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Insertion device Type: tapered undulator

Length of period: 40 mm

Number of periods: 95

Magnetic field: max 0.6Tesla
Energy range: 7-17 keV with the 3™

harmonics

Collimating mirror
(23.5 m from the
source)

Type: flat-bent

Material: Rh-coated Si single crystal

Size (mm): 1000(L) x 100(W) x 70(T)
Glancing angle: 3.5 mrad

Radius of curvature: 13428.6 m

Slope error( yrad): max. 1.56 (L), 5.71(W)
Roughness: max. 1.34A

Double crystal
monochromator
(25.4 m)

Material: Si(111)

Fixed exit: numerical link

Cooling system: liquid nitrogen circulation
Energy range: 7 — 17 keV

Focusing mirror
(27.0 m)

Type: bent-cylindrical

Material: Rh-coated Si single crystal
Size(mm): 1000(L) x 100(W) x 70(T)
Radius of curvature: 54.76 mm, 6285.7 m
Glancing angle: 3.5 mrad

Slope error(urad): max. 3.37(L), 5.93(W)
Roughness: max. 1.61A
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Schematic layout of the new beamline
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£ 3. Data Collection Statistics of ‘Protein X' from human brain at
PF-AR NW12

Data set Native | PCMBS* derivative
Crystal size (mm) 0.02x0.02x0.1
Space group P22.2,
Cell a, b, c(A) 44.39, 55.35, 78.76 | 44.46, 55.55, 79.07
No. of residues / ASU 236
Temperature (K) 100
Rotation angle per image 05
(deq) i
Number of images 360
Exposure time per image 20
(sec)
Processing software DPS / Mosflm
Resolution (A) 1.8(1.9-1.8)
Wavelength (A) 1.0000
Unique reflections 18,263 18,478
Multiplicity 6.5 (4.9) 5.1(5.2)
Completeness (%) 98.2 (92.0) 98.6 (98.5)
11 o(l) 9.4 (3.8) 9.4 (2.1)
R, (%) 5.7 (19.1) 5.7 (34.2)

*p-chloromercuri benzene sulphonate
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The first Diels-Alderase
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Figure 1
Representative examples of natural [4+2] type adducts.
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Figure 2

Enzymatic reactions catalyzed by MPS. (a) Decarboxylation without
2-pyrone. (b) Multi-step transformation with 2-pyrone. Macrophomate 1
and 2-pyrone 2 have been discovered in Macrophoma commelinae. MPS
also can covert Pyrenocin A 4 into pyrenocheatic acid A 3, which are
phytotoxins from onion pink rot.
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Figure 3
Crystals of MPS. a native type_A b native type_B ¢ Selenomethionine
substituent.

Figure 4

Overall structure of MPS. a, Protomer structure of MPS showing a-helix
swapped (B/a), barrel fold. The core B-barrel (blue) is surrounded
by 11 a-helices. The long a8-helix (colored in magenta) belongs to
neighbouring protomer related by the 2-fold axis and joins to the 3-barrel
core to form a complete (B/a.), barrel. The divalent magnesium ion (red
ball) is located at the C-terminal region of the B-barrel. A long loop
(colored in magenta) opposite to the swapped helix is interacted with
another adjacent protomer related by the 3-fold axis (as shown in c). b,
Dimer structure formed by helix swapping. Two protomers related by
the 2-fold axis are tightly associated by the hydrophobic interactions of
the swapped helices (drawn in green). ¢, Three protomers related by the
3-fold axis. Each flexible loop colored in magenta (residues 139-171)
joins to the active site of the next protomer. The flexibility of this region
may help substrates migrate into catalytic pockets. d, The functional unit
of MPS with point group symmetry 32.
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Figure 5

Stereo views of the active site showing Mg?* coordination and the
electron density map. a, Schematic representation depicting the detailed
interactions of octahedrally coordinated Mg?* (green ball) and its
ligands. The ligands are the carboxyl oxygens of Glul85 and Asp211,
C2-carbonyl and Cl-carboxyl oxygen atoms of pyruvate enolate, and
two water molecules. The figure also shows profound networks of the
hydrogen bonds (dotted lines) around these ligands. The bonds and
atoms are colored as follows: pyruvate moiety (magenta). MPS (gray),
coordination bonds of Mg?* (black), oxygen (red), nitrogen (blue),
carbon (yellow) and magnesium (green). b. The final 6, weighted Fo-Fc
omit electron density for pyruvate and two water molecules. The contour
level of the electron density map is 3.0 ¢ and the resolution is 1.7A.
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Details of individual reaction steps with macrophomate synthase. Step
1 is decarboxylation of oxalacetate. Step 2 is Diels-Alder reaction of
the enolate and 2-pyrones 2 to form higher energied adduct 3. Step 3 is
degradation of 3 in which abstraction of hydrogen triggers C-O bond
cleavage followed by decarboxylation and elimination of hydroxy group.

