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DOV-21947 (Euthymics Bioscience)

levomilnacipran hydrochloride (Forest Laborato-
ries, Pierre Fabre)

LU-AA 21004 (RHZE M T3, Lundbeck)

LY-2216684 (HA<4 —5 4 UV ) —, EliLilly)
amibegron hydrochloride (Sanofi-Aventis)

oY) YEBE

nicotinic receptor « 4 8 2 antagonist

TC5214(7 A 5 ¥+ 4, Targacept,
AstraZeneca)

Z oAb glucocorticoid receptor antagonist

SCH-900636 (Schering-Plough)

phase 1 12H B L&MW

serotonin 1 A, 1B and 1D antagonist
monoamine uptake inhibitor, serotonin 3 and 2C

GSK-163090 (GlaxoSmithKline)
LU-AA 24530 (REFE R T, Lundbeck)

/)73 VEBE antagonist
dopamine partial agonist OPC-34712 (RIZELHE)
MAO A inhibitor CX-157 (CeNeRx BioPharma)
metabotropic glutamate receptor 5 antagonist RG-7090 (Roche)
" AZD-6765(7 A F F¥ A H, AstraZeneca),
73 EEEE NMDA antagonist EVT-101 (Evotec)
h AMPA agonist ORG-26576 (Schering-Plough),
g farampator (Cortex Pharmaceuticals)
glycine partial agonist GLYX-13 (Naurex)

neurokinin NK 1 antagonist

A XTF VR

corticotropin releasing factor 1 antagonist

vasopressin V 1 b antagonist
o 1 receptor agonist

CP-122721(Pfizer), orvepitant maleate (Glaxo-
SmithKline), vestipitant mesilate (GlaxoSmith-
Kline)

verucerfont (GlaxoSmithKline)
SSR-125543 (Sanofi-Aventis)

nelivaptan (Sanofi-Aventis)
cutamesine dihydrochloride (M’s Science)

2! p 38 kinase inhibitor

losmapimod (GlaxoSmithKline)

a) [BHH ©##E | (https://asushinZ.com/) & HH Lo KR

b) MESHLFIEEINTVEHEE, NHBRRBERET — & <~ (http!//www.clinicaltrials.gov/) i TV EFEBIF D14 % R,
TRI ; triple reuptake inhibitor (serotonin-noradrenaline-dopamine reuptake inhibitor), MAO ; monoamine oxidase, NMDA ; N-methyl-
p-aspartate, N-methyl-p-aspartic acid, N-methylaspartate, AMPA ; alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid.
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£3IZ, IOWMPWRTHY, HRAIEIED
L S MHOERICH 5 ERNTREROILEY
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5 4 FLE I = 100 54 8 ’ 17 TL1fg] + 100
0.0,
° L] DO'O : 0.0 [ F‘“? o —hgri L0 : H 0.0
205 2008 9007 2008 9005 2010 2005 2008 9007 2008 2009 2010
1R4RIF: NIH BBARREIREGT — & ~<—2 (http//www.clinicaltrials.gov/ (201145 4 A 1 HEEE)
N: 2005 £ 6 2010 BB S N BRBRE (BR) ni 2005 205 2010 FIZBB SN ERBERT L ORRBY BR)
B BEGBE () —o— ERHARRBROFE (%, HHEH) Wk BREAE

B3 EFBORFHRUNCEBEARBRNSHDEE

BHBRS LUEMBER)

PR (99 BRER), 3 X UNEALESIRE (50 RER) O
JETE <, b Ef5RBEREEREOW 3/4
(532/737 SR BR, 72.2%)% 5 T\ 2 (E 3(h)~
(). MEMMBRBEIRIL, P ABLERERS
YRR, BRSBTS A GRS &R
72 (B0 3(c)).

5 EEREFOIRCEZ

INFT, BHHERREEBII NIy - 570D
REMRERTH B 2 LIEHOLNTEA, §
BRED LU oIz owTiE, EEHHES
JREE, ZLTSSRI®SNRIZ D& 2Lt ) 0%
% FCRTE 1 RIRECAEMT & h 2 BHIAS,
IR ARICEAENBIZE o2, SHOFAET
BRENA LI, BAARTEMRES LU o
sLd, ERICRWH VAR ET 2108
PEEBERICBITLTVSA, ThbOBERERIL
Bikad RO ICERSh, BEAPLOBMIZBE
BT d B MR BRI IR & TR 5
BESZLDOTE 2L, NEOBEREY S ORI

