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GPCR-activated GIRK channels inhibit membrane excitability
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RGS proteins are GTPase-activating proteins (GAP’s) via 
direct interactions with Gα subunits

(Tesmer et al., 1997)

Gαi1(GDP.AlF)

RGS domain
(RGS4)

G protein cycle



RGS2
RGS18
RGS5
RGS16
RGS8
RGS3
RGS4
RGS1
RGS13
RGS11
RGS9
RGS6
RGS7
RGS12
RGS14
RGS10
RGSZ1
RGSZ2
GAIP

RGS
Subfamilies

R4

R7

R12

RZ

p115RhoGEF

Doupnik et al., PNAS 1997

RGS4  accelerates the kinetics of GPCR-activated GIRK channels



RGS4 is highly expressed in the thalamus and neocortex

Gold et al., 1997
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Structural features of RGS4

RGS domainN-terminus
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Cys2 in RGS4 is a site of convergent modification:
Palmitoylation, Oxidation, and S-nitrosylation

RGS domain
Cys2 palmitoylation:
•targeting to membrane lipid rafts
•Increased GAP activity

Cys2 oxidation:
•Increased ubiquitination
•Increased protein degradation

Cys2 S-nitrosylation:
•Increased ubiquitination
•Increased protein degradation

Oxygen (O2)

Nitric oxide (NO)

Palmitoyl-transferase
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RGS4 is rapidly degraded when expressed in CHO-K1 cells 
and is ‘rescued’ by a C2V mutation
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Electrophysiological Recordings from transfected CHO-K1 cells:

RGS4 and RGS4(C2V) both accelerate GIRK channel kinetics
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Does RGS4 directly associate with GPCR-GIRK channel complexes?
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Immunoprecipitation of GPCR-GIRK complexes include RGS4



Multiple neuronal GPCR’s complex with GIRK channels and RGS4(C2V)
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RGS4 and RGS3s differential couple to 
GPCR-GIRK channel signaling complexes



Summary

• RGS4 is a highly expressed G protein regulator in the brain 
and severely down regulated in schizophrenia.

• RGS4 accelerates the temporal kinetics of GPCR signaling 
and GIRK channel gating.

• RGS4 directly associates with several GPCR-GIRK channel 
macromolecular signaling complexes.
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CKGLAGLPASC-RGS4
Met-aminopeptidase

Nitric oxide
or

Oxygen

C[NO]KGLAGLPASC-RGS4

C[O3]KGLAGLPASC-RGS4

arginyl-transferases
i.e. ATE1 R-CKGLAGLPASC-RGS4

Ub ligases
i.e. UBR1, UBR2 

Ub(1-76)-RCKGLAGLPASC-RGS4 Ub-RGS4 targeted
to proteosome Degradation 

The N-end Rule pathway for RGS4 degradation
(also applies for RGS5 and RGS16)

The N-end rule relates the in vivo half-life of a protein to the identity of its N-terminal residue.

MCKGLAGLPASC-RGS4
co-translational

Step 2. Oxidation or S-nitrosylation of Cys2 Step 3. Arginylation of reactive Cys2

Step 4. Ubiquitinylation at N-terminal arginine Step 5. Proteosomal degradation

Step 1. Amino terminal methionine excision

RGS4 half-life is <1 hr (~10 min)
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