Z A A &M R (100K) 12 THr - 7z, Native f5 54 I B L T
¥ type A, B D " HOREWMNE SNz, type A Fidh (22
BE P6,22) 13 BL-6A IC BV THRAE 1.7A £ CTORITRE
F—R22IET BT EMNTER =1.0A), type_B fiih (2

Figure 7

The early transition state model of Diels-Alder reaction. a The residues
in the active site pocket and proposed model for the very early transition
state of the Diels-Alder reaction. 2-pyrone 2 (blue thick bond) is placed
in parallel with pyruvate enolate (red thick bond) which is bound to Mg
(green ball). C2 carbonyl and C5 acyl-carbonyl oxygens of 2-pyrone 2
are located respectively within hydrogen-bonding distance to guanidyl
nitrogen of ArglO1 and phenol oxygen of Tyr169’ (here prime sign
represents the residue from neighboring chain). Side chains of Argl01
and Tyr169’ are drawn as they are found in the crystal and could slightly
adjust their conformations for making hydrogen bonds to 2-pyrone 2.
The hydrogen bonds are drawn in thin dotted lines and the incoming
carbon-carbon bonds between C2 (and C3) of pyruvate and C3 (and C6)
of 2-pyrone are drawn in thick dotted lines. The wall of the active site
pocket at the 2-pyrone side consists of mostly hydrophobic residues with
bulky side chain such as Trp68, Phe275, Trp278, Phe149’, Prol51°, and
Trp152’. No ionic residues except Argl01 and Tyr169’ mentioned above
is not present in the active site close to the 2-pyrone. The main chain
trace drawn in red is of the neighboring protomer related by the 3-fold
axis. b The space-filling model of the active site with transition state of
substrates pyruvate enolate (red) and 2-pyrone 2 (blue).
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Figure 8

Comparison of Diels-Alderases. a, Solanapyrone synthase (SPS)
catalyzes oxidation of alcohol 7 to the reactive formyl derivative which
readily proceeds [4+2] cycloaddition to give solanapyrone A 8. b,
Lovastatin nonaketide synthase (LNKS) catalyzes intramolecular [4+2]
cycloaddition from 9 to 10. LNKS also catalyzes condensation of acetyl
CoA and malonyl CoA to form enzyme bound analogue of 9.
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(Appendix)
Table Data & Refinement statistics
crystal native Se-Met
peak edge remote
Crystallographic data
Beam Line PF BL-6A PF BL-18B
Space group P6,22 R32
Wavelength (A) 1.0000 0.9795 0.9797 0.9803
Resolution (A) 1.70(1.79-1.70) 2.30(2.42-2.50) 2.30(2.42-2.50) 2.30(2.42-2.50)
Number of Reflections
Observed 266,163(17,767)  128,483(113,22)  141,293(20,517)  141,050(20,583)
Unique 41,139(3,901) 12,358(1,690) 12,509(1,805) 12,487(1,803)
Completeness (%) 91.3(61.0) 99.1(94.5) 100.0(100.0) 100.0(100.0)
Averaged redundancy 6.5(4.5) 10.4(6.7) 11.3(11.4) 11.3(11.4)
Averaged I/5(1) 6.5(2.5) 8.2(4.6) 7.7(3.7) 7.8(3.6)
R e 0.08(0.31) 0.08(0.19) 0.09(0.22) 0.087(0.23)
.................. 1ambda_00280031_
Phasing
‘Phasing power
Iso - 0.544 0.776 -
Ano - 3.782 3.098 1.203
R s o - 0.71 0.61 -
¢Overall figure of merit - 0.568
Refinement
Resolution (A) 20-1.70 - - -
Total number of
non-hydrogen atoms
Protein 2271
Others 273
Solvent 266
SR-factor 0.1811
ngree—Fa(ztor 0.2040
A e (B 0.008
bond-angle °) o 1.417
Averaged B-factor (A?) 18.58
"Ramachandran
analysis (%)
Most favored 90.2
Additionally allowed 9.4
generously allowed 0.4

Values in the parentheses are for the highest resolution shell.

