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Brief Communications

Targeting of RGS7/Gf35 to the Dendritic Tips of ON-Bipolar
Cells Is Independent of Its Association with Membrane
Anchor R7BP
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Complexes of regulator of G-protein signaling (RGS) proteins with G-protein (35 (GB5) subunits are essential components of signaling
pathways that regulate the temporal characteristics of light-evoked responses in vertebrate retinal photoreceptors and ON-bipolar cells.
Recent studies have found that RGS/G5 complexes bind to a new family of adapter proteins, ROAP (RGS9 anchor protein) and R7 family
binding protein (R7BP), that in case of the RGS9/GB5 complex were shown to determine its precise subcellular targeting to either the
outer segment of photoreceptors or postsynaptic structures of striatal neurons, respectively. In this study, we establish that another
trimeric complex consisting of RGS7, G35, and R7BP subunits is specifically targeted to the dendritic tips of retinal bipolar cells. However,
examination of the mechanisms of complex targeting in vivo surprisingly revealed that the delivery of RGS7/Gf35 to the dendrites of
ON-bipolar cells occurs independently of its association with R7BP. These findings provide a new mechanism for adapter-independent

targeting of RGS/G[35 complexes.
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Introduction

G-protein signaling pathways play crucial roles for light recep-
tion in the vertebrate retina (Rodieck, 1998). In retinal photore-
ceptors, the stimulation of the G-protein-coupled receptor rho-
dopsin (Rh) by light triggers GTP binding to the G-protein
transducin. Transducin promotes the hydrolysis of the second
messenger cGMP, leading to membrane hyperpolarization and
the suppression of neurotransmitter glutamate release (for re-
view, see Burns and Arshavsky, 2005). The high temporal resolu-
tion of vision is achieved by rapid shutoff of the phototransduc-
tion cascade returning photoreceptor to the resting state and
allowing the cell to generate responses to stimuli that are closely
spaced in time (Chen, 2005). Recent studies have shown that the
rate-limiting step in the recovery of photoreceptors from light
excitation is the inactivation of transducin (Krispel et al., 2006).
Transducin inactivation is catalyzed by regulator of G-protein
signaling (RGS) protein complex that consists of a scaffold

Received July 10, 2008; revised Aug. 31, 2008; accepted Sept. 11, 2008.

This work was supported by National Institutes of Health (NIH) Grant EY018139 (K.A.M.), NIH/National Center for
Research Resources 2P20 RR15574 Center of Biomedical Research Excellence in Sensory Neuroscience (M.S.), NIH
Grant EY017606 (A.P.S.), and a Karl Kirchgessner Foundation Vision Research Grant (A.P.S.). We thank Dr. William
Simonds (NIH) for the generous gift of anti-RGS7, anti-G35, and anti-R7BP antibodies and Dr. Jason Chen (Virginia
Commonwealth University, Richmond, VA) for providing G35 knock-out mice. We also thank Gilbert Ahlstrend and
Mark Sanders at the Imaging Center, University of Minnesota, for the help with retina plastic sections.

Correspondence should be addressed to Dr. Kirill Martemyanov, Department of Pharmacology, University of
Minnesota, 6-120 Jackson Hall, 321 Church Street SE, Minneapolis, MN 55455. E-mail: martemyanov@umn.edu.

DOI:10.1523/JNEUR0SCI.3282-08.2008
Copyright © 2008 Society for Neuroscience ~ 0270-6474/08/2810443-07$15.00/0

[G-protein 35 (GB5)], a catalytic molecule (RGS9-1), and a tar-
geting subunit [RGS9 anchor protein (R9AP)] (Burns and Ar-
shavsky, 2005). Genetic studies in mice revealed R9AP to be in-
dispensable for the delivery of the complex to the outer segment
of photoreceptors, where all of the RGS9-1/GB5/R9AP is nor-
mally found (Martemyanov et al., 2003).

