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INTRO

Guanine nucleotide-binding regulatory proteins (G proteins) play an essential role
in cell signaling coupling cell-surface receptors to various intracellular effectors.

GTPase activity — Cycle between an inactive GDP-bound state and an active GTP-bound state.

- FUNCTIONS R .
. e Signal transduction HETEROTRIMERIC
! e Membranevesicle - crrrreeeeeeeeeeeeeee
- transport . S e s e s s sasasasEsssssasE s aaaa e .
. e Cytoskeletal assembly SMALL G PROTEINS or RAS
- e Cellgrowth : : SUPERFAMILY

e Protein synthesis



MONOMERIC

Small GTPases (20-25 kD)
a -subunit homolog

5 families: Ras, Rho, Rab, Arf
and Ran

Cytosol/membrane

INTRO

HETEROTRIMERIC

Large complexes (~80 kD)
Subunits: a, B and y

a — functional specificity

B and y — Gy subunit
Families: Gs, Gi, Gq and G12/13
GPCRs

Cell membrane



HETEROTRIMERIC INTRO

G, Gs, Golf I Adenylate cyclase
Gil, Gi2, Gi3, Go, Gt,
G, Gg and Gz l Adenylate cyclase
Gq Gq,G11,G14and G16 I Phospholipase C
Go1s - # Rho family
adrenaline
&

adrenergic receptor adenylyl cyclase

Fig 1. GDP-GTP
transition.. Extract from:
Goodsell D. G Proteins.
RCSB Protein Data
Bank. 2004;.

s’ fot

cyclic AMP



DOMAINS
Ga
e Ras-like GTPase domain and an a-helical
domain
e Switches: |11l
e N-terminal and C-terminal domain:
protein-protein interactions
GB
e [3-propeller domain
Gy
e Interacts with G through an N-terminal

coiled coil

INTRO

a subunit




MONOMERIC INTRO

HRAS, NRAS,
RAS KRAS(oncogenic), Cell growth
RRAS,RAPRAL,RIT...
RHO RHOA,B,C,D..RAC,ROCK,DIA c celetal d )
PH.RND... ytoskeletal dynamics

Protein trafficking pathways,

RAB RAB3A, regulating vesicle formation,
RABL,RAB1ARAB35,RAB movement, and fusion
RAN RAN Regulator of nuclear import and
export
ARF ARF1,ARF3,ARF4,ARF5...ARL Vesicle biogenesis, recycling and

4, ARFRPARL,SARA... trafficking




MONOMERIC INTRO

Switches l and Il

Families are defined by post-translational
modifications

. Modulators of a remarkably complex and diverse range of

cellular processes. ) . Fmmmm————— -
Monomeric

Trimeric I



INTRO

INACTIVE

ACTIVE

RAS GTP ) _ﬁ_ eSS
GTP GDP
i



EFFECTORS-FUNCTIONS INTRO

| | 1
PIP2 PIP3 / . RAL Plg\DAG-H’lIIB ‘

-¢¢ L :

l

PROLIFERATION, DIFFERENTIATION, APOPTOSIS AND SENESCENCE

Fig 2. Ras effectors. Extract from:
Castellano E, Downward J. Role of
RAS in the Regulation of Pl 3-Kinase.
Current Topics in Microbiology and
Immunology. 2010;:143-169.



I Ras Family
W Rho Family
@ ArfFamily
4@ Rab Family
B Ran Family
A Unclassified members



G BOXES EVO

61 __ --

G)O(XXGK(S/T)

T




G BOXES EVO

NRA
S Gl

MTEYKLVVVGAGGVGKSALTIQLIQONHEVDEYDPTIEDSYRKQVVIDGETCLLDILDTAGQEEYSAMRD

QYMRTGEGFLCVEFAINNTKSEFEDIHQYREQIKRVKDSDDVPMVLVGNKCDLAARTVESRQAQDLARSYG
IPYIETSAKTROGVEDAFYTLVREIRQHKLRKLNPPDESGPGCMSCKCVLS

aaaaGxxxGK (S/T)

Purine nucleotide binding site




G BOXES EVO

A -

MTEYKLVVVGAGGVGKSALTIQLIONHEVDEYD -EDSYRKQVVI DGETCLLDILDTAGQEEYSAMRD
QYMRTGEGFLCVEFAINNTKSEFEDIHQYREQIKRVKDSDDVPMVLVGNKCDLAARTVESRQAQDLARSYG
IPYIETSAKTROGVEDAFYTLVREIRQHKLRKLNPPDESGPGCMSCKCVLS

[ GTP/GDP binding ]




G BOXES EVO

NRAS

MTEYKLVVVGAGGVGKSALTIQLIONHEVDEYDPTIEDSYRKQVVIDGETCLLDIL -QEEYSAMRD

QYMRTGEGFLCVEFAINNTKSEFEDIHQYREQIKRVKDSDDVPMVLVGNKCDLAARTVESRQAQDLARSYG
IPYIETSAKTROGVEDAFYTLVREIRQHKLRKLNPPDESGPGCMSCKCVLS

[ Binding with Mg2+ ]




G BOXES EVO

NRAS

MTEYKLVVVGAGGVGKSALTIQLIONHEVDEYDPTIEDSYRKQVVIDGETCLLDILDTAGQEEYSAMRD
QYMRTGEGFLCVFAINNTKSEFEDIHQYREQIKRVKDSDDVPMVLVG -LAARTVESRQAQDLARSYG
IPYIETSAKTROGVEDAFYTLVREIRQHKLRKLNPPDESGPGCMSCKCVLS :

[ Hydrogen bond contact and stabilization ]




EVO

NRAS

MTEYKLVVVGAGGVGKSALTIQLIONHEVDEYDPTIEDSYRKQVVIDGETCLLDILDTAGQEEYSAMRD

OYMRTGEGFLCVFAINNTKSFEDIHQYREQIKRVKDSDDVPMVLVGNKCDLAARTVESRQAQDLARSYG
12y I [l TROGVEDAFYTLVRE IROHKLRKLNPPDESGPGCMSCKCVLS

[ Indirect associations with the guanine ]

nucleotide




RAS

HUMAN
SCROFA
MOUSE
GALLUS
XENOPU

P0O1111
Q2MJK3
P08556
Q5F352
Q91806

PO1111
Q2MJK3
P08556
Q5F352
091806

P01111
Q2MJK3
P08556
Q5F352
091806

(NRAS) 61 2 1)

MTEYKLVVVGAGGVGKSALTIQLIQNHFVDEYDPEIEDSYRKQVVIDGETCLLDIL)
MTEYKLVVVGAGGVGKSALTIQLIQONHFVDEYDPPIEDSYRKQVVIDGETCLLDIL)
MTEYKLVVVGAGGVGKSALTIQLIQNHFVDEYD DSYRKQVVIDGETCLLDIL)

MTEYKLVVVGAGGVGKSALTIQLIQNHFVDEYD DSYRKQVVIDGETCLLDIL)
MTEYKLVVVGAGGVGKSALTIQLIQNHFVDEYDE DSYRKQVVIDGETCLLDIL

ddkkdkkkhkdkkhkkkhkkkhkkkhkkdkkkdkdkkhdkkhdkkhkdkkhhkhhkdhhdhhhkdhhdhhkdkhkd

G4

QEEYSAMRDQYMRTGEGFLCVFAINNSKSFADINLYREQIKRVKDSDDVPMVLVGNKCDL
QEEYSAMRDQYMRTGEGFLCVFAINNSKSFADINLYREQIKRVKDSDDVPMVLVGNKCDL
QEEYSAMRDQYMRTGEGFLCVFAINNSKSFADINLYREQIKRVKDSDDVPMVLVGNKCDL
QEEYSAMRDQYMRTGEGFLCVFAINNSKSFADINLYREQIKRVKDSDDVPMVLVGNKCDL
QEEYSAMRDQYMRTGEGFLCVFAINNSKSFADINAYREQIKRVKDSDDVPMVLVGNKCDL

% Je e Je e de v e e d e de e e e vk e e e ok ok ok ke e e e ok e e ke ek e o Sk ke o o ke e ok o ok ok ok e vk ok ok o o ok e ok e e ek

PTRTVDTKQAHELAKSYGIPFI|

QGVEDAFYTLVREIRQYRMKKLNSSDDGTQG
QGVEDAFYTLVREIRQYRMKKLNSSDDGTQG
QGVEDAFYTLVREIRQYRLKKLNSSDDGTQG
PTRTVDTKQAQELAKSYGIPFI QGVEDAFYTLVREIRQYRMKKLNSNEDGNQG
PSRTVDTKQAQELARSYGIPFI| QGVEDAFYTLVREIHQYRMKKLDSSEDNNQG

gk gkhk gk kkhkkhkhkdkkkkkkkkkk ghhdk gk ok ok Kk

PTRTVDTKQAHELAKSYGIPFI
PTRTVDTKQAHELAKSYGIPFI|

CMGLPCVVM
CMGLPCVVM
CMGSPCVLM
CMGLSCIVM
CIRIPCKLM

ks Kk gk

MOUSE
HUMAN
DOG
PIG

P62821
P62820
P62822
Q52NJ2

P62821
P62820
P62822
Q52NJ2

P62821
P62820
P62822
Q52NJ2

(RAB1A) @ =

MSSMNPEYDYLFKLLLIGDSGVGKSCLLLRFADDTYTESYI FKIRTIELDGKTI
MSSMNPEYDYLFKLLLIGDSGVGKSCLLLRFADDTYTESYI VDFKIRTIELDGKTI
MSSMNPEYDYLFKLLLIGDSGVGKSCLLLRFADDTYTESYI FKIRTIELDGKTI

MSSMNPEYDYLFKLLLIGDSGVGKSCLLLRFADDTYTESYI 'VDFKIRTIELDGKTI
B T L e T e

KLQT ERFRTITSSYYRGAHGIIVVYDVTDQESFNNVKQWLOEIDRYASENVNKL
KLQT ERFRTITSSYYRGAHGIIVVYDVTDQESFNNVKQWLOEIDRYASENVNKL
KLQT ERFRTITSSYYRGAHGIIVVYDVTDQESFNNVKQWLOEIDRYASENVNKL

KLQT ERFRTITSSYYRGAHGIIVVYDVTDQGSFNNVKQWLOEIDRYASENVNKL
Fededdd kR ke Rk kR kR Rk kR ke ko kR ok Rk k

“ ==

LVGNECDLTTKKVVDYTTAKEFADSLGIPF' ATNVEQSFMTMAAEIKKRMGPGA
LVGNECDLTTKKVVDYTTAKEFADSLGIPF' ATNVEQSFMTMAAETKKRMGPGA
TNVEQSFMTMAAEIKKRMGPGA
TNVEQSFMTMAAEIKKRMGPGA

LVGNKCDLTTKKVVDYTTAKEFADSLGIPF
LVGNKCDLTTKKVVDYTTAKEFADSLGIPF

e de e e de g e e g e e ke e ke ek ok e ok e v o o ke ok ke e ok o ok ok e ok ok ok o ke ok ke ke e ke e e ke e e kR ke ok

TAGGAEKSNVKIQSTPVKQSGGGCC
TAGGAEKSNVKIQSTPVKQSGGGCC
TAGGAEKSNVKIQSTPVKQSGGGCC
TAGGAEKSNVKIQSTPVKQSGGGCC

% Je d Je e de d e e g e ke ok ok e ek ok ek ke



RAN (RAN) 5 =

HUMAN
MOUSE
TAURUS
DROSOP

P62826
P62827
Q3T054
Q9Vvz23

P62826
P62827
Q3T054
Q9Vvz23

P62826
P62827
Q3T054
Q9Vvz23

MAAQGEPQVQFKLVLVGDGGTGKTTFVKRHLTGEFEKI
MAAQGEPQVQFKLVLVGDGGTGKTTFVKRHLTGEFEKI
MAAQGEPQVQFKLVLVGDGGTGKTTFVKRHLTGEFEKK

MAQEGODIPTFKCVLVGDGGTGKTTFVKRHMTGEFEK] L
*k sk T

TLGVEVHPLVFHTNRGPIK

EKFGGLRDGYYIQAQCAIIMFDVTSRVTYKNVPNWHRDLVRVCENIPIVLC
EKFGGLRDGYYIQAQCAIIMFDVTSRVTYKNVPNWHRDLVRVCENIPIVLC
EKFGGLRDGYYIQAQCAIIMFDVTSRVTYKNVPNWHRDLVRVCENIPIVLC

EKFGGLRDGYYIQGQCAVIMFDVTSRVTYKNVPNWHRDLVRVCENIPIVLC
Fkkkkkkkkkkkkkkhkkhkhkk  hk kg hkkkkhkhhhkk ko kkkkkhkkkhkhkhkkkkdkkk

o I

GNKVDIKDRKVKAKSIVFHRKKNLQYYDI SNYNFEKPFLWLARKLIGDPNLEFVAMP
GNKVDIKDRKVKAKSIVFHRKKNLQYYDI SNYNFEKPFLWLARKLIGDPNLEFVAMP
GNKVDIKDRKVKAKSIVFHRKKNLQYYDI SNYNFEKPFLWLARKLIGDPNLEFVAMP
GNKVDIKDRKVKAKSIVFHRKKNLQYYDI SNYNFEKPFLWLARKLVGDPNLEFVAMP
e e e o ok e ko ok ok ek ok ok ok ok ok ok ok ok ok ok ok o ok ok ko ok ok ke ke o ok ok ke ok ok e ok g ke ok e ke

ALAPPEVVMDPALAAQYEHDLEVAQTTALPDEDDDL
ALAPPEVVMDPALAAQYEHDLEVAQTTALPDEDDDL
ALAPPEVVMDPALAAQYEHDLEVAQTTALPDEDDDL

ALLPPEVKMDKDWQAQIERDLOEAQATALPDEDEEL
Kk kkkk kk Kk kgkky kkgkkkkkkkgy ok

RHO

MOUSE
TAURUS
HUMAN
DROSOP

P63001
P62998
P63000
P40792

P63001
P62998
P63000
P40792

P63001
P62998
P63000
P40792

(-) 61 62 G3

MQAIKCVVVGDGAVGKTCLLISYTTNAFPGEYIPTV
MQAIKCVVVGDGAVGKTCLLISYTTNAFPGEYIE
MQAIKRCVVVGDGAVGKTCLLISYTTNAFPGEYIE DNYSANVMVDGKPVNLGL!