R eas=2n [m/(m—1)]1/22j-|<1>h—lhvj|/2hZj I,,;, where <[> is the mean intensities of symmetry-equivalent reflections and m is redundancy.
*Riambas=2|[F, -Fyoll/ [F,o|, where F,; is the structure factor of the data collected at ;, and F,jis the structure factor collected at 0.9803A

‘Phasing power = < | F}; (calc)| >/ <phase-integrated lack of closure>.

‘Reunis = <phase-integrated lack of closure> / < | Fypy — Fp | >.

‘Figure of merit after the initial phasing using the program SHARP

'R-factor = ¥ |F,,, —

Fcalcl IZF where Fnhs and F'

cale

®R;...-factor was calculated for R-factor, using a random 10 % subset from all reflections.

"Ramachandran plot was calculated by PROCHECK.

are observed and calculated structure factor amplitudes.
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b Y LT B EEYIOMIIC I, Tt bni
MR NRE DN ZEIAE L, ZNENDEHE OREZR -
T3, B2, RSEEEHROHENTTH S DNA =28
L., 2 by R 7RIV F—04pERTV», Y
RIEHT L < BE NI 2 > 78 7 A OEH0ER] 2175
T3, ZNZNOMIIN/NSFENOYIE OHAIE, D
CUNTERS NAImE NI XD ITEbNS, 7T AY
VW INEZE Y Ul Naimiiz 2 oREFITH D, =R
YA b= R EMINZHIBANNDYIEDHLD JAFHR 77Uk
R EOMIENERRR EICBEE L TWa, dIVIED
5 HMHIANE BFT 2R 2 80 FIk, oA - )
Ve Zw b= (TGN) WU RTES R X 2 /3 7 E%
BRICK>THEDEN, TR T Z—2 IR EDhY 72
DTSR A/ NAOHICE D IAZ N, Bt L #
Nz, 7920 EsIMaz Ul Maims i3 epitic 35
FBEHRIEER EICEBEboTHED., TOMERICEHED
t%é&ﬁ@@fﬁﬁaﬁﬁﬁﬁ$#ﬂ%tgéhé e
NTEESEEIG e B B &k, AR AN BT
thT&<E%%&Eﬂ#B%$£T£%O
75 A VBN DT BT R—=2 2 I\7E e L
T AP EERDLEID SIS NTW M, FoliZhichn
ZTCGGA Z NI EMNFRAENTZ (11, GGA X /80H
i, FIVAX VY 2y FT—2 (TGN) f&h 5 D
KRB RICE ST %, GGAR VIS7HIF3DD R AA
U B7%% (Fig. Do NARIGD VHS FAA ViIEv Y/ —
A6V VAR OfmE R > 87 R AR DI E
EMET B, GAT RAA VIEGGA R R ET 73
—TIRIFEN TV BT T, /M kBG > 7 )L

& LT ARF (GTP#iEH) EMHANMHT %, C Kim
D GAE RAALVIZRAUT R TZ—2 N7 ETH 5 AP-1
BHEIRD y-ear FA AV EMHAMENDH S (Fig. Do GAT F
AA & GAE R AA VOO e > DRI HH NI OB
BRUINIETHZ 7T A Y EMHEFEHT %,

GGA 77 2V —I%, ZOEEN: L FMED 5IFFICE
HZED, MR 5 2D AAREEICH DWW T Hil R I
DNTDFMIMWT TICEDMMETN TS 27, Th
FT. HADT)IV—T1E, GGA1 D VHS RA AV b<
J—A 6 VBRZHEARD C KEGFIHDORTF R DA
RORE [2] . GAE RAA VDKREQ T TH B AP1 #
BRD y-ear R A A OFERMHEZIAS M LTz [6], fxf%
I > 72 GAT R A A ¥ OREERE & E BN BRE US54
LR, WADTIV—T L, FEEHT Ty IKRF, KEH
NIH K CKEA 7 5 R KZZOF 4 DD T ) — T HIEIZ]H
RIS RS DT IS B BN U 72 [8-11], TGN IRICHE A L7z ARF
IC GAT RAA UWEET 5T &Ik > T, GGA IE TGN
JBEIC Ry F 27 U, i/ NaD Kz AT 5 T & A HK
%o WEDTI—T1E GAT R AA VHAZITTHL, %
D N AU HEEK (N-GAT) & ARFI(GTP f5 57 ) & O &4
D XS MEE S AL M Lz 8] THICK D GGA &
NTEM ARFICEK D, TGN JRICY Z7)—FENB A A
ZALBHS MRS Tz,

