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INTRO



G PROTEINS 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. 

● Signal transduction

● Membrane vesicle 

transport

● Cytoskeletal assembly

● Cell growth

● Protein synthesis

HETEROTRIMERIC

FUNCTIONS

SMALL G PROTEINS or RAS 
SUPERFAMILY



G PROTEINS CLASSIFICATION INTRO

MONOMERIC

● Large complexes (~80 kD)

● Subunits: α, β and γ 

● α  → functional specificity

● β and  γ → Gβγ subunit 

● Families: Gs, Gi, Gq and G12/13

● GPCRs

● Cell membrane

HETEROTRIMERIC

● Small GTPases (20-25 kD)

● α -subunit homolog

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

● Cytosol/membrane



HETEROTRIMERIC INTRO

Family Types Signal transduction

G
s

Gs, Golf +  Adenylate cyclase

G
i

Gi1, Gi2, Gi3, Go, Gt, 
Gg and Gz

-  Adenylate cyclase

G
q

 Gq, G11, G14 and G16 + Phospholipase C

G
12/13

- + Rho family

α 

β γ 

GDP

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



HETEROTRIMERIC INTRO

Gα  

● Ras-like GTPase domain and an α-helical 
domain

● Switches: I,II,III

● N-terminal and C-terminal domain: 

protein-protein interactions

 α subunit

β subunit 

γ subunit 

Gβ

● β-propeller domain

Gγ

●  Interacts with Gβ through an N-terminal 

coiled coil 

DOMAINS

α-helical domain

GTPase domain



MONOMERIC INTRO

Family Types Function

RAS
HRAS, NRAS, 

KRAS(oncogenic), 
RRAS,RAP,RAL,RIT...

Cell growth 

RHO
RHOA,B,C,D...RAC,ROCK,DIA

PH,RND...
Cytoskeletal dynamics

RAB
RAB3A, 

RABL,RAB1A,RAB35,RAB

Protein trafficking pathways, 
regulating vesicle formation,

movement, and fusion

RAN RAN
Regulator of nuclear import and 

export

ARF
ARF1,ARF3,ARF4,ARF5...ARL

4,ARFRP,ARL,SARA...

Vesicle biogenesis, recycling and 

trafficking



MONOMERIC INTRO

Families are defined by post-translational 
modifications

Modulators of a remarkably complex and diverse range of 

cellular processes.
RMSD: 1,273 A

Monomeric
Trimeric

G domain: conserved G box 
GDP/GTP-binding motif element

Switches I and II



TRANSITION AND REGULATION  GTP - GDP INTRO

MG2+



EFFECTORS-FUNCTIONS INTRO

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



EVOLUTION



G BOXES EVO

G1 G2 G3 G4 G5

N C



NRAS

MTEYKLVVVGAGGVGKSALTIQLIQNHFVDEYDPTIEDSYRKQVVIDGETCLLDILDTAGQEEYSAMRD
QYMRTGEGFLCVFAINNTKSFEDIHQYREQIKRVKDSDDVPMVLVGNKCDLAARTVESRQAQDLARSYG
IPYIETSAKTRQGVEDAFYTLVREIRQHKLRKLNPPDESGPGCMSCKCVLS

G1

aaaaGxxxGK(S/T)

Purine nucleotide binding site

G BOXES EVO



NRAS

MTEYKLVVVGAGGVGKSALTIQLIQNHFVDEYD PTIEDSYRKQVVIDGETCLLDILDTAGQEEYSAMRD
QYMRTGEGFLCVFAINNTKSFEDIHQYREQIKRVKDSDDVPMVLVGNKCDLAARTVESRQAQDLARSYG
IPYIETSAKTRQGVEDAFYTLVREIRQHKLRKLNPPDESGPGCMSCKCVLS

G2

XTX

GTP/GDP binding 

G BOXES EVO



NRAS

MTEYKLVVVGAGGVGKSALTIQLIQNHFVDEYDPTIEDSYRKQVVIDGETCLLDIL DTAGQEEYSAMRD
QYMRTGEGFLCVFAINNTKSFEDIHQYREQIKRVKDSDDVPMVLVGNKCDLAARTVESRQAQDLARSYG
IPYIETSAKTRQGVEDAFYTLVREIRQHKLRKLNPPDESGPGCMSCKCVLS

