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Small G Proteins
Small G-proteins act as molecular switches in a diverse 
multitude of cellular processes. Distinct from their larger 
heterotrimeric G protein cousins, small G proteins are 
monomeric, but share the highly conserved GTPase 
domain. GTPases cycle between the inactive GDP-bound 
state and the GTP-bound active state; the latter of which 
induces a conformational change¹. Several small G proteins 
belonging to the Ras superfamily were characterized as 
tumor oncoproteins and have received impressive scrutiny 
by the scientific community due to their cell signaling roles 
in overrepresented human diseases such as inflammation, 
neurodegenerations, inflammatory syndrome, and cancer²-⁴. 
This newsletter aims to highlight recent Ras superfamily 
and Rho subfamily discoveries facilitated by Cytoskeleton’s 
activation assays, which enable investigators to specifically 
detect the GTP-bound active state of small G proteins.

Ras homolog family member A (RhoA)
The highly conserved RhoA GTPase is a founding member 
of the Rho GTPase family and has a role in the regulation of 
numerous biological processes and structures including the 
actin cytoskeleton5, immunity6, neuronal survival⁷, and via 
the promotion of cell motility, cancer⁸. Dysregulated RhoA 
expression is associated with worse outcomes in patients 
with colorectal, hepatic, cervical, and other cancers9–11. 
In a recent study, Anwar et al. investigated the impact of 
RhoA-targeting microRNAs (miR, miRNA) to elucidate 
their impact on colon cancer progression⁹. To mimic a 
tumor-like microenvironment HT-29 and AZ-97 cells were 
cultured in serum-free media. Relative to cells cultured in 
serum, serum-free cells exhibited increased miRNA-340-
5p and decreased RhoA mRNA. Transfection with miR-
350-5p reduced Rho mRNA in a dose-dependent manner, 
in addition to reducing cell migration and cell invasion. 
A concomitant reduction in protein levels of RhoA-GTP 
and total RhoA were confirmed with Cytoskeleton’s RhoA 
G-LISA (Cat. # BK124) and Total RhoA ELISA (Cat. # 
BK150) kits, respectively. These interesting data suggest 
that miRNA-340-5p can regulate colon cancer progression 
by degrading RhoA transcripts.

Rac Family Small GTPase 1 (Rac1)
Rac1 is a p21-Activated kinase (PAK) and plays important 
roles in cytoskeleton remodeling12, actin dynamics13, 
neurological development14, and cancers15. Collectively, 
transformed RAS genes account for nearly a third of 
all malignancies in humans. To promote cancer cell-
survival RAS transformed cancer cells commandeer 
macropinocytosis, an environment-sampling process 
normally used by immune cells to combat invading 
microorganisms, to internalize extracellular proteins and 
fuel metabolism. In a groundbreaking study, Bhosle et al. 

elucidated that Slit2 and NSlit2, known to inactivate potent 
modulators of the actin cytoskeleton, Rac1 and Cdc42, also 
affect RhoA and in turn regulates macropinocytosis16. Using 
Cat. # BK124 and Cat. # BK150, investigators observed 
that NSlit2 increased active-RhoA, but not total RhoA, 
concomitant with decreased macrophage spread. These 
changes were reversible by treatment with Rho-specific 
exoenzyme C3 transferase protein (Cat. # CT03) suggesting 
RhoA mediates macrophage spread and was also shown to 
be due to inactivation of MYOB9, which lies downstream of 
RhoA. An in vitro increase of macropinocytosis was achieved 
via inhibition of RhoA/B/C with CT03, and reversible 
via RhoA/B/C activation (Cat. # CN03). CT03-induced 
enhancement of macropinocytosis was concomitant with 
increased active Rac levels as observed with Rac1,2,3 
G-LISA (Cat. # BK125). Increased Rac1 was abolished with 
NSlit2 treatment, suggesting inhibition of macropinocytosis 
is regulated by RhoA activation, and inactivation of Rac1. 
Altogether these findings reveal that endogenous SLIT 
proteins are regulators of macropinocytosis that can be 
driven by GTPase activation.

Bead pull-
down

G-LISA
(Colorimetric)

G-LISA
(Luminescence)

Protein 
required

300 – 2000
µg protein

10 - 50
µg protein

10 – 50
µg protein

Linear 
range

Varies with 
detection 
method

0.050 ng – 2.0 ng 
(Cat. # BK124)

1.0 ng – 8.0 ng 
(Cat. # BK128)

0.025 ng – 1.0 ng 
(Cat. #BK121)

0.01 ng – 1.0 ng
(Cat. # BK126)

Detection 
limit

Varies with 
detection 
method

0.050 ng
(Cat. # BK124)

1.0 ng
(Cat. # BK128)

0.025 ng 
(Cat. #BK121)

0.01 ng 
(Cat. # BK126)

Assay time 10 – 12 
hours

< 3 hours < 3 hours

Sample size Up to 10 Up to 96 or more Up to 96 or more

Cell division cycle 42 (Cdc42)
First identified in S. cerevisiae, the highly conserved 
Cdc42 GTPase is now recognized as having major 
roles in mammalian biology including determining cell 
polarity, modulating the actin cytoskeleton, and oncogenic 
transformation of cells17,18. Although there has been marked 
improvement in reducing colorectal cancer mortality in 
recent years, investigators are evaluating alternatives to 
chemotherapy including the use of anti-tumor oncolytic 
vaccinia virus (OVV) which selectively lyses cancer cells. 