2. =EER
21 2VINVEDORR - R EERL

t k GGAl Z 23780 GAT R XA > (166-305 7% 5k)
7 1— K9 %DNAWH7%Z PCR ZHWTHEIEL, 77L&
FA-S- v TURAT 2 T—X (GST) LOREGZ I8\
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Ear ';- GAE
Hinge C o Hinge
GAT
Head 3
VHS

AP-1 GGA

Figure 1
Schematic diagrams of AP-1 complex and GGA.

BHELT, KIBENTHREIEREE L, Ta77—¥7T
GST HZYIMIFRZE L. GAT R A A DB ZEFE LIV
fzo Fieo FIBEIC ARF1 (Q71L ZHIC X D GTP A5 GDP
ADHKRIE T 59, GTPAEAHIC [l & h 7 25 Ek)
& N-GAT R A1 2 (166-210 BF) 2N ZFNFEBL-FERIL |

MEZES L THEAGRZER L, 7VA R ax 757

4 =AW THAREZRKE USRIV,

GGAl Z 2 IS7 B D GAT R A A VHKDFRIE, 35 %
MPD, 2 % PEG6000, 0.1 M Tris-HCI (pH 7.5) 7 # L& &
TENYFVT Ry TEK Tﬁ”ﬂzrff1’ﬁ§é L 7z (Fig. 2a),
% 7z, ARFI(GTP-form) D # i (X, 24 % PEG3350, 0.2 M
CH,COONH,, 0.1 M acetate buffer (pH 4.0) ZHtmitHl &9 5
NYFVT Ray TERSIEHGE TIEK U7z (Fig. 2b), F 7z,
ARF1 & N-GAT F XA 2 OGRS EE (10 % PEG 3350,
02 M KI S5 ERI & B\ F 2 0 Ra vy TR LRGE
TYERL L 7= (Fig. 2¢).

22 X#EEFEET—2 DAE LBERE - BEL

GGAl Z 287D GAT R A A > OfEE D X R EHT R
&7 —%13, KEK PF DY — L5 1 ~ BL-18B (A=1.0 A) D
BEHZ AT, 2.1 A DRRED T — 272 R, =0.045 DF
JETHIE LTz Tz, MiMHERZESHICL / XFF
ZbUTz GAT R A A 2 ORGEERD X RETRE T — 2 &
3FEE D FL R B I E (1=0.9500, 0.9806, 0.9808 A) T, KEK
PF DY — LT A~ BL-18B OEHEE HWTHIE Lz,

ARF1(GTP-form) O kD X FR[EHT5RE 7 — 21X, KEK
PE DY — LT A > BL-6A (A=0.977 A) D&% W T,
1.5 A S3RRED T — 272 R, =0.043 DRGETHIE L Tzo

F /2. ARF1 & N-GAT R A1 > OEGAEES O X HRE

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.

HrofE T — %1%, KEK PFO Y — 151 > BL-18B (A=1.0
A) DIEHEZ VT, 1.6 A SIREED T — 272 R,,.,=0.048
DR TIE LTz ZOMORER ROMEHIEA Table 1
(Appendix) {Z/~ U7z,

GGAl % V878D GAT R A A > HAADIE SR,
YL/ AF A=A LT R VN B O E W2 E
BLH 2 EUE (MAD) CTIRE U 7z ARF1(GTP-form) O # i
i Z. ARF6 @ GTP-form ZE T /L7 1-& L THW 9
FEETHRE Uiz, F£72. ARF1 & N-GAT R XA D
HEKROESEIEIX, ARF1 (GTP-form) DREE%E Y —F
ETIVE T B TEBETIRE Uiz, Z0%, Mgt
Firolz& T A, GAT R XA VH{K, ARF1 (GTP-form),
ARF1 & N-GAT R A A 2 OEEKROFERZH R HIZZN
Fi 247,190,198 % L5 Tz FDMDKEELDOMETHE
% Table 1 1R L7z,

