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Presenter
Presentation Notes
BellBrook scientists and collaborators in David Siderovski’s laboratory at the University of North Carolina School of Medicine recently overcame a longstanding hurdle to screening for inhibitors of RGS proteins by developing proprietary Gα protein variants that enable direct detection of RGS GAP activity using the Transcreener® GDP Assay (J Biomol Screen 14:1195-206).  RGS4 protein was used as a model for the BellBrook studies, thus the novel Parkinson’s disease target has already been validated for HTS in the RGScreen assay.

http://www.bellbrooklabs.com/transcreener_rgscreen_assay_service.html
http://www.bellbrooklabs.com/
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GTPase acceleration
Siderovski et al.
(1996) Current Biology

RGS (Regulator of G Protein 
Signaling) Proteins

Presenter
Presentation Notes
Agonist binding to a GPCR results in the exchange of GTP for GDP on the Gα subunit and its dissociation from the heterotrimeric G protein complex. The free Gα and beta-gamma subunits activate downstream signaling pathways. The signaling ends when GTP is hydrolyzed to GDP by the intrinsic GTPase activity of the Gα protein. RGS proteins serve as GTPase (GAPs) accelerating proteins for GPCRs. Gα proteins have low intrinsic GTPase activity.  RGS proteins act catalytically on Gα-GTP complexes to stimulate GTP hydrolysis rates as much as 100-fold. Thus, their function is to attenuate the affects of GPCR agonists. Based on structural and biochemical studies with RGS4, RGS domains are thought to exert their GAP activity by stabilizing a conformation of Gα that favors the transition state for GTP hydrolysis.   
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The Human RGS Protein Repertoire

Siderovski & Willard (2005) Int. J. Biol. Sci.

Presenter
Presentation Notes
There are at least 37 RGS proteins encoded by the human genome that contain the signature RGS domain; these proteins are grouped according to sequence homology between their RGS domains and fall into subfamilies with similar multi-domain architectures and similar target Gα subunits. For example,the GAP activity of R7 subfamily members is specific to Gi subunits, whereas that of the GEF subfamily appears specific for G12 subunits.  Based on structural and biochemical studies with RGS4, RGS domains are thought to exert their GAP activity by stabilizing a conformation of Gα that favors the transition state for GTP hydrolysis. 
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Why target RGS proteins?

Numerous disease links: Anxiety, Parkinson’s disease, 
schizophrenia, metabolic, cardiovascular, etc.

Potential to modulate effects of existing GPCR ligands, 
endogenous or administered

Potential for high selectivity: Specific Gα - GPCR interactions 
and tissue specific expression

Neuron. 2012 Jan 26;73(2):347-59.
RGS4 is required for dopaminergic control of striatal LTD and 
susceptibility to Parkinsonian motor deficits.
Lerner TN, Kreitzer AC.
Gladstone Institute of Neurological Disease, University of California, San 
Francisco, San Francisco, CA 94158, USA.

Presenter
Presentation Notes
Their selectivity for specific GPCRs and downstream signaling components makes RGS proteins attractive as potential therapeutic targets.  Selective RGS inhibitors could potentiate and markedly increase the specificity of existing GPCR agonists as well as potentiate or inhibit the actions of endogenous GPCR agonists. In particular, the diversity of RGS proteins, with highly localized and dynamically regulated distributions in the human brain, makes them attractive targets for pharmacotherapy of central nervous system disorders such as Parkinson’s disease, a point that was driven home by compelling animal studies from investigators at UCSF’s Gladstone Institute in early 2012.   

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kreitzer%20AC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lerner%20TN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kreitzer%20AC%22%5BAuthor%5D
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RGScreen GAP Assay

J Biomol Screen 2009; 14:1195-1206. Two Gαi1 Rate-Modifying Mutations Act in Concert to Allow 
Receptor-Independent, Steady-State Measurements of RGS Protein Activity.  Thomas Zielinski, Adam 
J. Kimple, Stephanie Q. Hutsell, Mark D. Koeff, David P. Siderovski, Dr. , and Robert G. Lowery

Presenter
Presentation Notes
The most direct way to detect RGS protein is to measure the increase in Gα GTPase activity, and BellBrook’s Transcreener GDP Assay is a ready solution for this: GDP formed in the GTPase reaction displaces a fluorescent tracer from a highly specific GDP antibody resulting in a fluorescence polarization signal.  (The assay is also available with a fluorescence intensity output.)  However……. 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2795102/pdf/nihms-139166.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2795102/pdf/nihms-139166.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2795102/pdf/nihms-139166.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2795102/pdf/nihms-139166.pdf
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However….GDP release is the rate‐limiting 
step in Gα GTP hydrolysis by a factor of 30

Presenter
Presentation Notes
In the absence of GPCR-mediated nucleotide exchange, GDP release is the rate-limiting step in the Gα nucleotide cycle.  So acceleration of Gα GTPase activity by RGS proteins cannot be detected by an increase in the rate of GDP formation in steady state enzyme assays.  Instead, complex “single turnover” assays involving  the use of radiolabeled GTP and isolation of the labeled GDP-Gα complex are required to detection RGS GAP activity. 



