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Cell signaling overview: RTK signaling
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Kinase Methyltransferase GTPase

ATP

substrate

Kinase

phosphorylated substrate

ADP

• Change in overall charge of the 
target protein.

• Change in protein conformation, 
enzymatic activity, protein-protein 
interaction or cellular localization 
of the target protein.

substrate

Methyltransferase

methylated substrate

SAM

SAH

• Change in overall hydrophobicity of 
the target protein.

• Change in protein-protein 
interaction of the target protein.

Cell signaling overview

• Occupancy of GTP/GDP in the active 
site affects protein-protein 
interaction with effector proteins.

• Change in protein conformation or 
enzymatic activity of the effector 
protein.
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Weirich CS, et al. The septin family of GTPases: architecture and dynamics. Nature Reviews Molecular Cell Biology 2008 June; 9, 478-489. 

The GTPase cycle

Pi

The GTPase cycle

Nucleotide exchange

GDP-bound state
Inactive

GTP-hydrolysis

GTP-bound state
Active

switch IIswitch I
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Ras: cell growth and proliferation

Rho: actin cytoskeleton

Rab: vesicular transport
Rojas AM et al. J Cell Biol 2012;196:189-201.

Sönnichsen B et al. J Cell Biol. 2000 May 15;149(4):901-14.

Human small GTPases (Ras superfamily) 
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Vigil D, et al. Ras superfamily GEFs and GAPs: validated and tractable targets for cancer therapy? Nature Reviews Cancer 2010 Dec; 10, 842-857. 

Many GEFs and many GAPs for 

many GTPases
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Heterotrimeric GTPases (Ga)

Sato PY et al. The evolving impact of G protein-coupled receptor kinases in cardiac health and disease. Physiol Rev. 2015 Apr;95(2):377-404. 
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How does the switch work?

“Loaded-Spring Mechanism”

switch I

switch II

switch I

switch II

Vetter IR, Wittinghofer A. The guanine nucleotide-binding switch in three dimensions. Science. 2001 Nov 9;294(5545):1299-304.
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Vetter IR, Wittinghofer A. The guanine nucleotide-binding switch in three dimensions. Science. 2001 Nov 9;294(5545):1299-304.

GTPase signaling: 

Protein-protein interactions
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The unmet clinical need

• High incidence of Ras

mutations in various 

cancers.

• No drugs that target Ras

proteins directly or indirectly.

• No therapies effective for 

Ras driven cancers.

• Patients with Ras-driven 

cancers are excluded from 

treatment with targeted 

therapies.

Pylayeva-Gupta Y, Grabocka E, Bar-Sagi D. RAS oncogenes: weaving a tumorigenic web. Nat Rev Cancer. 2011 Oct 13;11(11):761-74.

http://www.cancer.gov/research/key-initiatives/ras/the-problem

GTPases in health and disease: 

Ras and cancer
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Bos JL, Rehmann H, Wittinghofer A. GEFs and GAPs: critical elements in the control of small G proteins. Cell. 2007 Jun 1;129(5):865-77.

GTPases in health and disease: 

Ras and cancer
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Johnston SR. Farnesyl transferase inhibitors: a novel targeted therapy for cancer. 
Lancet Oncol. 2001 Jan;2(1):18-26.

Targeting post-translational modifications of Ras
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GTPases in health and disease: 

Ras and cancer
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Pathogen Bacterial Toxin/
Host GTPase

Molecular Mechanism 
(post-translational modification)

Vibrio cholera Ctx/ Gas

Bordetella pertussis Ptx/Gai

Clostridium botulinum C3/RhoA

Pseudomonas ExoS/Ras

Vibrio parahaemolytica VopS/ Rho

Histophilus somni IbpA/RhoA

Legionella DrrA/ Rab

Clostridium difficile ToxinB/RhoA

Salmonella SptP/ Rac1 SptP acts as GAP for Rac1
SopE/RhoA SopE acts as GEF for RhoA

Yersinia pestis YopE/ Rho, Rac, Cdc42 YopE acts as GAP for Rho, Rac, Cdc42

ATP

AMPylation

PPi

GTPase

AMP

GTPase

UDP-Sugar

Glucosylation

UDP

GTPase

Sugar

GTPase

GTPase

GTPase

ADP-riboseNAD+

ADP-ribosylation

nicotinamide

GTPases in health and disease: 

Infectious diseases
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R² = 0.9993
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Assay development
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Assay principle

Luminescent signal inversely 
proportional to GTPase activity

GTPaseGlo 

Reagent
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Assay workflow
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Reaction buffers: 

GTPase/GAP Reaction Buffer
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GTPase/ GAP Reaction Buffer

50 mM Tris-HCl, pH 7.5

50 mM NaCl

5 mM MgCl2

20 mM EDTA

EDTA will chelate the Mg2+ in 

the active site and allow faster 

release of the bound GTP.