G-protein-inactivating complexes containing G35 are also
critical for the synaptic transmission between photoreceptors
and ON-bipolar cells, because the elimination of GB5 in mice
causes the failure of ON-bipolar cells to relay the photoreceptor’s
excitation (Rao etal., 2007). The subunit composition of the GB35
complexes in the inner retina differs from that of photoreceptors.
Instead of a photoreceptor-specific RGS9-1, these complexes
contain other members of the R7 RGS subfamily: RGS6, RGS7, or
RGS11 (Song et al., 2007). Likewise, instead of R9AP, R7 RGS/
G5 complexes in the inner retina are bound to R7 RGS binding
protein (R7BP) (Song et al., 2007), an R9AP homolog. Associa-
tion of R7 RGS proteins with R7BP was also reported in the brain,
where it was shown to be critical for both RGS expression and
postsynaptic targeting (Anderson et al., 2007b).

Both RGS7/GB5 and RGS11/GB5 were reported to be en-
riched specifically in the tips of the ON-bipolar dendrites (Mor-
gans et al., 2007; Rao et al., 2007), suggesting a role in the regula-
tion of mGluR6-Go G-protein signaling cascade that mediates
the responses of ON-bipolar cells to changes in glutamate re-
leased from photoreceptors. In this study, we report that R7BP
colocalizes with RGS7/G5 at the postsynaptic sites of the ON-
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bipolar neurons. Analysis of the mechanisms underpinning the
specific localization of the complex reveals that both expression
and delivery of RGS7/Gf5 to the dendritic tips occur indepen-
dently from R7BP. These data suggest a new mechanism for the
postsynaptic targeting of R7 RGS proteins in the inner retina
neurons as dimers with G35, as opposed to previously described
adapter-directed mechanisms.

Materials and Methods

Antibodies and knock-out mice. The generation of rabbit anti-ROAP 144 —
223 (Keresztes et al., 2004), sheep anti-RGS9¢ (Makino et al., 1999), and
anti-phosducin (Sokolov et al., 2004) were described previously. Rabbit
anti-RGS7 (7RC1), anti-R7BP (TRS), and anti-GB5 (SGS) were gener-
ous gifts from Dr. William Simonds [National Institute of Diabetes and
Digestive and Kidney Diseases/National Institutes of Health (NIH), Be-
thesda, MD]. Sheep anti-RGS6 antibodies were generated against amino
acids 263—472 of mouse recombinant RGS6 (RGS6FL) and sheep anti-
RGS11 antibodies were raised against the C-terminal peptide: SPALQST-
PREPAATSSPEGADGE. Commercial antibodies were as follows: mouse
anti-B-actin (AC-15; Sigma), mouse anti-PKCa (ab11723; Abcam), and
goat anti-mGluR6 (C18) and rabbit anti-Gao (K-20) from Santa Cruz
Biotechnology.

The generation of R7BP (Anderson et al., 2007b), GB35 (Chen et al.,
2003), and R9AP (Keresztes et al., 2004) knock-outs has been described.
RGS11—/— mice were generated by Lexicon Genetics and obtained from
Mutant Mouse Regional Resource Centers. In these mice, the first four
exons of RGS11 gene were targeted by homologous recombination to
produce a null mutation as confirmed by the absence of RGS11 protein
(see Fig. 2).

Serial sectioning and Western blotting. Serial tangential sectioning of
the flat-mounted frozen rat retina was performed exactly as previously
described (Songet al., 2007). Ten micrometer sections were collected and
lysed in 50 ul of sample buffer containing 125 mm Tris-HCI, pH 6.8, 4%
SDS, and 6 M urea. Proteins were separated by SDS-PAGE, transferred
onto a polyvinylidene difluoride membrane, and analyzed by Western
blotting on an Odyssey Infrared Imaging System (LI-COR Biosciences).

Retina sections and immunohistochemistry. Dissected eyecups were
fixed for 15 min with 4% paraformaldehyde, cryoprotected with 30%
sucrose in PBS for 2 h at room temperature and embedded in OCT.
Twelve micrometer frozen sections were blocked in PBS, 0.1% Triton
X-100, and 10% goat serum for 1 h and incubated with the primary
antibody in PBS with 0.1% Triton and 2% goat serum for 2 h or over-
night, washed four times with PBS, 1% Triton X-100 (PT2), and incu-
bated with fluorophore-conjugated secondary antibodies in PT2 for 1 h.
For double staining, primary antibodies raised in the same species were
directly labeled with Dylight-549 using a Microscale Antibody Labeling
Kit (Thermo Fisher Scientific). Sections were washed three times for 5
min and mounted in Gel/Mount (Biomeda). Images were taken by
Olympus Fluoview 1000 confocal microscope. For morphological anal-
ysis, 1.75 wm sections of retinas embedded in Embed 812 were stained
with 1% toluidine blue as described previously (Keresztes et al., 2004)

