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Introduction

Reactome is open-source, open access, manually curated and peer-reviewed pathway database. Pathway annotations 
are authored by expert biologists, in collaboration with Reactome editorial staff and cross-referenced to many 
bioinformatics databases. A system of evidence tracking ensures that all assertions are backed up by the primary 
literature. Reactome is used by clinicians, geneticists, genomics researchers, and molecular biologists to interpret the 
results of high-throughput experimental studies, by bioinformaticians seeking to develop novel algorithms for mining 
knowledge from genomic studies, and by systems biologists building predictive models of normal and disease 
variant pathways. 
The development of Reactome is supported by grants from the US National Institutes of Health (P41 HG003751), 
University of Toronto (CFREF Medicine by Design), European Union (EU STRP, EMI-CD), and the European 
Molecular Biology Laboratory (EBI Industry program).
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Rab regulation of trafficking ↗

Stable identifier: R-HSA-9007101
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Human cells have more than 60 RAB proteins that are key regulators of intracellular membrane trafficking. These 
small GTPases contribute to trafficking specificity by localizing to the membranes of different organelles and 
interacting with effectors such as sorting adaptors, tethering factors, kinases, phosphatases and tubular-vesicular 
cargo (reviewed in Stenmark et al, 2009; Wandinger-Ness and Zerial, 2014; Zhen and Stenmark, 2015).  
 
RAB localization depends on a number of factors including C-terminal prenylation, the sequence of upstream 
hypervariable regions and what nucleotide is bound, as well as interaction with RAB-interacting proteins (Chavrier 
et al, 1991; Ullrich et al, 1993; Soldati et al, 1994; Farnsworth et al, 1994; Seabra, 1996; Wu et al, 2010; reviewed in 
Stenmark, 2009; Wandinger-Ness and Zerial, 2014). More recently, the activity of RAB GEFs has also been 
implicated in regulating the localization of RAB proteins (Blumer et al, 2103; Schoebel et al, 2009; Cabrera and 
Ungermann, 2013; reviewed in Barr, 2013; Zhen and Stenmark, 2015).
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RAB GEFs exchange GTP for GDP on RABs ↗

Location: Rab regulation of trafficking

Stable identifier: R-HSA-8876198

Human cells have more than 60 RAB proteins that are key regulators of intracellular membrane trafficking. These 
small GTPases contribute to trafficking specificity by localizing to the membranes of different organelles and 
interacting with effectors such as sorting adaptors, tethering factors, kinases, phosphatases and tubular-vesicular 
cargo (reviewed in Stenmark et al, 2009; Wandinger-Ness and Zerial, 2014; Zhen and Stenmark, 2015).  
 
RAB localization depends on a number of factors including C-terminal prenylation, the sequence of upstream 
hypervariable regions and what nucleotide is bound, as well as interaction with RAB-interacting proteins (Chavrier 
et al, 1991; Ullrich et al, 1993; Soldati et al, 1994; Farnsworth et al, 1994; Seabra, 1996; Wu et al, 2010; reviewed in 
Stenmark, 2009; Wandinger-Ness and Zerial, 2014). More recently, the activity of RAB GEFs has also been 
implicated in regulating the localization of RAB proteins (Blumer et al, 2103; Schoebel et al, 2009; Cabrera and 
Ungermann, 2013; reviewed in Barr, 2013; Zhen and Stenmark, 2015) 
 
In the active, GTP-bound form, RAB proteins are membrane-associated, while in the inactive GDP-bound form, 
RABs are extracted from the target membrane and exist in a soluble form in complex with GDP dissociation 
inhibitors (GDIs) (Ullrich et al, 1993; Soldati et al, 1994; Gavriljuk et al, 2013). Conversion between the inactive and 
active form relies on the activities of RAB guanine nucleotide exchange factors (GEFs) and GTPase activating 
proteins (GAPs) (Yoshimura et al, 2010; Wu et al, 2011; Pan et al, 2006; Frasa et al, 2012; reviewed in Stenmark, 
2009; Wandinger-Ness and Zerial, 2014; Ishida et al, 2016). 
 
