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1. IFC&IC

b D LS B EMEYOMIICIE, Tty s nik
MRV NERE D ZEIAE L, ENFNHEG OREZ R -
T3, FlZIE, REEEEHROHENTTH S DNA 28
LU, TPV RYTRIFIVF—DEERTV, LY
HIEHT L SRS Nz 2 2 78 7 B OBH08R 217 -
T3, ZNZNOMIIN/NRENOYIE DOz E, JEA
CUNTER S NSER MUK D TTHRbNS, 75 AV
VWEMEZE Y U MEEak ik o EFITH D, TUR
YA b= R EMEINZHFINNOYIE DL D IAHDI73 M
27 EOMBNERE EICBEESE LTV, dIVIkh
5HMHIANE BRI BHimZ NI EiR, SR - Db
Ve Fy b= (TGN) W RTES B Rk 2 /37 EH%
BRIC Ko THERDEN, TR T EZ—2 I EDT 2 fE
DTHZ I A E/IMEOHICIDAE N, Bl & E
N5, 75 A HEVINEZE T Uz Maiinsid epitic 35
B ERISER EICEMb - TED . T OfRERICEED
FlE % L ORISR EREAL R PEN S | ER T S ND, 1t

T, /MEEEBI R A BT % T L&, BV Bk
W TR EENERMN S EETH 5,

752 VEIMNAERDOT B S R—=Z 0B L
T AP EEKRDLHIN SH SN TV, FoLZhichn
ZTCTGGA 2NN ENFRERENTZ (11, GGA 2808
. FSUX DY s 2y FT—2 (TGN) &5 D
ENEERKICBE 59 %, GGA XSV BIE3 DD RAA
Vh57%% (Fig. Do NAKIGD VHS RAA <Y/ —
6V VIEZERAIE & ORiE R 2R B AR OB E
B EitEd %, GAT RAA VIEGGA X787 73V
—TIREFEENTV ST, X MO KBGS 7 F v
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& LT < ARF (GTP AR AT %, C K
D GAE RAAVIERULT X T R—=2 IR0 ETH S AP-1
EHERD y-ear FAA 2 EMHAMENSH S (Fig. Do GAT F
AA & GAE R XA VOO > VREIIZ L/ IO
BRUNNIHETHZ75AY) Y EMHEERT %,

GGA 7 7 2V —Z, ZOTEM: & HEMEN 5IERICHE
HZED, MR 5 ZF DI ARSI E DWW T Hl R
DNTDFMIMT TICHEDI|EETN TS 27, Th
FT. MLADTNV—T1E. GGAlID VHS RAL &<
J—R6 ) VZHERD C KIGTEHHORTF R DOEA
ROREE 2] . GAE RAA VDKREQ T TH B APl #
BRD y-ear B A A > ORfifmkEZ A5 MM Uiz (6], &i%
IZH > 7z GAT R A A ¥ ORGERE & E BN BRI R 54
Lixo, BeROTI—TL, WEHT TV v IR, KEH
NIH F OKEA 7 5 R KEDE 4 DD 7 )V—HIEIEH
BRI RS OB IS N LU 7z [8-11], TGN JIRICHE S L 7z ARF
IC GAT RAAL VUHERT ST &I X > T, GGA 12 TGN
JEIC Ry F> 7 U, inE/ A KZ RS 5 T & A HkK
%o WADI I —T1F GAT R XA VBUAIZIT TR, 7
D N KU fEEL (N-GAT) & ARFI(GTP f#5 &) & DEAK
D XIFEREMEE LIS M L 8l ThIZX D GGA %
VISTEMNARFICEK D, TGN JEICY Z)b—hENB A H
ZALWHS MRS Tz,

2. B
Q1 2NV EDORR - BREERIL

t b GGAl Z 287D GAT K XA > (166-305 553E)
31— K9 % DNA W 7%Z PCR ZHWTHEL, 7L &
FAYS- b TFTVAT 2 T—¥ (GST) LDEIGZE IR
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Figure 1

Schematic diagrams of AP-1 complex and GGA.

