPAL &9 2del 100
71l gk AT Z71HA G A A A E 7 (cell fate) S
A= o 83 988 st Ao=
& 721 E-protein®] 3o & o] F S
e iy
o gho]ARIA AL F&A|o o
LPA £ WAE A7 |AEAG o AV, HEgos
A o=s 2 F A (ATAARE 242 5 e 448 95
FAAR vhg= ALY FA# 24 (inducible transgenic
model) S A 2t
BPix knock-out mouseZ o AAAE Fol4 BPix isoform
2008 |©] &3} dendritic spine knock-out miceE ©]-&3}o] dendritic 80

Z Yt screening A 2~ €l

spine =43} A A1¥EAofl (mental
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retardation) ¢} 9] g3 #A A
o AAAME Eo]4 BPix isoform

knock-out miceE mental retardation
o:]?_ Ulﬂ] 5 52 gya 1:!1 8%“ HOL?_]_

a7

BPix knock-down cell line<
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T
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o Fe AT A

A 1A F- 2} A

1) BPix isoformd] W& 2 Ho|A AAQME Fol4 udd 11

BPixE o] 714 isoformo. & FAEAS] I 7|5 Ao]E zt

BEY JAARA AAA R ZfT o] A A olE TESte] AT A

of @A ekgkar wEbA A M EBPixol A o] Ve AT Alghz

= Y gtk 7 AT 25 olE #Skste] ABAE " AAE %

Ao g2 W33t BPix isoform=el dial ol st Ao 2HE

sk 3t

2) BPix isoformel| W& A A M EZAA | X= F&F &4

AT HdAME HERA0R EIHF BPix isoformel thd A2& #Fopghow zhzp

isoforme TEE F U= FAE AFSAUTE ol F o] §sto] AAAFEAA 7

isoformell W& fIx e} B AolE FES= Aol Jtedl L ol B

o Al BPix7} isoformell Wl thE 7G5S ZHA Hoke AR S e

3) 7]1E] 4R BPix-a9t A Al BPix-be] AAAE &

AAW7EA] AAMEANA LH A BPixe] 7]sH 9T BPix-acl o

FO AW TEAaA el F8 7les AHetr]ee A=3] A :};9101
s
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X
(
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5) BPix knock out mice line A% 2 EAE(E3=9Y)

BPixe] MA@ sA dse 7Haly] oA BPixIE o] AEAA dAE EES A
2519l BPix GAAle] 198 @liS LoxP SAxIel vl onlolAl e &A=
BAN7E BHE ol gtk @A wE] o
A7y A ARsl, AR R ANA T T
9o golatddrt o] AE BPix7t AALABANA wS Fod dLe =

A
Aoz AZE 4 gty do g THAFE FalA AARARAGANA BPixe 7]E
S HEst FHE F JdE HIAFE mdgx 223 5ol ok dAl o A
A 5359 IS5 th(E9dE: 10-2007-0090528)

6) BPix knock out miceE ©]& 3% MEF cell line 75

BPIXE wdstA| 27 MEF cell line] 95 17] wZoll, Al delA BPIX7} ¢l
S AT TR AE dFES glEeE d F& =R 2d F s A
=3

7) BPix knock out mice homozygote®] embryonic lethality 94<1 9

BPIX7} wfo} Aol A Fag &S sta e AR AT e =g
A A& A8kt

8) BPix knockout mouseE ©|-&3to] BPixE AP A v x| &= o FAF

9) A AAE Eo]4 BPix isoform knockout mice A%} % &

=
B oA do A A 2sE BPix knock out miceE o] &3 FHA x
-

N

bt o
i o

PN

insert domains 2= AAGAME 50]% 2 BPix isoform? ,

Ao A WEs 3 Qe isoformdl BPix-ax AMHoZ WET F glE BPixMA

miceE YFEAH. o] FEEAS o] &slo] AAAE 5o]l4 BPix isoform® in vivo

ATE & F Ade 7INEE vrdEsk A (YW S 0 10-2008-0103420)

10) Abilel] 93t CaMKIla &4 =4 712 1+ 2 Abilel ©]3t dendritic spine ¥

AR B I S

AAMEANA glutamate Aol o3 CaMKlla &4 Al A A A Abilel] <
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Neurobiol. nLA1RF3T).

3) SNXI18°] dynamin, N-WASP®}e] A#ZE&S F3to AxXd APz
endosome-TGN-A| £29] trafficking®ol] #o]dS 1432t}

4) 3A AL AGFE vlg o 2 SNX149] Gas-linked GPCRe] A s A AE 2435}
3 E3F GPCREl postendocytic degradations v 7] &0 2 4 GPCR-cAMP-PKAX!
SAGAAE 249 AddE gge HAS 9 T A5 MEL target
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