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In the phototransduction G-protein-coupled receptor
(GPCR) cascades of vertebrate rods and cones, signal ampli-
fication is effected primarily by two enzymes: (1)
photoactivated visual pigment (R*), which catalytically gen-
erates the activated form of the G-protein (G* = G

t
α-GTP),

and (2) the activated complex (G*-E*) of the effector enzyme,
phosphodiesterase (E) with G* [1]. The timely inactivation of
these two enzymatic amplifiers after their activation by a light
stimulus is necessary for normal visual function, and proteins
specialized to inactivate each of them have been found and
characterized in rods. Thus, in rods, rhodopsin kinase (GRK1)
and arrestin (Arr1) are both necessary for normal inactivation
of R*, and null defects in these latter proteins lead to Oguchi’s
disease, a form of stationary night blindness in which long-
lived decay products of R* cause rods to recover extremely
slowly from light exposure [2,3]. Recently, it has been found
that normal inactivation of the G*-E* complex in rods requires
a GTPase-activating protein or “GAP”, RGS9-1, which is ex-
pressed only in the retina [4,5]. RGS9-1 has an obligatory re-
quirement for a specific G-protein β-subunit, Gβ5-L, to be
stably expressed and present in rod outer segments, where the

complex, RGS9-1/ Gβ5-L, performs its GAP function [6,7].
The rods of mice null for RGS9-1 have extremely slowed
photoresponses, recovering from moderate intensity flashes
with a dominant time constant (9 s) that is 45-fold longer than
that in WT (ca. 0.2 s) [8], and thus these animals have a “sta-
tionary night blindness” originating in the slowed inactiva-
tion of the second cascade amplifier.

Relatively little is known about the mechanisms of inac-
tivation of cone phototransduction cascades, as compared with
what is known about the mechanisms of inactivation in rods.
Because the primary proteins of the cascades of cones, the
photopigment GPCR, the G-protein, the PDE, and the cyclic
nucleotide-gated channel, all are distinct isoforms from those
of rods, it might be expected that the inactivating proteins of
cones would also be distinct from those in rods. However,
recent work has established that the normal inactivation of R*
in murine cones requires GRK1, “rhodopsin kinase”, violat-
ing this expectation [9], and also that bovine cones strongly
express RGS9-1 [10]. Here we test the hypothesis that the GAP
factor, RGS9-1 is necessary for normal inactivation of cones
in the mouse by examining the cone-driven ERG responses of
mice homozygously null for this protein.

METHODS
Animals and husbandry:  All experimental procedures were
done in compliance with NIH guidelines, as approved by the
respective Institutional Animal Care and Use Committees of
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the University of Pennsylvania, the California Institute of Tech-
nology, and Baylor College of Medicine. RGS9-1 -/- mice were
derived at the California Institute of Technology on C57BL/
6-129/SvJ background as described elsewhere [8]. C57BL/6
mice were used as controls, and hereafter are referred to as
“WT.” All animals employed for ERG recordings were born
and maintained under controlled ambient illumination on 12/
12 light/dark cycle with the illumination level at 2.5 photopic
lux as described previously [11,12].

Immunohistochemistry:  Whole eyes were removed from
euthanized WT and RGS9-1 -/- mice and fixed in 4% paraform-
aldehyde-phosphate buffered saline (PBS, pH 7.2) for 10 to
16 h at 4 °C. After fixing, the eyes were placed in 30% su-
crose (w/v)-PBS for 1 h at 4 °C, then embedded in OCT com-
pound Tissue-Tek (Sakura Finetek, Inc., Torrance, CA). Fro-
zen sections were cut 14 µm thick, thawed at room tempera-
ture for 2 min, post-fixed in 1:1 methanol:acetone (vol/vol)
for 10 min, and thereafter processed at room temperature. They
were rehydrated in PBS (pH 7.2) for 20 min and blocked with
10% sheep serum (Sigma Chemical, St. Louis, MO) PBS for