Biology at Work

*

*

*

*

Hypothesis:  Mutation(s) can alter the rate‐limiting 
step of Gα but still allow for RGS protein GAP activity

Goal: Increase koff (GDP) /kcat (GTPase) from  0.03 to ≥ 5

Presenter
Presentation Notes
We mutated Gαi1 so that GDP dissociation was no longer rate limiting, yet the protein still served as a functional substrate in RGS GAP reactions. GDP can then be readily detected using the Transcreener GDP Assay.  
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Steady State GTPase Activity of Gαi1 Mutants +/- RGS

R178M: ↓ GTPase

A326S:   GDP dissociation
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Presenter
Presentation Notes
Combining a mutation that decreased the intrinsic Gα GTPase activity (R178M) and a separate mutation that increased the GDP dissociation rate (A326S) allowed detection of RGS GAP acitivty  (acceleration of GTPase activity) using the Transcreener GDP Assay.  Neither mutation alone was sufficient, however the combination of the tow produced a synergistic effect, which yielded a very good assay window for detecting RGS GAP activity. 
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RGS4 GAP effect of 6.5x with Gαi1 R178M/A326S

 
GTPase rate GAP 

Factor No RGS4 + RGS4 
WT 0.016 0.013 0.81

R178M 0.0059 0.007 1.19
R178C 0.00038 0.00035 0.92
A326S 0.10 0.11 1.10

R178M/A326S 0.015 0.097 6.47
R178C/A326S 0.019 0.069 3.63

Rates are in min-1 

Presenter
Presentation Notes
Neither mutation alone was sufficient, however the combination of the two produced a synergistic effect, resulting in a 6.5-fold GAP effect and a very good assay window for GAP activity. Importantly, the doubly-mutated Gα protein retained its characteristic RGS protein selectivity and binding affinity (data not shown), so its ability to interact with RGS proteins was not affected by the mutations. 
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960 Compound Pilot Screen:
RGS4 and Gαi1 R178M/A326S

RGS (+) : ↓ mP

RGS (-) :   mP

Presenter
Presentation Notes
We performed a pilot screen using the GenPlus library of 960 bioactive molecules, many of which are approved drugs. The screen was conducted with Gi1(R178M/A326S) and RGS4; a separate counterscreen of the library was performed without the addition of RGS4 (next slide) to identify compounds having either non-specific effects or modifying Gαi1 GTPase activity (rather than RGS4 GAP activity per se). A screening window of 112 mP units was obtained for a 120 min. reaction time and a Z’-factor of 0.83.Transcreener GDP assay components were added to wells containing 50 nM Gi1 (R178M/A326S) with (panel or without (not shown) 250 nM RGS4 protein and either 10 M compound (in 4% [v/v] final concentration of DMSO), 150 µM of reactive RGS4 inhibitor CCG-4986, or 4% DMSO only, as indicated in the legends. The range of signal observed (three standard deviations [s] about the mean [m]) is denoted by the dashed lines. 
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Counterscreen: Eliminating Gα Effectors

960 cpds (GenPlus)

Z = 0.73
17 Primary hits (>3 std devs):1.8%
7 RGS-specific hits: 0.7%)

Presenter
Presentation Notes
Of the 960 compounds in the GenPlus library, 17 were initially considered hits in the RGS4/Gα screen (i.e., those data points that fell outside the μ ± 3σ range). However, 10 of these 17 hits also resulted in a greater than ±3σ change in the mean signal within the Gα-only counterscreen and thus were excluded because these compounds are likely either to affect the Gα subunit or to otherwise interfere with the assay. Thus, the RGS4-specific hit rate was 0.7%: 7 compounds from the 960-compound library exhibited an modulatory effect on GDP production that was specific to RGS4-stimulated GTPase activity.
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GAP Effects of RGS Proteins on Gα (A326/R178M) Variants

RGS2* RGS4 RGS10 RGS14 RGS17 RGS18

Gαi1 - ++ ++ +/- ++ ++
Gαi2 - ++ + - + ++
Gαi3 nd + + nd nd +
Gαo - ++ ++ +/- ++ ++

How universal is the double mutant approach?

Gαi1

Gαi2 Gαi3

Gαio

94%

70%

88%

*RGS2 is a negative control; it is specific for Gαq proteins. 

Presenter
Presentation Notes
The double mutant strategy is effective with all four of the Gαi proteins that have been utilized thus far, and with most of RGS proteins that have been tested, thus it is a generally applicable approach for screening for inhibitors of RGS protein GAP activity. 
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Are you interested in screening an RGS protein?

Let the BellBrook scientists who developed the RGScreen Assay help 
get you off to a great start!

Universal RGS Detection: The only HTS-ready assay method for 
measuring RGS protein GAP activity.
Validated Assay Development: Assay development followed by reagent 
supply to support your internal screening projects.
No Licensing Fee: Patented RGScreen™ technology is transferred with 
reagent supply.
Selectivity Profiling: Follow-up selectivity profiling vs. panels of RGS 
and/or Gα proteins.

Presenter
Presentation Notes
We will produce and validate your RGS protein targets for the RGScreen™ platform on a simple fee-for-service basis. Next, we will provide all necessary reagents (RGS proteins, variant Galpha proteins, Transcreener® GDP Assay) to support your internal RGS protein screening program. Lastly, if desired, we will perform selectivity profiling for your hits using panels of RGS and/or Galpha proteins. All of the RGScreen™ reagents are sold under a standard "shrink-wrap" license with no additional technology transfer or pass through fees. 

http://www.bellbrooklabs.com/transcreener_rgscreen_assay_service.html
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Four assays, thousands of targets

Methyltransferases
Acetyltransferases

GAPs

(CMP)

Presenter
Presentation Notes
RGS proteins are just one example of how the Transcreener HTS Assay platform can be leveraged for detection of otherwise intractable enzyme targets. 
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