DR (BARKE, £EROKRU LML EEES, $1

MR 10% BEDTHL I L2 EET L L, BIF
BBICEASN D ORSEIRR LA DS b—
WD E BTERMESEHL. L, KFvr .57
ERTIERCHERZRAL T DI, B
EDORIBHAEFPLETHLILIEIEI TTL V.
WS E ORBEREOTEE L TEELR SRR
BYEh, TOEEHFECIOWTIRY I LD S
NTED —FT, HREBLEWORESEIC
BUT, BRA NS FY—E LTEEZRDS Lk
E MR R BIRT 2 LEHRH D, 9 T4z
BUTHBERERSEE SN b TRV, L
PLHATIE, EBBREREBBREFOEMCIELNS
KB EE L, ERN2EELBERZORICHEE
BIZBMT2L9I2oTETWS, ZhiZLkD,
LD ERRFESE EERIBICE O L AEE s
na.
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Perspectlve on clinical mvestlgatlon of medicinal products in the treatment of depression
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Tetsuo NAKABAYASHI
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= /ﬁﬂh&ﬁﬁﬂg%(selectwe serotonm reuptake mhlbltor SSRI) %912121 h=>- LT F L1 /EERJ&’_\J% -
REEEE (serotonm and norepmephnne reuptake mhibxtors SNRI) % c‘: THB, ﬂiﬁE’JL iz SSRI 0)555%(::'4‘
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THFLRERERE (World Health Organization : WHO)
12 & B RN B T8 & (The Global Burden of
Disease Study : GBD) Tl, ) DR DFAEEELF
- # (disability-adjusted life years : DALYs) [ 4%
WDIL3MTHD, 2030 FITiF 1z hsZ &
DFEPENT0E, DF D, I OFIE—RIE
BTHY, FREEDLE»THLL - LHEELRE
BOVEDEMBEITONTWVS,

IORBROPLDOOE DIZEYEETH B,
EREOREBE2 X o ic@ L3 s -0, =
ETFVRAZERL, SEFREZOENEE IV
BT 7 7 ANVOERERBN T2 L TNE
DI ZHAEICLTwL L Ebic, FHBEEDH
FE2To> T ZEDVEETH S, FREHOE
IREERD BEF BT EREBER IR T 2 Lk
%<, 12 TH ) DIREEIIRERIEE L L O0E
SRS Y, YRR O EBER ILIERICTD
NTER, BDYBETIEFNZ v 77 7 (K TEFE
NTVBEERVOLVPEIICBWTIZREAETH
D, BRICGREZIN TR WIREE) 3HEREO O
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EDTH 5D, 1) DEOHRIBEBRIITHN,
2006 £EIC sertraline, 2009 £EIC mirtazapine, 2010
1T duloxetine AR I N, KK THOEAEGE
EVDLPERTEL L) ko,

AR TREFEDOH) >ROBEELZ WS T2 L &
HIT, FRICHI OFEE L TEAI NS AR
FHIT 572012, Bife, BIRBEEOBREICH 24
) DEDEREEWICOWTHAT 3,

o BEOHS DREZDEE

LPETERIN TR EH I DEEF 1 ITRL
7o, ARETIE, SSRI AEDHL ) 8% 5 R
IDEE LTS, ZBFAH ) 2 (tricyclic anti-
depressant : TCA) I, #i2 VU Y fEAZIICD LT
2ZEORWER RS D 235 b, ZOEEDS
RETLHEHODN TV 528, 1999 4EI1Z SSRI TH 2
fluvoxamine 23EFE I N7 B E ML 5 oK
WX BIBEVREERERST WS, I DHFD AR
BRICEB T 2E MR ) >DROHER ST
5.




T 2nd-generation

duloxetine (2010) O
mirtazapine (2009) @
sertraline (2006) @
paroxetine (2000) @
milnacipran (1999) O
fluvoxamine (1999) &

l 1st-generation

"] mianserin (1983)
[] maprotiline (1981)

A trazodone (1991)
[] setiptiline (1989)
4 dosulepin (1985)

| lofepramine (1981) L= TOA
moxapine (1980) (] : tetracyclic antidepressant
& clomipramine (1973) A : SARI
B nortriptyline (1971) @ : SSRI
B trimipramine (1965) (O:SNRI
7 amitriptyline (1961) @ : NaSsa
Bl imipramine (1959)
1960 1970 1980 1990 2000 2010

1
TCA : tricyclic antidepressant, SARI : serotonin 2
reuptake inhibitor,
serotonergic antidepressant,

SNRI : serotonin—norepinephrine reuptake inhibitor, NaSSa :

0O DEOREREOHL (hHE T DERZEF)