3. BRLER
3.1 GGA1 ZVINJE®D GAT FAA >V DiEE

HEE AT DFE . GGAL D GAT R XA E. 34D a-
N ZAMBRER SN TV S T EHWBHS MR - 7z (Fig.
3). Fig. 3b . Fig. 3a % 90° [H#Z L C3ARDANY v 7 X
Z SRR TH B, NAREDNY v 7 Zid, o 2 &
DNV I ADBEXZF2BOET KD, £z, N KimdD
26 FHE T, BTEIENABE T AL, AP T LEY
TIWVishEiEZ L oTWVWBEDEEZ BN,

3.2 GAT FXa v tBElln@gEEIE D2 VNV E
GGAl @ GAT R A A TR LI RKEED 2 2080
HEMRLIEE T A, CALM[12] & LAP[13] X V874
D—FH GAT ALV EHTWB T otz Th
S5DRVINTEIE, EBICAPIBODKREQ T THO, 7
A U NATERICBI 54 2 2 2N ETH %, 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.
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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 a1 to a
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 o9 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 13 CALM D VAR, Fig. 4b 13 LAP D VARG TH
D, RETRLUTHEEHITH GGAl O GAT R A1 > (Fig.
4d) OAVTEREG LHELL L T 0B, BLRZENC &, NR
il O F O TRLU TH ZE 57 1E. GGA1 D VHS F X A
> (Fig. 4¢) E B M LA S 2 A LT W05, i
ORISR T S L, BET/RLTHS GAT RAAL VD
T TIX. GGALl D GAT RAA YD NEDANY w7 AW
CALM ® LAP L LI L TAHLEWVWE WS T LM TIRE
CHEHUML TV, £z, HBTRLUTHS VHS OFEEKT
¥, CALM & LAP Tl&. GGAI ® VHS KA1 > & [Higd
BE. a6 L a8 BRIELTWR T L, o7 HVHS &L
LTALEWEWS TN BLBELEILTWS, 2720,
CALM &, KA T 7FI)IA /¥ b—)b-45 — V) Uik
EDV VREZN LT G LTS, ZHUCH LT,
GGA X 237 8Z, GAT RAA VEMNLT, R EICHEE
LT\ GTP A& ARF EAHE/FR L. BEicY Z7)b—k
TN, TNSDHT. GGA ZVINTE L AP180 DR
a70E, ARREEIZHELL L T B D, EAOKE OB,
HRZERKELHIZS>TNS,

33 420D JIv—THIEERER LT GGA1 2 NV ED
GAT F AL DIEELER

BADTI—TLIZIZFAERFIC, HKET VT w VR
DTN —"T, KEDNIH DT )—TRCKEX T TR
KED T ) —TIFMATIC GGAL D GAT K A A > DIV {kHE
WERGE LTz [8-111 4 DD T IL—TINE LTz GAT R X
A 2O CARIFHD 3 ADANY v 7 AKEEIZIERICE L —
BMLTWEH, NAKEIEKE L RG> TS, C AR

C-terminal region (199-299)

N-terminal ARF-binding [

region KEK: blue
Cambridge: green
NIH: red

Oklahoma : gray

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 GGA1 GAT domains
(199-299) from the four groups.

D 3ARDNY w7 A BREDETN% Fig. 5187, 7
VTV IREDTI—T 9] &A T TR KED T )V —
7 [11] D% 1E hexagonal TZEMBED P6, THH, 4 DD
ANV T AN ENTOEH, RLDT)IV—T (8] &
NIH D 7 )V—7 [10] D% IE Rhombohedral TZEREEDY R3
THD, 3RO w7 A SHER TN TWT N KRKOTEE
(& disorder LT %, A4 D GAT R A A 2D N K ik
O @ (CD) AXRZ MVERELZE T, BRI
E7 4=V RLTWEWT EWVh oz, LI > TR
D GAT R A A &, 4RKDANY w7 2T+ —VRL
TR L. N REGED T > 7 4 —)V R LTt & -1
RRBICH B LEADBNS,

