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Figurel

Schematic representation of
domain organization of GGA1
protein  (upper panel) and
interaction between GGA1
and other proteins (lower
panel). GGA1l protein
consists of three domains,
VHS, GAT and GAE. GGA1l
interacts with at least three
other proteins, clathrin, ARF
and MPR. Clathrin is a coat
protein of transport vesicles
and it interacts  with
proline-rich  region between
GAT and GAE domains of
GGAL1 protein. GAT domain
interacts with GTP
bound-ARF which is a smadll
G-protein. VHS domain
interacts  with  C-termina
ACLL sequence of MPR
protein which is a cargo
receptor protein.

Figure2

Crystal of the human GGA1
VHS domain (a) and that of
the human GGAl VHS
domain  complexed  with
C-terminal  ation-independent
MPR peptide (b). Bar shows
0.1 mm.

Figure3
Ribbon diagram of human GGA1 VHS domain complexed with MPR peptide. The MPR (ACLL) peptide molecule
is shown as a ball-and-stick model. (a) is shown from side-view, and (b) is shown from top-view.
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Figure 4

Stereo view of the omit Fo—Fc
electron density map of the
ACLL peptide (chain C),
contoured at 3.0 G, superimposed
with a ball-and-stick model of
the peptide in the center (bonds
colored in black and residues
labeled with single letters). It
also shows a ribbon diagram of
the helices o6 and a8 with
ball-and-stick models of the
residues  involved in  the
interaction with the peptide.

Figure 5

Surface representation of the VHS domain interacting with the cation-independent MPR ACLL peptide. The surfaces are
colored according to the electrostatic surface potential in a-d (blue, positive; red, negative) and hydorophobicity in e and f
(green). a, The VHS domain (in complex form) without the peptide. Green line shows outline of the peptide. b, With the
peptide in the same view as in a. Green line shows outline of the peptide. ¢, The Peptide bound to the VHS domain. The
peptide is shown as sticks and the basic residues interacting with the peptide are labeled. d, The other side of the peptide. e,
The peptide bound to the VHS domain (the same view as in ¢). f, Hydrophobicity of the other side of the peptide (the same
view as in d). c¢-d and e-f are shown as open-book pairs.
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Tablel Yeasttwo-hybrid analysis

Bait Prey
CI-MPR Sortilin
WT +++ +++
F88Q — -
N92E — -
E93S +++ +++
195D — -
K131N +/— -
Y 136stop - -

+++, +/— and — indicate yeast cells that developed blue color
in 1-h incubation with X-gal, developed pale blue color in
18-h incubation, and did not develop blue color within 18 h,
respectively, in afilter assay for -galactosidase.
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Figure 6
Peptide binding diagram. The main chain
and the side chains of the MPR ACLL peptide
are shown in gray and side chains involved in
" the specific interactions are shown by
Lew10" recogrition ball-and-stick models. VHS domain residues
in the helices 06 and o8 are shown in green
and orange, respectively, where residues
involved in the hydrogen bond or the charged
interaction are shown by ball-and-stick
models and those in the hydrophobic
interaction are indicated only by text. In the
ball-and-stick models, each atom is colored as
follows: carbon, gray; nitrogen, blue; oxygen,
red. Hydrogen bonds or charged interactions
are indicated by green dotted lines, and
hydrophobic interactions by red dotted lines
with a starburst around each atom or residue.
The arrow between Lys131 and Asp7M shows
a electrostatic interaction.
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lle13" recognition

- o — 2 — a3

GGA1 MEPAMEPETLEARINRATNPLNKELDWASINGFCEQLNEDFEGPPLATRLLAHKI 55
GGA2 QGPPGPAASLELWLNKATDPSMSEQDWSAIQNFCEQVNTDPNGPTHAPWLLAHKI 71
GGA3 MAEA-EGESLESWLNKATNPSNRQEDWEYIIGFCDQINKELEGPQIAVRLLAHKI 54
Tom1 LLGNPFSSPVGQRIEKATDGSLQSEDWALNMEICDIINETEEGPKDALRAVKKRI 58
Hrs MGR—GSGT—FERLLDKATSQLLLETDWESILQICDLIRQGDTQAKYAVNSIKKKV 53
STAM1 MPLFATNP-FDQDVEKATSEMNTAEDWGLILDICDKVGQSRTGPKDCLRSIMRRV 54

