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128 L---RHL-RAVPTD-EARAFAEKN-GLSF- I ETSAL---DSTNVEAAFQTILTEIYRIVSQKQMSDRRENDMSPSN-NVVP IHV
128 L-~--RHL-RAVPTD-EARAFAEKN-NLSF- I ETSAL---DSTNVEEAFKNILTEIYRIVSQKQIADRAAHDESPGN-NVVDI SV
255C---ETD-REITRQ-QGEKFAQQI TGMRF-CEASAK---DNFNVDEIFLKLVDDI LKKMPLDILRNELSN------- SILSLQP
125M--- EAK-RKVQKE-QADKLAREH-GIRF-FETSAK---SSMNVDEAFSSLARDILLKSGGRRSGNGNKP ------- PSTDLKT
128 L--- EAQ-RDVTYE-EAKQFAEEN-GLLF-LEASAK---TGENVEDAFLEAAKKIYQNIQDGSLDLNAAE--~--~-~- SGVQHKP
126 K- --ARRGPDGKAN-ASRKLCLPQ---PW-MKTSGT---HQKASRRSLLGI-RLMRSRNGRWEESKGSSWR=-~-~- -~~~ R SMAWT S
136 L---SQE-REVTFQ-EGKEFADSQ-KLLF-METSAK---LNHQVSEVENTVAQELLQRSDEEGQALRGD-------- AAVALNK
126 K- - - EN--REVDRN-EGLKFARKH-SMLF- I [EASAK---TCDGVQCAFEELVEKI IQTPGLWESENQN- === ==~~~ KGVKLSH
136 L--- EKE-RHVSIQ-EAESYAESV-GAKH-YHTSAK---QNKGIEELFLDLCKRMI ETAQVDERAKGNGSSQPGTARRGVQIID
122 L---1DV-REVMER-DAKDYADS | -HA | F-VIETSAK---NAININELFIEISRRIPSTDANLPSGG--~--~-~-~-~- KGFKLRR
125 L---LDD-SCIKNE-EAEALAKRL-KLRF-YRTSVK---EDLNVNEVFEKYLAEKYLQKLKQQIAEDPELTHSSSNKIGVFNTSG
124 LLEEDRRRRRVDFH-DVQDYADNI -KAQL- FETSSK---TGQSVDELFQKVAEDYVSVAAFQVMTED------=---- KGVDLGQ
129 L---SQA-REVPTE-EARMFAENN-GLLF-LETSAL---DSTNVELAFETVLKEI FAKVSKQRQNSIRT-~=-~--~- NAITLGS
181 S---AHE-RVVKRE-DGEKLAKEY-GLP F-METSAK---TGLNVDLAETAIAKELKQRSMKAPSE------------ PRFRLHD
137 L--- EDQ-RVVKEE-EAIALAEKY-GIPY-FETSAA---NGTNISQAIEMLLDLIMKRMERCVDKSWIPE=------- GVVR SNG
137 L---PDQ-REVNER-QARELADKY-GIPY-FETSAA---TGQNVEKAVETLLDLIMKRMEQCVEKTQIP=-====-=-=-- DTVNGGN
126 L---AER-REVSQQ-RAEEFSEAQ-DMYY- LETSAK---ESDNVEKLFLDLACRLISEARQNTLV------------ NNVSSPL
123 L---SDI-REVPLK-DAKEYAESI-GAIV-VETSAK---NAINIEELFQGISRQIPPLDPHENGNN----------- GTIKVEK
147Q---NKD-SSQSPS-QVDQFCKEH-GFAGWFETSAK---DNINIEEAARFLVEKILVNHQSFPNEENDV-------- DK I1KLDQ
155 L---REQ-I1QVPSN-LALKFADAH-NMLL- FETSAKDPKESQNVES IFMCLACRLKAQKSLLYRDAERQQ------- CKVQKLE
152 L---RSA-1QVPTD-LAQKFADTH-SMP L- FETSAKNPNDNDHVEAIFMTLAHKLKSHKP LMLSQPPD--------- NG I I LKP
170 L---STPAQYALMEKDALQVAQEM-KAEY-WAVSSL---TGENVREFFFRVAALTFEANVLAELEKSGARRIG----DVVRINS
124 D---PER-KVVETE-DAYKFAGQM-GIQL- FETSAK---ENVNVEEMENCITELVLRAKKDNLAKQQQQQQN----- DVVKLTK
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131 L---ASQ-RQVTRE-EAEKLSADC-GMKY - | ETSAK---DATNVEESFTILTRDIYELIKKGEICIQDGW=-~-~~-~-~- EGVKSGF
127 L---DTQ-RQVTRH-EAEKLAAAY-CMKY- | ETSAR---DAINVEKAFTDLTRDIYELVKRGEITIQEGW---~---- EGVKSGF
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130 L---AFK-RQVPTE-QAQAYAERL-GVTF-FEVSPL---CNFNITESFTELARIVLLRHGMDRLWRPS === ===~ KVLSLQD
130 L---AFK-RQVPTE-QARAYAEKN-CMTF- FEVSPL---CNFNVIESFTELSRIVLMRHGMEK IWRPN-=-=------- RVFSLQD
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126 L---AGR-RAVDSA-EARAWALGQ-GLEC- FETSVK---EMENFEAPFHCLAKQFHQLYREKV=-=--=-ccuoooonooo EVFRALA
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Supplementary Fig. 1. Alignment of human Rab GTPases. The order of the sequences is
according to their numerical classification, except for Rab28, which is shown on top. The
accession numbers of the sequences are indicated next to their names. Highly conserved
amino acids, based on an overall identity threshold of 90%, are highlighted (blue background).
The regions corresponding to the P-loop, switch 1 and switch 2 are boxed red. Phylogenetic
analysis of the Rab family suggests that Rab28 is at the periphery of this family [1-3]. Among
all the members of the Rab family, only Rab28 and Rab7B (whose structure is still unknown)
present a double-glycine motif at the beginning of switch 2 (red). We propose that the presence
of the double-glycine motif explains, in part, the large conformational change observed in the
switch region of Rab28. The position corresponding to Rab28 Gly70 is typically occupied by
Ala in other members of the Rab family, whereas the double-glycine motif is found in members
of the Arf GTPase family [2,3]. The alignment was generated with the program MUSCLE [4]