3.4 N-GAT FAA & ARF1 L DEESHDIEE

ARF EHHHEMEHS % DX GAT D7 LF 7))V N Kl
FHIKTH %, GAT R XA > & ARF RIS CLExEe
WEIEKT 2H CEEfEEERIIHR 1 uM) . A DR Tz
ZHOFEBEE T TR ES LTEEHAROE RIS N
ot T T ARF EHHAEHT % GAT O N Kb
B (N-GAT) 7272388l - Fi L. ARF & EERZTE K
TRTHMELIzE T A, WD TEHEEKROHREZED T &
M HSK 72 (Fig. 2¢)o N-GAT & ARF1 O SIAD R{AREE %
Fig. 6 17159, Fig. 6b (&, Fig. 6a % 90° [ ¥z L T N-GAT
D2ARDNY v 7 A5 RKTHS, £z, ARFI
IREA L TW3 GTP & Mg™ 13, ball-and-stick &7 )LV TR
L C® %, Fig 6¢ ¥, N-GAT D (Fo-Fc) ¥ & 3 %
omit B THEM (1.5 6) ZaRLize TDX ST, N-GAT D
W72 B TR R T A T M TE, GAT KA ALY
HUATIE, ZOT7LF VT INVEDTDITHGERIRET 5 T
L3 TELED - Tz NARYGEE (N-GAT) TH5A, ARFI
CEEREIERT HEN) T A =T -\ w7 AD
MEEZTER L. ITTRN B ERIC ARF1 D AA v F 1 i &
AAwF2HEBEMHBEFEAL TS ENHSMTE -
7zo
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ARF1-GTP N-GAT

Asn194 Leul78 Asn194

Leu178

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 R X4 > & ARF1 OEEEAER

N-GAT R A1 > & ARF1 £ DM AEH DR Z X7 L
FBRNC/R LTz (Fig. 7a), HAEEHICESELTWE 7 2/
fig 5% 3 7% ball-and-stick €7 )L C/R L7z N-GAT R XA
3. 2AKRD a- Ny 7 AZEM L. ARFI DAA v T 1 K&
G2 M EEAL TV, Fig 7o WHAEEHALTW
BM7ZHNTHIZNTH %, GGALl D GAT F A A i,
2D a- NV v I AN B E N B BUK PR T GTP A
D ARF1 DA A w F 1 & 2 Iz FICHUKMEMHEEER T

N-GAT domain

ARF1

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
ARF1 in blue. The right panel shows the other side of the interaction,
ARFI1-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.

LT W5, £z, GGAl D GAT R A1 VO HEAEM
ICHEELTWE7 2 /18 (Leul78, Leul82, Leul90, 11e197,
Asn194, Val201) ICAF7Z AN5 &, GTP BI0D ARF1 L HH
HAERAUR <725 &0 5 e [9,14,15] . IAKGED S
KLFHATE %,

3.6 fthd ARF# 552NV &/ ARF E&ELE DIEELLE

ARFf& 2 287 & ARF L DEAKICOVTIE, T
1% T ARFGAP[16] & ARFGEF[17] IZ DWW C ARG AS
EENTWVS, ARFGAP & ARF O GTP 7K/ i M 72 4
19" % GTPase-activating protein (GAP) T3 D, ARFGEF (&
GDP % GTP L2541, GTP D ARF Z{F D 3 Guanine
nucleotide exchange factor (GEF) T& %, ARF & N-GAT @D
MEEAERIE, chbsondne e B a->Tn5% (Fig
8)s F7z. GGA & ARFGAP H' GTP #5457 ARFICH L T
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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].

MELES LWL T—X (151 1. GGA & ARFGAP
M EBIT ARF DA Ay F 2 fHEICH ST 5 &0 9 kK
EHSHATE %,

3.7 GAT FAAL2{k& ARFDESETIV

GAT R A A > I D K& & N-GAT/ARF & 1K D
N-GAT & T3l 9 % 199-205 5L DER/r & Hia B b /-
EFIVE, SETIESNIZNREE LHTZE D Fig. 9
TH2, BREDLHET IV, ARF &5 L7 GAT R
AALNTARDONY Y FANBIES, THUETr TV
VREDTIN—T 9] LA T TRIKEDTI—T [11] D
GAT R AA 2 OREEEFAMT 5, 7 LF T T)VI% GAT D
N AKiRfHEE,. ARF 5B T 52 LICKoTNY v T R -
W—T -~V w I G LTZEtEnNd e E2 5N %,