—— o4 - o5 — 06

yvw v vyvyw
GGA1 —QSPQEWEAIQALTVLETCMKSCGKRFHDEVGKFRFLNELI-KVVSPKYLGSRTS 108
GGA2 —QSPQEKEALYALTVLEMCMNHCGEKFHSEVAKFRFLNELI-KVLSPKYLGSWAT 124
GGA3 —QSPQEWEALQALTVLEACMKNCGRRFHNEVGKFRFLNELI-KVVSPKYLGDRVS 107
Tom1 VGNKNFHEVMLALTVLETCVKNCGHRFHVLVASQDFVESVLVRTILPK———NNPP 110
Hrs —NDKNPHVALYALEVMESVVKNCGQTVHDEVANKQTMEEL——KDLLK————RQVE 101
STAM1 —NHKDPHVAMQALTLLGACVSNCGKIFHLEVCSRDFASEVS—NVL—————— NKGH 101

a7 — o8

v v v
GGA1 EKVKNKILELLYSWTVGL———PEEVKIAEAYOMLKKQGIVKS 147
GGA2 GKVKGRVIEILFSWTVWF———PEDIKIRDAYQGMLKKQGIIKQ 163
GGA3 EKVKTKVIELLYSWTMAL———PEEAKIKDAYHMLKRQGIVQS 146
Tom1 TIVHDKVLNLIQSWADAFRSSPDLTGVVTIYEDLRRKGLEFP 152
Hrs  VNVRNKILYLIQAWAHAFRNEPKYKVVQDTYQIMKVEGHVFP 143
STAM1 PKVCEKLKALMVEWTDEFKNDPQLSLISAMIKNLKEQGVTFP 143

Figure 7
Alignment of amino acid sequences of VHS domains from GGAs, Toml, Hrs and STAMI1. Arrowheads
indicate GGA1 residues involved in the interaction with the MPR ACLL peptide.

0280



0000000000 0DO0b00000FRg 10O
goobbooooobbboboooeccAdOOon
gogboobboooooboboooobobbooo
gooooooobooboobooboooDobo
gobobooooobooogobbooubboo
gooboboobooboobooboooboooo
gobooboooooobobboooooboooo
gooooobbbbbboooooooooon
gobooboooooooboboooooboboogoo
gooooobbbbbboooooooooon
RN

oo
0obooooobooboobobooobooog
oooooobobObbbObOOoo0oooooooo
gbooooobobooboobobooboobon
oooobOooboboobooboboooboo
0 KEK, PFO BL-6B 000 ALSO BL-5.020 X
oooooobobbbbObOOoooooooooo
goooboooboboo

ooono

[O] Shiba, T., Takatsu, T., Nogi, T., Matsugaki, N.,
Kawasaki, M., Igarashi, N., Suzuki, M., Kato, R.,
Earnest, T., Nakayama, K. and Wakatsuki, S,
Nature, 415, 937-941 (2002).

[O] Misra S., Puertollano, R., Kato, Y., Bonifacino, J.
S. and Hurley, J. H., Nature, 415, 933-937 (2002).

[O] Black, M. W. and Pelham, H. R. B., Curr. Biol. 11,
R460-R462 (2001).

[O] Robinson, M. S. and Bonifacino, J. S., Curr. Opin.
Cell Biol. 13, 444-453 (2001).

[O] Boman, A. L., Zhang, C.-J.,, Zhu, X.. and Kahn, R.
A., Mal. Biol. Cell 11, 1241-1255 (2000).

[O] Ddl'Angelica, E.C., Puertollano, R., Mullins, C.,
Aguilar, R. C., Vargas, J. D., Hartnell, M. and
Bonifacino, J. S., J. Cell Bial. 149, 81-83 (2000).

[O] Hirgt, J, Lui, W. W., Bright, N. A., Totty, N,
Seaman, M. N. and Robinson, M. S., J. Cell Biol.
149, 67-79 (2000).

[O] Zhdanking, O., Strand, N. L., Redmond, J. M. and
Boman, A. L., Yeast 18, 1-18 (2001).

[O] Puertollano, R, Randazzo, P. A., Predey, J. F,
Hartnell, L. M. and Bonifacino, J. S., Cell 105,
93-102 (2001).