BHeLUT, KIBFEANTREI B L, 77— T
GST & YIWIRE L. GAT R XA DAL W
7zo 7z, FIFRIC ARFI (Q7IL ZRIC KD GTP 5 GDP
ANDHIKRDIE T 53 GTPFESRU [E 7 & N ZE FA)
& N-GAT R A1 >/ (166-210 ) 2 Z N ZFNFBL-FERH U,
MEERREG LU TEHEEREER L, VA BIax 757
4 =T HWTEERE R USRS EICH Wz,

GGA1 Z VIR E D GAT R A A VHEEDFEMIZ, 35 %
MPD, 2 % PEG6000, 0.1 M Tris-HCI (pH 7.5) 7% & SbH &
TENYFUT Ry TR TERL L 72 (Fig. 2a),
% 7z, ARF1(GTP-form) O #f i l&. 24 % PEG3350, 0.2 M
CH,COONH,, 0.1 M acetate buffer (pH 4.0) Z LA & T %
NYFV T Rry TIRGEREGE TIERR U7z (Fig. 2b), X7z,
ARF1 & N-GAT F A A > OGS (10 % PEG 3350,
02 M KI Z#ERERI & T 2NV F 0 Raw TR ILRE
TIEB® L 7z (Fig. 2¢)o

2.2 X4 GEEHFEET— 2 DRE L IBERE - FBElL
GGA1 Z 287D GAT R A A > OfEEHD X KR8
E5—&l%, KEK PFDE—LF A BL-18B (A=1.0 A) D
TG FIVT, 2.1 A SIFRED T — 272 R, =0.045 DFE
ETHE L, iz, MEEHREEL DL/ AFF
ZMbE U7z GAT R A AV DFEFRKD X KREHTHEE T — 2 &
3 FEEE O F 7 % % E (k=0.9500, 0.9806, 0.9808 A) T. KEK
PF DY — LT A > BL-18B DA W THIE Lz,
ARF1(GTP-form) D 5H D X R EIHTIRE 7 — % 13, KEK
PF DY — LT A > BL-6A (A=0.977 A) D&% VT,
1.5 A DRBED T — R 72 R, =0.043 OIEE THIE LTz,
%72, ARFI & N-GAT R XA DAL RO X #RE

Figure 2

(a) Crystal of the GGA1 GAT domain, (b) Crystal of the ARF1
(GTP-form), (c) Crystal of the GGA1 N-terminal GAT domain in
complex with ARF1 (GTP- form). Bars indicate 0.1 mm in length.
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o5 — &2 &, KEK PF DY — L5 1 > BL-18B (A=1.0
A) DD EZANT, 1.6 A RAED T — 272 R, =0.048
OFEETHIE LTze ZDOMORE SR DOHEHE% Table 1
(Appendix) IZ7~ U7z,

GGAl % V)87 D GAT R X AV EADHE RS X,
YL AFF M LT 2 VST BOREEE V-2 E
FLH 7 BUE (MAD) THE LU Tze ARFI(GTP-form) O i
K§& X, ARF6 O GTP-form ZE 7 /L1 LTHW %
TEBETHRE LU, £z, ARF1 £ N-GAT K XA D
EEKROREREGEIX,. ARF1 (GTP-form) DREE R Y —F
ETIVET B0 TEIETIRE Lz, Z0%, Mgt
Firolck T A, GAT R A A VH{K, ARFI (GTP-form),
ARF1 & N-GAT F A A > OEEROFERZH R EIZZF N
ZF124.7,19.0,19.8 % LIz o7z, ZTOMOKEELOHFHE
% Table 1 1SR U7z,