Subcellular fractionation. Retinas from one animal were lysed in 0.15
ml of PBS by homogenizing with a series of needles and were sedimented
at 75,000 X g for 30 min. Supernatant containing cytoplasmic fraction
was removed, and the pellet was resuspended and resedimented at
75,000 X g for 30 min. The resulting pellet was resuspended in 0.15 ml of
PBS and designated as the insoluble membrane fraction. Equal volume
aliquots of supernatant and pellet fractions were mixed with the SDS
sample buffer and subjected to SDS-PAGE analysis followed by Western
blotting.

Electroretinography. Adult mice (1-3 months old) were dark adapted
overnight and anesthetized with a 2% isoflurane/50% oxygen mixture.
The animal’s pupils were dilated, and a disposable reference needle elec-
trode (LKC Technologies) was inserted under the loose skin between the
ears. Custom-made silver wire electrodes were positioned on the corneas.
Ganzfeld flash electroretinography (ERG) recording was performed in
UTAS-E4000 Visual Electrodiagnostic Test System using EMWIN 8.1.1
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software (LKC Technologies), according to the manufacturer’s
protocols.

Single-cell recordings and light calibration. Whole-cell voltage-clamp
recordings (V,, = —60 mV) from rod bipolar cells in 200-um-thick
dark-adapted retinal slices were made as described previously (Sampath
etal., 2005). The internal solution for these experiments consisted of the
following: 125 K-aspartate, 10 KCl, 10 HEPES, 5 N-methyl-p-glucamine
(NMG)-hydroxyethylethylenediaminetriacetic acid, 0.5 CaCl,, 1 ATP-
Mg, and 0.2 GTP-Mg; pH was adjusted to 7.2 with NMG-OH. Flash
families were measured in response to a 10 ms flash from a blue light-
emitting diode (LED) (A,,.,» ~470 nm) whose strength initially gener-
ated a just-measurable response and increased by factors of 2. Average
responses per photon were calculated by averaging the response per pho-
ton across the dimmest responses of each cell [i.e., those between 5 and
25% of maximal amplitude (Sampath et al., 2005)].

To estimate the number of rhodopsin molecules activated per flash, we
measured the light intensity of a 520 wm spot focused on the preparation
by the 20X 0.75 numerical aperture (Nikon) condenser objective using a
calibrated photodiode (United Detector Technologies). Light intensities
were converted to equivalent 501 nm photons by convolving the power-
scaled spectral output of the LED with the normalized spectral sensitivity
curve for mouse Rh. The flash strengths were then converted to activated
Rh per rod (Rh*/rod) by estimating the collecting area of rod photore-
ceptors in the experimental setup. Dim flashes were delivered during
suction electrode recordings from rod outer segments in clusters (Sam-
path et al., 2005), and the mean Rh*/rod at each flash strength was deter-
mined from the scaling of the time-dependent variance to the mean
response (Field and Rieke, 2002). Based on these factors, we estimated
the rod collecting area in the experimental setup to be 0.18 um? (n = 6
cells).

Results

Colocalization of RGS7/G 5 with R7BP in dendritic tips of
ON-bipolar cells

We used a high-affinity anti-R7BP antibody capable of detecting
low levels of the protein in the retina (Nini et al., 2007) to com-
pare the distribution pattern of R7BP with that of RGS7 using a
serial sectioning approach. Data presented in Figure 1 A reveal
that R7BP coincides with RGS7 in the same retinal sections that
also contain Gao, a G-protein mediating signal transmission be-
tween rods and ON-bipolar cells (Dhingra et al., 2000). Both
R7BP and RGS7 were found exclusively in the inner retina and
did not show any overlap with RGS9-1 and R9AP in the photo-
receptor layer.