Newly synthesized RABs are bound to a RAB escort protein, CHM (also known as REP1) or CHML (REP2) 
(Alexandrov et al, 1994; Shen and Seabra, 1996). CHM/REP proteins are the substrate-binding component of the 
trimeric RAB geranylgeranyltransferase enzyme (GGTaseII) along with the two catalytic subunits RABGGTA and 
RABGGTB (reviewed in Gutkowska and Swiezewska, 2012; Palsuledesai and Distefano, 2015). REP proteins 
recruit the unmodified RAB in its GDP-bound state to the GGTase for sequential geranylgeranylation at one or two 
C-terminal cysteine residues (Alexandrov et al, 1994; Seabra et al 1996; Shen and Seabra, 1996; Baron and Seabra, 
2008). After geranylation, CHM/REP proteins remain in complex with the geranylated RAB and escort it to its target 
membrane, where RAB activity is regulated by GAPs, GEFs, GDIs and membrane-bound GDI displacement factors 
(GDFs) (Sivars et al, 2003; reviewed in Stenmark, 2009; Wandinger-Ness and Zerial, 2014). 
 
Unlike the RAB GAPS, which (to date) all contain a shared TBC domain, RAB GEFs are structurally diverse and 
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range from monomeric to multisubunit complexes (reviewed in Fukuda et al, 2011; Frasa et al, 2012; Cherfils and 
Zeghouf, 2013; Ishida et al, 2016). While many GEFs contain one of three conserved GEF domains identified to date 
- the DENN (differentially expressed in normal and neoplastic cell) domain, the VPS9 domain and the SEC2 
domain- other GEFs lack a conserved domain (reviewed in Ishida et al, 2016). Based on sequence conservation and 
subunit organization, GEFs can be grouped into 6 general classes: the DENND-containing GEFs, the VPS9-
containing GEFs (both monomeric), the SEC2-containing GEFs (homodimeric), heterodimeric GEF complexes such 
as RIC1:RGP1, the multisubunit TRAPPC GEF, and others (reviewed in Barr and Lambright, 2010; Marat et al, 
2011; Ishida et al, 2016). GEFs for many RABs have still not been identified, however.
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TBC/RABGAPs ↗

Location: Rab regulation of trafficking

Stable identifier: R-HSA-8854214

Rab GTPases are peripheral membrane proteins involved in membrane trafficking. Often through their indirect 
interactions with coat components, motors, tethering factors and SNAREs, the Rab GTPases serve as multifaceted 
organizers of almost all membrane trafficking processes in eukaryotic cells. To perform these diverse processes, Rab 
GTPases interconvert between an active GTP-bound form and an inactive, GDP-bound form. The GTP-bound 
activated form mediates membrane transport through specific interaction with multiple effector molecules (Zerial & 
McBride 2001, Stenmark 2009, Zhen & Stenmark 2015, Cherfils & Zeghouf 2013). Conversion from the GTP- to 
the GDP-bound form occurs through GTP hydrolysis, which is not only driven by the intrinsic GTPase activity of the 
Rab protein but is also catalysed by GTPase-activating proteins (GAPs). GAPs not only increase the rate of GTP 
hydrolysis, but they are also involved in the inactivation of RABs, making sure they are inactivated at the correct 
membrane. Human cells contain as many as 70 Rabs and at least 51 putative Rab GAPs (Pfeffer 2005). Only a few 
of these GAPs have been matched to a specific Rab substrate. The Tre-2/Bub2/Cdc16 (TBC) domain-containing 
RAB-specific GAPs (TBC/RABGAPs) are a key family of RAB regulators, where the TBC domain facilitates the 
inactivation of RABs by facilitating activation of GTPase activity of the RAB (Pan et al. 2006, Frasa et al. 2012, 
Stenmark 2009). Studies suggest that TBC/RABGAPs are more than just negative regulators of RABs and can 
integrate signalling between RABs and other small GTPases, thereby regulating numerous cellular processes like 
intracellular trafficking (Frasa et al. 2012).

Literature references

Lambright, DG., Pan, X., Munson, M., Eathiraj, S. (2006). TBC-domain GAPs for Rab GTPases accelerate GTP hydro-
lysis by a dual-finger mechanism. Nature, 442, 303-6. ↗

Frasa, MA., Braga, VM., Ahmadian, MR., Koessmeier, KT. (2012). Illuminating the functional and structural reper-
toire of human TBC/RABGAPs. Nat. Rev. Mol. Cell Biol., 13, 67-73. ↗

Editions
2016-01-27 Authored, Edited Garapati, P V.

https://reactome.org Page 6

https://reactome.org/content/detail/R-HSA-8854214
http://www.ncbi.nlm.nih.gov/pubmed/16855591
http://www.ncbi.nlm.nih.gov/pubmed/22251903
https://reactome.org


Table of Contents
Introduction 1

Rab regulation of trafficking 2

RAB GEFs exchange GTP for GDP on RABs 3

TBC/RABGAPs 5

Table of Contents 6