MQOAIKCVVVGDGAVGKTCLLISYTTNAFPGEYIPTVFDNYSANVMVDAKPINLGL
e e e e e e e ok ok ok ko ok ok ok ok ok ko ke R ek k| ek g Rk ko

DNYSANVMVDGKPVNLGL!
DNYSANVMVDGKPVNLGL!

G4

QEDYDRLRPLSYPQTDVFLICFSLVSPASFENVRAKWYPEVRHHCPNTPIILVGTKLDLR
QEDYDRLRPLSYPQTDVFLICFSLVSPASFENVRAKWYPEVRHHCPNTPIILVGTKLDLR
QEDYDRLRPLSYPQTDVFLICFSLVSPASFENVRAKWYPEVRHHCPNTPIILVGTKLDLR

QEDYDRLRPLSYPQTDVFLICFSLVNPASFENVRAKWYPEVRHHCPSTPIILVGTKLDLR
Fedkddkk ko k ko ko kR kk | Rk kR kR kR ko ko | ko ko ko ko k

DDKDTIEKLKEKKLTPITYPQGLAMAKEIGAVK
DDKDTIEKLKEKKLTPITYPQGLAMAKEIGAVK
DDKDTIEKLKEKKLTPITYPQGLAMAKEIGAVK TQRGLKTVFDEAIRAVLCPP
DDKNTIEKLRDKKLAPITYPQGLAMAKEIGAVK TQKGLKTVFDEAIRSVLCPV

khkkghkdkhhkdkgokhhghhhhhhkhhhhddhhhhhhhhkhhhhhddhhkghhhhhhdhhdd g hhkd

TQRGLKTVFDEAIRAVLCPP
TQRGLKTVFDEAIRAVLCPP

PVKKRKRKCLLL
PVKKRKRKCLLL
PVKKRKRKCLLL
LOPKSKRKCALL

* khkkk kk



ARF (ARF1)

MOUSE
HUMAN
TAURUS
CEREVI

P84078
P84077
P84080
P11076

P84078
P84077
P84080
P11076

P84078
P84077
P84080
P11076

Gl G2

MGNIFANLFKGLFGKKEMRILMVGLDAAGKTTILYKLKLGEIVTTIP
MGNIFANLFKGLFGKKEMRILMVGLDAAGKTTILYKLKLGEIVTTI

MGNIFANLFKGLFGKKEMRILMVGLDAAGKTTILYKLKLGEIVTTI
MGLFASKLFSNLFGNKEMRILMVGLDGAGKTTVLYKLKLGEVITTI

dk s sakk  kkkakkhkkkkhkhkkhk hkkhkkghkhkhhkkkhkdkg shkkhkhkhkhkhkhkkkkkk s kkk

G3

ISF DKIRPLWRHYFONTQGLIFVVDSNDRERVNEAREELMRMLAEDELRDAV
ISF DKIRPLWRHYFONTQGLIFVVDSNDRERVNEAREELMRMLAEDELRDAV

ISF DKIRPLWRHYFONTQGLIFVVDSNDRERVNEAREELMRMLAEDELRDAV
ISF DRIRSLWRHYYRNTEGVIFVVDSNDRSRIGEAREVMORMLNEDELRNAA

Fkkkkkhkhkkhk gk hkkkdkgakhahghhhkhkdkkk kg Kkkhk 3 khkk kkkhkgk,

« e

LLVFANKODLPNAMNAAEITDKLGLHSLRHRNWYIQ. SGDGLYEGLDWLSNQLRNQ
LLVFANKODLPNAMNAAEITDKLGLHSLRHRNWYIQ. SGDGLYEGLDWLSNQLRNQ
LLVFANKODLPNAMNAAEITDKLGLHSLRHRNWYIQ. SGDGLYEGLDWLSNQLRNQ
WLVEANKODLPEAMSAAEITEKLGLHSIRNRPWFIQ. SGEGLYEGLEWLSNSLKNS

dhkkkkkdhkhkhkokhk dhkkhkkokhhdkdkhkohkok Fokhdhhbdhhdkdohhdhhkohhhdk *o%k

HXRXRNR



RAS SUPERFAMILY EVOLUTION IN PROKARYOTES EVO

Universally

conserved GTPases

Obg MnmE
Era LepA

Der

e | e
KN A

Verstraeten N, Fauvart M, Versees W, Michiels J. The Universally Conserved Prokaryotic GTPases. Microbiology and Molecular Biology Reviews.
2011;75(3):507-542.




Yiha_ecoli
Yiha_bacillus

YchF_ecoli
YchF_bacillus

Hf Ix_ecoli
Hf Ix_bacillus

IF2_ecoli
IF2_bacillus

Eftu_ecoli
Eftu_bacillus

Efg_ecoli
Efg_bacillus

Ffh_ecoli
Ffh_bacillus

Ftsy_ecoli
Ftsy_bacillus

ras_human

RAS SUPERFAMILY EVOLUTION IN PROKARYOTES

Gl

028-EVAFAGRSNAGKSSAL-043
025-EIALAGRSNVGKSSFI-040

004-KCGIVGLPNVGKSTLF-019
004-TAGIVGLPNVGKSTLF-019

199-TVSLVGYTNAGKSTLF-214
202-QIALVGYTNAGKSTWF-217

393-VTTIMGHVDHGKTSLL-408
221-VVTIMGHVDHGKTTLL-236

014-NVGTIGHVDHGKTTLT-029
014-NIGTIGHVDHGKTTLT-029

012-NIGISAHIDAGKTTTT-027
012-NIGIMAHIDAGKTTTT-027

102-VVLMAGLQGAGKTTSV-117
103-VIMMVGLQGAGKTTTS-118

295-VILMVGVNGVGKTTTI-310
122-VILLVGVNGVGKTTTI-137

005-KLVVVGAGGVGKSALT-020




RAS SUPERFAMILY EVOLUTION IN PROKARYOTES

Yiha_ecoli
Yiha_bacillus

YchF_ecoli
YchF_bacillus

Hf lx_ecoli
Hf Ix_bacillus

IF2_ecoli
IF2_bacillus

Eftu_ecoli
Eftu_bacillus

Efg_ecoli
Efg_bacillus

Ffh_ecoli
Ffh_bacillus

Ftsy_ecoli
Ftsy_bacillus

ras_human

060- GRTQL-064
057- GKEQT-061
030- ANFPFCTIEPN-040
030- ANYPFCFIDPN-040
227~ QLFAF¥L-232
230- LLFAFL-235

414-TKVASGEAGGIFQHIG-429
242-TKVVEGEAGGI¥QHIG-257

051-DNAPEEKARGIFINTS-066
052-DGAPEERERGIFISTA-067

051-DWMEQEQERGIFITSA-066
051-DWMEQEQERGINITSA-066

138-DVYRPAA-144
139-DIYRPAA-145

330-DTFRAAA-336
157-DTFRAGA-163

032- YDPFIEDSY-040

EVO



RAS SUPERFAMILY EVOLUTION IN PROKARYOTES

Yiha_ecoli
Yiha_bacillus

YchF_ecoli
YchF_bacillus

Hf lx_ecoli
Hf Ix_bacillus

IF2_ecoli
IF2_bacillus

Eftu_ecoli
Eftu_bacillus

Efg_ecoli
Efg_bacillus

Ffh_ecoli
Ffh_bacillus

Ftsy_ecoli
Ftsy_bacillus

ras_human

074-KRL GLVL 148
071-LH GIVI 145

068-ME LVMYIANVNE-210
068-FE IVLYVANVSE-210

247-TV FILL ID-320
250-VLLS FILTA 323
440-ITF HAVVAVNKID-501
268-ITF HAIVAVNKID-329

077-YA HAIVFth':lBQ
078-YA HAVVFLNKCD-140

084-INII HVIAF 145
077-VNII HVIVF 138
186-VLL RLGVV 251
187-YVI RLGVV 252

378-VL RLGITt.t':MQ
205-VLIC RLGIA 276

053-YLDILPATAGQEVLVNKCD-119

EVO



RAS SUPERFAMILY EVOLUTION IN PROKARYOTES

Nras - Human

I YihA- Bacillus Subtilis

EVO




RAS

SUPERFAMILY




ARF1
RAB1A
NRAS
RAC1

ARF1
RAB1A
NRAS
RAC1

ARF1
RAB1A
NRAS
RAC1

ARF1
RAB1A
NRAS
RAC1

Gl G2

MGNIFANLFKGLFGKKEMRILMVGLDAAGKTTILYKLKLGEIVTT-IPTEGFNVE—-T
———MSSMNPEYDYLFKLLLIGDSGVGKSCLLLRFADDTYTESYISTIGVDFKIRTIE
———————————MTEYKLVVVGAGGVGKSALTIQLIQNHFVDEYDPTIEDSYR-KQVV
——————————— —-MQAIKCVVVGDGAVGKTCLLISYTTNAFPGEYIPTMFDNYS—ANVM
————— —-MAAQGEPQVQFKLVLVGDGGTGKTTFVKRHLTGEFEKKYVATLGVEVHPLVFH
HEEHHEE S L . e

63

VEYKNISF QDKIRPLWRHYFQNTQGLIFVVDSNDRERVNEAREELMRMLAED-
LDGKTIKLQI QERFRTITSSYYRGAHGIIVVYDVTDQESFNNVK-QWLQEIDRY—-

IDGETCLLDI QEEYSAMRDQYMRTGEGFLCVFAINNSKSFADIN-LYREQIKRVK

VDGKPVNLGL! QEDYDRLRPLSYPQTDVFLICFSLVSPASFENVRAKWYPEVRHH-
TNRGPIKFN QEKFGGLRDGYYIQAQCAIIMFDVTSRVTYKNVP-NWHRDLVRV-
: HEEE IS = H : . H . H I

. e

ELRDAVLLVFANKQDLPNA

ASENVNKLLVGNKCDLTTKKVVDYTTAKEFADSLGIPFL ATNVEQSFMTMAAEI

DSDDVPMVLVGNKCDLPTR-TVDTKQAHELAKSYGIPFI RQGVEDAFYTLVREI

—~CPNTPIILVGTKLDLRDD—KDTIEKLKEKKLTPITYPQGLAMAKEIGAVKY L LT

~CENIPIVLCGNKVDIKDR——KVKAKSIVFHRKKNLQYYDIKSNYNFEKPFLWLARKL
: HHENE B H :

————— AJNSGDnGLYEGLDWL SNQLRNQK

RQY-RMKKLNSSDDGTQGCMGLPEVVM
QR-——GLKTVFDEAIRAVLEPPPVKKRKRKCLL L ———————m——
IGDPNLEFVAMPALAPPEVVMDPALAAQYEHDLEVAQTTALPDEDDDL




RAS FAM

DIRA1_HUMAN
DIRA2_HUMAN
RAP1A_HUMAN
RAP1B_HUMAN
RAP2A_HUMAN
RAP2C_HUMAN
RAP2B_HUMAN
RASH_HUMAN
RASN_HUMAN
RASK_HUMAN
RRAS_HUMAN
RRAS2_HUMAN
RASM_HUMAN
RALA_HUMAN
RALB_HUMAN
RIT1_HUMAN
RIT2_HUMAN
RASE_HUMAN
RHEB_HUMAN
REBL1_HUMAN
RASLC_HUMAN
RASD1_HUMAN
KBRS2_HUMAN
KBRS1_HUMAN

GAGGVGKS
GAGGVGKS
GSGGVGKS
GSGGVGKS
GSGGVGKS
GSGGVGKS
GSGGVGKS
GAGGVGKS
GAGGVGKS
GAGGVGKS
GGGGVGKS
GGGGVGKS
GDGGVGKS
GSGGVGKS
GSGGVGKS
GAGGVGKS
GAGGVGKS
GASGVGKS
GYRSVGKS
GYRCVGKT
GRRGAGKS
GSSKVGKT
GQASVGKT
GLLSVGKT

* k% .

RHO FAM

RAC1_HUMAN
RAC3_HUMAN
RAC2_HUMAN
RHOG_HUMAN
RHOQ_HUMAN
RHOJ_HUMAN
RHOU_HUMAN
RHOV_HUMAN
RHOA_HUMAN
RHOC_HUMAN
RHOB_HUMAN
RND2_HUMAN
RND3_HUMAN
RND1_HUMAN
RHOF_HUMAN
RHOD_HUMAN
RHOH_HUMAN

GDGAVGKT
GDGAVGKT
GDGAVGKT
GDGAVGKT
GDGAVGKT
GDGAVGKT
GDGAVGKT
GDGAVGKS
GDGACGKT
GDGACGKT
GDGACGKT
GDAECGKT
GDSQCGKT
GDVQCGKT
GDGGCGKT
GDGGCGKT
GDSAVGKT

RHBT2_HUMAI GDNAVGKT
RHBT1_HUMAI GDNAVGKT

* k ¥k .