3. BREER
3.1 GGA1 2V INVED GAT F A A DigE

MEE AT DFEH. GGAL D GAT R XA ik, 34D a-
NV JAMBRERENTWVS T &S MNICE > T (Fig.
3), Fig. 3b i&. Fig. 3a % 90° Hfiz LT3 ARKDNY v 7 X
#ENSRIENTH %, NAIOANY v 7 g, ftho 2 4
DN JADBRZ 2 EDOEEZFD, £z, N KD
26 FREIE, BFRENHKRE TR, BRthTTyLEY
TIiKERES>TVEEDEEZ BN,

3.2 GAT FXa v tEngER D2 VINIE

GGA1 @ GAT R A A TR Ptk kE D 2 > 78y
M7z LIEET A, CALM[12] & LAP[13] X >IN HE
D—EM GAT RAALV ETWB T e olz, Th
50X VITEIE, LEICAPIBO DKREQ ST THD, 7
T A U IMNUERICE ST 2 X NV B TH S, Fig.

Figure 3

Ribbon diagram of human GGA1 GAT domain. The GAT domain forms
three a-helices connected by loops of varying length. The final model
is complete except for the N-terminal 26 residues (166-191: dotted line)
and the C-terminal 2 residues (304-305) whose electron density is very
weak. (a) side-view, and (b) top-view.



Figure 4

Comparison of the GGA1 VHS-GAT domain with AP180 homologues.
(a) Ribbon diagram of the N-terminal domain of CALM (PDB 1HGS,
Clathrin Assembly Lymphoid Myeloid Leukaemia Protein). The al to o
7 are shown in blue and a9 to all in green. Inositol hexakisphosphate
molecule is shown in a ball-and-stick model. (b) Ribbon diagram of the
N-terminal domain of Drosophila clathrin adaptor protein LAP (PDB
1HX8). ol to a7 are shown in blue and a9 to a12 in green. (c) Ribbon
diagram of the VHS domain of GGA1 complexed with the C-terminal
cation independent-M6PR (CI-M6PR) peptide (PDB 1JWG) in the same
orientation as in (a). CI-M6PR peptide is shown in a ball-and-stick
model. (d) Ribbon diagram of the GGA1-GAT domain in the same
orientation as in (a).

4a l¥ CALM DV {AREIE, Fig. 4b 13 LAP D Vi A#E TH
D, FREOTRLUTHSHDH GGAL D GAT R A1 (Fig.
4d) DVGLAREGE LML TV B, BEBRENC LIS, NK
lnﬁﬁlJ@a@TTL’c;b%nB »i&. GGA1 O VHS K A A
Y (Fig. 4c) L BSHM Ui AHERZE LT W5, W4
OREERILET S L., REBTRLUTHS GAT RAAL D
FHELTIX. GGAL D GAT RAA YD NEKDNY v 7 AN
CALM R LAP L L THLEWVWEWS T LU TIRE
CHELILTWS, £z, A TRLTHS VHS DFEET
&, CALM & LAP Tlid. GGAl @ VHS R XA > & higd
é L a6 8B RIELTWVWB T & &, oF A VHS & Lhig
TAHLEWEWS T BLHEEILTWS, 722U,
CALM X, KRR T 7F VA /¥ b—)b-45 —) Vi
EDVY VIREZN L THRICHEA L TWD, ZHUCH LT,
GGA Z V7L, GAT RAAVENL T, K EICHE
LC\% GTP #5&M ARF EAHEA/FA L. Y 70—k
ENB, TNEHDET. GGA B IS7H L APIS0 DIRTE
070, WARREEIIELUL T RH, BRSSO M,
HRZEKELRES>TWVS,

33 420D JIV—-THIEERRLTE GGA1 2NV ED
GAT F XA > DIEEER
BADTN—TLIZIFREIC, KET Ty VK
DT N—T, KEDNH D F )N —TRCKEL T TR
KEED T I —TIIHATIT GGAL D GAT K A A > DIk
ExRPGE LTz [8-11]0 4 DD IV—"THUE LTz GAT R A
A 2D CRIFHID 3 ADNY v 7 ZREEIZIEHICE L —
HLUTWVEH, NG KE S B E> TS, CAKbifll
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Figure 5

Comparison of the crystal structures of GGA1 GAT domains determined
by the four groups. The diagram was made by the least-square
minimization of the overlap of C-terminal GGA1l GAT domains
(199-299) from the four groups.