Table 1. Comparison of bead pull-down and G-LISA activation 
assays
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In a recent study, Horita et al. aimed to evaluate the impact of host biology 
on OVV efficacy across several colorectal cancer cell lines using a tripartite-
marker panel consisting of long non-coding RNA urothelial carcinoma-
associated 1 (UCA1), Cdc42, and filopodia formation19. Results indicate 
that increased UCA1 expression correlated with OVV-LucGFP spread 
that was reversible with UCA1 small interfering RNA. Active Cdc42 levels 
were assessed by colorimetric G-LISA (Cat. # BK127) in 7 cells lines, 4 of 
which exhibited a clear correlation between enhanced OVV-LG spread and 
filopodia formation. Taken altogether these data suggest that UCA1, Cdc42 
activation, and filopodia morphology comprise a robust three-panel marker 
for OVV spread.

ADP-ribosylation factor (ARF)
Arf small GTPases belong to the Arf subfamily and are best known for 
regulating vesicular traffic and actin cytoskeleton remodeling20,21. Arf6 has 
been shown to interact with other small G-proteins like Rac1 to regulate 
process like actin remodeling. While dysregulation of the small G-protein 
Rac1 has previously been identified in podocytes and associated with 
kidney damage, the role of Arf6 in podocyte cells was largely unknown. In 
a recent study, Lin et al. used the Arf6 bead pull-down kit (Cat. # BK033-S) 
and provided the first evidence of inducible Arf6-GTP in wild-type (WT) mice 
using a nephrin tyrosine phosphorylation-induced podocyte-effacement 
model22. Stimulation of podocyte signaling in WT podocytes by nephrin 
resulted in significantly elevated levels of Arf6 activity and association 
with nephrin. Nephrin treatment also elevated Rac1-GTP (Cat. # BK128) 
in WT podocytes, but conversely, Arf6 knockdown mutants exhibited an 
overall decrease of active Rac1. These data suggest a Rac1-Arf6 mediated 
mechanism underlies kidney injury. In a related study, Che et al. interrogated 
immortalized human podocytes and discovered that active Arf6 levels were 
significantly elevated (Cat. # BK133) concomitant with elevated reactive 
oxygen species (ROS) and apoptosis following Angiotensin II treatment (Ang 
II)23. Although Arf6’s role in Ang II-induced podocyte damage is documented, 
the molecular mechanisms behind this pathology are not well known. 
Importantly, these effects were linked to a degradation of CD2-associated 
protein (CD2AP). Rescue of CD2AP was able to inhibit active-Arf6 and 
significantly reduce ROS and apoptosis suggesting that Arf6 inhibition via 
CD2AP rescue may alleviate Ang II-induced podocyte injury.

Summary
As highlighted in these examples, Cytoskeleton's activation assays are 
empowering tools to discover novel small G-proteins roles, interactions, or 
complex molecular relationships in cell signaling events. To help scientists 
continue in their groundbreaking GTPase studies, Cytoskeleton offers RAS 
superfamily activation assays in two formats each with distinct advantages. 
The G-LISA format utilizes 96-well strip plates, are ideally suited for rare 
samples (Table 1), can be performed in ~3 hours, and produce quantitative 
results. Pull-down kits also have their own distinct advantages such as 
economical costs, utilization of standard immunoprecipitation techniques, 
and only requires ubiquitous western blot supplies. Both activation assay 
formats are highly cited and available to help scientists with their next novel 
small G-protein discovery.
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G-LISA Activation Assay Kits
Product Assays Cat. #
Arf1 G-LISA™ Activation Assay Kit (Colorimetric format) 96 BK132

Arf6 G-LISA™ Activation Assay Kit (Colorimetric format) 96 BK133

Cdc42 G-LISA™ Activation Assay Kit (Colorimetric format) 96 BK127

Rac1 G-LISA™ Activation Assay Kit (Luminescence format) 96 BK126

Rac1 G-LISA™ Activation Assay Kit (Colorimetric format) 96 BK128

RalA G-LISA™ Activation Assay Kit (Colorimetric format) 96 BK129

RhoA G-LISA™ Activation Assay (Luminescence format) 96 BK121

RhoA G-LISA™ Activation Assay Kit (Colorimetric format) 96 BK124

RhoA / Rac1/ Cdc42 G-LISA™ Activation Assay Bundle 3 
kits (24 assays per kit)

96 BK135

Rac1,2,3 G-LISA™ Activation Assay (Colorimetric format) 96 BK125

Rac1 G-LISA™ Activation Assay (Luminescence format) 96 BK126

Rac1 G-LISA™ Activation Assay Kit (Colorimetric Based) 96 BK128

Ras G-LISA™ Activation Assay Kit (Colorimetric Based) 96 BK131

Total RhoA ELISA 96 BK150

Bead pull-down Activation Assays
Product Assays Cat. #
Arf1 Activation Assay Biochem Kit 20 BK032-S

Arf6 Activation Assay Biochem Kit 20 BK033-S
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Rac + Cdc42 Activation Assay Biochem Kit 50 PAK02

Rac1 Activation Assay Biochem Kit 50 BK035

Ras Activation Assay Biochem Kit 50 BK008

Rhotekin RBD beads (RhoA/B/C) 30 RT02

RhoA Activation Assay Biochem Kit 80 BK036

RhoA/Rac1/Cdc42 Activation Assay Combo Bio-
chem Kit

3 x 10 BK030
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