G3

blbbDxxGl

Binding with Mg2+

G BOXES EVO



NRAS

MTEYKLVVVGAGGVGKSALTIQLIQNHFVDEYDPTIEDSYRKQVVIDGETCLLDILDTAGQEEYSAMRD
QYMRTGEGFLCVFAINNTKSFEDIHQYREQIKRVKDSDDVPMVLVG NKCDLAARTVESRQAQDLARSYG
IPYIETSAKTRQGVEDAFYTLVREIRQHKLRKLNPPDESGPGCMSCKCVLS

bbbb(N/T)(K/Q)xD

Hydrogen bond contact and stabilization

G4

G BOXES EVO



NRAS

MTEYKLVVVGAGGVGKSALTIQLIQNHFVDEYDPTIEDSYRKQVVIDGETCLLDILDTAGQEEYSAMRD
QYMRTGEGFLCVFAINNTKSFEDIHQYREQIKRVKDSDDVPMVLVGNKCDLAARTVESRQAQDLARSYG
IPYIETSAKTRQGVEDAFYTLVREIRQHKLRKLNPPDESGPGCMSCKCVLS

bbE(A/C/S/T)SA(K/L)

Indirect associations with the guanine 
nucleotide

G5

G BOXES EVO



RAS SUPERFAMILY EVOLUTION IN EUKARYOTES EVO

RAS (NRAS) RAB (RAB1A)



RAS SUPERFAMILY EVOLUTION IN EUKARYOTES EVO

RAN (RAN) RHO (RAC1)



RAS SUPERFAMILY EVOLUTION IN EUKARYOTES EVO

ARFARF (ARF1)



RAS SUPERFAMILY EVOLUTION IN PROKARYOTES EVO

Universally 
conserved GTPases

GTPases not present 
in archaea

GTPases found in bacterial and 
eukaryotic mitochondria and 

chloroplasts

Era

Der

Obg MnmE

LepA

YihA YchF

HflX IF-2

Ef-Tu EF-G

Ffh FtsY

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



RAS SUPERFAMILY EVOLUTION IN PROKARYOTES EVO



RAS SUPERFAMILY EVOLUTION IN PROKARYOTES EVO



RAS SUPERFAMILY EVOLUTION IN PROKARYOTES EVO



RAS SUPERFAMILY EVOLUTION IN PROKARYOTES EVO

Nras - Human

YihA - Bacillus Subtilis

RMSD: 5.123

RMSD: 0.954



            RAS 
SUPERFAMILY



HUMAN RAS SUPERFAMILY RAS



G1 BOX CONSERVATION RAS

RHO FAM ARF FAMRAB FAM + RANRAS FAM



G2 BOX CONSERVATION RAS

RAB FAM + RAN ARF FAM
RHO FAM

RAS FAM



G3 BOX CONSERVATION RAS

RAB FAM + RAN ARF FAM
RHO FAM

RAS FAM



G4 BOX CONSERVATION RAS

RAB FAM + RAN ARF FAM
RHO FAM

RAS FAM



RAS SUPERFAMILY COMMON FEATURES: SECONDARY STRUCTURE RAS

NRAS

MTEYKLVVVGAGGVGKSALTIQLIQNHFVDEYDPTIEDSYRKQVVIDGETCLLDILDTAGQEEYSAMRDQY

MRTGEGFLCVFAINNTKSFEDIHQYREQIKRVKDSDDVPMVLVGNKCDLAARTVESRQAQDLARSYGIPYI

ETSAKTRQGVEDAFYTLVREIRQHKLRKLNPPDESGPGCMSCKCVLS

𝛃1 α1 𝛃2 𝛃3

𝛃4 𝛃5

𝛃6

α2

α3

α5

α4



RASRAS SUPERFAMILY COMMON FEATURES: SECONDARY STRUCTURE

Class. Alpha and beta proteins (a/b)