RAB FAM + RAN

RAB9B_HUMAN GDGGVGK
RABIA_HUMAN GDGGVGK
RAB7A_HUMAN GDSGVGK
er s catovr
RAB3B_HUMAN or Lo
RAB6A_HUMAN

RAB41_HuMAN GEQSVGK
RAB28_HUMAN GEQSVGK
RAB31_HUMAN GDGASGK
RB22A_HUMAN GDTGVGK
RABSA_HUMAN GDTGVGK
RABSB_HUMAN GESAVGK
RAB24_HUMAN crcavek
RAB2L_HUMAN cocvney
RABL7_HUMAN oo
RAB20_HUMAN

RAB34_HUMAN GSGSVGK
RAB36_HUMAN GDMNVGK
RAB23_HUMAN 'GDLSVGK
RABSA_HUMAN 'GDLYVGK
RAB8B_HUMAN 'GNGAVGK
RAB1@_HUMAN GpsGvGK
RABI3_HUMAN ooy
RAB15_HUMAN

RAB12_Human GDSGVGK
RB4eC_HuMAN GDSGVGK
RB27A_HUMAN GDSGVGK
RB278_HUMAN GSRGVGK

RAB3A_HUMAN GNSSVGK
RAB3C_HUMAN GNSSVGK
RAB3B_HUMAN GneGyGK
e L s
RAB18_HuMAN SDSGVGK
RAB35_HumaN GDSGVGK
RB11A_HUMAN GDSGVGK
RB11B_HUMAN GESGVGK
RAB25_HUMAN GNAGTGK
RAB4A_HUMAN GDMGVGK
RAB14_HUMAN GDTGVGK
RAB2A_HUMAN GDTGVGK
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o308 Jman SOSTVEK
RAB42_HUMAN

RAB43_HUMAN GDASVGK
RAB19_HUMAN GDSNVGK
RAB3@_HUMAN GNAGVGK
RAB18_HUMAN GESGVGK
RBL2B_HUMAN GDSAVGK

RBL2A_HUMAN GDSAVGK
RB33B_HUMAN GDSNVGK

GDGGTGK

RAN_HUMAN
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ARF FAM

ARL4A HUMAN GLDCAGK
ARL4C_HUMAN GLDSAGK
ARL4D_HUMAN GLDSAGK

ARF1_HUMAN
ARF3_HUMAN
ARF4_HUMAN
ARF5_HUMAN
ARF6_HUMAN
ARL1_HUMAN

GLDAAGK
GLDAAGK
GLDAAGK
GLDAAGK
GLDAAGK
GLDGAGK

ARL5A_HUMAN GLDNAGK
ARL5B_HUMAN GLDNAGK
ARL5C_HUMAN GLDNEGK
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ARL3_HUMAN
ARL6_HUMAN

GLDNAGK
GLDNAGK
GLDNSGK

ARL8B_HUMAN GLQYSGK
ARL8A_ HUMAN GLQYSGK
SAR1IA HUMAN GLDNAGK
SAR1B_HUMAN GLDNAGK

ARL9_HUMAN

GLDGAGK
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RAS FAM RAB FAM + RAN ARF FAM
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DIRA1_HUMAN
DIRA2_HUMAN
RAP1A_HUMAN
RAP1B_HUMAN
RAP2A_HUMAN
RAP2C_HUMAN
RAP2B_HUMAN
RASH_HUMAN
RASN_HUMAN
RASK_HUMAN
RRAS_HUMAN
RRAS2_HUMAN
RASM_HUMAN
RALA_HUMAN
RALB_HUMAN
RIT1_HUMAN
RIT2_HUMAN
RASE_HUMAN
RHEB_HUMAN
REBL1_HUMAN
RASLC_HUMAN
RASD1_HUMAN
KBRS2_HUMAN
KBRS1_HUMAN
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RHO FAM

RAC1_HUMAN
RAC3_HUMAN
RAC2_HUMAN
RHOG_HUMAN
RHOQ_HUMAN
RHOJ_HUMAN
RHOU_HUMAN
RHOV_HUMAN
RHOA_HUMAN
RHOC_HUMAN
RHOB_HUMAN
RND2_HUMAN
RND3_HUMAN
RND1_HUMAN
RHOF_HUMAN
RHOD_HUMAN
RHOH_HUMAN

RHBT2_HUMAN BIES
RHBT1_HUMAN DIES
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RAB FAM + RAN
RABOB_HUMAN (S RAB3A_HUMAN (Il
RABSA_HUMAN IS RAB3C_HUMAN [Ilg
RAB7A_HUMAN (IS RAB3B_HUMAN [
RAB7B_HUMAN GS RAB3D_HUMAN (g
RAB32_HUMAN DIEAS RAB1A_HUMAN (IS
RAB38_HUMAN DERE RAB1B_HUMAN DIBS
RABGA_HUMAN  BES RAB35_HUMAN BIBE
RAB41_HUMAN DIBE RB11A_HUMAN BIAE
RAB28_HUMAN DS RB11B_HUMAN DS
RABBI_HUMAN - RABZS_HUMAN-
RB22A_HUMAN DEES RAB4A_HUMAN DS
RABSA_HUMAN DEBS RAB14_HUMAN DIRE
RABS8_HUMAN DEBE RAB2A_HUMAN DIRE
RAB24_HUMAN DIIRE RAB2B_HUMAN DIIES
RAB21_HUMAN DIAS RB39A_HUMAN DIEE
RAB17_HUMAN DIRE RB398_HUMAN DI
RAB26_HUMAN DERS RAB42_HUMAN BIRE
RAB34_HUMAN DIRE RAB43_HUMAN DIIRE
RAB36_HUMAN DIES RAB19_HUMAN BIE
RAB23_HUMAN DIRE RAB3@_HUMAN BIRE
RABSA_HUMAN DIBE RAB18_HUMAN DI
RABSB_HUMAN RS RBL2B_HUMAN DS
RAB16_HUMAN DS RBL2A_HUMAN BIES
RAB13_HUMAN DIRE RB33B_HUMAN DIEE
RAB15_HUMAN DB RAN_HUMAN  BIAS
RAB12_HUMAN DIRE - x %
RB4GC_HUMAN DS
RB27A_HUMAN R
RB278_HUMAN (IS

ARF FAM

ARL4A_HUMAN
ARL4C_HUMAN
ARL4D_HUMAN

ARF1_HUMAN
ARF3_HUMAN
ARF4_HUMAN
ARF5_HUMAN
ARF6_HUMAN
ARL1_HUMAN

ARL5A_HUMAN
ARL5B_HUMAN
ARL5C_HUMAN

ARL2_HUMAN
ARL3_HUMAN
ARL6_HUMAN

ARL8B_HUMAN
ARL8A_HUMAN
SAR1A_HUMAN
SAR1B_HUMAN

ARL9_HUMAN



RAS FAM

DIRA1_HUMAN
DIRA2_HUMAN
RAP1A_HUMAN
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RAP2A_HUMAN
RAP2C_HUMAN
RAP2B_HUMAN
RASH_HUMAN
RASN_HUMAN
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RASM_HUMAN
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RIT1_HUMAN
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REBL1_HUMAN
RASLC_HUMAN
RASD1_HUMAN
KBRS2_HUMAN
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NKCD
NKCD
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NKVD
NKVD
NKVD
NKCD
NKCD
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NKAD
NKAD
NKVD
NKSD
NKSD
NKSD
NKID
NKCD
NKKD
NKAD
NKLDI
NKGD
NKCD
NKID
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RHO FAM

RAC1_HUMAN
RAC3_HUMAN
RAC2_HUMAN
RHOG_HUMAN
RHOQ_HUMAN
RHOJ_HUMAN
RHOU_HUMAN
RHOV_HUMAN
RHOA_HUMAN
RHOC_HUMAN
RHOB_HUMAN
RND2_HUMAN
RND3_HUMAN
RND1_HUMAN
RHOF_HUMAN
RHOD_HUMAN
RHOH_HUMAN

TKLD
TKLD
TKLD
TKKD
TQID
TQID
TQSD
TQAD
NKKD
NKKD
NKKD
CKLD
CKSD
CKTD
CKTD
CKTD
TQTD

RHBT2_HUMAN CQLD

RHBT1_HUMAN CQLD
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RAB FAM + RAN

RAB9B_HUMAN NKVD
RABOA_HUMAN NKID
RAB7A_HUMAN NKID
RAB7B_HUMAN NKID
RAB32_HUMAN NKCD
RAB38_HUMAN NKCD
RAB6A_HUMAN NKTD
RAB41_HUMAN NKID
RAB28_HUMAN NKID
RAB31_HUMAN NKCD
RB22A_HUMAN NKCD
RABSA_HUMAN NKAD
RABSB_HUMAN NKAD
RAB24_HUMAN TKSD
RAB21_HUMAN NKID
RAB17_HUMAN NKTD
RAB2@_HUMAN NKVD
RAB34_HUMAN SKKD
RAB36_HUMAN TKKD
RAB23_HUMAN NKID
RABSA_HUMAN NKCD
RABSB_HUMAN NKCD
RAB18_HUMAN NKCD
RAB13_HUMAN NKCD
RAB15_HUMAN NKAD
RAB12_HUMAN NKLD
RB46C_HUMAN NRLH
RB27A_HUMAN NKSD
RB278_HUMAN NKAD

RAB3A_HUMAN NKCD
RAB3C_HUMAN NKCD
RAB3B_HUMAN NKCD
RAB3D_HUMAN NKCD
RAB1A_HUMAN NKCD
RAB18_HUMAN NKSD
RAB35_HUMAN NKND
RB11A_HUMAN NKSD
RB118_HUMAN NKSD
RAB25_HUMAN NKSD
RABA4A_HUMAN NKKD
RAB14_HUMAN NKAD
RAB2A_HUMAN NKSD
RAB28_HUMAN NKSD
RB39A_HUMAN HKCD
RB398_HUMAN HKCD
RAB42_HUMAN HKSD
RAB43_HUMAN NKSD
RAB19_HUMAN NKCD
RAB3@_HUMAN NKID
RAB18_HUMAN NKID
RBL28_HUMAN NKTD
RBL2A_HUMAN NKID
RB33B_HUMAN NKCD
RAN_HUMAN ~ NKVD

ARF FAM

ARL4A_HUMAN NKQD
ARL4C_HUMAN NKQD
ARL4D_HUMAN NKQD

ARF1_HUMAN
ARF3_HUMAN
ARF4_HUMAN
ARF5_HUMAN
ARF6_HUMAN
ARL1_HUMAN

NKQD
NKQD
NKQD
NKQD
NKQD
NKQD

ARL5A HUMAN NKQD
ARL5B_HUMAN NKQD
ARL5C_HUMAN NKQD

ARL2_HUMAN
ARL3_HUMAN
ARL6_HUMAN

NKQD
NKQD
NKMD

ARL8B_HUMAN NKRD
ARL8A_HUMAN NKRD
SAR1A_HUMAN NKID
SAR1B_HUMAN NKID

ARL9_HUMAN

NKQD
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RAS SUPERFAMILY COMMON FEATURES: SECONDARY STRUCTURE

NRAS

MTEYKLVVVGAGGVGKSALTIQLIONHEVDEYDPTIEDSYRKQVVIDGETCLLDILDTAGQEEYSAMRDQY

b Ca o e (D

MRTGEGFLCVFAINNTKSFEDIHQYREQIKRVKDSDDVPMVLVGNKCDLAARTVESRQAQDLARSYGIPYT

o SN s e

ETSAKTROGVEDAFYTLVREIRQHKLRKLNPPDESGPGCMSCKCVLS
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RAS SUPERFAMILY COMMON FEATURES: SECONDARY STRUCTURE  ras




RAS SUPERFAMILY GENERAL STRUCTURE
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STAMP Structural Alignment of Multiple Proteins

Version 4.4 (May 2010)
by Robert B. Russell & Geoffrey J. Barton
Please cite PROTEINS, vi14, 309-323, 1992

Running roughfit.

Sc = STAMP score, RMS = RMS deviation, Align = alignment length

Lenl, Len2 = length of domain, Nfit = residues fitted

Secs = no. equivalent sec. strucs. Eq = no. equivalent residues

%I = seq. identity, %S = sec. str. identity

P(m) = P value (p=1/10) calculated after Murzin (1993), IMB, 230, 689-694
(NC = P value not calculated - potential FP overflow)

No. Domainl Domain2 Sc RMS Lenl Len2 Align NFit Eq. Secs. %1 %S P(m)
Pair 1 ARF1 RAC1 4.88 1476 180 176 197 121 120 0 14.17 100.00 3.68e-02
Pair 2 ARF1 RAN 0.43 2.45 180 200 260 17 ] [} 0.00 0.00 1.00e+00 LOW SCORE
Pair 3 ARF1 NRAS 0.36 1.84 180 156 234 8 3 [} 0.00 100.00 1.00e+00 LOW SCORE
Pair 4 ARF1 RAB1A 4.79 1.65 180 155 191 110 104 @ 18.27 100.00 7.71e-03
Pair 5 RAC1 RAN 5.10 1.33 176 200 196 136 135 © 25.19 100.00 2.31e-07
Pair 6 RAC1 NRAS 0.27 1.32 176 156 249 5 3 [} 0.00 100.00 1.00e+00 LOW SCORE
Pair 7 RAC1 RAB1A 0.21 100.00 176 155 240 1 ] [} 0.00 0.00 1.00e+00 LOW SCORE
Pair 8 RAN NRAS 1.30 2.08 200 156 222 37 28 0 10.71 100.00 1.00e+00 LOW SCORE
Pair 9 RAN RAB1A 0.45 2.31 200 155 242 8 ] [} 0.00 0.00 1.00e+00 LOW SCORE
Pair 1@ NRAS RAB1A 8.06 1.15 156 155 161 142 139 @ 36.69 100.00 3.1l4e-17

Reading in matrix file rasrough.mat...
Doing cluster analysis...

Cluster: 1 ( NRAS & RAB1A ) Sc 8.06 RMS  1.15 Len 161 nfit 142
See file rasrough.l for the alignment and transformations
Cluster: 2 ( RAC1 & RAN ) Sc 5.10 RMS 1.33 Len 190 nfit 136
See file rasrough.2 for the alignment and transformations
Cluster: 3 ( ARF1 & RAC1 RAN ) Sc 6.16 RMS 1.91 Len 206 nfit 129
See file rasrough.3 for the alignment and transformations
Cluster: 4 (  NRAS RABIA & ARF1 RAC1 RAN ) Sc 1.17 Len 278 nfit 32 LOW SCORE

See file rasrough.4 for the alignment and transformations



STAMP Structural Alignment of Multiple Proteins

Version 4.4 (May 2010)
by Robert B. Russell & Geoffrey J. Barton
Please cite PROTEINS, vi14, 309-323, 1992

Sc = STAMP score, RMS = RMS deviation, Align = alignment length

Lenl, Len2 = length of domain, Nfit = residues fitted

Secs = no. equivalent sec. strucs. Eq = no. equivalent residues

%I = seq. identity, %S = sec. str. identity

P(m) = P value (p=1/10) calculated after Murzin (1993), JIMB, 230, 689-694
(NC = P value not calculated - potential FP overflow)

No. Domainl Domain2 Sc RMS Lenl Len2 Align NFit Eq. Secs. %1 %S P(m)

Pair 1 ARF1 RAC1 4.83 1.86 180 176 198 123 121 0 13.22 100.00 5.61e-02
Pair 2 ARF1 RAN 4.60 1.92 180 200 179 130 128 © 18.75 100.00 1.05e-03
Pair 3 ARF1 NRAS 4.82 1.92 180 156 188 119 112 @ 17.86 100.00 4.03e-03
Pair 4 ARF1 RAB1A 4.79 1.65 180 155 191 110 104 9 18.27 100.00 7.71e-83
Pair 5 RAC1 RAN 5.16 1.36 176 200 189 138 136 © 25.74 100.00 8.98e-08
Pair 6 RAC1 NRAS 6.87 1.26 176 156 179 142 140 ® 32.14 100.00 4.90e-13
Pair 7 RAC1 RAB1A 6.72 1.17 176 155 179 136 134 @ 26.12 100.00 6.10e-08
Pair 8 RAN NRAS 5.36 1.27 200 156 178 131 129 @ 24.03 100.00 2.10e-06
Pair 9 RAN RAB1A 5.14 1.23 200 155 181 126 126 © 30.16 100.00 2.30e-10
Pair 1@ NRAS RAB1A 8.01 1.15 156 155 162 142 138 0 36.96 100.00 2.21e-17
Reading in matrix file rasfit_OK.mat...
Doing cluster analysis...
Cluster: 1 ( NRAS & RAB1A ) Sc 8.00 RMS 1.15 Len 162 nfit 142