1 h. To stain RGS9, tissue sections were incubated with pri-
mary antibody to RGS9, anti-RGS9-1c [4], at a 1:200 dilution
in 10% sheep serum-PBS. To stain Gβ5, a polyclonal anti-
body directed against a peptide epitope [13] common to Gβ5-
L and Gβ5-S was used, also at a 1:200 dilution in 10% sheep
serum-PBS. All sections were incubated with primary anti-
body overnight in a humidified atmosphere. After being
washed 3 x 5 min in PBS, sections were incubated for 1 h with
fluorescein isothiocyanate (FITC)-conjugated anti-rabbit im-
munoglobulin G (Vector, Burlingame, CA), at a 1:25 dilution,
and, when included, rhodamine-conjugated peanut agglutinin
(Vector) at a 1: 100 dilution in 10% sheep serum-PBS in a
humidified atmosphere. Peanut agglutin has been established
to bind specifically to cone photoreceptor cells [14]. Sections
were washed 3 x 10 min in PBS and mounted in aqueous
mounting medium (Gel/Mount; Biomeda, Foster City, CA).
Sections were examined and photographed with a confocal
fluorescence microscope (Zeiss LSM 510) and a Spot digital
camera (Diagnostic Instruments, Inc., Sterling Heights, MI),
and processed with Adobe Photoshop (v. 5.5).
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Figure 1. Immunofluorescence staining of RGS9-1 and cones in the mouse retina.  Left column: sections from retina of an RGS9-1 -/- mouse.
Right column: sections from wildtype (C57BL/6) mouse. “RGS9”, staining with fluorescein-isothiocyanate (FITC) conjugated to secondary
antibody, with primary against RGS9-1, as described in Methods. “PNA”, staining with rhodamine-conjugated peanut agglutinin (red), which
binds to cones. The two lowermost panels (“Both”) were prepared by digitally summing the fluorescein and rhodamine images.
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Electroretinography:  Electroretinographic (ERG) record-
ings were made when animals were between 8 and 12 weeks
of age. Protocols for ERG recordings, stimulus intensity cali-
bration and computation of the amount of visual pigments
isomerized by the flashes, and methods of isolating cone-driven
responses are described in detail elsewhere [9,12]. In brief,
ERGs were recorded from anesthetized mice with a differen-
tial amplifier with bandwidth 0.1 Hz to 1 KHz, and sampled
and digitized at 5 KHz. The corneal electrode was a platinum
wire, while the reference electrode was a tungsten needle in-
serted subcutaneously in the forehead. The recording cham-
ber served dually as a Faraday cage and a ganzfeld, with ports
and baffles for illumination. Cone-signal isolation was effected
with steady backgrounds estimated to produce 6000
photoisomerizations rod-1s-1 in WT mice, and 3000
photoisomerizations rod-1s-1 in RGS9-1 -/- mice.

RESULTS
Cones of WT mice strongly express RGS9-1:  Figure 1 pre-
sents images of WT and RGS9-1 -/- retinas stained to reveal

the expression of RGS9-1. As reported previously, RGS9-1
antibody (“RGS9”) binds strongly in the outer segment layer
[4] in WT, but not in RGS9-1 -/- retinas. Peanut-agglutinin
(“PNA”) staining reveals cones at approximately the same
density in normal and RGS9-1 null retinas: counts of 3 sec-
tions of 2 mice of each type yielded 2.5±0.5 (mean±s.d.) cones
per 20 µm (RGS9-1 -/-) and 2.7±0.2 cones per per 20 µm
(WT). Given that the sections are 15 µm thick, the cone den-
sity is estimated to be about 3 cones per (20 µm x 15 µm) =
300 µm2, or 1 cone per 100 µm2. Since the density of rods in
rodent retinas is about 1 per 3 µm2, cones constitute about 3%
of the photoreceptors in these retinas. The superposition of
the images generated with the antibody and the peanut agglu-
tinin (“PNA”) confirms the strong expression of RGS9-1 in
the cones of WT mice, as found previously in bovine cones
[10], and absence of RGS9-1 in the knockout mice. No RGS9-
1 expression could be reliably detected outside the photore-
ceptor layer.

Figure 2 compares WT and RGS9-1 -/- retinas for the
expression of Gβ5, and shows that Gβ5 is very greatly re-
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Figure 2. Immunofluorescence staining of Gβ5 and cones in the mouse retina.  Left column: section from retina of an RGS9-1 -/- mouse. Right
column: sections from wildtype (C57BL/6) mouse. “Gβ5”, staining with fluorescein-isothiocyanate (FITC) conjugated to secondary antibody,
with primary against Gβ5, as described in Methods. “PNA”, staining with rhodamine-conjugated peanut agglutinin (red), which binds to
cones. The two lowermost panels (“Both”) were prepared by digitally summing the fluorescein and rhodamine images.
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duced or absent in the outer layers of the retina of RGS9-1 -/-
mice, and in particular, missing from the PNA-stained cones.