D3IRDNY w7 Az EREDENZ% Fig. 5I1CRT, 7
YTV IREDYI—T (9] £ XY TR KD T N —
7" [11] D F%R I hexagonal TZEMEED P6, THH., 4 DD
ANV T ZAMBRERENTOSN, HADT)V—T (8] &
NIH ® %7)L—7" [10] D#h5R(E Rhombohedral TZERIREAY R3
THD, 3RO 2w I A SR NTWT N ARKDEE
13 disorder LT %, 4D GAT R A+ D N K
O @M (CD) AXRZ MVERIELTIzE T A, 7RI
E74—=IVRLTWEWT &MV otz, Lo TEIR
D GAT RAAE, 4KDANY w7 AT+ —IVRL
TR &L N RIRFEI Y > 7 4 —)U R U7k & o Al
REICH B LEZBNS,

3.4 N-GAT FXAA & ARF1 L DEAHDIEE

ARF LHIEIEM T % DIE GAT D7 L& 7 )7 N K
T TH %, GAT K XA > & ARF BIAKT CLEmES
RIS 20 CEAEMREEERI 1 uM) . FRA DA
ZHEOEREEL T TIIES LTEEARDOERIZELN
Tholze % T T ARF L HHEANER T % GAT O N Kl tH
B (N-GAT) 727278l - i L. ARF L EEKZTE K
THTHMELIZET A, D THEEERDESEIESZ &
M HSKR Tz (Fig. 2¢)o N-GAT & ARF1 O SIRD 2 {AREE %
Fig. 6 |2 789 Fig. 6b l&. Fig. 6a % 90° [A]#z L T N-GAT
D2ARDNY v 7 A6 RizKTHS5, £7z. ARFI

HFEAL TV GTP & Mg™ &, ball-and-stick &7 /L TR
L TH %, Fig. 6c 11, N-GAT D (Fo-Fc) R LT 3
omit TBFHEEK (1.5 0) R LTz TDOEXSIT, N-GAT D
HHIE 7 PR R RS A T &M TE Tz, GAT KA AV
HIKTIX, ZOTLF T INVEDDICHHERIRET S T
LIETEAD > T2 NRGEE (N-GAT) TH S, ARFI
CEEREERTZEAND Y TR V=T -\ v T AD
MEEZIEA L. RICHRRBERIC ARF1 D A1 w F 1 fiFi &
AA W F 2B EMHEEH L TWA T ENHLNMTER S
7o
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Figure 6

Ribbon diagram of the ARF1/N-GAT complex. N-GAT forms a
helix-loop-helix motif facing the Switches 1 and 2 of ARF1-GTP. (a)
side-view, and (b) top-view.(c) Stereo view of the omit Fo-Fc electron
density map of the GGA1 N-GAT (L178-N194) within the ARF1/N-GAT
complex. The map was calculated to 1.6 A resolution and displayed at
1.5 o cutoff, superimposed with a ball-and-stick model of the N-GAT
domain.