4.5¢8

H4lE. GGALl D GAT FAA VHEB KT, GAT F X
A >0 N AUuifE (N-GAT) & ARF & O#EAARD X ks
RS 2 IRE Uiz Z ORGSR, GAT R A A 2D C K]
E3ARD a-NU T ZADRMNSHE> TWize —77 N-GAT
BI7LFVTIVERIET, ARFEFRAT I LICEST
ANYw T =T AU w7 AfEE LTEELE NS
MM oI N-GATIE, ARFORAA v F 1BXU 2
FEI & BUKTER EAER THREG L T,

75 A UHEENROGIE 2 87 E e U TE, EFE
175 > TRWIEE NI GGA % 237 DM LU A 5 Wt

TWENTWZ APEBURDNHISN TS, AP HAKIEZ
DHDOBY, 4DODY T 1w " S5EZERDTTH
BDICH U, GGA Z VNN HIEZTNHIAT IR > -
ARF * ik 2 287 B & ORGE 21T, Ml s Z il
9% (Fig. 9)o HRAIWGINETTGCGAD KA TED
REE BEREMANT 2 1ZIZHE T LTz GGA D R XAV OMIFE

Clathrin

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 3-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: 11U1) based on their similarity both in sequence and
function.
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WY VH—TDEN>TED, &R ALV Z2ETHE G
fEtridNE#ETH %, F121d GGA BIADKHEZ L2 X Hi/
ARG EOFHETIH SIS Uy RSP O filfE b 72
JEF L)V THIfiEd 2 e 2 HIEL TV 5,
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(Appendix)
Tablel Data processing and refinement statistics
Crystallographic data
GGA1 GAT domain ARF1 (Q71L) N-GAT / ARF1
Space group R3 2 P222,
Cell dimensions (A) a=285.1,c=59.1 a=127.6,b=50.8,c=521 a=494,b=76.9,c=61.9
() a=90,y=120 p=113.4
Solvent content (%) 51.9 41.2 47.8
Data processing statistics
GGA1 GAT domain ARF1 (Q71L) N-GAT / ARF1
Wavelength (A) 1.0 (PF-BL18B) 0.977 (PE-BL6A) 1.0 (PE-BL18B)
Temperature (K) 100 100 100
Resolution (A) 30-2.1(221-2.1) 30-1.5(1.58-1.5) 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) 129 (3.1) 11.0 (3.0)
Models
GGA1 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=Xi%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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Visiting the Advanced Light Source

JSPS Postdoctoral researcher  James Sullivan (KEK « PF)

In March 2003, we had two weeks of beamtime at the
ALS in Berkeley. This was to utilise their two-bunch mode
while taking advantage of the high brightness and resolution
capabilities of beamline 10.0.1.

Taking an experiment to the USA is a daunting prospect,
although luckily we had the advantage of previous experience.
We were also helped by the staff at the ALS, who are used to
dealing with the many issues that crop up along the way. In fact,
both the general and academic staff at the ALS are extremely
professional and helpful, making any trip there much easier.

Upon arrival in San Francisco it is a short trip from the
airport to Berkeley using the Bay Area Rapid Transit (locally
known as BART). There is nothing remarkable about the
journey itself, so arriving in Berkeley is a pleasant surprise. It is
a vibrant university town with a large variety of restaurants (with
many different styles, including Japanese) and shops. I think my
personal favourite is the bookshops there, where I spent several
hours in my time off. We have also tried many of the different
restaurants in our last two visits.

The ALS is located at the top of a hill, above the University
of California, Berkeley and overlooking San Francisco Bay.
When the weather is clear there are spectacular views across to
the city and out to the Golden Gate Bridge. It usually takes a
couple of days before being able to appreciate this, as you need
to recover from the jet lag first! There is also a lot of parkland
surrounding the ALS and the Lawrence Berkeley National
Laboratories (LBL), with many birds and wildlife. While we
were there I saw deer on several occasions, inside the LBL

grounds. The ALS and the University have a series of free
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shuttle buses which make the trip up to the top of the hill a little
easier. The disadvantage is that they stop running between 8
p.m. and 6 a.m. and don’t operate on the weekends. This can be
a distinct problem during the long night shift. However, walking
up the hill is good exercise, so I guess there is a positive side. In
fact, during my stay I found myself walking up and down every
day of the beamtime, just to make a change from sitting at the
beamline.

