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The evolutionary history of effectors downstream of Cdc42 and Rac
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Abstract

Cdc42 and Rac - ancient, highly conserved, small GTPases - mediate extracellular signals, triggering
changes in transcription and in the actin cytoskeleton. Although dozens of proteins act downstream of
these GTPases, a comparison of effector proteins from evolutionarily diverse organisms suggests that
six groups of proteins serve as the core machinery for signaling from Cdc42 and Rac. 
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Core functions of Rho GTPases
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Table 1

Cdc42 and Rac effectors

Effectors Biological functions

Actin-associated proteins
Formins Actin polymerization; cell polarity; cytokinesis
IQGAP1 Actin organization; regulation of cell-cell contacts
WASP Actin polymerization
WAVE Actin polymerization
p140Sra-1 Actin organization

Adaptor proteins
POSH Jnk/NF�B activation
Par6 Cell polarity

Lipid kinases
DGK Phosphatidic acid levels; maybe also actin regulation
PI3K PIP3 levels; actin organization
PI5K PIP2 levels; actin organization

Miscellaneous proteins
Borg Actin organization
CIP4 Actin organization
NADPH oxidase ROS production; apoptosis
POR1 Actin organization
SPEC Actin organization

Phospholipases
PLC-� DAG/IP3 levels
PLD Phosphatidic acid levels; cytoskeletal reorganization

Serine/threonine kinases
MEKK Jnk activation
MLK Jnk activation
MRCK Actin organization
Pak Actin organization; MAPK/Jnk activation; apoptosis
p70S6K Transcription; cell-cycle progression; RNA 

processing

Tyrosine kinases
Ack Actin organization

Abbreviations: Ack, activated cdc42-associated tyrosine kinase; Borg,
binder of Rho GTPases; CIP4, Cdc42-interacting protein; DAG,
diacylglycerol; DGK, diacylglycerol kinase; IP3, inositol trisphosphate;
MEKK, mitogen-activated protein kinase (MAPK) kinase; MLK, mixed-
lineage kinase; MRCK, myotonic dystrophy kinase-related Cdc42-binding
kinase; NADPH, nicotinamide adenine dinucleotide phosphate; Pak,
p21-activated kinase; Par, partitioning defective; PIP2, phosphatidylinositol
4,5-bisphosphate; PIP3, phosphatidylinositol 3,4,5-trisphosphate; PI3K,
phosphatidylinositol 3-kinase; PI5K, phosphatidylinositol 4-phosphate-5
kinase; PLC, phospholipase C; PLD, phospholipase D; POR1, partner of
Rac; POSH, plenty of SH3 domains; p70S6K, 70 kDa ribosomal S6 kinase;
p140Sra-1, specifically Rac1-associated protein; SPEC, small protein effector
of Cdc42; WASP, Wiskott Aldrich syndrome protein; WAVE, WASP-like
verproline-homologous protein.
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Figure 1
Cdc42- and Rac-interacting proteins in the species discussed in the text. Rac and Cdc42 effectors are grouped into three categories: non-kinases, kinases,
and lipid-modifying enzymes. These effectors are represented in the different species by colored lines according to their binding abilities: yellow for Rac,
blue for Cdc42, and green for both. The absence of a line means that no homolog is known from current databases, and gray lines indicate that the
homologous protein is present in the organism but has not yet been shown to interact with Cdc42 or Rac. The names of CRIB-domain-containing
effectors are written in red. 
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Figure 2
Cdc42/Rac core effectors. Cdc42, Rac and their primary common conserved effectors are represented on shaded background. Rac-specific core
effectors include NADPH oxidase and WAVE, while Cdc42-specific effectors include WASP. With the exception of Pak, all the effectors common to Rac
and Cdc42 are involved only in actin reorganization. IQGAP and NADPH are the only effectors to act directly on actin or apoptosis (via ROS), with no
secondary effectors required. MAPK pathways are shown in pink, actin polymerization pathways in yellow, and ROS pathways in blue.
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