Fold.  3 layers: a/b/a, parallel or mixed beta-sheets of variable sizes



RAS SUPERFAMILY GENERAL STRUCTURE RAS

Interswitch



RAS SUPERFAMILY SUPERIMPOSITION RAS



RAS SUPERFAMILY SUPERIMPOSITION RAS



RAS FAMILIES SPECIFIC STRUCTURAL CHANGES RAS

Interswitch



ARF1



ARF 1 ARF1

ADP-ribosylation factor 1

Ubiquitous and essential

Vesicular transport (Golgi)

Reversible association with membrane

Localization: cytosol/membrane

CLASS I → Arf1, Arf2, Arf3
CLASS II → Arf4, Ar
CLASS III → Arf6



FUNCTION ARF1

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



SCOP 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 ARF1



ARF HIDROFOBIC CORE ARF1

BETA-SHEET



ABOUT DIMERIZATION ARF1



ABOUT DIMERIZATION ARF1



ABOUT DIMERIZATION ARF1



MEMBRANE ASSOCIATION ARF1

Positive patch
N-Myristoylation
Electrostatic interactions
Hidrofobicity



POSITIVE PATCH ARF1



POSITIVE PATCH ARF1



LYSINEARGININE

POSITIVE PATCH ARF1



N-MYRISTOYLATION ARF1

MYRISTOYL



N-MYRISTOYLATION ARF1

_   G  X  X  X S/T



HIDROFOBICITY

LEU

LEU

PHE

PHE



N-TERMINAL ARF1

PHE
PHE

LYS ASN ASN

ILE

LEU

AMPHIPHATIC HELIX

 





KEY STRUCTURAL FEATURES FOR GTP-GDP TRANSITION ARF1

GDP GTP



GTP-GDP SUPERIMPOSITION ARF1

RMSD: 1.070



INTERSWITCH ARF1



SWITCH 1 AND SWITCH 2 IN GDP-GTP ARF1

SWITCH 2

SWITCH 1



SWITCH 1 ARF1

THR

THR

PRO

ILE

THR

ILE



SWITCH 2 ARF1

ARG

ILE

PRO

LEU

ASPGLN

TRP

LYS



GTP-GDP SUPERIMPOSITION ARF1

RMSD: 1.070

Arf1-GTP

Arf1-GDP



SUPERIMPOSITION GDP-GTP ALIGNMENT ARF1

Chimera



GTP-GDP CYCLE ARF1



GDP BINDING SITE ARF1

Arf1-GDP



GDP BINDING SITE vs G BOXES ARF1

G5
G4
G3

G2
G1

Arf1-GDP



MAGNESIUM INTERACTIONS IN GDP-STATE ARF1

Metal 
interactions

Hidrogen 
bond



Arf1

GEF. ARNO

ARF1-GDP REGULATING FACTORS: GEF ARF1

Guanine nucleotide exchange factors (GEF)

Sec7 domain 

Arf1 switch I

Arf1 switch II

200 conserved amino acids

GDP GTP

GEF



ARF1-GDP REGULATING FACTORS: GEF ARF1

Arf1

GEF. ARNO

MOTIF 1
MOTIF 2

Arf1 switch I

Arf1 switch II



ARF1-GDP REGULATING FACTORS: GEF ARF1

Arf1

GEF. ARNO

Arf1 switch I

Arf1 switch II
LYS108 ARG 152 3.016Å

ASN 52 GLU156 3.093Å

Arf1 - GEF stabilizing residues
(motif 1)



ARF1-GDP REGULATING FACTORS: GEF ARF1

Arf1

GEF. ARNO

Arf1 switch I

Arf1 switch II

GLY 50 THR 197 2.978Å

ASN 52 GLY158 2.929Å

Arf1 - GEF stabilizing residues
(motif 1 and motif 2)



ARF1-GTP: BINDING SITE ARF1

Arf1-GTP



ARF1-GTP: GTP BINDING SITE vs G BOXES ARF1

Arf1-GTP

G5
G4
G3

G2
G1



MAGNESIUM INTERACTIONS IN GTP STATE ARF1

Metal 
interactions

Hidrogen 
bond



ARF1-MG-GTP(M.musculus) vs ARF1-MG-GDP(human) SUPERIMPOSITION ARF1

Arf1-GTP (Mus musculus)
Arf1-GDP (Homo sapiens)

RMSD: 0.518



GTP HYDROLYSIS ARF1

GDPGTP

+Pi

GDPGTP

+Pi
GAP

Inefficient, very slow process.