SSRI : selective serotonin
noradrenergic and specific

antagonist/reuptake inhibitor,

251

20t

15

EE (%)

10}

4

X 2

1. BxhiEICE¥ 2828

AEEEICB T 2 ERNEEEOTREL L T,
BIROEBFIC—EOHEEEL, 2L THok%)
ERBoNBVEEN R EBHIToNn
2. 2 3Z0REO—HITHY, IOREH
2,876 % X512 SEHE X 117z STAR™D(Sequenced
Treatment Alternatives to Relieve Depression
Study) D#ERYTH 5. STAR*D T, SSRI TH
% citalopram (D 23EFRAFR) 12 & 5 B (HAM-
D T 7 /RET, QIDS-SR T 5 RMTICHEA L7

. .
BB (week)
SREHEC EOEBE L BERICEOHERY

B EEE
DAERICE

8 10

BEOESE) &, 1BERIGE (QIDS-SR 23— 7
A VvH 6 50% B RIS L BEOEIE) OHERE
Bt E N (T4 Fxe 1) 2H). Zokshc
L0, BEEPIERIIELDIIEER6ETHD,
% 7 citalopram CTHo %2 ZEBE S LT MDIGE
MRHBELESDIEEMED 41.8% (1,201/2,876
BNV TH o EBHEEI N TS, K3 iTiE
Cipriani & D X % fEHT#ERD % b £ 12 L7 Patrick
SDOBEFEROEZRL22%, ZORELS D cita-
lopram BENEDRTELIZE > TWAHDT
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1.25

escitalopram*
1.2¢ ®
sertraline
1157 bupropion* @
)
11+ @
/ﬁ\ citalopram*
~ 1.05r
N fluoxetine*
13/ 1.0 @
= 0.95 irt i
S paroxetine e Mmirtazapine
e ool ® venlafaxine *
tine
0.85L duloxeti e
fluvoxamine ©
0.8 , . . , .
0.8 0.9 1.0 1.1 1.2 1.3 14

B (v XEE)
3 B S SEOLEWY
* * escitaroplam (3 2010 4F 12 A 1 HIR#E, AZHFEH, citalopram,
venlafaxine, bupropion ¥ & U fluoxetine 23 HSEHREEL.

FwiEZ 5N 3, HEBRKETIE, ctalopram
A OEINBERZRETCH o REBES N W
TEEAEA BV EIIRBIND,

2. R&EMICET 3EE

I DEDOB S LEIEARR1ICRLEEED
ThHh, FABFCIEL 2Ll a7 74 s
ROLNTVE, FFEAORLWEICET 226
BREPEFEAOBMNIERZEHEINL W, HER
IRTIZEEELZ EDEEZED QOL I2HE%2 RIFTE
TEF=, %32 dik L =B BEiEER SRR I
BB EDH BN, HEEICEICEHEINTY

& >OFENRE ULRRERD

FHmIEE

EFRBIICE R LT D DIROERFHIR EICE/\= )L
b3 DTl R E (Hamilton Depression Rating
Scale : HAM-D), MADRS(Montgomery-Asberg
Depression Rating Scale), % L T QIDS-SR(16-item
Quick Inventory of Depressive Symptomatology, Self-
Report) 7 ERH D . HAM-D > MADRS [dEETHR &I
FROEENFHACTHDDICH L, QDS-SR IFBEEEE
[CKDEENFHATH D, INSFBERHESITH
<HBBERTHBEAINTWS. M5 DEOBHEEE
HNEURBRARTIE, FELENEIMELT
HAM-D *> MADRS DtEL\SN D DM —iReye22 ¢
&5.
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B DIFNRICHT 2HLHETHD, i) oERE
BOBRDOY R 7 ZERICEEE4) L, LI
EEETIIDOYRIDEL 52 2 EBHED
nNTw3, —HT, MRIZHT 289 >EOHR
HERBELL TORWI EHNS, BAZEIA RS
A4 1213 SSRI % SNRI 122V TI3/ME~D#
EZHBEL BT, brERREORMATET
b RIRDFEEEN 2 EINT VS,

PLEE ) ORIBEORED—ETH 57, “h
LERLTY, BRFERERCLZBEALS T
V—2HHET LT TR, BEOERKEL D
LT ZEBRELEZ NS,

& FEOH S DEDBIRRR

B, IRARBEOBREICH 5 >EoERmb
E&Y () OWARMEY) IOV THTEL DT
T 5.