See file rasfit_OK.1l for the alignment and transformations
Cluster: 2 ( RAC1 & NRAS RAB1A ) Sc 7.54 RMS 1.11 Len 184 nfit 141

See file rasfit_OK.2 for the alignment and transformations
Cluster: 3 ( RAN & RAC1 NRAS RAB1A ) Sc 6.15 RMS 1.14 Len 201 nfit 131

See file rasfit_OK.3 for the alignment and transformations

Cluster: 4 ( ARF1 & RAN RAC1 NRAS RAB1A ) Sc 5.29 |RMS 1.83| Len 213 nfit 119

See file rasfit_OK.4 for the alignment and transformations




RAS FAMILIES SPECIFIC STRUCTURAL CHANGES
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Interswitch

Switch-1

‘ RHO, RAS, RAB: Cysteine isoprenylation
‘ RAS, RHO: Cysteine palmitoylation

‘ ARF, RAS: glycine myristoylation



ARF1




ADP-ribosylation factor 1

Ubiquitous and essential

Vesicular transport (Golgi)

Reversible association with membrane

Localization: cytosol/membrane

CLASS | — Arf1, Arf2, Arf3
CLASS Il — Arf4, Ar
CLASS Il — Arf6




ARF1

“Discard” pathway “Productive” pathway

3. GAP 2. Coat 2. Coat 3a. Cargo 3b. GAP

recruite recruuted recruited trapped recruited
. « B — . - >

- @D |
recruited
5 Fission

78 Coat
dissociation
6.GTP hydrotysus with

Arf and GAP dissociation

A

4, Budding

Randazzo P, Hirsch D. Arf GAPs: multifunctional proteins that regulate membrane traffic and
actin remodelling. Cellular Signalling. 2004;16(4):401-413.



ARF1

CLASS: Alpha and beta proteins (a/b)

FOLD: P-loop containing nucleoside triphosphate hydrolases
3 layers: a/b/a, parallel or mixed beta-sheets of variable sizes

SUPERFAMILY: P-loop containing nucleoside triphosphate hydrolases
division into families based on beta-sheet topologies

FAMILY: G proteins
core: mixed beta-sheet of 6 strands,order 231456; strand 2 is antiparallel to the rest

PROTEIN: ADP-ribosylation factor

SPECIES: Human (Homo sapiens), ARF1
Uniprot: P32889



ARF SECONDARY STRUCTURE
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Upstream signals
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Guanine nucleotide exchange factors (GEF) J : './ \ 9 B GEFARNO

Sec7 domain

200 conserved amino acids

GDP > GTP




B GEF ARNO

MOTIF 2



B GEF ARNO

ARG 152

GLU156

(motif 1)

Arf1 - GEF stabilizing residues
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THR 197

GLY158

Arf1 - GEF stabilizing residues

(motif 1 and motif 2)
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B Arf1-GTP (Mus musculus)
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ARFGAP1-ARF1

Arfl B GAP1domain

Zn finger



ARFGAP1-ARF1

g-T132’,\/§')T‘ o« B C-term

P P136

a-R79 g-A116
4 \\,/\if

Fig 3. Goldberg J. Structural and Functional Analysis of the ARF1-ARFGAP Complex Reveals a Role for Coatomer in GTP Hydrolysis. Cell. 1999;96(6):893-902.



TAKE-HOME MESSAGES

e Gboxes are conserved in all small GTPases, not only in human, but in a lot of other species.
e Monomeric G proteins share the fold of the alpha subunit of trimeric G proteins.
e Mg2+ionisimportant for the function and structure.

e The transition from the GTP-active state to the GDP-inactive state needs collaboration of
auxiliar molecules (GAPs).

e The exchange of the GDP for a GTP in the inactive proteins also needs an auxiliary molecule
(GEF).

e Arfl is a particular small GTPase which has specific features such as a myristoylation in the
N-terminus.

e Arflisinvolved in many key cellular process, such as vesicular trafficking.



ANY QUESTIONS?

‘ v
\z Nuria Garcia, Maria Pujol, Irene Garcia, Monica Biarnes
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1. How is the general structural of Ras proteins?

4 beta strands and 4 alpha helixes

6 beta strands and 5 alpha helices
10 beta strands and no alpha helices
2 beta strands and 1 alpha helix

A single beta propeller

i 2. How many small GTPases are conserved in all
: domains of life?

All of them
20

3. What subunit of the trimeric G proteins is present in
: the monomeric GTPases?

G alpha
G beta

G gamma
G delta
None

4. Which inorganic ion is involved in the stabilization of the
. union between the guanine nucleotide and the G protein?

a Chloride ion (CI-)
b. Magnesium ion (Mg2+)
C. lodide ion (I-)

d Sodium ion

e None

5. Which post-translational modification is present both in
. Arf and Ras families?

a Cysteine palmitoylation
b. Cysteine isoprenylation

c. Glycine myristoylation
d Glycine isoprenylation

e Cysteine myristoylation

6. Choose the incorrect option:

a. When G protein is bound to a GTP it is in its active state.

b. Without GAP the monomeric G protein is unable to
hydrolyse the GTP.

(o Both of them are incorrect

d. GEF is responsible for GDP to GTP exchange.

e. All of them are incorrect



7. Which are the main structures that present a 9. Choose the correct affirmation:
: conformational change in the GDP-GTP transition? ' :
] a. There are 5 G boxes conserved across species and

1. N-terminal § across the members of the same subfamily
2. Switch 1 and Switch 2 g : b The G1 box is implicated in the purine nucleoside
3.  Interswitch g § binding
4.  C-terminal g : c¢. Bothaand care correct.
; : d.  The G2 box is implicated in the GDP/GTP binding site.
a 1,2,3 g :oe. All of them are correct
b. 2i4 ' '
C. 1i3
d 1,23i4
e 4
- 8. Arf-1 main function is involved in: § : 10. A key feature that enhance the association of Arf1 to the

: membrane is:

i Positive patch
Hydrophilic interactions
Both a and b are correct
Polybasic region

All of them are incorrect

a Vesicle trafficking
b Cell growth

C. Reproduction

d DNA repair

e Glycosylation
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DIRA1_HUMAN
DIRA2_HUMAN
RAP1A_HUMAN
RAP1B_HUMAN
RAP2A_HUMAN
RAP2C_HUMAN
RAP2B_HUMAN
RASH_HUMAN
RASN_HUMAN
RASK_HUMAN
RRAS_HUMAN
RRAS2_HUMAN
RASM_HUMAN
RALA_HUMAN
RALB_HUMAN
RIT1_HUMAN
RIT2_HUMAN
RASE_HUMAN
RHEB_HUMAN
REBL1_HUMAN
RASLC_HUMAN
RASD1_HUMAN
KBRS2_HUMAN
KBRS1_HUMAN

-MPSNDYRVVVFGAGGVGKSSLVLRFVKG--TFRDTYIPTEEDTYRQVISCD-KSVCTLQ
-MPSNDYRVAVFGAGGVGKSSLVLRFVKG--TFRESYIPTVEDTYRQVISCD-KSICTLQ
---MREYKLVVLGSGGVGKSALTVQFVQG--IFVEKYDPTEEDSYRKQVEVD-CQQCMLE
---MREYKLVVLGSGGVGKSALTVQFVQG--IFVEKYDPTEEDSYRKQVEVD-AQQCMLE
---MREYKVVVLGSGGVGKSALTVQFVTG--TFIEKYDPTEEDFYRKEIEVD-SSPSVLE
---MREYKVVVLGSGGVGKSALTVQFVTG--TFIEKYDPTEEDFYRKEIEVD-SSPSVLE
---MREYKVVVLGSGGVGKSALTVQFVTG--SFIEKYDPTEEDFYRKEIEVD-SSPSVLE
---MTEYKLVVVGAGGVGKSALTIQLIQN--HFVDEYDPTEEDSYRKQVVID-GETCLLD
---MTEYKLVVVGAGGVGKSALTIQLIQN--HFVDEYDPTEEDSYRKQVVID-GETCLLD
---MTEYKLVVVGAGGVGKSALTIQLIQN--HFVDEYDPTIEDSYRKQVVID-GETCLLD
-MSSETHKLVVVGGGGVGKSALTIQFIQS--YFVSDYDPTIEDSYTKICSVD-GIPARLD
-MAQEKYRLVVVGGGGVGKSALTIQFIQS--YFVTDYDPTEEDSYTKQCVID-DRAARLD
-MALPTYKLVVVGDGGVGKSALTIQFFQK--IFVPDYDPTEEDSYLKHTEID-NQWAILD
-MALALHKVIMVGSGGVGKSALTLQFMYD--EFVEDYEPTKADSYRKKVVLD-GEEVQID
-MALALHKVIMVGSGGVGKSALTLQFMYD--EFVEDYEPTKADSYRKKVVLD-GEEVQID
-MDSREYKLVMLGAGGVGKSAMTMQFISH--RFPEDHDPTIEDAYKIRIRID-DEPANLD
-MESREYKVVMLGAGGVGKSAMTMQF ISH--QF PDYHDPTEEDAYKTQVRID-NEPAYLD
-MELPEYKAVVVGASGVGKSALTIQLNHQ--CFVEDHDPTEQDSYWKELTLD-SGDCILN
MPQSKSRKIAILGYRSVGKSSLTIQFVEG--QFVDSYDPTEENTFTKLITVN-GQEYHLQ
MPLVRYRKVVILGYRCVGKTSLAHQFVEG--EFSEGYDPTVENTYSKIVTLG-KDEFHLH
MSPLEVN-LAILGRRGAGKSALTVKFLTK--RFISEYDPNEEDTYSSEETVD-HQPVHLR
-MKKNCYRMVILGSSKVGKTAIVSRFLTG--RFEDAYTPTEEDFHRKFYSIR-GEVYQLD
--MGKSCKVVVCGQASVGKTSILEQLLYGNHVVGSEMIETQEDIYVGSIETDRGVREQVR
--MGKGCKVVVCGLLSVGKTAILEQLLYGNHTIGMEDCETMEDVYMASVETDRGVKEQLH

ok JEEMEE  wE



DIRAL_HUMAN
DIRA2_HUMAN
RAP1A_HUMAN
RAP1B_HUMAN
RAP2A_HUMAN
RAP2C_HUMAN
RAP2B_HUMAN
RASH_HUMAN
RASN_HUMAN
RASK_HUMAN
RRAS_HUMAN
RRAS2_HUMAN
RASM_HUMAN
RALA_HUMAN
RALB_HUMAN
RIT1_HUMAN
RIT2_HUMAN
RASE_HUMAN
RHEB_HUMAN
REBL1_HUMAN
RASLC_HUMAN
RASD1_HUMAN
KBRS2_HUMAN
KBRS1_HUMAN

ITREMESHQFPAMQRLSISKGHAFILVFSVTSKQSLEELGPIYKLIVQIK-- - - - - GSVE
ITBIEBSHQFPAMQRLS ISKGHAFILVYSITSRQSLEELKPIYEQICEIK-- - - - - GDVE
I LIS TEQF TAMRDLYMKNGQGFALVYSITAQSTFNDLQDLREQILRVK - - - - - - DTED
ILBIASTEQF TAMRDLYMKNGQGFALVYSITAQSTFNDLQDLREQILRVK - - - - - - DTDD
ILBIAGTEQFASMRDLYIKNGQGFILVYSLVNQQSFQDIKPMRDQIIRVK - - - - - - RYEK
ILPASTEQFASMRDLYIKNGQGFILVYSLVNQQSFQDIKPMRDQIVRVK - - - - - - RYEK
ILPIAGTEQFASMRDLYIKNGQGFILVYSLVNQQSFQDIKPMRDQIIRVK - - - - - - RYER
ILPIABQEEYSAMRDQYMRTGEGFLCVFAINNTKSFEDIHQYREQIKRVK - - - - - - DSDD
ILPIABQEEYSAMRDQYMRTGEGF LCVFAINNSKSFADINLYREQIKRVK - - - - - - DSDD
ILPIABQEEYSAMRDQYMRTGEGFLCVFAINNTKSFEDIHHYREQIKRVK - - - - - - DSED
I L PIABOE EFGAMREQYMRAGHGF LLVFAINDRQSFNEVGKLFTQILRVK - - - - - - DRDD
I LPIABQE EFGAMREQYMRTGEGF LLVFSVTDRGSFEETYKFQRQILRVK- - - - - - DRDE
VL BEABQE EF SAMREQYMRTGDGF LIVYSVTDKASFEHVDRFHQLILRVK - - - - - - DRES
ILPIABQEDYAAIRDNYFRSGEGFLCVFSITEMESFAATADFREQILRVK - - - - - - EDEN
I LPASQEDYAAIRDNYFRSGEGFLLVFSITEHESFTATAEFREQILRVK - - - - - - AEED
I L BIAGQAE F TAMRDQYMRAGEGFIICYSITDRRSFHEVREFKQLIYRVR - - - - - - RTDD
I L BIABOAEF TAMREQYMRGGEGFIICYSVTDRQSFQEAAKFKELIFQVR-- - - - - HTYE
VL BEBBQAIHRALRDQCLAVCDGVLGVFALDDPSSLIQL - - - -QQIWATW- - - - - - GPHP
LVBIABQDEYSIFPQTYSIDINGYILVYSVTSIKSFEVIKVIHGKLLDMV- - - - - - GKVQ
LVBEBBOQDEYSILPYSFIIGVHGYVLVYSVTSLHSFQVIESLYQKLHEGH- - - - - - GKTR
VMBIEBLD TPRNCER - YLNWAHAF LVVYSVDSRQSFDSSSSYLELLALHA- - - - - - KETQ
ILPMSBNHPFPAMRRLSILTGDVFILVFSLDNRDSFEEVQRLRQQILDTKSCLKNKTKEN
FYBIRBLRDGAELPRHCFSCTDGYVLVYSTDSRESFQRVELLKKEIDKSK------ DKKE