and edited with the program Jalview [5].



Supplementary Fig. 2. Crystal packing contacts near switch 1 in the structure of GDP-3'P-
Rab28. Crystal packing contacts may help stabilize the conformation of switch 1 (pink) in the

structure of GDP-3’'P-Rab28 (cyan, reference molecule; yellow, symmetry-related molecules).

Supplementary Movie 1. Nucleotide-dependent conformational change in Rab28. The movie
illustrates a linear interpolation between the atomic coordinates of the GppNHp-bound and
GDP-3’P-bound structures of Rab28. The Ca-trace and transparent surface representations
are colored according to displacement, using a color ramp from blue (minimum displacement)
to red (maximum displacement). Note that the nucleotide moves slightly after hydrolysis, a fact

hardly ever noticed but which probably contributes to the conformational change.



Supplementary Table 1. Structures of Rab GTPases

Name PDB Nucleotide | Complex Res&l\l;tlon Reference Comments
h-Rab1A 2FOL | GDP No 2.63 Structural Genomics

cp-Rab1A | 2RHD | GDP No 2.06 Structural Genomics

h-Rab2A 1Z0A | GDP No 212 [6]

r-Rab3A 3RAB | GppNHp No 2.00 [7]

r-Rab3A 1ZBD | GTP rabphilin-3A (effector) 2.60 [8]

h-Rab3D 2GF9 | GDP No 1.53 Structural Genomics

h-Rab4A 120K | GTP Rabenosyn-5 (effector) 1.92 [6] Q67L mutant
h-Rab4A 1YU9 | GppNHp No 2.07 [6]

h-Rab5A 1N6H | GppNHp No 1.51 [9]

h-Rab5A 1N6R | GppNHp No 1.55 [9] A30L mutant
h-Rab5A 1N6P | GppNHp No 1.54 [9] A30E mutant
h-Rab5A 1N6O | GppNHp No 1.80 [9] A30K mutant
h-Rab5A 1N6N | GppNHp No 1.60 [9] A30R mutant
h-Rab5A 1N6L | GTP No 1.60 [9] A30P mutant
h-Rab5A 1N6K | GDP-AIF3 | No 1.55 [9] A30P mutant
h-Rab5A 1N6I GDP No 1.55 [9] A30P mutant
h-Rab5A 1TU3 | GppNHp Rabaptin-5 (effector) 2.31 [9]