Further analysis of RGS7 and R7BP distribution by immuno-
histochemical staining of retinal cross sections confirmed their
colocalization in the bipolar cells as evidenced by overlap with the
PKCa-positive immunofluorescence in the outer plexiform layer
(Fig. 1B). Close examination of immunostaining in this region
revealed a punctate pattern characteristic of synaptic sites (Fig.
1C). Indeed, both R7BP and RGS7 closely colocalized with
mGluRe6, indicating the presence of RZBP/RGS7 complexes in the
dendritic tips of ON-bipolar neurons.

Expression of R7 RGS proteins and R7BP in the retinas of
knock-out mice lacking components of the complex

To investigate the role of R7BP in mediating the postsynaptic
localization and function of RGS7 in bipolar cells, we studied
R7BP—/— mice. Retinas of these mice had normal morphology
and showed no signs of degeneration up to 4 months of age (Fig.
2A). Western blot analysis indicated that protein levels of RGS7,
as well as other R7 RGS proteins and their binding partners,
RIAP and G35, were unaffected by the R7BP elimination (Fig.
2B). This result is consistent with the similar lack of the R7BP
effect on the expression of RGS7 in the striatum (Anderson etal.,
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Colocalization of RGS7 and R7BP in the retina. 4, Localization of R7BP and RGS7 as determined by a serial sectioning approach. Distribution of R7BP and RGS7 in 10 m sections from

rat retina was compared with the localization of marker proteins: phosducin (Pdc) for photoreceptors and G-protein Gevo for bipolar cells. Colocalization of RGS9-1 and R9AP proteins in photore-
ceptors was used as a reference. B, Immunostaining of frozen retina cross sections with antibodies against RGS7 (green), R7BP (red), and bipolar cell marker PKCcx (red). Merged images (yellow)
reflect colocalization of proteins. Scale bar, 20 wm. €, High-magpnification confocal images of the outer plexiform layer stained with the antibodies against RGS7 (red) and R7BP or mGIuRé6 (green).
Merged channel (yellow) shows colocalization. Scale bar, 10 m. The following abbreviations are used in this and subsequent figures: PR, photoreceptors; HC, horizontal cells; BC, bipolar cells, AC,
amacrine cells; GC, ganglion cells; OS, outer segment; IS, inner segment; ONL, outer nuclear layer; INL, inner nuclear layer; OPL, outer plexiform layer; IPL, inner plexiform layer.

2007b) and suggests that association with R7BP is not required
for sustaining proteolytic stability of RGS7/GB5 complex.

We and others have previously reported that in the brain the
stability of R7BP is reciprocally controlled by its association with
R7 RGS proteins that protect it from proteolytic degradation
(Anderson et al., 2007b; Grabowska et al., 2008). We have ad-
dressed the question of whether similar mechanisms control the
expression of R7BP in the retina using G35—/— mice that lack all
R7 RGS proteins. No detectable levels of R7BP were present in
GB5—/— retinas (Fig. 2C), indicating that R7BP in the retina
exists only as a constitutive complex with R7 RGS proteins. We
took advantage of this observation to determine the extent of
R7BP interaction with RGS7 relative to RGS11, the only other R7
RGS protein reported to be localized in the bipolar cell dendrites
and capable of interacting with R7BP (Morgans et al., 2007; Rao
etal., 2007; Song et al., 2007). If a significant fraction of R7BP is
bound to RGS11, then elimination of RGS11 is expected to result
in a substantial reduction in R7BP levels. However, knock-out of
RGS11 did not alter the expression levels of R7BP (Fig. 2C), sug-
gesting that only a minor fraction of RGS11 is likely to exist as a
complex with R7BP. A similar lack of effect on R7BP expression
was observed in RGS9 —/— mice, consistent with the observation
that RGS9 and R7BP exhibit essentially nonoverlapping
localization.