JFikiE, 2010 4F 12 H 1 HRREOBHB®HE b
&Iz, 7 A Y A EEEDTFERT (National Institutes
of Health : NIH) D BE IR BB 87— & X —
(http:/ /www.clinicaltrials.gov/) Z A L, %2 D
FEIZEDR) OFEEELNRE LS IHR
RO 2B NHEREIERI N 3LEeYic
DWTHELZ, #eEW(ER 2, 3) DEAERF &
FAFRILIC DV TR FTEOHIFIFH T — 5 R — 2
“BHH 0 #73£” (https://asushin2.com/) % f L 54
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g1 {H°EOHSLEUFR

BlfEHA REW BRI OF
DINERE
TEERR TCA
R ImE SNRI
T ERIME TCA, trazodone
HoU ERRE
B TCA
HAE TCA
0y TCA, SNRI
FREA TCA
HEREE TCA
JH{LEEENE
ED, . B SSRI, SNRI
HAGE I SSRI
BEERE
YHYE SSRI, SNRI
IFx7u—3X A TCA
Pkl TCA, amoxapine
R TCA, trazodone, mirtazapine
ETEED SSRI, SNRI
ThHVY T SSRI, SNRI
TR SSRI, SNRI
AT HEE
HESEm SSRI, mirtazapine, TCA
BEEET SSRI
#a L A7 10— U{f | mirtazapine
ot
PEAREEETE
EE TCA, SSRI, SNRI
A—TALEYE TCA, SSRI, SNRI
FEf e trazodone
Z Dt
WELD SSRI
HIT TCA, —#? SSRI, SNRI
L TCA, SSRI

TCA : tricyclic antidepressant, SSRI : selective serotonin
reuptake inhibitor, SNRI : serotonin-norepinephrine
reuptake inhibitor,

HELk ABONKEREEL bho7dd, FHE
FER DT D W CILEABREH L HTEAREED
BEWELEZH 2 BEHERT 572012, HXKEU
B2 2R S U 3 A= BE £ 38 (International Conference

on Harmonisation of Technical Requirements for

{{

Registration of Pharmaceuticals for Human Use :
ICHOFEIMTHLHAR, 72AVAH, 2—uy
233 & (European Union : EU) D B F R % 1277
L7, 72120, SEOFAEIIAHEHRZ b & ICH
HL7D, FERNEBRE LT, TXTORERK
BOERINTORVHRIEL, RFOBRICE

FINTORWAEREIIES.

1. REFERO S OFRHRIEEM E T ORHE

FERFAFE DB ICH 2 ) DS &YE R 2
BLUFKRI IR L7, BEARIL) >EOFRAERF
EDELEZERL T ARER 7 = — X8
phase MEAREDL &Y, % LT phasel 12H 21L&
VOIBICAERRZRD L. HEDOH ) >ED
BISSRILOBMIE LT O L I IcE LD B 2 LT
&5,

© B|E, 5 OWBEDOEARTH S SSRI 122
WTIF RN OEEIKT L TwsZ

E.

@ SSRI % SNRI O#FIxE/ 7 3 v OFER
AAHEEFHATH 208, BfE, BFENRICE
T/ 7 I VEREEOREFICERER T 510
% ¥ (serotonin antagonist ° serotonin ago-
nist 2 E)BEELTHE I L,

@ mER7F FEEED LAY (NK1 antago-
nist, CRF1 antagonist, vasopressin V1b antago-
nist) 7' V¥ & v EELE (NMDA antagonist,
AMPA agonist, metabotropic glutamate recep-
tor 5 antagonist) 72 £ D H & 7= e BEF % 21k
EYDS phase I DEEBEICEALTEY, &%
BE oD o EAEFE b DHL) DFEN
THT AARENH B L.

—HR I FRANFE S O BRITER 1T > 9 N DR B REIE
WKEWVWTHEWD D TIEER L, HI2FEITDOVT
bHISTIZIE v, PR EEOLEY DG AT
FIE D R R B © D BIHER I3 10% KT T
Hol0, REMFEPOLEY(ER 2, 3)DTAT
DWFEE U CAEARIN DI TIERY, Lerl,
EU "Tld 2009 4E 2 HIZ melatonin 1/2 7 I = A F,
1 k= 2C antagonist TH % agomelatine 23K
FWENTEDY, R VWEABE2ET 24
I OEDEADTTILEHMLTED, 5D
DRIBEOREDRE(EML T EFHIZN
5.