h-Rab5A 1TU4 | GDP No 2.20 [9] Co®in catalytic site
h-Rab5A 1R2Q | GppNHp No 1.05 [10]

m-Rab5C | 1HUQ | GppNHp No 1.80 [11]

m-Rab5C 1207 | GppNHp No 1.81 [6] G55Q mutant
m-Rab5C | 1Z0D | GDP No 2.20 [6]

h-Rab6A 1YZQ | GppNHp No 1.78 [6]

h-Rab6A 3BBP | GTP GCC185 3.00 [12] Q72L mutant
h-Rab6A 2GIL GTP No 1.82 [13] Slow GTPase activity
h-Rab6B 2FE4 | GDP No 2.30 [14]

pf-Rab6 1D5C | GDP No 2.30 [15]

h-Rab7A 1791 GTP No 1.90 [16] Q67L mutant
h-Rab7A 1YHN | GppNHp RILP (effector) 3.00 [16]

r-Rab7A 1VGO0 | GDP Rab escort protein 1 2.20 [17]

r-Rab7A 1VG9 | GDP Rab escort protein 1 2.50 [17]

r-Rab7A 1VG8 | GppNHp No 1.70 [17]

r-Rab7A 1VG1 | GDP No 1.90 [17]

h-Rab8A 2FU5 | None MSS4 (GEF) 2.00 [18]

h-Rab9A 1WMS | GDP No 1.25 [19]

h-Rab9B 20CB | GppNHp No 2.20 Structural Genomics

m-Rab9A | 1YZL | GppNHp No 1.85 [6]

c-Rab9A 1S8F | GDP No 1.77 [20]

h-Rab11A | 1YZK | GppNHp No 2.00 [6]

h-Rab11A | 2GZD | GTP FIP2 (effector domain) 2.44 [21] Q70L mutant
h-Rab11A | 2GZH | GTP FIP2 (effector domain) 2.47 [21] Q70L mutant
h-Rab11A | 2HV8 | GTP FIP3 (effector domain) 1.86 [22] Q70L mutant
h-Rab11A | 2D7C | GTP FIP3 (effector domain) 1.75 [23] Q70L mutant
h-Rab11A | 10IX | GDP-Pi No 1.70 [24]

h-Rab11A | 10IW | GTPyS No 2.05 [25]

h-Rab11A | 10lIV | GDP No 1.98 [25]

pf-Rab11A | 3BFK | GDP No 1.80 Structural Genomics

h-Rab11B | 2F9M | GppNHp No 1.95 [26]

h-Rab11B | 2F9L | GDP No 1.55 [26]

h-Rab12 211 GDP No 210 Structural Genomics

h-Rab14 2AED | GDP No 2.30 Structural Genomics

h-Rab14 1Z0F | GDP No 215 [6]

h-Rab18 1X3S | GppNHp No 1.32 Structural Genomics




Supplementary Table 1 Continued

h-Rab21
h-Rab21
h-Rab21
h-Rab21
h-Rab21
m-Rab22A
m-Rab22A
m-Rab23
m-Rab23
h-Rab25
h-Rab26
m-Rab27B
m-Rab27B
m-Rab27B
h-Rab28
h-Rab28
h-Rab30
h-Rab31
m-Rab33B
m-Rab33B
h-Rab43
h-Rab45
Sc-Sec4
Sc-Sec4
Sc-Sec4
Sc-Sec4
Sc-Ypt1
Sc-Ypt1
Sc-Ypt7
Sc-Ypt7
Sc-Ypt51

1YZT
1YZU
1208
1201
20T3
1YVD
1Z0J
1222
1Z2A
20IL
2G6B
2IEZ
2IF0
2IEY
2HXS
3ES5H
2EW1
2FG5
1206
2G77
2HUP
2P5S
1G16
1G17
2EQB
20CY
1UKV
1YZN
1KY2
1KY3
1EKO