3.5 N-GAT F XA > & ARF1 OEE(ERER

N-GAT R A A > & ARF1 & DM AEEH DR Z X T L
AN R U (Fig. 7a). HEERICBESLTWET7 I/
2553 7% ball-and-stick T 7 )V C/R L7ze N-GAT R XA
F.2ARD o- N v I AZEH L. ARF1 DAA v T 1 &
U2 M EHEEAL TW5, Fig. b 3HEEHAL T
HMZHAVWTHRIZKTH %, GGA1 D GAT F X1 Vi,
2D a-NU v I AN SIBKE N B BUKHEEEK T GTP 2
D ARFI DA A v F 1 & 2 IEZ FICHKEMEOIER T
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N-GAT domain

Figure 7

Interaction between ARF1 and GGA1 N-GAT. (a) Stereo diagram of
the ARF1/N-GAT interface. Ball-and-stick models in yellow with red
labels represent residues of N-GAT which interact with ARF1, and
A193 which is located in the hydrophobic core formed by a0 and o
1. Ball-and-stick models in gray with black labels show ARF1 residues
which interact with N-GAT. (b) ARF1/N-GAT interface shown as an
‘open book’ representation. The residues involved in the interactions
are indicated by ball-and-stick models (bond colors: N-GAT in green,
ARF1 in yellow). In the left panel, residues of N-GAT involved in
the interaction are labeled in black and corresponding residues from
ARFT1 in blue. The right panel shows the other side of the interaction,
ARF1-GTP in ribbon diagram with its residues in the interface labeled
in black and corresponding residues of N-GAT in red. Asterisks denote
hydrogen-bond interactions. The switches 1 and 2, and the interswitch
region of ARF1 are highlighted in red and blue, respectively.

ARF1

LT WD, F2. GGAL D GAT R A A VOMENEH
ICBEELTWE T X /B (Leul78, Leul82, Leul90, 1le197,
Asn194, Val201) ICAFZ ANS &, GTP B0 ARF1 &
HAFR U< 722 &0 5 M [9,14,15] 1. VIAKED 5
KLFHATE %,

3.6 fthd ARF#ES R I\ G /ARF B L DIBELR

ARFHSE 27 & ARF L DEAEEKIC DN TR, T
% T ARFGAP[16] & ARFGEF[17] iZ DWW ARG A R
EENTWVS, ARFGAP I& ARF O GTP h/K /o fis it 2 42
19" % GTPase-activating protein (GAP) T D, ARFGEF &
GDP 7% GTP &£ 1L, GTP 1D ARF #{F D Hi3 Guanine
nucleotide exchange factor (GEF) T %, ARF & N-GAT @D
MEERERIZ, chbondnesfizo>T05% (Fig
8)o F7z. GGA & ARFGAP /' GTP #5467 ARFICH L C
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ARF1 (Free) / Sec7 domain

Figure 8

Arl2 (GTP) / PDE

Comparison of the ARF1/N-GAT complex with other complex structures of ARF and ARF-interacting proteins shown in stereo diagrams. In
panels (a)-(d), regions which interact with ARF are highlighted in green and the rest in dark gray. The switches 1 and 2, and the interswitch
region of ARF are shown in red and blue respectively and the rest is in light gray. Encircled "N" and "C" stand for the N- and C-termini. (a)
ARF1/N-GAT complex (this work). (b) ARFI/ARFGAP complex [16]. (c) ARF1/Sec7 domain complex [17]. (d) Arl2/PDES complex [18].

MELED LW ALHET—X (151 £, GGA & ARFGAP
MEBIT ARF DA A v F 2HEBICHE ST % &0 5Tk
WM SHIHTE %,

3.7 GAT FAA2{k& ARFDESETIV

GAT R A A > B D HE3E & N-GAT/ARF #H & &k D
N-GAT & THIET % 199-205 B E DIy ZEHREDLE 2
EFINE, SETIESNIZNREE LHTZE DD Fig. 9
TH%, BREHOEET VTR, ARF Ef5E L7z GAT R
AALVNEAERDNY Yy T A ERD, TR T U
VREDTIN—T9]1 AT THEIKRZEDTIN—T[11] D
GAT FAA Ok & FT 5, 7 LFTTIVIE GAT D
N KinfHEIE. ARF EHEET A LICK 2 TNY v I X -
W=7V w I G LTHZELE NS L EZDBNS,