In the process of characterizing RGS11 and G5 knock-outs,
we have inadvertently discovered that rabbit anti-RGS11 CT an-
tibodies used in the previous study (Song et al., 2007) recognized,
in addition to RGS11, a nonspecific protein band migrating at the
same position during gel electrophoresis. RGS11 antibodies
raised against the same epitope in sheep (see Materials and Meth-
ods) were devoid of this artifact, as evidenced by the complete

disappearance of RGS11 reactivity in both RGS11 and Gf35
knock-out mice (Fig. 2C). Since discovering a nonsignificant
level of complex formation between RGS11 and R7BP, we revis-
ited the binding of RGS11 to its second partner, ROAP, using the
better-validated sheep antibodies. Unexpectedly, we find that,
contrary to our previous report (Song et al., 2007), RGS11 was
undetectable in the retinas of R9AP knock-outs, indicating that
most of RGS11 is present in a complex with R9AP, which is
required for ensuring its stability. Together, these data indicate
that RGS7/G5 is the predominant binding partner of R7BP in
ON-bipolar cells.

Reduced plasma membrane association but unaltered
dendritic targeting of RGS7 in the absence of R7BP

Stable expression of RGS7/G5 in R7BP knock-outs made it pos-
sible to examine the role of R7BP in mediating subcellular target-
ing of the complex. Biochemical fractionation of retinal neurons
revealed that the loss of R7BP results in a significant shift of RGS7
from the plasma membrane to cytoplasm (Fig. 3A), consistent
with the role of R7BP as a membrane anchor. Quantification of
the results indicated that R7BP is responsible for membrane an-
choring of ~20% of RGS7 (Fig. 3B). To examine whether loss of
this plasma membrane fraction has an effect on the targeting of
RGS?7 to the dendritic tips of bipolar cells, we studied its localiza-
tion in R7BP—/— retinas. Data presented in Figure 3C reveal the
preservation of the overall RGS7 immunoreactivity pattern in the
absence of R7BP, including prominent staining in the outer plex-
iform layer. Immunostaining for G35 also revealed no significant
changes in the distribution between R7BP—/— and wild-type
retinas, suggesting the lack of unexpected anomalies in targeting
R7 RGS proteins in the knock-out retinas. Detailed analysis of the
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outer plexiform layer region showed that A
R7BP knock-outs exhibit unaltered elabo-
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ration of ON-bipolar cell dendritic trees as
well as robust punctate RGS7 immunore-
activity at the tips of the dendrites, sug-
gesting preservation of normal synaptic
connectivity between photoreceptors and
bipolar cells (Fig. 3D). Counting of RGS7
puncta per PKCa-positive ON-bipolar
cells revealed equal numbers of these

postsynaptic elements between R7BP c
knock-out and wild-type retinas: 9.9 = 0.7
and 10 * 1.5, respectively (SEM; n = 3

counted per 4800 um? area). These data E

argue that efficient targeting of RGS7 to
the dendritic tips of ON-bipolar neurons
occurs independently from its association

RGS11 KO
R9AP KO
|GB5 KO

with R7BP.

Physiological responses of rod bipolar

cells in R7BP knock-out mice
Recent findings indicate that the loss of

Gp5 subunit results in the disruption of
synaptic transmission between photore-
ceptor and ON-bipolar cells (Rao et al.,

2007). Our results suggest that GB5 bound
to RGS7 at this synapse exists predomi-
nantly as a complex with R7BP. It was
therefore of interest to analyze whether
R7BP is an essential component of GB5-
RGS complexes in mediating ON-bipolar
cell responses to light. To test this possibil-
ity, we recorded ERG responses of R7BP
knock-out mice, and found unaltered a-
and b-wave components, mostly indistin-
guishable from those of wild-type mice
(Fig. 4A). This suggests that, unlike in G35 knock-outs, the for-
mation and function of the first visual synapse in R7BP knock-
outs is intact.

To examine in more detail the synaptic transmission between
rods and ON-bipolar cells, we have performed whole-cell
voltage-clamp recordings from rod ON-bipolar cells in dark-
adapted retinal slices after light excitation. Average response fam-
ilies from R7BP —/— rod bipolar cells closely resembled those of
wild-type littermates (Fig. 4 B). Furthermore, both the average
response per photon calculated from the dimmest responses of
each flash family (Fig. 4C) and the average relationship between
flash strength and response amplitude (Fig. 4D) show little
difference.