[10] Costaguta, G, Stefan, C. J.,, Bensen, E. S., Enr, S.

-29-

D. and Payne, G S, Mol. Biol. Cdl 12,
1885-1896 (2001).

[11] Nielsen, M. S., Madsen, P, Christensen, E. I,
Nykjaer, A., Gliemann, J., Kasper, D., Pohlmann,
R. and Petersen, C. M., EMBO J. 20, 2180-2190
(2001).

[12] Puertollano, R, Aguilar, R. C., Gorshkova, I.,
Crouch, R. J. and Bonifacino, J.,, Science 292,
1712-1716 (2001).

[13] Takatsu, H., Katoh, Y., Shiba, Y. and Nakayama,
K., J. Biol. Chem. 276, 28541-28545 (2001).

[14] Zhu, Y., Doray, B., Poussu, A., Lehto, V. P. and
Kornfeld, S., Science 292, 1716-1718 (2001).

oooo

00000 Tomoo SHIBAO
ugooooooooobopobbbuoooooon
ooooooo

uooooboodog 11

TEL: 0298-79-61760 FAX: 0298-79-6179

e-mail: shiba@pfweis.kek.jp

0002000 000000000000 0O0OO0OO
gooogQOo2000 0000OoDODOOO0O0Oo?2001
goooooOoOoOoOODOOOOOOOCOOOOO
gooobboooggouooooooood

00 OO0 (Hiroyuki TAKATSU)
0000000D00000000000000

0 OO (Terukazu NOGI)
0000000000000 000000000

00 OO0 (Masato KAWASAKI)
000000000D00000000

OO0 00O (Naohiro MATSUGAKI)
gooobooobooboobooo

000 OO0 (Noriyuki IGARASHI)
0000000D0O0D00000000

00 O (Mamoru SUZUKI)
O0000000000000000

00 OO0 (Ryuichi KATO)
0000000D0D0000000000



Thomas EARNEST fril F1/A (Kazuhisa NAKAYAMA)

Center Head of Berkeley Center for Structural Biology, BYUK - FEEER - B, B

Physical Biosciences Division, Lawrence Berkeley

National Laboratory (USA), Ph.D. T (Soichi WAKATSUKI)
1 - REDE - 2%, Ph.D.

(Appendix)
Table S1 Data processing, refinement and models
Crystals
Native Complex
Space group P452,2 P2,2,2,
Cell dimensions (A) a=551,c=105.5 a=552,b=659,c=101.6
Solvent content (%) 48.4 52.1
Data processing statistics
Native Complex
Wavelength (A) 1.0 (PF-BL-6B) 1.0 (ALS 5.0.2)
Temperature (K) 293 100
Resolution (A) 15-2.12.17-2.1) 30-2.0(2.11-2.0)
Number of total reflections 39,125 167,862
Number of unique reflections 9,580 25,975
Completeness (%) 95.6 (89.4) 99.6 (99.3)
R merge (%) 4.4 (28.8) 6.7 (35.9)
1/ sigma 25.8(4.7) 7.1(1.9)
Models
Native Complex
protein atoms 1,117 2,252
Number of peptide atoms - 103
Number of water molecules 34 198
Number of iodide ions - 6
Average B-factors (A%) 34.4 39.1
protein chain A 324
peptide chain C_________ 35.3
protein chain B 44.0
peptide chain D 50.3
Refinement statistics
Native Complex
Resolution range (A) 15.0-2.1 30-2.0
Reflections in working/free set 9,057/456 23,340/1292
R-factor / Ry (%) 22.3/26.1 22.8/26.1
R.m.s. deviation from ideal values
Bond length (A) 0.013 0.011
Bond angle (°) 1.56 1.29
Ramachandran plot
Most favoured region (%) 91.9 95.3
Additionally allowed region (%) 8.1 4.7
Generously allowed region (%) 0 0
Disallowed region (%) 0 0

Values in parentheses are for the highest resolution shell. Ryerge=2:Z,|<I>-1;1/Z,;Z;1;;, where <[> is the mean intensity ith
unique reflection, and /; is the intensity of its jth observation. R-factor = X ||F(h),,. | -kIF(h),, lVZF(h),, - Ree. is the
R-factor calculated for a test set reflections, comprising a randomly selected 5 % of the data, not used during
refinement.
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