LYPRGLQEGVELPKHYFSFADGFVLVYSVNNLESFQRVELLKKEIDKFK--~---- DKKE

,. FE



DIRA1_HUMAN D-IPVMLVGNKCDET-QREVDTREAQAVAQEWK - -CAFMETSAK-MNYNVKELFQELLTL

DIRA2_HUMAN S-IPIMLVGNKCDESPSREVQSSEAEALARTWK--CAFMETSAK-LNHNVKELFQELLNL
RAP1A_HUMAN --VPMILVGNKCDLEDERVVGKEQGQNLARQWCN-CAFLESSAK-SKINVNEIFYDLVRQ
RAP1B_HUMAN --VPMILVGNKCDLEDERVVGKEQGQNLARQWNN-CAFLESSAK-SKINVNEIFYDLVRQ
RAP2A_HUMAN --VPVILVGNKVDLESEREVSSSEGRALAEEWG--CPFMETSAK-SKTMVDELFAEIVRQ
RAP2C_HUMAN --VPLILVGNKVDLEPEREVMSSEGRALAQEWG--CPFMETSAK-SKSMVDELFAEIVRQ
RAP2B_HUMAN --VPMILVGNKVDLEGEREVSYGEGKALAEEWS - -CPFMETSAK-NKASVDELFAEIVRQ
RASH_HUMAN --VPMVLVGNKCDLAA-RTVESRQAQDLARSYG--IPYIETSAK-TRQGVEDAFYTLVRE
RASN_HUMAN --VPMVLVGNKCDLPT-RTVDTKQAHELAKSYG--IPFIETSAK-TRQGVEDAFYTLVRE
RASK_HUMAN --VPMVLVGNKCDLPS-RTVDTKQAQDLARSYG--IPFIETSAK-TRQRVEDAFYTLVRE
RRAS_HUMAN --FPVVLVGNKADLESQRQVPRSEASAFGASHH--VAYFEASAK-LRLNVDEAFEQLVRA
RRAS2_HUMAN --FPMILIGNKADLDHQRQVTQEEGQQLARQLK--VTYMEASAK-IRMNVDQAFHELVRV
RASM_HUMAN --FPMILVANKVDLMHLRKITREQGKEMATKHN--IPYIETSAKDPPLNVDKAFHDLVRV
RALA_HUMAN --VPFLLVGNKSDLEDKRQVSVEEAKNRAEQWN - -VNYVETSAK - TRANVDKVFFDLMRE
RALB_HUMAN K-IPLLVVGNKSDLEERRQVPVEEARSKAEEWG--VQYVETSAK-TRANVDKVFFDLMRE
RIT1_HUMAN --TPVVLVGNKSDLKQLRQVTKEEGLALAREFS--CPFFETSAA-YRYYIDDVFHALVRE
RIT2_HUMAN --IPLVLVGNKIDLEQFRQVSTEEGLSLAQEYN--CGFFETSAA-LRFCIDDAFHGLVRE
RASE_HUMAN A-QPLVLVGNKCDLVTTAGDAHAAAAALAHSWG--AHFVETSAK-TRQGVEEAFSLLVHE
RHEB_HUMAN --IPIMLVGNKKDLHMERVISYEEGKALAESWN--AAFLESSAK-ENQTAVDVFRRIILE
REBL1_HUMAN --VPVVLVGNKADLSPEREVQAVEGKKLAESWG--ATFMESSAR-ENQLTQGIFTKVIQE
RASLC_HUMAN RSIPALLLGNKLDMAQYRQVTKAEGVALAGRFG--CLFFEVSACLDFEHVQHVFHEAVRE
RASD1_HUMAN VDVPLVICGNKGDRDFYREVDQREIEQLVGDDPQRCAYFEISAK-KNSSLDQMFRALFAM
KBRS2_HUMAN --VTIVVLGNKCDLQEQRRVDPDVAQHWAKSEK - -VKLWEVSVA-DRRSLLEPFVYLASK

KBRS1_HUMAN --VAIVVLGNKIDLSEQRQVDAEVAQQWAKSEK--VRLWEVTVT-DRKTLIEPFTLLASK
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RAB7A_HUMAN
RAB7B_HUMAN
RAB32_HUMAN
RAB38_HUMAN
RABGA_HUMAN
RAB41_HUMAN
RAB28_HUMAN
RAB31_HUMAN
RB22A_HUMAN
RABSA_HUMAN
RABSB_HUMAN
RAB24_HUMAN
RAB21_HUMAN
RAB17_HUMAN
RAB28_HUMAN
RAB34_HUMAN
RAB36_HUMAN
RAB23_HUMAN
RABBA_HUMAN
RABBB_HUMAN
RAB18_HUMAN
RAB13_HUMAN
RAB15_HUMAN
RAB12_HUMAN
RB27A_HUMAN
RB27B_HUMAN

e @

- -MSGKSLLLKVILLGDGGVGKSSLMNRYVTNKFDSQ- - - - - AFHEEGVEF LNRDLEVD-
- -MAGKSSLFKVILLGDGGVGKSSLMNRYVTNKFDTQ- - - - - LFHEEGVEF LNKDLEVD-
-MTSRKKVLLKVIILGDSGVGKTSLMNQYVNKKFSNQ- - - - - YKBEEGADF LTKEVMVD-
- -MNRKKVDLKL ITVGAIGVGKTSL LHQYVHKTFYEE - - - YQEEEGASILSKIIILG-
- -MATREHLFKVLVIGELGVGKTSI IKRYVHQLFSQH-- - - YRAFEGVDF ALKVLNWDS
- -MQHKEHLYKLLVIGDLGVGKTST IKRYVHQNFSSH- - - - - YRAFEGVOF ALKVLHWD®
- -MSNPLRKFKLVF LGEQSVGKTSLITRFMYDSFDNT - - - - - YQEEEGIDFLSKTMYLED
- -MSQSLCKSKLLF LGEQSVGKTSI ISRFMYNSFGCA- - - - - CQETWGIDFLSKTMYLED
- -MSSQDRQLKIVVLGDGASGKTSLTTCFAQETFGKQ- - - - - YKQEIGLOFFLRRITLPG
--MA- - IRELKVCL LGDTGVGKSSIVCRFVQDHFDHN- - - - - ISPEEGASFMTKTVPCGN
- -MA- - LRELKVCL LGDTGVGKSSTVWRF VEDSFDPN-- - - - INPEEGASFMTKTVQYQN
- -MANK ICQFKLVL LGESAVGKSSLVLRFVKGQFHEF - - - - - QESTEGAAFLTQTVCLDD
- -MTSKICQFKLVLLGESAVGKSSLVLRFVKGQFHEY - - - - QESEEGAAFLTQSVCLDD
- -MSGQRVDVKVVMLGKEYVGKTSLVERYVHORFLVGP - - - - YQREEGAAF VAKVMSVGD
- -MAGRAYSFKVVL LGEGCVGKTSLVLRYCENKFNDK - - - - - HITEEQASFLTKKLNIGG
- -MASQPRVFKLVL LGSGSVGKSSLALRYVKNDFKSI - - - - - - LBTMGCAF FTKVVDVGA
- - - -MRKPDSKIVL LGDMNVGKTSL LQRYMERRFPDT - - - - - - VSEMGGAF YLKQWRS - -
- -MNVGFK ISKVIVVGDLSVGKTCL INRF CKDTFDKN-- - - -
- -MVVGLKLSKVVVVGDLYVGKTSL IHRFCKNVFDRD- - - - - YKAEEGVOFEIERFEIAG
- -MLDMEVAIKMVVVGNGAVGKSSMIQRYCKGIFTKD-- - - - YKEEEGVOF LERQIQVND
-MAKTYDYLFKLLLIGDSGVGKTCVLFRFSEDAFNSTFIS- - - - - BEGIDFKIRTIELDG
-MAXTYDYLFKLLLIGDSGVGKTCLLFRFSEDAFNTTFIS- - - - - BEGIDFKIRTIELDG
--MATYDLLFKLLLIGDSGVGKTCVLFRFSDDAFNTTFIS- - - - - BEGIDFKIKTVELQG
-MAKAYDHLFKLLLIGDSGVGKTCL ITRFAEDNFNNTYIS- - - - - FEGIDFKIRTVDIEG
-MAKQYDVLFRLLL IGDSGVGKTCL LCRF TDNEFHSSHIS- - - - - FEGVDF KMKTIEVDG
- -MDPADFKLQVIIIGSRGVGKTSLMERF TDOTFCEACKS- - - - - IMGVDFKIKTVELRG
- -MGSYDYLLKFLLVGDSDVGKGEI LESLQDGAAESPYAY- - - - - SNGIDYKTTTILLDG
- -MSDYDYLIKF LALGDSGVGKTSVLYQYTDGKFNSKF Ifii- - - - - IMGIDF REKRVVYRA
--MTDYDYLIKLLALGDSGVGKT TF LYRYTDNKFNPKFIE- - - - - BMGIDF REKRVVYNA

RAB + RAN FAMILY ALIGNMENT

RAB3A_HUMAN
RAB3C_HUMAN
RAB3B_HUMAN
RAB3D_HUMAN
RAB1A_HUMAN
RAB1B_HUMAN
RAB35_HUMAN
RB11A_HUMAN
RB11B_HUMAN
RAB25_HUMAN

RAB14_HUMAN
RAB2A_HUMAN
RAB2B_HUMAN
RB39A_HUMAN
RB39B_HUMAN
RAB4&2_HUMAN
RAB&3_HUMAN
RAB19_HUMAN
RAB38_HUMAN
RAB18_HUMAN
RBL2B_HUMAN
RBL2A_HUMAN
RB33B_HUMAN
RAN_HUMAN

Gl

- -MANFDYMFKILIIGNSSVGKTSF LFRYADDSFTPAFVS- - - - - [MGIDFKVKTIYRND
- -MRNFDYMFKLLIIGNSSVGKTSF LFRYADDSFTSAFVS- - - - - [MGIDFKVKTVFKNE
- -MANFDYMFKLLIIGNSSVGKTSF LFRYADOTFTPAFVS- - - - - IMGIDFKVKTVYRHE
- -MANFDYMFKL LLIGNSSVGKTSF LFRYADDSFTPAFVS- - - - -JMGIDFKVKTVYRHD
-MS-EYDYLFKLLLIGDSGVGKSCLLLRFADDOTYTESYIS- - - - - [EGVDFKIRTIELDG
-MNPEYDYLFKLLLIGDSGVGKSCLLLRFADOTYTESYIS- - - - - EGVDFKIRTIELDG
-MA-DYDHLFKLLI IGDSGVGKSSLLLRFADNTFSGSYI- - - - - BEGVDFKIRTVEING
- -MGEYDYLFKVVL IGDSGVGKSNL LSRF TRNEFNLESK - - - - - SEIGVEFATRSIQVD-
- -MGEYDYLFKVVL IGDSGVGKSNL LSRF TRNEFNLESK-- - - - STEGVEFATRSIQVD-
- -MGDYNF VFKVVL IGESGVGKTNL LSRF TRNEFSHDSR - - - - - TEEGVEFSTRTVMLG-
- -MSTYDF LFKFLVIGNAGTGKSCL LHQF TEKKFKDOSN- - - - - HEEGVEFGSKIINVG-
- -MANYSYIFKYIIIGDMGVGKSCLLHQF TEKKFMADCP - - - - HEEGVEFGTRITEVS-
- - -MAYAYLFKYIIIGDTGVGKSCLLLQF TDKRFQPVHD- - - - - EREGVEFGARMITID-
- - -MTYAYLFKYIIIGDTGVGKSCLLLQF TDKRFQPVHD - - - - ERIGVEF GARMVNID-
METI-WIYQFRLIVIGDSTVGKSCLLHRF TQGRFPGLRS -PACOREMGVOF FSRLLEIEP
MEAI-WLYQFRLIVIGDSTVGKSCL IRRF TEGRFAQVS--- - - DREMGVOFFSRLVEIEP
MEAEGCRYQF RVAL LGDAAVGKTSLLRSYVAGAPGAPEPEPEPERIMGAECYRRALQLRA
- -MAQYDF LFKLVLVGDASVGKTCVVQRFKTGAFSERQG- - - - - STEGVDF TMKTLEIQ-
- -MHNFDYLFKIILIGDSNVGKT CVWQHFKSGVYTETQQ- - - - - NEEGVOF TVRSLDID-
- -MSDYDF LFKIVL IGNAGVGKT CLVRRF TQGLFPPGQG- - - - - BEEGVDFMIKTVEIN-
-MDEDVLTTLKILIIGESGVGKSSLLLRF TDOTFDPELAN- - - - - FEGVDFKVKTISVDG
- -MADADDNVKI ICLGDSAVGKSKLMERF LMDGFQPQQLS- - - - - INAL TLYKHTATVDG
- -MADADDNVKI ICLGDSAVGKSKLMERF LMDGFQPQQLS- - - - - AL TLYKHTATVDG
- -MAARSRIFKIIVIGDSNVGKTCLTYRFCAGRFPDRTEN- - - - - FEGVDFRERAVEIDG
- -MAEPQVQFKLVLVGDGGTGKT TFVKRHLTGEFEKKYVH- - - - - BEGVEVHPLVFHTNR
. 53 L .