Overall, these data indicate that deletion of R7BP does not
affect the formation and function of synapse between photore-
ceptor and ON-bipolar signal transmission, suggesting that RGS/
G5 complexes delivered to the postsynaptic sites independently
from R7BP retain their functionality and preserve normal synap-
tic connectivity between photoreceptors.

B-actin

Figure 2.

Western blotting.

Discussion

Many signaling proteins are differentially targeted to two major
compartments of neuronal cells: axons and dendrites underpin-
ning the functional polarization of the cells and suggesting the
existence of specific mechanisms that ensure specific delivery of
proteins to sites of their function (Arimura and Kaibuchi, 2007).
Photoreceptors, because of their highly polarized nature, for

B-actin

Protein expression in mouse knock-outs lacking components of RGS complexes. 4, Analysis of morphology in plastic
sections reveals no difference between wild-type (WT), R7BP knock-out (R7BP KO), or RGS11 knock-out (RGS11KO) retinas. Scale
bar, 25 um. B, Western blot analysis of protein expression in the retinas of wild-type and R7BP KO mice; 8.5 g of total retina
protein was loaded in each lane. €, Analysis of protein levelsin retinas of mice lacking components of R7 RGS protein complexes by

many years have served as a convenient model to study principles
of protein targeting (Papermaster, 2002; Deretic, 2006). In these
neurons, components of the phototransduction cascade are spe-
cifically delivered to the dendritic specialization, the outer seg-
ment (Burns and Arshavsky, 2005). Among these proteins is the
GTPase-activating complex RGS9-1/GB5/RIAP, which relies on
RIAP subunit for the intracellular targeting (Martemyanov etal.,
2003; Keresztes et al., 2004). Similar targeting principles appear
to be conserved in the brain, where the ROAP homolog, R7BP is
responsible for the localization of RGS9-2/Gf35 to another den-
dritic destination, the postsynaptic density (Anderson et al.,
2007a,b). Conservation of the mechanisms suggested a trimeric
model for targeting of RGS-G35 complexes by the adapter sub-
units RO9AP or R7BP.

All members of the R7 RGS family can form complexes with
the targeting subunit, R7BP (Drenan et al., 2005; Martemyanov
et al,, 2005). These complexes are expressed in many types of
neurons and regulate fundamental processes that in addition to
vision include movement control, reward processing, and noci-
ception (Garzon et al., 2003; Rahman et al., 2003; Sanchez-
Blédzquezetal., 2003). Subcellular localization of R7 RGS proteins
was established best in the retinal bipolar cells, revealing their
prominent postsynaptic targeting in the dendrites (Morgans et
al., 2007; Rao et al., 2007). In our study, we tested the hypothesis
that all R7 RGS/Gf35 complexes require R7BP for mediating their
postsynaptic targeting. Surprisingly, our results indicate the exis-
tence of the alternative, R7BP-independent, mechanisms divid-
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Gp5 KO D

R7BPKO

Localization of RGS7/G/35 in R7BP knock-out retinas. A, Subcellular fractionation shows shift of RGS7 to cytoplasmic fraction in R7BP knock-out retinas. Retina lysates were separated

into soluble cytoplasmic (S) and insoluble membrane (P) compartments by centrifugation. The presence of proteins in each fraction was revealed by Western blotting. B, Quantification of data
presented in A from three independent experiments. RGS7 band intensities were determined by densitometry using ImageJ software (NIH) and plotted as percentage of total density. Error bars
indicate SEM. €, Analysis of RGS7 and G35 localization in retina cross sections by immunostaining. Sections from G35 and R7BP knock-outs were used as a control for nonspecific staining. Scale bar,
20 pm. D, High-power images of RGS7 immunoreactivity (green) in synapses of ON-bipolar cells stained with anti-PKCcx antibodies (red). Distinct green puncta correspond to RGS7 enriched in

dendritic tips of bipolar cells. Scale bar, 10 m. KO, Knock-out; WT, wild type.

ing R7 RGS complexes into two groups: obligatory trimers
(RGS9-1/GB5/R9AP, RGS9-2/GB5/R7BP, and RGS11/GB5/
R9AP) and dimeric complexes whose targeting, expression, and
function is independent of ROAP/R7BP (RGS7/GB5 and RGS6/
Gp5). Curiously, sequence homology analysis reveals a similar
segregation pattern in which RGS9 and RGS11 form one cluster,
and RGS6 and RGS7 form another (Sierra etal., 2002), suggesting
that reliance on targeting subunits might have developed after
evolutionary specification of the two subgroups of R7 RGS
proteins.