4.%5L&

4k, GGA1 D GAT FAA VEAB KT, GAT F A
A D N KIFfEE (N-GAT) & ARF & OB EIKRD X #ks
G2 RE LTze T ORR. GAT F XA > C Kimffll
WE3ARD a- Ny T ADRMNSK> Tz, —7F N-GAT
BI7LFTTIVERET, ARFEREATECLICE-T
ANV T A =T -~V w7 AfEiEE UTEELES NS
TENTM ST N-GATIE. ARFORA Yy F 1BXU2
T & UK EER THRA L T,

U5 A UHEE/NAORIE 2 27 e LTk, R
275> TRWEENT GGA X 287 O LIETH & i
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Figure 9

Domain organization of GGA and a proposed model of the interactions
with its partners during the vesicle formation. The N-terminal VHS
domain recognizes the sorting signals such as M6PR (PDB 1JWG). The
GAT domain interacts with a membrane-bound ARF (in this study).
The subsequent hinge region interacts with clathrin (clathrin terminal
domain complexed with clathrin-box peptide from B3-hinge of AP-3,
PDB 1C9I). The sequence S¥*LLDDELM interact with VHS domain
(autoinhibition) when S* is phosphorylated [19]. Finally, the C-terminal
GGA1 GAE domain is modeled from the structure of the ear domain of
y-adaptin (PDB: 1IU1) based on their similarity both in sequence and
function.
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(Appendix)

Tablel Data processing and refinement statistics
Crystallographic data

GGA1 GAT domain ARF1 (Q71L) N-GAT / ARF1
Space group R3 C2 P222,
Cell dimensions (10\) a=285.1,c=59.1 a=127.6, b=50.8, c=52.1 a=494,b=76.9,c=61.9

©) o=90,y =120 B=113.4

Solvent content (%) 51.9 41.2 47.8
Data processing statistics

GGA1 GAT domain ARF1 (Q71L) N-GAT / ARF1

Wavelength A)
Temperature (K)
Resolution (A)

1.0 (PF-BL18B)
100
30-2.1(221-2.1)

0.977 (PF-BL6A)
100
30- 1.5 (1.58 - 1.5)

1.0 (PF-BL18B)
100

30- 1.6 (1.69 - 1.6)

Total reflections 64,602 155,298 194,166
Unique reflections 9,302 44,086 30,626
Completeness (%) 100.0 (99.6) 89.8 (62.8) 96.4 (83.1)
R e (%) 4.5 (26.7) 4.3 (20.1) 4.8 (24.5)
I/sigma 9.2 (2.8) 12.9 (3.1) 11.0 (3.0)
Models
GGA 1 GAT domain ARF1 (Q71L) N-GAT / ARF1
Number of protein atoms 887 2,664 1,663
Number of water molecules 108 313 278
Number of GTP atoms - 64 32
Number of Ions molecules - Mg2+: 2 Mg2+: 1,I:2
Average B-factor (Az) 46.5 13.2 16.8
Refinement statistics
GGA1 GAT domain ARF1 (Q71L) N-GAT / ARF1

Resolution range A) 30-2.1 20-1.5 30-1.6
Reflections in working / free set 8,858 /443 41,851/2,221 29,080/ 1,545
R-factor / R, (%) 24.7/29.4 19.0/21.1 19.8/22.7
R.m.s. deviation from ideal values

Bond length (A) 0.018 0.008 0.012

Bond angle (°) 1.74 1.23 1.56
Ramachandran plot

Most favoured (%) 85.7 94.3 94.1

Additionally allowed (%) 13.3 5.7 5.9

Generously allowed (%) 1.0 0 0

Disallowed (%) 0 0 0

Values in parentheses are for the highest resolution shell.
Rmerge=%i%j|<li>-1ij|/Zi%jlij, where <[i> is the mean intensity ith unique reflection, and /ij is the intensity of its jth

observation.
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