RABOB_HUMAN
RABOA_HUMAN
RAB7A_HUMAN
RAB7B_HUMAN
RAB32_HUMAN
RAB38_HUMAN
RABGA_HUMAN
RAB41_HUMAN
RAB28_HUMAN
RAB31_HUMAN
RB22A_HUMAN
RABSA_HUMAN
RABSB_HUMAN
RAB24_HUMAN
RAB21_HUMAN
RAB17_HUMAN
RAB28_HUMAN
RAB34_HUMAN
RAB36_HUMAN
RAB23_HUMAN
RABBA_HUMAN
RABBB_HUMAN
RAB18_HUMAN
RAB13_HUMAN
RAB15_HUMAN
RAB12_HUMAN
RB4BC_HUMAN
RB27A_HUMAN
RB27B_HUMAN

VTLQIWEEEQERFKS - LRTPFYRGADCCLLTF SVDDRQSFENLGNIWQ
-VTMQIWGIEEQERFRS - LRTPFYRGSDCCLLTF SVDDSQSFQNLSNWK
-VTMQIWEIMEQE R FQS - LGVAFYRGADCCVLVFDVTAPNTFKTLDSWR
- LKLQIWPIBEQERFRS -MVSTFYKGSDGCILAFDVTDLESFEALDIWR
-VRLQLWEEMBOER FGN - MTRVYYKEAVGAFVVFDISRSS TFEAVLKWK

-VRLQLWEMEOER FGN - MTRVYYRE AMGAF IVFDVTRPATF EAVAKWK
-VRLQLWEMEQERFRS - LIPSYIRDSTVAVVVYDI TNVNSFQQTTKWI
-VQLQLWEMSQER FHS - LIPSYIRDST IAVWVYDI TNINSFKE TOKWY
-VTLQIWEE0 TIGGK - MLDKYI YGAQGVLLVYDI TNYQSF ENLEDWY

HKF L TWEBOER FHS - LAPMYYRGSAAAVIVYDI TKQDSFYTLKKWV
---------- HKF L TWEIBMSQER FRA - LAPMYYRGSAAATIVYDI TKEETFSTLKNWY

------- -VTLGIWEES ERYEA-MSRIYYRGAKAATVCYDL TDSSSFERAKFWV

KR-=eeeeemen VNLAIWRBBOER FHA - LGPIYYRDSNGAILVYDITDEDSFQKVKNWY
TSmmmmmmmm e LK LE TWRIISSQEK YHS - VCHL YFRGANAAL LVYDI TRKDSF LKAQQWL
............ YNIS IWEIBER EQFHG - LGSMYCRGAAATILTYDVNHRQSLVE LEDRF
IP-mmmmm e FSLQLWEBBQERFKC - IASTYYRGAQAI ITVFNLNDVASL EHTKQWL
IP - e YSLQIWEIMEQEK FKC - IASAYYRGAQVI ITAFDL TDVQTLEHTRQWL
ED----=m=m-- VRLMLWEISEQEE FDA - ITKAYYRGAQACVLVFSTTDRESFEAVSSWR
K-mmmmmmmm RIKLQIWEIMEQERFRT - ITTAYYRGAMGIMLVYDI TNEKSFDNIRNWI
R KIKLQIWEEMEQERFRT - ITTAYYRGAMGIMLVYDI TNEKSFDNIKNWI
L KIKLQIWEMEQERFHT - ITTSYYRGAMGIMLVYDI TNGKSFENISKWL
L KIKLQVWEIMBQERFKT - ITTAYYRGAMGI ILVYDITDEKSFENIQNWM
B KVRIQIWNBIEEQERYQT - ITKQYYRRAQGIFLVYDISSERSYQHIMKIW
L KIRLQIWEIMEQER FNS - ITSAYYRSAKGIILVYDITKKE TFDOLPKWM
R--mmmmmmmm RVKLELWESEQGRFCT - IFRSYSRGAQGILLVYDI TNRWSFDGIDRWI

SGPDGATGRGQRIHLQLWEMEQERFRS - LTTAFFRDAMGF LLLFDL TNEQSF LNVRNWI
QGPNGSSGKAFKVHLQLWEIMEQERFRS - LTTAFFRDAMGF LLMFDL TSQQSF LNVRNWM

RAB3A_HUMAN
RAB3C_HUMAN
RAB3B_HUMAN
RAB3D_HUMAN
RAB1A_HUMAN
RAB1B_HUMAN
RAB35_HUMAN
RB11A_HUMAN
RB11B_HUMAN
RAB25_HUMAN
RABAA_HUMAN
RAB14_HUMAN
RAB2A_HUMAN
RAB2B_HUMAN
RB39A_HUMAN
RB39B_HUMAN
RAB42_HUMAN
RABA&3_HUMAN
RAB19_HUMAN
RAB38_HUMAN
RAB18_HUMAN
RBL2B_HUMAN
RBL2A_HUMAN
RB3I3B_HUMAN
RAN_HUMAN

RIKLQIWRIEEQERYRT - ITTAYYRGAMGF ILMYDI TNEESFNAVQDWS
RIKLQIWEBEQERYRT - ITTAYYRGAMGF ILMYDI TNEESFNAVQDWS
------- -RVKLQIWEMEQERYRT - ITTAYYRGAMGF ILMYDI TNEESFNAVQDWA
---------- RIKLQIWEMBQERYRT - ITTAYYRGAMGF LLMYDIANQESF AAVQDWA
---------- TIKLQIWEMSQERFRT - ITSSYYRGAHGI IVVYDVTDQESFNNVKQWL
---------- TIKLQIWMMEQERFRT - ITSSYYRGAHGI IVVYDVTDQESYANVKQWL
-KVKLQIWEIIMEOER FRT - ITSTYYRGTHGVIVVYDVTSAESFVNVKRIWL
--------- TIKAQIWEIMEQERYRA - ITSAYYRGAVGAL LVYDIAKHL TYENVERWL
--------- TIKAQIWEMEQER YRA - ITSAYYRGAVGALLVYDIAKHL TYENVERWL
-AVKAQTWIEL ERYRA - ITSAYYRGAVGALLVFDL TKHQTYAVVERWL
-YVKLQIWEIMEQER FRS - VTRSYYRGAAGALLVYDI TSRETYNALTNWL
-KIKLQIWHIMEQER FRA-VTRSYYRGAAGALMVYDI TRRSTYNHLSSWL
-QIKLQIWRIMEQES FRS - ITRSYYRGAAGALLVYDITRROTFNHLT TWL
-QIKLQIWGIMEOES FRS - ITRSYYRGAAGALLVYDI TRRETFNHLTSWL
--------- RIKLQLWEBEQERFRS - ITRSYYRNSVGGF LVFDI TNRRSF EHVKDWL
--------- RIKLQIWRMBQERFRS - ITRAYYRNSVGGLL LFDI TNRRSF QNVHEWL
--------- RVK LQUWRIBBHER FRC - ITRSFYRNVVGVLLVFOVTNRKSF EHIQDWH
--------- RVKLQIWEMBQERFRT - ITQSYYRSANGATLAYDI TKRSSFLSVPHWI
--------- KVKMQVWIIMEQER FRT - ITQSYYRSAHAATTAYDL TRRSTFES TPHWI
--------- KVK LQIWIMBOERFRS - ITQSYYRSANAL ILTYDI TCEESFRCLPEWL
---------- AXLATWEISBQER FRT - LTPSYYRGAQGVILVYDVTRROTF VK LDNWL
---------- ILVOFWEIMEQER FQS - FHASYYHKAHAC TMVFDVQRKVTYRNLS TWY
---------- ILVOFWEIIMEQER FQS - MHASYYHKAHAC TMVF DIQRKVTYRNLS TWY
---------- IKIQUWEIMEQE R FRK SMVQHYYRNVHAVVF VYDMTNMASFHS LPSWI
---------- IKFNVWIOEK FGG - LRDGYYIQAQCATIMFOVTSRVTYKNVPNWH
=% * . . .



RABOB_HUMAN
RABOA_HUMAN
RAB7A_HUMAN
RAB7B_HUMAN
RAB32_HUMAN
RAB38_HUMAN
RABGA_HUMAN
RABA&1_HUMAN
RAB28_HUMAN
RAB31_HUMAN
RB22A_HUMAN
RABSA_HUMAN
RABSB_HUMAN
RAB24_HUMAN
RAB21_HUMAN
RAB17_HUMAN
RAB28_HUMAN
RAB34_HUMAN
RAB36_HUMAN
RAB23_HUMAN
RABBA_HUMAN
RABBB_HUMAN
RAB18_HUMAN
RAB13_HUMAN

RAB15_HUMAN

RAB12_HUMAN

RB27A_HUMAN
RB27B_HUMAN

KEFIYYADVKDPEHFPFVVLGHKVDKEDR - - = = == == == == == == == == mm = m m o = QuTT
KEFIYYADVKEPESFPFVILGMKIDISER - ---===============mmmmmm QUsT
DEFLIQASPRDPENFPFVVLGMKIDLENR - - - - == == == == == == === == o= o QAT
GDVLAKIVPME-QSYPMVLLGMKIDLADR - - - - == == == == == == === === === KVPQ
SDLDSKVHLPNGSP IPAVLLANKCOQNKDS - - - == == == == == == == == == == == SQSP-
NDLDSKLSLPNGKPVSVVLLANKEDQGKDV - - - == == == == == == == == == o= LMNNG
DOVR- - - - TERGSDVI IMLVGMKTDLAD - - - - === = = === == == === o= KRQVSI
EHVR- - - - AERGDDVVIMLLGNRIDLON- - - - - == == == == == === mmmoome = KRQVTA
TVVKKVS - EESETQPLVALVGNKIDLEH- - - - - <= == == == == == === oo oo = MRTIKP
KELK- - - - EHGPENIVMATAGNKEDLSD - - - - - == == == == == == === === oo~ IREVPL
KELR- - - -QHGPPNIVVAIAGNKCDLID- - - - - == == == == == === == oo mm VREVME
KELQ-- - -RQASPNIVIALSGNKADLAN- - - - === == === == =====mmmmm KRAVDF
KELQ-- --RQASPSIVIALAGHKADLAN - - - == = == == == == === == = m == KRMVEY
KELR-- - -SLEEG-CQIYLCGTKSDLLEE === == ================ DRRRRRVDF
KELR-- - -KMLGNE ICLCIVGMKIDLEK - - - == == == == == == == == == == == = ERHVSI
KDLEE- - - ELHPGEVLVMLVGNKTDLSQ- - - - = == === === == ======== === EREVTF
LGLT-- - -DTASKDCL FATVGNKVDL TEEGALAGQEK EECSPNMDAGDRVSPRAPKQVQL
ADALK- - - ENDPSSVLLFLVGSKKDLSTP - - - === == == == === =mcc oo AQYALME
EDALR- - - ENEAGSCF IFLVGTKKDLLSG-----=================== AACEQAE
EKWVA- - - EVG- -DIPTVLVQNKIDLLD- - - - - <= == == == === === oo o e o DSCIKN
RNIEE- - -HA-SADVEKMILGNKCDVNDK - - - - == == == == == == == == == == == RQVSK
RNIEE- - -HA-SSDVERMILGHKCDMNDK - - - = == == == == == == == == === RQVSK
RNIDE- - -HA-NEDVERMLLGNKEDMOOK - - - - = == = === == == == == == o == RVVPK
KSIKE- - -NA-SAGVERL LLGMKCDMEAK - - - - == == == == == == == == == == == RKVQK
SDVDE- - - YA-PEGVQKI L IGMKADEEQK - - - - == == == == == == == == == == == RQVGR
KMIDK- - -YA-SEDAELLLVGHKEDCETD -~ == = === === === === === mmm = REITR
KEIDE- - -HA-PG-VPRILVGNREHLAFK - - == === == == === e m e o m e RQVPT
SQLQM- - -HAYCENPDIVLCGNKSDLEDQ-- - - == ==================== RVVKE

SQLQA- - -NAYCENPDIVLIGNKADLPDQ- - - - - === == ================ REVNE

RAB + RAN FAMILY ALIGNMENT

T
l.a I= lg lg |g |g
T

883
EES
i

RAB25_HUMAN

H

BB
HHHH

RBL2B_HUMAN
RBL2A_HUMAN
RB33B_HUMAN
RAN_HUMAN

QEIDR- --YA-SENVNKLLVGNKCOLTTK
QEIDR- --YA-SENVNKLLVGHKSOLTTK === == === === mmmmmmmmmmmm o

LSQA-=====m==m=m e e mmm e
TDARM- - - LASQ-NIVIILCGNKKDLDAD - - - - == == === === == mmmmmm
TDARN- - -LTNP-NTVIILIGNKADLEAQ
EDARQ- - -HSNS -NMVIMLIGNKSDLESR
EDARQ- - -HSSS -NMVIMLIGNKSDLESR

EEAKM- - -YVQPFRIVFLLVGHKCDLASQ

QEVMA- - - TQGPDKVIFLLVGHKSDLQST
EDVRK- - - YAGS -NIVQLLIGNKSDLSEL
HE TEK- - - YGAA-NVVIMLIGNKCDLWEK
REIEQ- -- YASN-KVITVLVGNKIDLAER
NELET- - - YCTRNDIVNMLVGNKIDKENR
TELRE- - - FRP- -E IPCIVWANKIDOINV
TELRE- - - FRP- -EIPCIVVANKIDOINV
EECKQ- - -HLLANDIPRILVGNKCDLRSA
VCENIPIVLCGNKVDIKOR




RABOB_HUMAN
RAB9A_HUMAN
RAB7A_HUMAN
RAB7B_HUMAN
RAB32_HUMAN
RAB38_HUMAN
RABGA_HUMAN
RAB&1_HUMAN
RAB28_HUMAN
RAB31_HUMAN
RB22A_HUMAN
RABSA_HUMAN
RABSB_HUMAN
RAB24_HUMAN
RAB21_HUMAN
RAB17_HUMAN
RAB28_HUMAN
RAB34_HUMAN
RAB36_HUMAN
RAB23_HUMAN
RABBA_HUMAN
RABBB_HUMAN
RAB18_HUMAN
RAB13_HUMAN
RAB15_HUMAN
RAB12_HUMAN
RB4BC_HUMAN
RB27A_HUMAN
RB27B_HUMAN