     Efficient
GDP-like environment

Lower transition state energy



ARFGAP1-ARF1

Arf1

GAP1

ARF1-GTP REGULATING FACTORS: GAP ARF1

Arf1 switch I

Arf1 switch II



ARFGAP1-ARF1

Arf1

GAP1

ARF1-GTP REGULATING FACTORS: GAP ARF1

Zn finger

GAP1 domain



ARFGAP1-ARF1

ARF1-GTP REGULATING FACTORS: GAP ARF1

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

● G boxes are conserved in all small GTPases, not only in human, but in a lot of other species.

● Monomeric G proteins share the fold of the alpha subunit of trimeric G proteins.

● Mg2+ ion is important for the function and structure.

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

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

● Arf1 is a particular small GTPase which has specific features such as a myristoylation in the 
N-terminus.

● Arf1 is involved in many key cellular process, such as vesicular trafficking.



THANK YOU 

FOR YOUR ATTENTION!!!

ANY QUESTIONS?

Núria Garcia, Maria Pujol, Irene García, Mònica Biarnes
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1. How is the general structural of Ras proteins?

a. 4 beta strands and 4 alpha helixes
b. 6 beta strands and 5 alpha helices
c. 10 beta strands and no alpha helices
d. 2 beta strands and 1 alpha helix
e. A single beta propeller

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

a. All of them
b. 20
c. 10
d. 8
e. None

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

a. G alpha
b. G beta
c. G gamma
d. G delta
e. None

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

a. Chloride ion (Cl-)
b. Magnesium ion (Mg2+)
c. Iodide 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.
c. 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 
conformational change in the GDP-GTP transition?

1. N-terminal
2. Switch 1 and Switch 2
3. Interswitch
4. C-terminal

a. 1,2,3
b. 2 i 4
c. 1 i 3
d. 1,2,3 i 4
e. 4

8. Arf-1 main function is involved in:

a. Vesicle trafficking
b. Cell growth
c. Reproduction
d. DNA repair
e. Glycosylation

9. Choose the correct affirmation: 

a. There are 5 G boxes conserved across species and 
across the members of the same subfamily

b. The G1 box is implicated in the purine nucleoside 
binding

c. Both a and c are correct.
d. The G2 box is implicated in the GDP/GTP binding site.
e. All of them are correct

10.  A key feature that enhance the association of Arf1 to the 
membrane is:

a. Positive patch
b. Hydrophilic interactions
c. Both a and b are correct
d. Polybasic region
e. All of them are incorrect



EXTRA



RAS  FAMILY ALIGNMENT RAS



RAS  FAMILY ALIGNMENT RAS



RAS  FAMILY ALIGNMENT RAS



RAB + RAN FAMILY ALIGNMENT RAS

G1
G1

G2
G2



RAB + RAN FAMILY ALIGNMENT RAS

G3

G3



RAB + RAN FAMILY ALIGNMENT RAS

G4

G4



RAB + RAN FAMILY ALIGNMENT RAS

G5

G5



RHO FAMILY ALIGNMENT RAS



RHO FAMILY ALIGNMENT RAS



RHO FAMILY ALIGNMENT RAS



RHO FAMILY ALIGNMENT RAS



ARF FAMILY ALIGNMENT RAS



ARF FAMILY ALIGNMENT RAS



ARF FAMILY ALIGNMENT RAS



ARF1-GDP REGULATING FACTORS: GEF ARF1

Arf1

GEF. ARNO

2.541ÅASP 198TYR 813.008ÅASN 20THR 48 

3.282ÅGLY 219ARG 79 

3.357ÅMET 216ARG 79 

Arf1 - GEF interacting residues



HB IN MAGNESIUM INTERACTIONS RAS