Our study suggests that in contrast to RGS9/11, RGS6/7 pos-
sess unique elements that mediate its ROAP/R7BP-independent
targeting. Because in the absence of interaction with R7BP, the
membrane localization of a majority of the RGS7 is preserved, it
is possible that its subcellular targeting might be mediated by
other membrane proteins. In this light, it is intriguing to specu-
late that RGS7/GB5 targeting might be directly mediated by
mGluR6, because G-protein-coupled receptors were recently
shown to bind structural elements present in the R7 RGS proteins
(Ballon et al., 2006).

Recent studies have established an essential role of R7 RGS/
GB5 complexes in mediating synaptic transmission between
photoreceptors and bipolar cells, because inner retinal neurons
of GB5 knock-out mice lacking all R7 RGS/GB5/R7BP complexes
are unable to respond to light stimulation (Rao et al., 2007).
Although it is not known whether RGS/Gf35 protein complexes
are involved in synaptogenesis or are critical for the mGluR6-

Gao signaling in the ON-bipolar neurons, it was established that
the postsynaptic action of the complexes downstream from the
photoreceptors is required (Rao et al., 2007). By comparing ex-
pression and localization of R7 RGS complexes in the retinas of
several mouse knock-out lines, we can narrow down the identity
of the complexes essential for the synaptic transmission to RGS7/
G5 or RGS6/GB5 dimers. Knock-outs of RGS9 (Lyubarsky et
al., 2001), RGS11 (Mojumder and Wensel, 2008), or ROAP (Jef-
frey et al., 2007), which lack RGS9-1/GB5/R9AP, RGS11/GB5/
RYAP, or both complexes, display robust b-wave upon ERG anal-
ysis. This indicates that normal synaptic transmission is
preserved, and rules out these complexes from contributing to
synaptic deficiency observed in the G5 knock-out. Further-
more, we found that the elimination of R7BP did not affect the
kinetics of ON-bipolar responses to light, excluding one more
component of the trimeric complexes. Although we would like to
speculate that intact synaptic transmission requires mainly the
RGS7/Gp5 dimer, because it appears to be enriched in the bipolar
cells over RGS6/Gf35, which is mainly present in starburst ama-
crine cells (Song et al., 2007), the high homology of these com-
plexes and the lack of specific antibodies that can fully discrimi-
nate between RGS6 and RGS7 make this an open question that
should be addressed with individual knock-outs of either RGS6
or RGS7. Likewise, elucidating the mechanisms of R7BP-
independent dendritic targeting of RGS6/7 will also be an excit-
ing future direction, because it could potentially explain how
these protein(s) regulate synaptic transmission.
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candelas per second per square meter. Traces were obtained using 300 Hz high-cut filter setting and the averaging of 5-10 records. B, Light-evoked inward currents in rod bipolar cells were plotted
asafunction of time for briefflashes (arrowheads) 0f0.52, 1.2,2.7,5.4, 11, and 22 Rh*/rod. The bandwidth was 50 Hz. C, Estimated responses per photon plotted as a percentage of maximum inward
current. The R7BP+/+ response (solid) was the average of 244 responses across 14 rod bipolar cells resulting from a flash that on average generated 0.9 Rh*/rod. The R7BP —/ — response (dotted)
was the average of 211 responses across 16 rod bipolar cells resulting from a flash that on average also generated 0.9 Rh*/rod. D, Response—intensity relationship across all rod bipolar cells in
R7BP+/+ (n = 14) and R7BP—/— (n = 16) mice. Data are plotted as mean = SD, and the least-squares Hill curve fits to the mean and SDs are superimposed. For R7BP +/+- rod bipolar cells,
I, = 2.7Rh*/rod, and n = 1.56 (solid). For R7BP —/— rod bipolar cells, /,, = 2.7 Rh*/rod, and n = 1.64 (dotted).
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