2. FRMSOENEA ,

INFEFTHEERZORAR IRk E PbifTbi
TELYR, HIDEOWTHEBETHD, H
HOL) DO IZPORDET L T b (T 2,
3). BERMABICREETZOBAPBEYTHD,
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F v Xtk *F v Xtk

S (95%fEFX ) (95%{ZHERFE)
<25 1.62(0.97-2.71)
25~34 0.76 (0.53-1.08)
35~44 0.78 (0.53-1.14)
45~54 0.94 (0.60-1.46)
55~64 0.62(0.30-1.27)
65~74 0.53 (0.22-1.33)
25~64 0.22(0.06-0.79)
=75 0.79 (0.64-0.98)
=25 0.74 (0.60-0.90)
=65 0.37(0.18-0.76)
&M 0.83 (0.69-1.00)

B4 520207 SERICHTZEREAOS v X EEHOBERY

& 2 Phase I %2 WMIEREHRFRICH 3 5> DFEHSILAYOEREIR (2010 4£ 12 B 1 HEXE)

ER PR SRR SE R L
vay (R=LE BAZ A (e e
Us EU HA
ERPREERS IR (%) *© 100.0(8/8) | 75.0(6/8) |12.5(1/8)
vilazodone hy- | Clinical Data :zi_omr;f;:pttzﬁzﬂ?z Hiss hase T & 1F N
drochloride Merck KGaA . . " pha
partial agonist
serotonin 3 antagonist,
serotonin 7 antagonist,
HHEM T serotonin 1B antago-
LU-AAZ1004 Lundbeck nist, serotonin 1A phase [ phase I phase I
. agonist, serotonin up-
BT IVERE take inhibitor
levomilnacipran | Forest Laboratories fxor'fad.renahne uptalj:e
. . inhibitor, serotonin | phase II phase I —
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and localizes preferentially at post-synaptic specializations of
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Abstract

SynArfGEF, also known as BRAG3 or IQSECS, is a member
of the brefeldin A-resistant Arf-GEF/IQSEC family and was
originally identified by screening for mRNA species associated
with the post-synaptic density fraction. In this study, we
demonstrate that synArfGEF activates Arf6, using Arf pull
down and transferrin incorporation assays. Immunohisto-
chemical analysis reveals that synAdGEF is present in
somata and dendrites as puncia in close association with
inhibitory synapses, whereas immunoelectron microscopic
analysis reveals that synArfGEF localizes preferentially at
post-synaptic specializations of symmetric synapses. Using
yeast two-hybrid and pull down assays, we show that syn-

Chemical synapses are specialized sites of the communica-
tion between neurons where information is processed and
integrated. Electron microscopy has allowed morphological
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ArfGEF is able to bind utrophin/dystrophin and S-SCAM/
MAGI-2 scaffolding proteins that localize at inhibitory syn-
apses. Double immunostaining reveals that synArfGEF
co-localizes with dystrophin and S-SCAM in cultured hippo-

~campal neurons and cerebellar cortex, respectively. Both

B-dystroglycan and S-SCAM were immunoprecipitated from
brain lysates using anti-synArfGEF IgG. Taken together,
these findings suggest that synArfGEF functions as a novel
regulator of Arf6 at inhibitory synapses and associates with
the dystrophin-associated glycoprotein complex and S-SCAM.
Keywords: ADP-ribosylétion factor 6, dystrophin, gephyrin,
PDZ domain, post-synaptic density.

J. Neurochem. (2011) 116, 1122-1137.

Abbreviations used: Arf, ADP ribosylation factor; BRAG, brefeldin
A-resistant Atf-GEF; DGC, dystrophin-associated glycoprotein com-
plex; GABAAR, GABA, receptor; GAP, GTPase-activating protein;
GEF, guanine nucleotide exchange factor; GGAI, Golgi-localizing,
Y-adaptin ear homology domain, Arf-binding protein 1; GST, glutathione
S-transferase; HA, hemagglutinin; IRSP, insulin receptor tyrosine kinase
substrate of 53 kDa; MAGI, membrane-associated guanylate kinase with
inverted orientation; PDZ, PSD-95/Discs large/Zona occludens 1; PSD,
post-synaptic density; SDS, sodium dodecyl sulfate; SDS-PAGE, SDS-
polyacrylamide gel electrophoresis; S-SCAM, synaptic scaffolding
molecule; synArfGEF(Po), potential synaptic Arf-GEF; VGAT, vesicular
y-aminobutyric acid transporter.
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classification of synapses into asymmetric and symmetric
types (Gray 1959). Asymmetric synapses, also called Gray’s
type 1 synapses, are usually excitatory, use glutamate as a
neurotransmitter and are formed on dendritic spines. They
feature a prominent electron-dense thickening at the cyto-
plasmic surface of the post-synaptic membrane called a post-
synaptic density (PSD). Intensive proteomic and molecular
cloning analyses have identified the molecular components
of excitatory PSDs, which consist of glutamate receptors, cell
adhesion molecules, scaffolding and adaptor proteins, cyto-
skeletal proteins, and signaling molecules including regula-
tors of small GTPases, protein kinases and phosphatases
(Scannevin and Huganir 2000).