Rods of dark-adapted RGS9-1 -/- mice generate nearly
normal circulating currents in situ but are very slow to re-
cover from strong light stimuli:  Figure 3 shows ERGs elicited
from a WT and a RGS9-1 -/- mouse with a flash estimated to
isomerize ~1% of the rhodopsin. The traces of Figure 3A,C,
were obtained when the animals were dark-adapted overnight,
for at least 12 h. The initial corneal-negative component of
these traces is the a-wave (violet-highlighted portion of traces).
The immediately following positive-going potential is a mix-
ture of the rod- and cone-driven b-waves, and oscillatory po-
tentials. Measured as in Figure 3A,C, the saturating a-wave
amplitude of dark-adapted RGS9-1 -/- mice (248±66 µV, n=19)
was indistinguishable from that of WT C57BL/6 mice (243±70
µV, n=16). In WT mice, more than 95% of the saturating a-
wave amplitude results from suppression of rod circulating
current [11,12]. Thus, the rods of fully dark-adapted RGS9-1
-/- mice generate circulating currents of normal magnitude,
consistent with previous evidence from suction electrode re-
cordings of isolated rods [8].

In contrast to its normal amplitude, the recovery of the a-
wave of RGS9-1 -/- mice was greatly retarded relative to that
in WT. In the experiments of Figure 3, after exposure to the
initial flash, the mice were left to dark adapt for 2 min and
then stimulated again with the same flash (traces of Figure
3C,D). Whereas the ERG of the WT mouse had a completely
recovered a-wave (and thus, rod circulating current), that of
the RGS9-1 -/- mouse exhibited only a very small a-wave (~10
µV; red highlight), and a corneal-positive b-wave of substan-
tially reduced-amplitude. Previous analysis has shown that the
ERGs recorded under conditions such as illustrated in Figure
3D originate exclusively from cone-driven neurons; we now
proceed to characterize such responses in RGS9-1 -/- mice.

Both UV and M-cone-driven retinal responses are func-
tional in RGS9-1 -/- mice:  WT mice have both midwave (M)-

sensitive (λ
max

=~510 nm) and UV-sensitive cones (λ
max

=~355
nm) [12,15,16], so we inquired as to whether the sensitivity of
the cone-driven b-wave responses of RGS9-1 -/- animals are
comparable to those of WT mice. Figure 4 presents two series
of ERGs from an RGS9-1 -/- mouse, elicited by monochro-
matic 361 and 513 nm flashes of varied intensity under cone-
isolation conditions. The amplitudes of the b-wave responses
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Figure 3. ERGs from WT and RGS9-1 -/- mice.  A white flash isomer-
izing ~1% of the rhodopsin in the retina was delivered in a ganzfeld
to each dark-adapted animal, generating responses seen in panels A
and B. The response to the same flash was then recorded again after
2 min in darkness (panels C and D). The initial corneal-negative com-
ponent highlighted in violet in panels A-C and in red in panel D is
the a-wave, while the corneal-positive deflections that follow (and
truncate) the a-wave are a mixture of rod- and cone-driven b-waves
and the so-called oscillatory potentials [29].

The top row identifies a measured or computed parameter of cone-driven ERGs. amax is the saturating amplitude of the a-wave component
(cf. Figure 3D and Figure 4, red traces, and Figure 7). bmax is the saturating amplitude of the Gaussian-filtered b-wave, obtained under cone-
isolation conditions (Figure 4A). S

M
 and S

UV
 are the relative sensitivities of the cone-driven b-wave in the midwave and UV spectral regions,

as illustrated in Figure 5. These sensitivities specify the fraction of the saturated response generated per (photon mm-2) at the cornea. Thus, for
the WT mouse, a 360 nm (UV) flash generates a peak fractional response of 3 x 10-5 or 0.003% per (photon mm-2) at the cornea. The ratio S

UV
/

S
M

 was determined separately for each animal. The errors given are standard deviations. *Data of C57BL/6 mice are taken from Table 1 of
reference [9].

TABLE 1. PARAMETERS OF CONE-DRIVEN ELECTRORETINOGRAMS OF WT AND RGS9-1 -/- MICE

WT RGS9-1 -/-

a

c

b

d

Time from flash (ms)

0 100 200

Time from flash (ms)

0 100 200

100

 

µV

 

 

 

 

Parameter     amax     bmax    MS        UVS       UV M/S S       

                                                                                                                                        

Unit      µV       µV      (photons µm
-2 

)
-1×10

5 
      (photons µm

-2
 )

-1×10
5
    

WT (C57BL/6)* 21 ± 10  100 ± 36 3.0 ± 2.0       17 ± 12     5.2 ± 1.8 

     n                               9            11       7           6            6 

RGS9-1 -/-  16 ± 5  156 ± 38 6.7 ± 0.8     19 ±  3     3.0 ± 0.9 

     n         7         7        7           7            7 
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were extracted from filtered traces (smooth colored or gray
curves). This was done to obviate potential artifacts that the
oscillatory potentials might cause in estimation of b-wave
amplitudes (compare WT and RGS9-1 -/- traces in Figure 3).
The saturating amplitudes of the cone-driven b-waves for
RGS9-1 -/- mice were on average about 50% larger than for
WT animals, though this difference is not statistically signifi-
cant (t=1.435, p<0.1, df=16). The amplitudes of the cone a-
waves, which will be described in more detail below (cf. red
highlighted early portions of traces in Figure 3), also were not
reliably different between RGS9-1 -/- and WT (Table 1).