EEAQTHCM------=mmmm - ENGDYPY L ENSBRDDTNVTVAF EEAVRQVLAVEEQLE - -
EEAQANCR---=-===== === DNGDYPY FEISBEDATNVAAAF EEAVRRVLATEDRSD - -
KRAQAWCY - === ===mmmmmm SKNNIPYF EISBKEAINVEQAFQT IARNALKQETEVE--
EVAQGWCR---=========- EK-DIPYFEMSBENDINVVQAF EMLASRALSR-YQSI--
SQUDQFCK--=========== EHGF AGWF EISIEDNINI EEAARF LVEK ILVNHQSFP - -
LKMDQFCK - === == == == === EHGF VGWF EISIKE NINIDEASRCLVKHILANECDL - - -
EEGERKAK---------=---- ELNVMF I EISHRAGYNVKQLF RRVAAALPGMES - - - - -
EQGEEKSR----=--======-- NLNVMF I EISBIRT GYNVKK LF RRVASALLSTRT-- - - -
EKHLRFCQ---------=-=--- ENGFSSHEMSIRTGDSVFLCFQKVAAE ILGIKLNKA- -
KOAKEVAE - =& oime b SIGATVVERSBENAINIEELFQGISRQIPPLDPHEN- -
RDAKDYAD-=-========m== SIHAIFVERSARNAININELF IEISRRIPSTDANLP -~
QEAQSYAD--=======m === DNSLLFMERSEBKTSMNVNE IFMATAKK LPKNEPQNP - -
EEAQAYAD----========== DNSLLFMERSBNTAMNVNDLF LATAKK LPKSEPQNL - -
HDVQDYAD-- == == == == ===~ NIKAQLFEISSKTGQSVDELFQKVAEDYVSVAAFQV--
QEAESYAE------=======- SVGAKHYHESBRQNKGIEELF LDLCKRMIETAQVDE - -
QEGKEFAD----=-========- SQK LLFMENSEKL NHQVSEVFNTVAQE LLQRSDEEG--
EDAVAL YKKILKYKMLDEQDVPAAEQMCF EISIRT GYNVDLLFETLFDLVVPMILQQR--
KDALQVAQ---==========~ EMKAEYWEMSSETGENVREFFFRVAA- - -LTFEANV--
ADAVHLAR---=-=-========- EMQAEYWSESEKT GENVKAFFSRVAA- - - LAFEQSV--
EEAEALAK---------==--- RLKLRFYRESHWKE DLNVNEVFKYLAEKYLQKLKQQI - -
ERGEKLALDY-------------- GIKFMERSEBANINVENAF FTLARDIKAKM- - - - - -
ERGEKLAIDY----=====m=mn= GIKF L ENSERS SANVEEAFFTLARDIMTKL -~~~ -~
GKGEQIAREH----========~~ GIRFFEISMEANINIEKAFLTLAEDILRKT---~--
EQADKLAREH---======m=mmm GIRFFEISANSSMNVDEAFSSLARDILLKS -~~~ -~
EQGQQLAKEY-------=-====- GMDF Y ESBBTNLNIKESF TRLTELVLQAH- - - - -~
QQGEKFAQQIT---====mm=mm= GMRF C ERSBRDNFNVDEIF LKLVDOILKKM---- -~
EQARAYAEKN- === === =m=mm- CMTFF EMSBECNFNVIESFTELSRIVLMRHGMEK IW
EEATALAEKY-----=======nm GIPYFEISAANGTNISQATEMLLDLIMKRM---- -~

ERGRQLADHL - - - = == === === =~ GFEF FERSIRDNINVKQTF ERLVDVICEKM- - - - - -
ERGQHLGEQL -~ ---=-==--==~~ GFEFF ERSBRDNINVKQTF ERLVDI ICDKM- - - - - -
EKGQLLAEQL-------=---=-~~ GFOF FERSINKE NI SVRQAF ERLVDAICDKM- - - - - -
EDGRRLADDL - - == =========~ GF EF F EBSHKE NINVKQVF ERLVDVICEKM- - - - - -
TTAKEFADSL-----===-==---~ GIPF L EESHRNATNVEQSFMTMAAE IKKRM- - - - - -
TTAKEFADSL---- ===~ GIPFL ESHMENATNVEQAFMTMAAE IKKRM- - - - - -
EDAYKFAGQM-- - - === ===~ GIQLF ENSIKENVNVEEMFNC ITELVLRAK - - - - - -
DEARAFAEKNG----=-=-=--~-~ LS-FIENSMEDS TNVEAAFQTILTEIYRIVS - - - - -
DEARAFAEKNN- - - -=~=-=----~ LS-FIERSAEDS TNVEEAFKNILTEIYRIVS - - - -~
EEARMFAENNG- ------------ LL-FLERSAEDS TNVELAFETVLKEIFAKVS - - - -~
LEASRFAQENE------------- LM-F L ESBET GENVEEAFVQCARK ILNK IE - - - - -
EEAKQFAEENG---------=-=~~ LL-FL BASENT GENVEDAF LEAAKKTYQNIQ-- - -~
EEGEAFAREHG- -----------~ LI-FMEESANTASNVEEAF INTAKEIYEKIQ--- -~
EEGEAFAREHG- ----------~~ LI-FMERSIKT ACNVEEAF INTAKE IYRKIQ- - - - -
EEAEKLSADCG- ---=-==--==~- MK-Y I ESERDATNVEESF TILTRDIVELIK-- - -~
HEAEKLAAAYG- - - - =~ -=--~~ MK-Y TENSIMRDATNVEKAF TOLTRDIVELVK - - - - -
QEAEELAASLG--------=----~- MA- FVERSHRNNCNVDLAFDTLADATQQALQ- - - --
AEAQSLAEHYD----===-====- ILCAT ENSBRDSSNVEEAF LRVATELIMRHG- - - - -
EDACTLAEKYG------=--=---=- LLAVL ERSBKE SKNIEEVFVLMAKE LTARNS - - - - -
QRAEEFSEAQD------=-==--~~ MY-Y L EISIKE SONVEK LF LDLACRLISEAR- - - -
NEGLKFARKHS- - - == == == === =- MLF I EBSIKT CDGVQCAF EELVEKIIQTPG-----

NF AKKFSLPLYFVSAAD- - - -GTNVVKL F JBISERE AVSYKQNSQDFMDE IFQELEN- - - -
NFAKKFSLPLYFVSAAD- - - -GTNVVKL F JBNSERL AV'SYKQNSQDFMDE IFQELEN- - - -
DLAQKFAD=- === =========-= THSMPL FEISB- - - - -NPNDNDHVEATFMT LAH- - - -
KSTVFHRKK= == ====== ===~~~ NLQYYPESBESNYNF EKPF LWLARKLIGDPNLEFVA



CLUSTAL 2.1 multiple sequence alignment

m .
RAC1_HUMAN --------=-- MQAIKCVVVGDGAVGKTCLLISYTTNA------ FPGEYIREMFDN- - - -
RAC3_HUMAN --------m-- MQAIKCVVVGDGAVGKTCLLISYTTNA------ FPGEYIPMMFDN- - - -
RAC2_HUMAN ------mmmm- MQAIKCVVVGDGAVGKTCLLISYTTNA------ FPGEYIREMFDN- - - -
RHOG_HUMAN ~  -—---------- MQSIKCVVVGDGAVGKTCLLICYTTNA------ FPKEYIPMMFDN- - - -
RHOQ HUMAN ------- MAPGALMLKCVVVGDGAVGKTCLLMSYANDA- - - - - - FPEEYVPIMFDH- - - -
RHOJ_HUMAN ------- MNDEKKMLKCVVVGDGAVGKTCLLMSYANDA- - - - - - FPEEYVREMFDH- - - -
RHOU_HUMAN YPTEYIPWAFDN- - - -
RHOV_HUMAN YPARYRPIALDT - - - -
RHOA_HUMAN ------- MAAIRK - - KLVIVGDGACGKTCLLIVFSKDQ- - - - - - FPEVYVPIMFEN- - - -
RHOC_HUMAN ------- MAAIRK - - KLVIVGDGACGKTCLLIVFSKDQ- - - - - - FPEVYVRIMFEN- - - -
RHOB_HUMAN ------- MAAIRK - - KLVVVGDGACGKTCLLIVFSKDE-- - - - - FPEVYVPIMFEN- - - -
RND2_HUMAN YPGSYVPIMFEN- - - -
RND3_HUMAN ------- MKNQNVKCKIVVVGDSQCGKTALLHVFAKDC- - - - - - FPENYVPIMFEN- - - -
RND1_HUMAN ------- MKPVVARCKLVLVGDVQCGKTAMLQVLAKDC- - - - - - YPETYVPIMFEN- - - -
RHOF_HUMAN ------- MDPGRKELKIVIVGDGGCGKTSLLMVYSQGS--- - - - FPEHYARSMFEK- - - -
RHOD_HUMAN ------- MTPGVRSVKVVLVGDGGCGKTSLLMVFADGA- - - - - - FPESYTRPIMFER- - - -
RHOH_HUMAN ~  ---------- MLSSIKCVLVGDSAVGKTSLLVRFTSET------ FPEAYKPIMYEN- - - -
RHBT2_HUMAN - ---MD- - -PNVETIKCVVVGDNAVGKTRLICARACNATLTQYQL LATHVRIMWAIDQYR
RHBT1_HUMAN

* ke dAkk L S

MDADMDYERPNVETIKCVVVGDNAVGKTRLICARACNTTLTQYQLLATHVI.IWAIDQYR



RAC1_HUMAN
RAC3_HUMAN
RAC2_HUMAN
RHOG_HUMAN
RHOQ_HUMAN
RHOJ_HUMAN
RHOU_HUMAN
RHOV_HUMAN
RHOA_HUMAN
RHOC_HUMAN
RHOB_HUMAN
RND2_HUMAN
RND3_HUMAN
RND1_HUMAN
RHOF_HUMAN
RHOD_HUMAN
RHOH_HUMAN

RHBT2_HUMAN
RHBT1_HUMAN

------ YSANVMVDGKPVNLGLWBIBSSQEDYDRLRPLSYPQTDVFLICFSLVSPASFENV
------ YSANVMVDGKPVNLGLWBIBASQEDYDRLRPLSYPQTDVFLICFSLVSPASFENV
------ YSANVMVDSKPVNLGLWBIBBSQEDYDRLRPLSYPQTDVFLICFSLVSPASYENV
------ YSAQSAVDGRTVNLNLWBINASQEEYDRLRTLSYPQTNVFVICFSIASPPSYENV
------ YAVSVTVGGKQYLLGLYBISSQEDYDRLRPLSYPMTDVFLICFSVVNPASFQNV
------ YAVTVTVGGKQHLLGLYBIESQEDYNQLRPLSYPNTDVFLICFSVVNPASYHNV
------ FSAVVSVDGRPVRLQLCBIBASQDEFDKLRPLCYTNTDIFLLCFSVVSPSSFQNV
------ FSVQVLVDGAPVRIELWBIBASQEDFDRLRSLCYPDTDVFLACFSVVQPSSFQNI
------ YVADIEVDGKQVELALWBIASQEDYDRLRPLSYPDTDVILMCFSIDSPDSLENI
—————— YIADIEVDGKQVELALWBIBASQEDYDRLRPLSYPDTDVILMCFSIDSPDSLENI
------ YVADIEVDGKQVELALWBIASQEDYDRLRPLSYPDTDVILMCFSVDSPDSLENI
—————— YTASFEIDKRRIELNMWBIISESSYYDNVRPLAYPDSDAVLICFDISRPETLDSV
------ YTASFEIDTQRIELSLWBISESPYYDNVRPLSYPDSDAVLICFDISRPETLDSV
------ YTACLETEEQRVELSLWBISESPYYDNVRPLCYSDSDAVLLCFDISRPETVDSA
------ YTASVTVGSKEVTLNLYBIBSQEDYDRLRPLSYQNTHLVLICYDVMNPTSYDNV
------ YMVNLQVKGKPVHLHIWBIBASQDDYDRLRPLFYPDASVLLLCFDVTSPNSFDNI
------ TGVDVFMDGIQISLGLWBIASNDAFRSIRPLSYQQADVVLMCYSVANHNSFLNL
VCQEVLERSRDVVDDVSVSLRLWBIES - -DHHKDRRFAYGRSDVVVLCFSIANPNS LHHV
VCQEVLERSRDVVDEVSVSLRLWBIES - -DHHKDRRFAYGRSDVVVLCFSTANPNSLNHV

k% ok 4 * . Xk . P *.’. .




RAC1_HUMAN
RAC3_HUMAN
RAC2_HUMAN
RHOG_HUMAN
RHOQ HUMAN
RHOJ_HUMAN
RHOU_HUMAN
RHOV_HUMAN
RHOA_HUMAN
RHOC_HUMAN
RHOB_HUMAN
RND2_HUMAN
RND3_HUMAN
RND1_HUMAN
RHOF_HUMAN
RHOD_HUMAN
RHOH_HUMAN
RHBT2_HUMAN
RHBT1_HUMAN

G4
RAKWYPEVRHHCPNTPIILVGTKEDLRDDKDTIEKLKE-KKLTPITY--~-~-~-~ PQGLAMA
RAKWYPEVRHHCPHTPILLVGTKLDLRDDKDTIERLRD-KKLAPITY------ PQGLAMA
RAKWFPEVRHHCPSTPIILVGTKEDLRDDKDTIEKLKE-KKLAPITY---~-~- PQGLALA
RHKWHPEVCHHCPDVPILLVGTKKDLRAQPDTLRRLKE-QGQAPITP---~--- QQGQALA
KEEWVPELKEYAPNVPFLLIGTQIDLRDDPKTLARLND-MKEKPICV------ EQGQKLA
QEEWVPELKDCMPHVPYVLIGTQIDLRDDPKTLARLLY-MKEKPLTY------ EHGVKLA
SEKWVPEIRCHCPKAPIILVGTQSDLREDVKVLIELDK-CKEKPVPE------ EAAKLCA
TEKWLPEIRTHNPQAPVLLVGTQADLRDDVNVLIQLDQGGREGPVPQ------ PQAQGLA
PEKWTPEVKHFCPNVPIILVGNKKDLRNDEHTRRELAK-MKQEPVKP------ EEGRDMA
PEKWTPEVKHFCPNVPIILVGNKKDLRQDEHTRRELAK-MKQEPVRS------ EEGRDMA
PEKWVPEVKHFCPNVPIILVANKKDLRSDEHVRTELAR-MKQEPVRT------ DDGRAMA
LKKWQGETQEFCPNAKVVLVGCKLDMRTDLATLRELSK-QRLIPVTH------ EQGTVLA
LKKWKGEIQEFCPNTKMLLVGCKSDLRTDVSTLVELSN-HRQTPVSY------ DQGANMA
LKKWRTEILDYCPSTRVLLIGCKTDLRTDLSTLMELSH-QKQAPISY------ EQGCAIA
LIKWFPEVTHFCRGIPMVLIGCKTDLRKDKEQLRKLRA-AQLEPITY------ MQGLSAC
FNRWYPEVNHFCKKVPIIVVGCKTDLCKDKSLVNKLRR-NGLEPVTY-~----- HRGQEMA
KNKWIGEIRSNLPCTPVLVVATQTDQR------- EMGP-HRASCVNA------ MEGKKLA

KTMWYPEIKHFCPRAPVILVGCQLDLRYADLEAVNRARRPLARPIKPNEILPPEKGREVA
KSMWYPEIKHFCPRTPVILVGCQLDLRYADLEAVNRARRPLARPIKRGDILPPEKGREVA

: & xS



RAC1_HUMAN
RAC3_HUMAN
RAC2_HUMAN
RHOG_HUMAN
RHOQ_HUMAN
RHOJ_HUMAN
RHOU_HUMAN
RHOV_HUMAN
RHOA_HUMAN
RHOC_HUMAN
RHOB_HUMAN
RND2_HUMAN
RND3_HUMAN
RND1_HUMAN
RHOF_HUMAN
RHOD_HUMAN
RHOH_HUMAN
RHBT2_HUMAN
RHBT1_HUMAN