By contrast, symmetric synapses, also called Gray’s type II
synapses, are usually inhibitory, use either GABA or glycine
as neurotransmitters and are mainly formed on dendritic
shafts and cell bodies. The PSD at inhibitory synapses is less
electron-dense, having a similar size to the active zone on the
pre-synaptic membrane. Our understanding of the molecular
organization of inhibitory synapses lags behind that of
excitatory PSDs, in part because of the difficulty of
purification of inhibitory PSDs. Several components such
as gephyrin and dystrophin-associated glycoprotein complex
(DGC) are found to localize selectively at post-synaptic
specializations of inhibitory synapses and are proposed to be
essential for the formation and maintenance of inhibitory
synapses. Gephyrin is a 93-kDa peripheral membrane protein
that was originally co-purified with glycine receptors (Pfeif-
fer et al. 1982). Several lines of evidence indicate that
gephyrin is essential for the post-synaptic clustering of
glycine rteceptors (Kirsch e al. 1993; Feng et al. 1998)
and o2- and y2-subunit containing GABA, receptors
(GABARs) (Esstich et al. 1998). Gephyrin functions as
synaptic scaffold and regulator of receptor trafficking by
interacting with various membrane, signaling, cytoskeletal,
and trafficking proteins (Kneussel and Betz 2000; Fritschy
et al. 2008). Among gephyrin-interacting proteins, colly-
bistin, a guanine nucleotide exchange factor (GEF), was
originally considered to govern synaptic gephyrin localiza-
tion, because collybistin splice variants lacking a src
homology 3 domain can recruit gephyrin from intracellular
aggregates to submembrane clusters in heterologous trans-
fection systems (Kins et al. 2000; Harvey ef al. 2004).
However, most isoforms in vivo harbor an Src homology 3
domain, which mediates activation of collybistin-mediated
gephyrin clustering by neuroligin 2 (Poulopoulos et al.
2009). Curiously, studies with collybistin-deficient mice have
revealed that collybistin is only essential for gephyrin-
dependent clustering of specific subsets of GABA,Rs in the
hippocampus and amygdala (Papadopoulos et al. 2007),
suggesting that other clustering mechanisms must operate at
inhibitory synapses. On the other hand, the DGC is a large
multiprotein complex that links the extracellular matrix to
the cytoskeleton. Several components of the DGC, including

© 2011 The Authors

o~ and B-dystroglycan, dystrophin, and B-dystrobrevin were
shown to selectively localize to inhibitory synapses on
neuronal somata and dendrites (Knuesel ez al. 1999; Brunig

-et al. 2002; Levi et al. 2002; Grady et al. 2006). A stody

with dystrophin mutant mdx mice also demonstrated that a
lack of dystrophin reduced the clustering of GABAR al
and o2 subumits in the hippocampus and cerebellum
(Knuesel et al. 1999), suggesting that gephyrin-independent
mechanisms also regulate the clustering of GABAAR ol and
o2 subunits.

SynArfGEF(Po), named as a potential synaptic guanine
nucleotide exchange factor (GEF) for the ADP ribosylation
factor (Arf) family of small GTPases, was originally
identified by screening for mRNA species associated with
the PSD fraction (Inaba et al 2004). SynArfGEF(Po)
contains an N-terminal coiled-coil motif, a calmodulin-
binding IQ-like motif, central Sec7 domain and pleckstrin
homology domain and a C-terminal type I PSD-95/Disc
large/Zonula occludens 1 (PDZ)-binding motif (Inaba et al
2004). All Arf-GEFs contain a Sec7 domain, an approxi-
mately 200-amino acid protein module that is critical for the
catalysis of GDP-GTP exchange on Arf GTPases. Syn-
ArfGEF(Po) belongs to the brefeldin A-resistant Arf-GEF
(BRAG)IQSEC subfamily of Arf-GEFs based on the
phylogenic classification of Sec7 domains (Cox et al
2004), The Arf family comprises six structurally related
members (Arfl-6) that play an essential role in membrane
trafficking and cytoskeletal rearrangements (D’Souza-Scho-
rey and Chavrier 2006). Among six Arf members, A1f6 is the
most divergent in terms of structure, localizes at plasma
membrane and endosomes, and regulates recycling of the
plasma membrane and peripheral actin cytoskeleton. In
neurons, Arf6 is implicated in the formation and maintenance
of dendritic spines (Choi et al. 2006), the branching of axons
and dendrites (Hernandez-Deviez et al. 2002, 2004), exocy-
tosis and endocytosis of synaptic vesicles (Vitale et al. 2002;
Krauss et al. 2003) and receptor internalization (Delaney
et al. 2002; Krauss et al. 2003; Claing 2004; Houndolo et al.
2005). SynArfGEF(Po) mRNA is expressed widely in the rat
brain and localized at dendrites as well as cell bodies,
suggesting activity-dependent local translation (Inaba et al.
2004). Although synArfGEF(Po) protein shows a punctate
appearance in cell bodies and dendrites of cultured neurons,
its subcellular localization has not been characterized in
detail to date.