Intensity-response relations derived from the data of Fig-
ure 4, together with data of 6 additional RGS9-1 -/- mice, are
shown in Figure 5A. From such data the ratio of the peak spec-
tral sensitivities, S

UV
/S

M
, of the b-waves driven by the two cone

types can be derived [12]. As illustrated in Figure 5B, the sen-
sitivity ratio of the RGS9-1 -/- mice, S

UV
/S

M
=3.0, is lower than

that of WT mice, S
UV

/S
M

=5.2, but the difference between the
ratios is not statistically significant (p>0.2, df=11). The ap-
parent reason for the decreased sensitivity ratio of the RGS9-
1 -/- mice is that their midwave cone sensitivity, S

M
, is higher

than that of WT mice (Table 1), suggesting that M-cones or
their secondary neurons may be primarily responsible.

Cone-driven responses of RGS9-1 -/- animals have pro-
foundly slowed recovery from strong flashes:  The paradigm
used to investigate the recovery of cone-driven responses is
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Figure 4. Cone-driven ERGs of an a RGS9-1 -/- mouse to 361 and
513 nm flashes of stepped intensity.  Each trace is the average of
from 3 to 5 individual responses. The intensities of the 361 nm flashes
were (from lowest to highest intensity) 620, 1050, and 6020 photons
µm-2 at the cornea. The 513 nm intensities were 2500, 5000, and
25600 photons µm-2 at the cornea. The topmost trace in the “361 nm”
column is the response to a white flash estimated to 1.2% of the M-
cone pigment and 0.09% of the UV-pigment. The smooth gray traces
were obtained by convolving the measured traces with a Gaussian
function having a standard deviation of 10 ms (bandwidth at 3 dB,
13.25 Hz); the peak amplitudes extracted from the filtered traces are
(in µV) 22, 45, 134 (361 nm), 28, 65, 187 (513 nm) and 180 (white).
The a-wave component of the responses to the two strongest flashes
has been highlighted in red.

Figure 5. Sensitivity of RGS9-1 mice at the wavelength maxima of
the UV- and M-cone pigments.  A: Averaged amplitude vs. intensity
data for RGS9-1 -/- mice (n=7) obtained with flashes of 361 nm (pink
symbols) and 513 nm (green symbols), under cone-isolation condi-
tions, as in Figure 4; the error bars are 90% confidence intervals.
Peak amplitudes were measured after filtering the responses at 13
Hz to remove oscillations (see Methods). The peak amplitudes were
normalized by dividing them by the saturating amplitude, obtained
in response to the “white” flash (“W” on abscissa). The flash intensi-
ties were scaled by a single, common factor: this factor is the inten-
sity at 513 nm (I

513
) estimated by linear interpolation to produce a

response of 20% saturated amplitude (dotted line). Saturation func-
tions (thickened black and gray curves), having the form r

peak
/r

max
 =

1-exp(-kSλIλ)have been plotted through the data, where Iλ is the scaled
flash intensity, Sλ is a wavelength-dependent sensitivity factor and
k=0.22. The black curve was arranged to intercept the dotted line at
the abscissa value 1.0, and thus has been positioned so that S

513
=1.

The gray curve is shifted left by the average relative sensitivity of
cone-driven responses of the RGS9-1 -/- mice to these two wave-
lengths, i.e., by the logarithm of the sensitivity ratio S

UV
/S

M
 = S

361
/

S
513

=3.0 (Table 1). B: The spectral sensitivity of cone-isolated b-wave
responses of RGS9-1 -/- compared to WT. For each RGS9-1 -/- mouse,
the lateral shift (in logarithmic units) between the two saturation func-
tions best fitting its 513 nm and 361 nm data was measured. The
point plotted at ~361 nm is the mean±95% confidence interval of
these shifts; the point at 513 nm identifies the normalization posi-
tion. The solid line gives the spectral sensitivities of the UV- and M-
cone-driven b-wave responses of WT mice normalized to the sensi-
tivity at 508 nm, as derived in [12].
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illustrated in Figure 6. A conditioning flash sufficiently in-
tense to temporarily suppress all cone-driven activity was fol-
lowed at different interstimulus intervals (ISIs) by a probe flash
of the same intensity. Recovery of the cone-driven responses
of the WT mouse was found to be complete in about 1 s; in
contrast, in the RGS9-1 -/- mouse, the first sign of recovery
appeared only after 5 s, and complete recovery required about
100 s.