KEIGAVKY L EGSEEETQRGLKTVFDEAIRAVLCP - -~ === === === cmmmmmeem o RAC1 HUMAN
REIGSVKYLE@SASETORGLKTVFDEAIRAVLCP - ---------=ccmmmcoommmmmmm RAC3 HUMAN
KEIDSVKY L EESBEETQRGLKTVFDEAIRAVLCP - === === === mmm e e e e e RAC2 HUMAN
KQIHAVRY L E@SABBQQDGVKEVFAEAVRAVLNP - - = == = = = == o e e e oo e RHOG_HUMAN
KEIGACCYVE@SBBETRIG - = -~ === == ==========-==cooooooooooo RHOQ_HUMAN
KAIGAQCY L BESEEETQKGLKAVFDEAILT-IFH- == === ======cmmmm e e e oo RHOJ_HUMAN
EEIKAASYIE@SAEETQOKNLKEVFDAAIVAGIQL-------===-=====--==-=---- RHOU_HUMAN
EKIRACCY L E@SAEETQKNLKEVFDSAILSAIEL----==============oeemmo RHOV_HUMAN
NRIGAFGYMB@SAKIIKDG-VREVFEMATRAALQAR - - === === === === =ocemmmoe RHOA_HUMAN
NRISAFGY L EESAKIIKEG-VREVFEMATRAGLQVR----============ccemommum RHOC_HUMAN
VRIQAYDY L E@SAKIKEG-VREVFETATRAALQGS - === ===================-- RHOB_HUMAN
KQVGAVSYVEBSSRSSERSVRDVFHVATVASLG- === === ====== = mmmmm e oo RND2_HUMAN
KQIGAATYIE@SMBRSENSVRDIFHVATLACYN- - - - === = - == mmmmoee e RND3_HUMAN
KQLGAEIYLEGSARNSEKSIHSIFRTASMLCLNKPSPLPQKSPVRSLSKRLLHLPSRSEL ~ RND1_HUMAN
EQIRAALYLE@SAKEREN-VEDVFREAAKVALSAQ----==-=============------ RHOF_HUMAN
RSVGAVAY L E@SAREHDN - VHAVFQEAAEVALSSRG- - == === ======-c=mcoceeuu RHOD_HUMAN
QDVRAKGY L E@SAEESNRGVQQVFECAVRTAVNR - = - === = === === m o mmemmee e o RHOH_HUMAN
KELG-IPYYEMSMEMAQFGIKDVFDNAIRAALISR--------------cc---oooom- RHBT2_HUMAN
KELG- LPYYERSYEEDQF GIKDVFDNAIRAALISR-------====mmmmmmmmmmmm RHBT1_HUMAN
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- --PPVKKRKRK@LLL-
- - -PPVKKPGKK@TVF -
---QPTRQQKRA@SLL-
---TPIKR-GRS@ILL-
---SRCIN---@@LIT-
- --KRCSEGHS@@SII-
- - -SKSWWKKY@@FV- -
- - -SRCRWKKFF@FV- -
----- RGKKKSG@ELVL-
----- KNKRRRGEPIL-
----- QNGCIN@EKVL-
- - -EIHKDRAKSENLM-
- - -DLRKDKAKSETVM-
ISSTFKKEKAKS@SIM-
----- RQKKRRL@LLL-
-RNFWRRITQGFEVVT-
----RRLFSINE@KIF-
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ARL4A_HUMAN
ARLAC_HUMAN
ARLAD_HUMAN
ARF1_HUMAN
ARF3_HUMAN
ARF4_HUMAN
ARF5_HUMAN
ARF6_HUMAN
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ARF FAMILY ALIGNMENT

s B
---MGDQT----- SILSNLPSFQSFHIVILGLDCAGKTTVLYRLQFN--EFVNTVRIKGF
---MG-------- NISSNISAFQSLHIVMLGLDSAGKTTVLYRLKFN--EFVNTVREEGF

---MGNHLTEMAPTASSFLPHFQALHVVVIGLDSAGKTSLLYRLKFK--EFVQSVPTKGF
---MGNIFA----NLFKGLFGKKEMRILMVGLDAAGKTTILYKLKLG--EIVTTIPREGF
---MGNIFG----NLLKSLIGKKEMRILMVGLDAAGKTTILYKLKLG--EIVTTIPREGF
---MGLTIS----SLFSRLFGKKQMRILMVGLDAAGKTTILYKLKLG--EIVTTIRPREGF
---MGLTVS----ALFSRIFGKKQMRILMVGLDAAGKTTILYKLKLG--EIVTTIPRIGF
-=-MG--===--- KVLSKIFGNKEMRILMLGLDAAGKTTILYKLKLG--QSVTTIPINGF
---MGGFFS----SIFSSLFGTREMRILILGLDGAGKTTILYRLQVG--EVVTTIRREGF
---MGILFT----RIWR-LFNHQEHKVIIVGLDNAGKTTILYQFSMN--EVVHTSREEGS
---MGLIFA----KLWS-LFCNQEHKVIIVGLDNAGKTTILYQFLMN--EVVHTSPEEGS
---MG-LIA----KLMS-IFGNQEHTVIIVGLDNEGKTTILYRFLTN--EVVHMCREEGS
---MGLLTI----LKKMKQK-ERELRLLMLGLDNAGKTTILKKFNGE--DIDTISPHEGF
---MGLLSI----LRKLKSAPDQEVRILLLGLDNAGKTTLLKQLASE--DISHITREQGF
---MGLLDR----LSVLLGLKKKEVHVLCLGLDNSGKTTIINKLKPSNAQSQNILPEEGF
-MLLISRLL----DWFRSLFWKEEMELTLVGLQYSGKTTFVNVIASGQ-FSEDMIPENGF
MIALFNKLL----DWFKALFWKEEMELTLVGLQYSGKTTFVNVIASGQ-FNEDMIPINGF
--MSFSSVL----QFLG--LYKKSGKLVFLGLDNAGKTTLLHMLKDDR-LGQ-HVPEEHP
--MSFSSVL----QFLG--LYKKTGKLVFLGLDNAGKTTLLHMLKDDR -LGQ-HVEPEEHP
---MRPTWK---ALSHPAWPEEKNKQILVLGLDGAGKTSVLHSLASNR-VQHSVARPTQGF

:t*: *#*:_: . *%x

RAS



ARL4A_HUMAN
ARLAC_HUMAN
ARL4D_HUMAN
ARF1_HUMAN
ARF3_HUMAN
ARF4_HUMAN
ARF5_HUMAN
ARF6_HUMAN
ARL1_HUMAN
ARL5A_HUMAN
ARL5B_HUMAN
ARL5C_HUMAN
ARL2_HUMAN
ARL3_HUMAN
ARL6_HUMAN
ARLSB_HUMAN
ARL8A_HUMAN
SAR1A_HUMAN
SAR1B_HUMAN
ARL9_HUMAN

NTEKIKVTLGNSKTVTFHFWEEIEBQEKLRPLWKSYTRCTDGIVFVVDSVDVERMEEAKTE
NTEKIKLSNGTAKGISCHFWENMBBQEKLRPLWKSYSRCTDGIIYVVDSVDVDRLEEAKTE
NTEKIRVPLGGSRGITFQVWENEEQEKLRPLWRSYTRRTDGLVFVVDAAEAERLEEAKVE
NVETVEY----- KNISFTVWENEEODKIRPLWRHYFQNTQGLIFVVDSNDRERVNEAREE
NVETVEY----- KNISFTVWEEBBOOKIRPLWRHYFQNTQGLIFVVDSNDRERVNEAREE

NVETVEY KNICFTVWEEBEQODORIRPLWKHYFQNTQGLIFVVDSNDRERIQEVADE
NVETVEY KNICFTVWEEBEQODKIRPLWRHYFQNTQGLIFVVDSNDRERVQESADE
NVETVTY KNVKFNVWEEIBBOOKIRPLWRHYYTGTQGLIFVVDCADRDRIDEARQE
NVETVTY KNLKFQVWEBEBOTSIRPYWRCYYSNTDAVIYVVDSCDRDRIGISKSE
NVEEIVI----- NNTRFLMWEEBBOESLRSSWNTYYTNTEFVIVVVDSTDRERISVTREE
NVEEIW----- KNTHF LMWEIBBOES LRSSWNTYYSNTEFIILVVDSIDRERLAITKEE
NVEEIIL----- PKTHF FMWEENIRP EALSFIWNTYYSNTEFIILVIDSTDRDRLLTTREE
NIKTLEH----- RGFKLNIWBMEBOKS LRSYWRNYFESTDGLIWVVDSADRQRMQDCQRE
NIKSVQS QGFKLNVWEEEEORKIRPYWKNYFENTDILIYVIDSADRKRFEETGQE

SIEKFKS----- SSLSFTVFEEBEOGRYRNLWEHYYKEGQAIIFVIDSSDRLRMVVAKEE
NMRKVTK GNVTIKIWEEEEOPRFRSMWERYCRGVNAIVYMIDAADREKIEASRNE
NMRKITK----- GNVTIKLWEEEEOQPRFRSMWERYCRGVSAIVYMVDAADQEKIEASKNE
TSEELTI AGMTFTTFIIEEHEQARRVWKNYLPAINGIVFLVDCADHSRLVESKVE
TSEELTI AGMTFTTFIIEEHVQARRVWKNYLPAINGIVFLVDCADHERLLESKEE
HAVCINT----- EDSQMEF LIEBESKPFRSYWEMYLSKGLLLIFVVDSADHSRLPEAKKY

L SRR
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G4

LHKITRISENQG- -VPVLIVANKQDLRNSLSLSEIEKLLAMG- - -~ ------- ELSSSTP
LHKVTKFAENQG- - TPLLVIANKQDLPKSLPVAETEKQLALH- - - - - - == -~ ELIPATT
LHRISRASDNQG- - VPVLVLANKQDQPGAL SAAEVEKRLAVR - - - - - - - - - - - ELAAATL
LMRMLAEDELRD- - AVLLVF ANKQDLPNAMNAAE I TDKLGLH- - - - - == === SLRHRN
LMRMLAEDELRD- - AVL LVFANKQDLPNAMNAAE I TDKLGLH- - - - - = - === SLRHRN
LQKMLLVDELRD- -AVLLLFANKQDLPNAMAISEMTDKLGLQ- - -~ ------~- SLRNRT
LQKMLQEDELRD- - AVL LVF ANKQDMPNAMPVSELTDKLGLQ- - -~ - - -- - == HLRSRT
LHRIINDREMRD- -AIILIFANKQDLPDAMKPHEIQEKLGLT -~ ---------- RIRDRN
LVAMLEEEELRK - -AILVVFANKQDME QAMTSSEMANSLGLP - - - - - - == == - - ALKDRK
LYKMLAHEDLRK - - AGLLIFANKQDVKECMTVAEISQFLKLT - === -=----=-= SIKDHQ
LYRMLAHEDLRK - - AAVL I F ANKQDMKGCMTAAEISKYLTLS - - == === === SIKDHP
LYKMLAHEALQD- -ASVLIFANKQDVKDSMRMVEISHFLTLS - -~ ---------= TIKDHS
LQSLLVEERLAG- -ATLLIFANKQDLPGALSSNAIREVLELD------------= SIRSHH
LAELLEEEKLSC--VPVLIFANKQDLLTAAPASEIAEGLNLH------------ TIRDRV
LDTLLNHPDIKHRRIPILFFANKMDLRDAVTSVKVSQLLCLE-----=---==-= NIKDKP
LHNLLDKPQLQG- - IPVLVLGNKRDLPNALDEKQLIEKMNLS - - - - ===~ AIQDRE
LHNLLDKPQLQG- - IPVLVLGNKRDLPGALDEKEL TEKMNLS - - - - - === === AIQDRE

LNALMTDETISN--VPILILGNKIDRTDAISEEKLREIFGLYGQTTGKGNVTLKELNARP
LDSLMTDETIAN--VPILILGNKIDRPEAISEERLREMFGLYGQTTGKGSISLKELNARP
LHQLIAANPVLP----LVVFANKQDLEAAYHITDIHEALALS----------- EVGNDRK

% 3 o,

ARL4A_HUMAN
ARLAC_HUMAN
ARLAD_HUMAN
ARF1_HUMAN
ARF3_HUMAN
ARF4_HUMAN
ARF5_HUMAN
ARF6_HUMAN
ARL1_HUMAN
ARL5A_HUMAN
ARL5B_HUMAN
ARL5C_HUMAN
ARL2_HUMAN
ARL3_HUMAN
ARL6_HUMAN
ARL8B_HUMAN
ARLSA_HUMAN
SARIA_HUMAN
SAR1B_HUMAN
ARL9_HUMAN

WHLQPTCAII-GDGLKEGLEKLHDMII
YHVQPACAII-GEGLTEGMDKLYEMIL
THVQGESAVD-GLGLQQGLERLYEMIL

KRRKMLRQQKKKR
KRRKSLKQKKKR -
KRKKAARGGKKRR

WYIQATCATS-GDGLYEGLDWLSNQLRNQK -~ -~ ---- -~
WYIQATCATS-GDGLYEGLDWLANQLKNKK -~ -~ - -~~~
WYVQATCATQ-GTGLYEGLDWLSNELSKR-----------
WYVQATCATQ-GTGLYDGLDWLSHELSKR-----------
WYVQPSCATS-GDGLYEGLTWLTSNYKS - - -~ --------
WQIFKTSATK-GTGLDEAMEWLVETLKSRQ----------

WHIQAGGAL T-GEGLCQGLEWMMSRLK

 {; .

WHIQSCCALT-GEGLCQGLEWMTSRIGVR-----------
WHIQGECALT-REGLPARLQWMESQAAAN----------~
WCIQGESAVT-GENLLPGIDWLLDDISSRIFTAD------
WQIQSESALT-GEGVQDGMNWVCKNVNAKKK - ---~----~
WHICASDAIK-GEGLQEGVDWLQDQIQTVKT---------
ICCYSESCKE-KDNIDITLQWLIQHSKSRRS---------
ICCYSESCKE-KDNIDITLQWLIQHSKSRRS---------

MEVFMESYLK-RQGYGEGFRWLSQYID
LEVFMESYLK-RQGYGEGFRWMAQYID

MFLFGTYETKNGSEIPSTMODAKDL IAQLAADVQ- - - - -



B GEF. ARNO

Arf1 - GEF interacting residues

GLY 219

ASN 20

MET 216

ASP 198

2.541A