To obtain a better understanding of the functional
significance of synArfGEF(Po), we first demonstrated its
ability to activate Arf6 and therefore renamed it synArfGEF.
Next, we examined the immunohistochemical localization
of synArfGEF in the mouse brain. Intriguingly, synArfGEF
exhibited somatodendritic localization with a high selectivity
for post-synaptic specializations of inhibitory synapses. We
further demonstrated the ability of synArfGEF to interact
with utrophin/dystrophin and synaptic scaffolding molecule
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(S-SCAM) by yeast two-hybrid and pull down assays. These
findings indicate that synArfGEF is a novel signaling
component at inhibitory post-synaptic sites.

Materials and methods

All animal protocols were approved by the Animal Exper-
imentation and Ethics Committee of the Kitasato University
School of Medicine and followed the guidelines of the
National Institutes of Health.

Vectors

Mammalian expression vectors for synArfGEF (pCAGGS-FLAG-
synArfGEF) and GEP100/BRAG2 (pCAGGS-FLAG-GEP100) were
made by amplifying the coding regions of rat synArfGEF and mouse
GEP100 using PCR with primers containing EcoRI restriction sites
(underlined) as follows: sense, 5-GAATTCATGGAGAGCCTGC
© TGGAGAACCCGG-3' and antisense, 5'-GAATTCCTACACCAGG
CTCCTGGAGCCACTG-3’ for synArfGEF; sense, 5'-GAATTCAT
GCTAGAACGCAAGTATGGGGGAC-3’ and antisense, 5-GAAT
TCTTAGGAGCACAGCACTGGAGGCTG-3’ for GEP100. After
subcloning into pGEM-T Easy (Promega, Madison, W1, USA), the
¢DNA fragments were digested with EcoRI and ligated into the same
restriction site of pCAGGS-FLAG (Niwa et al. 1991; Sakagami ef al.
2005). A mammalian expression vector for IQ-ArfGEF/BRAGI,
pCAGGS-FLAG-IQ-ArfGEF/BRAG]1, was described previously
(Sakagami et al. 2008). The expression vectors for S-SCAM
[pCIneoMyc S-SCAM (1-1277), (1-301), (295-578), (423-578)]
were described previously (Sumita er al. 2007). The expression
vectors for C-terminally hemagglutinin (HA) epitope-tagged Arfl and
Arf6 in pcDNA3 (Hosaka et al. 1996) were kindly provided by Dr
Kazuhisa Nakayama (Kyoto University). The expression vector for
C-terminally FLAG-tagged Arf6(Q67L) mutant in pCAGGS-neo
(Tanabe et al. 2005) was kindly provided by Dr Masanobu Satake
(Tohoku University).

For Arf pull down assays, the bacterial expression vector
containing the GAT domain of Golgi-localizing, y-adaptin ear
homology domain, Arf-binding protein 1 (GGA1) (Shinotsuka et al.
2002) was kindly provided by Dr Kazuhisa Nakayama (Kyoto
University).

For pMAL-SXN, a bacterial expression vector that has the same
reading frame for the Sa/l cloning site as that of pGEX4T-2 (GE
Healthcare, Piscataway, NJ, USA), oligonucleotides containing Sall,
Xhol and Nofl sites (5'-AATTGTCGACTCGAGCGGCCGCTGCA-
3’ and 5-GCGGCCGCTCGAGTCGAC-3") were annealed and
ligated into the EcoRI and Psid sites of pMAL-c2 (New England
Biolabs, Beverly, MA, USA). To prepare antigens for immunization
and affinity purification, the N-terminal region (amino acids 1-293)
of rat synArfGEF, the entire coding region of mouse gephyrin, the
region between PDZ1 and PDZ2 domain of rat S-SCAM (amino
acids 510-570), the region containing 13th and 14th spectrin repeats
of mouse utrophin (amino acids 1761-2101) were amplified by PCR
with the following primers containing a Sa/l site (underlined) in
sense primers and a stop codon (small letters) in antisense primers:
5’-GTCGACCATGGAGAGCCTGCTGGAGAACCCGG-3’ and 5'-
ctaTAGGTCAAGGGAGAGTTCGTACTC-3’ for synArfGEF; GT
CGACCATGGCGACCGAGGGAATGATCCTCAC-3’ and tcaTAG