Chen CC et al. Computational analysis of KRAS mutations: implications for different effects on the 
KRAS p.G12D and p.G13D mutations. PLoS One. 2013;8(2):e55793. 

EDTA as a surrogate for GEF



Promega CorporationPromega Corporation

High Mg2+ in the buffer will allow nucleotide 

exchange in the presence of GEF proteins.

Chen CC et al. Computational analysis of KRAS mutations: implications for different effects on the 
KRAS p.G12D and p.G13D mutations. PLoS One. 2013;8(2):e55793. 

GEF Reaction Buffer

50 mM Tris-HCl, pH 7.5

50 mM NaCl

10 mM MgCl2

1 mM EDTA

Reaction buffers: 

GEF Reaction Buffer
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GTPase-Glo™ Buffer

GTPase-Glo™ Buffer

50 mM Tris-HCl, pH 7.5

50 mM NaCl

40 mM MgCl2

High Mg2+ in the GTPase-Glo™ Buffer converts a 

continuous reaction to a single turnover reaction, 

effectively stopping the GTPase cycle. 

GTPaseGlo 

Reagent
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Intrinsic GTPase activity
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GAP-stimulated GTPase activity
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GAP-stimulated GTPase activity
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GEF activity
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Optimizing the GTPase-Glo™ Assay

Problem: Low signal to background (S/B) ratio

GTP concentration in the reaction

Optimizing GTP concentration in the reaction may yield better results (higher S/B ratios, larger dynamic range).

Intrinsic GTPase or GAP-mediated GTPase reactions were 
performed with different GTP concentrations.

• For GAP-mediated GTPase activity, changing GTP 
concentrations does not significantly improve percent of 
GTP hydrolysis.

• For intrinsic GTPase reaction, a lower amount of GTP in 
the reaction had a higher percent of GTP hydrolysis.
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When buffers don’t work as expected !!

Arf and Sar family GTPases have different Mg2+ requirements for GTPase and GAP activities.

Sar GTPase reactions do not work in GAP Buffer (low Mg2+), the high Mg2+ containing GEF Buffer allows the reaction.

Sar1WT + Sec23/24

Sar1p (µM)

Hanna MG 4th et al. Sar1 GTPase activity is regulated by membrane curvature.  J Biol Chem.  2016 Jan 15;291(3):1014-27.

Miller EA, Barlowe C. Regulation of coat assembly--sorting things out at the ER. Curr Opin Cell Biol. 2010 Aug;22(4):447-53.

Sec23/24Sec12

Sar1
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GTP

GMP-PCP
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Inhibition of GTPase reaction by a 

competitive inhibitor 
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Biochemical GTPase assay using 

immobilized proteins
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Robustness of the GTPase-Glo™ Assay
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GTPase Glo™ Assay is robust and is not affected by chemical inhibitors.
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Key Features of the GTPase-Glo™ Assay

GTPase-Glo™ Assay:

• Convenient “add-mix-read” assay format.

• Analyzes biochemical activities of GTPase, GAPs and GEFs.

• Bioluminescent signal inversely proportional to GTPase activity.

• Large dynamic range.

• Requires low amounts of proteins.

• No pre-processing of purified proteins.

• Non-radioactive.

Disadvantages of current GTPase assays:

1. Fluorescent assays with labelled GTPases require pre-processing of GTPases.

2. Require large quantities of proteins.

3. Low dynamic range.

4. Large fluorescent GTP analogs have aberrant biochemical properties.
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Mondal S, et al. A Homogenous Bioluminescent System for Measuring GTPase, GTPase Activating Protein, and Guanine 
Nucleotide Exchange Factor Activities. Assay Drug Dev Technol. 2015 Oct;13(8):444-55.

Additional information
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Promega Technical Services
techserv@promega.com

Questions?

Now by chat…

…or later by email

Thank you!