The ALS has several apartments for users, although not
really enough for all the users that are present at any one time.
We had booked in advance, and so had rooms for our stay, but a
lot of people find it necessary to use alternative accommodations
when they go for their experiments. The apartments are well
equipped for a short or long stay, the only downside is that
they are at the bottom of the hill. One of my colleagues, James
Harries, brought his own bike, Obara-san usually took the
shuttle, I walked, and Azuma-san had a rental car. Thus we all
found our own solutions! Although, even with my resolution
to climb the hill every day, sometimes it was difficult to get up
enough motivation.

Our beamline scientist was Dr. John Bozek, who we knew
from our previous visit. He has been extremely helpful both
times we have visited, and it makes a huge difference to have
someone who wants to bend over backwards to help if there are
any problems. John even went so far as to write custom data
acquisition software for the experiment, as the existing software
was not suited for what we wanted to do. He is also assisted by
Bruce Rude, one of the general staff at the ALS. Either John or
Bruce were always available to answer questions or help with the
beamline. Both of them came to our aid outside of work hours,
Bruce once came to help us tune up the beamline at 10 p.m. and
John came in once on the weekend, on his wife’s birthday. I
don’t think he got into too much trouble, but it’s nice to know
how far the dedication of the support staff stretches.

BL 10.0.1 is a low energy beamline, built especially for
atomic and molecular physics applications. It is an undulator
beamline with a highest reported resolution of 60,000.
Combined with the low energy of the synchrotron (1.9 GeV) and
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Figure 1

An example of the fitting process used to separate different final ion
states.

the fact that the ALS is a third generation facility, this gives us
the opportunity to perform experiments that are very difficult,
or impossible, at the Photon Factory. We made use of the
two-bunch mode to make various new measurements of photon
interactions with helium. The main focus of our research to date
has been on the effects of a high electric field on the excitation
and autoionisation of helium doubly excited resonances.
As there is a significant gap between light pulses, different
decay products are able to be separated, such as photons and
metastable atoms which are detected on the same detector.
Perhaps the most successful part of our most recent beamtime
was the resolution of different angular momentum final ion states
after photoionisation of helium. This was achieved by fitting
the observed photon decay profile to the different final state
lifetimes (shown in figure 1). These ion states lie very close to
each other in energy and are impossible to resolve using their
energy separation. Thus this was the first time that the decay
into different angular momentum states has been observed in this
type of experiment. The high brightness and resolution of the
beamline was critical to the success of these experiments.

The excellent support staff do not limit their advice to
scientific matters. We were able to ask questions about general
life in Berkeley, especially useful as we were there for nearly
an entire month. We were able to get directions to the best
supermarkets and restaurants, as well as advice about tourist
attractions in the area. I even got advice on the best way to find
some hiking trails. There is a large nature reserve behind the
ALS, called Tilden Reserve, which I was interested in seeing
on one of the days the synchrotron was not operating. It is well
worth visiting, with a large variety of trails and it was good to
get away from the sight and sounds of the city to relax a little.
In fact, on the way to the reserve, there are fantastic views
overlooking the ALS and there is a sample in figure 2. In Tilden
Reserve, I was lucky enough to see several eagles and various
other wildlife. There was also a fantastic view to as far as Mt.
Shasta, which is one of the largest peaks in California and home

to several ski resorts. Next time I visit, I might try to go there

Figure 2
View over the ALS on the way to Tilden Reserve. San Francisco city is
in the background.



for some skiing!

As I previously mentioned, our experiment was reasonably
successful, and after it was finished came time to go home.
First, however, it was time to pack everything for the shipping
company. This was a job which had to be done on the weekend,
but it was no problem as we had access to the workshop and
the other areas we needed, as well as the use of all the tools we
needed. Due to the heightened security situation at the time (the
war in Iraq started while we were in the USA), the shipping out
had to be checked before it was allowed out of LBL. Thanks to
the help of the support staff (again) this was no problem.

Overall, our time in Berkeley was very pleasant, and
rewarding scientifically as well. I look forward to my next
opportunity to go to the ALS. Not just for the science, but also

to try some of the restaurants I missed on my previous visits!
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