GppNHp
GppNHp
GppNHp
GDP
None
GppNHp
GTP
GDP
GDP
GDP
GppNHp
GDP
GDP
GDP
GDP-3'P
GppNHp
GppNHp
GppNHp
GppNHp
GDP-AIF;
GDP
GDP
GDP
GppNHp
Phosphate
None
GDP
GppNHp
GppNHp
GDP
GppNHp

No

No

No

No

VPS9 (GEF domain)
No

Rabenosyn-5 (effector)
No

No

No

No

No

No

No

No

No

No

No

No

Gyp1 TBC domain (GAP)
No

No

No

No

Sec2 GEF domain
Sec2 GEF domain
GDI

No

No

No

No

2.05
2.50
1.80
2.33
2.10
1.93
1.32
2.06
1.90
2.30
2.00
2.80
2.80
3.18
1.10
1.50
2.00
2.80
1.81
2.26
2.05
2.15
1.80
2.00
2.70
3.30
1.50
2.06
1.60
1.35
1.48

(6]

(6]

(6]

(6]

[26]

(6]

(6]

[6]

(6]

Structural Genomics
Structural Genomics
[27]

[27]

[27]

This work

This work

Structural Genomics
Structural Genomics
(6]

[28]

Structural Genomics
Structural Genomics
[29]

[29]

[30]

[31]

[32]

(6]

[33]

[33]

[34]

Q53G mutant

V22M, Q64L mutants

Q78L mutant
Q78L mutant
Q78L mutant

h-RasEF (aa 533-712)

POj in nucleotide pocket

h, human; r, rat; m, mouse; ¢, canine; Sc, Saccharomyces sereviceae; pf, Plasmodium falciparum; cp, cryptosporidium parvum




Supplementary Table 2. Structures of Arf GTPases

Name PDB Nucleotide | Complex Res&l\l;tlon Reference Comments

r-Arf1 1RRF |GDP No 3.00 [35]

r-Arf1 1RRG |GDP No 2.40 [35]

b-Arf1 1R8S |GDP Sec7 (GEF domain) 1.46 [36] Sec7 catalytic E->K mutant
b-Arf1 1R8Q |GDP-3'P Sec7 (GEF domain) 1.86 [36] With inhibitor brefeldin A
b-Arf1 1S9D |GDP Sec7 (GEF domain) 1.80 [36] With inhibitor brefeldin A
h-Arf1 1REO |GDP Sec7 (GEF domain) 2.40 [37] With inhibitor brefeldin A
m-Arf1 1J2J |GTP GGA1 fragment 1.60 [38] Q71L mutant

m-Arf1 103Y |GTP No 1.50 [38] Q71L mutant

m-Arf1 2J59 |GTP ARHGAP21 (GAP) 2.10 [39]

h-Arf1 1U81 |GDP No NMR [40]

Sc-Arf1 1MOZ | GDP No 3.17 [41] Also known as ARL1
Sc-Arf2 1MR3 | GDP-3'P No 1.60 [41]

h-Arf4 1Z6X |GDP No 2.70 Structural Genomics

h-Arf5 2B6H |GDP No 1.76 Structural Genomics

h-Arfé 2J5X | GTPyS No 2.80 [42]

h-Arfé 1E0S |GDP No 2.28 [43]

h-Arfé 2A5D |GTP Cholera toxin A1 1.80 [44]

h-Arfé 2A5F |GTP Cholera toxin A1 2.02 [44]

h-Arfé 2A5G |GTP Cholera toxin A1 2.66 [44] Q67L mutant

h-SAR1a 2GAO |GDP No 2.00 Structural Genomics

Ch-SAR1 2FA9 |GDP No 2.50 [45] Not in PubMed
Ch-SAR1 1F6B |GDP No 1.70 [46]

Ch-SAR1 2FMX | GDP No 1.82 [45]

Sc-SAR1 1M20 | GppNHp Sec23 2.50 [47]

Sc-SAR1 2QTV | GppNHp Sec23 and Sec31 domain 2.50 [48]

h-Arl5 1ZJ6 |GDP-3'P No 2.00 [49]

h, human; r, rat; m, mouse; b, bovine; Sc, Saccharomyces sereviceae, Ch, Chinese hamster
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