© 2011 The Authors

CCGTCCAATGACCATGACATC-3" for gephyrin; 5-GTCGAC
CTGTCGTGGCTACCCTTTGCCCTTTG and 5'ctaGTGCAA
AGAATGAGGTGGCCGGTCTG-3" for S-SCAM; 5-GTCGAC
GACCCTGCTGGAACTGTTCAAGCTGC-3’ and 5'-ttaCGTTAA
CCAGCAGGTGACCTCATCTAGCC-3" for utrophin. After sub-
cloning into pGEM-T Easy, the cDNA fragments were digested
with Sall and Nofl and ligated into the same restriction sites of
pGEX4T-2 and pMAL-SXN.

For in vitro binding assays, the C-terminal region of rat
synArfGEF (amino acids 1122-1194) was amplified by PCR with
primers containing a Safl site (underlined) (5-GTCGACCAT
GGAGCCCCTGCTGAGCCAGGCTC-3’ and 5-CTACACCAG
GCTCCTGGAGCCACTG-3"). After subcloning into pGEM-T
Easy, the cDNA fragment digested with Sa/l and No:I was ligated
into the same restriction sites of pGEX4T-2. The C-terminal regions
of utrophin corresponding to amino acids 2961-3429, 2691-3058,
and 2691-2843 and dystrophin corresponding to amino acids 2937—
3685 were amplified by PCR using the primer combinations listed in
Table S1 and ligated into pGEM-T Easy. The inserts were digested
with Sall and NotI and ligated into the same sites of pGEX4T-2.

To construct bait vectors for yeast two-hybrid assays, the
C-terminal regions of synArfGEF shown in Fig. 7b were amplified
by PCR with primer combinations listed in Table S1 and rat
synArfGEF cDNA as a template. After ligation into pGEM-T Easy,
the inserts were ligated into Sall and Noi sites of pDBLeu
(Invitrogen Corp., Carlsbad, CA, USA) downstream and in frame
with the GAL4 DNA binding domain. For pDBLeu-syn-
ArfGEF(PPPPY — PPAPA), mutations were introduced in a PY
motif at the C-terminus of synArfGEF using the PrimeSTAR
mutation basal kit (Takara, Tokyo, Japan) with pDBLeu-syn-
ArfGEF(1122-1194) and mutagenesis oligonucleotides (sense,
5’-CCCCAGCCCCAGCCAACCACCCTCACCAGTT-3; antisense,
5"-GTGGTTGGCTGGGGCTGGGGGTGGGGGCAGTGG-3). To
construct prey vectors encoding truncated mutants of utrophin and
dystrophin as shown in Fig 6a, PCR was carried out with the primer
combinations listed in Table S1. After ligation into pGEM-T Easy,
the inserts digested with Sa/l and NofI were ligated into the same
sites of pPC86. All inserts created in this study were confirmed by
Sanger DNA sequencing.

Arf Pull down assay

The GEF activity of synArfGEF was examined by Arf pull down
assays with GGA1 as described previously (Takatsu et al. 2002;
Sakagami et al. 2006). COS-7 cells were transfected with pcDNA3-
Arfl-HA or pcDNA3-Arf6-HA in the presence or absence of
pCAGGS-FLAG-synArfGEF using Lipofectamine 2000 (Invitro-
gen). Cells were lysed in a buffer containing 50 mM Tris—HCl (pH
7.5), 100 mM NaCl, 2 mM MgCl,, 0.1% sodium dodecy! sulfate
(SDS), 0.5% sodium deoxycholate, 1% Triton X-100, 10% glycerol
and a cocktail of protease inhibitors (Complete Mini™, Roche,
Mannheim, Germany). After centrifugation, the supematants were
incubated with 40 pg of glutathione S-transferase (GST)-GGAl
fusion protein immobilized on glutathione-Sepharose 4B (GE
Healthcare) for 1 h at 4°C. The precipitates and lysates were
separated by SDS—polyacrylamide gel electrophoresis (SDS-PAGE)
and subjected to Western blot analysis with anti-HA (Clontech
Laboratories, Palo Alto, CA, USA) or anti-FLAG antibodies (M2,
Sigma-Aldrich, Inc., St Louis, MO, USA). Immunoreactive bands
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