The cone-driven a-wave also recovers very slowly:  Be-
cause the corneal-positive component of the ERG (the b-wave)
represents field potentials generated mostly by second order
neurons (reviewed in [11]), and because RGS9-1 is expressed
in cones, a question of special interest is whether the slowed
recovery was caused by prolonged activation of the cones
themselves, or only due to prolonged activity in neurons down-
stream from the photoreceptors. To address this question we
examined the behavior of the cone a-wave, which is thought
to originate primarily in the suppression of cone photorecep-
tor circulating current [17-19], and which we have previously

characterized in C57BL/6 mice [9,12]. Thus, in Figure 7 the
initial portions of records from mice stimulated as in Figure 6
have been replotted on expanded time and amplitude scales to
facilitate examination of the cone a-wave. Here the differences
between the WT and mutant animals in the recoveries of the
cone a-waves are seen to parallel the recoveries of the cone-
driven b-wave in Figure 6. Caution is called for in identifying
cone photoreceptors as the sole underlying generators of the
cone-driven a-wave since the primate photopic a-wave has
been shown to have a component originating in off-bipolar
cells [20,21] and mice have been confirmed to have at least
two types of cone off-bipolar cells (Dr. Peter Sterling, Uni-
versity of Pennsylvania, personal communication). However,
since cone off-bipolars are driven through an ionotropic
glutamate synaptic contact with cones, one can expect their
light-stimulated currents to closely track the cone responses.

Figure 8 summarizes the results of applying the protocol
of Figure 6 and Figure 7 to populations of WT and RGS9-1 -
/- mice. Figure 8A plots the saturated amplitude of the cone-
driven b-wave, as a function of time after the conditioning
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Figure 6. Recovery of cone-driven ERGs after a strong conditioning
flash in WT and RGS9-1 -/- mice.  Responses to white “probe” flashes
isomerizing ~1.2% of the M-cone pigment and ~0.9% of the UV-
pigment delivered at various interstimulus intervals (ISIs) after an
initial flash of the same intensity. Responses obtained without im-
mediately preceding conditioning flashes are identified as “Control”.
The control records were obtained with an orange (λ>530 nm) steady
background that produced ~6000 photoisomerizations rod-1s-1 for the
WT animal and ~3000 for the RGS9-1 -/- mouse to completely sup-
press rod signals [12]; for all other recordings rod activity was sup-
pressed with the conditioning flash. Each trace is the average of 5-10
records. A time gap of 3.5 ms containing a flash artifact has been
omitted from the traces of the WT mouse.

Figure 7. Recovery of the a-wave component of the ERG under cone
isolation conditions for WT and RGS9-1 -/- mice.  The experimental
design and format of presentation were as for the results presented in
Figure 6, except that the time base and amplitude scales have been
expanded to reveal the initial, corneal-negative portion of the re-
sponses. In each panel, the portion of the traces identified with the
suppression of cone circulating current, i.e., the cone a-wave, has
been emphasized by thickening of the trace and coloring it red. The
traces of the WT mouse are the same as those shown in Figure 6;
those of the RGS9-1 -/- mouse were taken from a different animal
from that of Figure 6, obtained in an experiment arranged to mini-
mize the flash artifact. Each trace is the average of 10-15 records.
(For clarity, a time gap of 3.5 ms containing the flash artifact has
been omitted from the traces.)

WT

0.0 0.1 0.2 0.3 0.4

RGS9-1 -/-

50 µV

2

Control

ISI (s)

Time from probe flash (s)

0.0 0.1 0.2 0.3 0.4

Control

IS (s)

1.0

0.6

0.4

0.3

0.2

75

35

25

15

5

time from flash (ms)

0 20

Control

ISI (s)

1.0

0.6

0.4

WT

Control

time from flash (ms)

0 20

RGS9-1 -/-

75

20

5

ISI (s)

µV

76



flash. Taking 0.4 s as the average time for the b-wave of WT
mice to recover 50% of their dark-adapted amplitude, the cone
b-wave of the RGS9-1 -/- mice is seen to recover almost 60-
fold more slowly. Figure 8B plots the recovery of the cone a-
wave, on a common abscissa with panel A. Again, using the
recovery to 50% amplitude as a benchmark, the cone a-waves
of the RGS9-1 -/- mice are seen to recover about 60-fold more
slowly than those of WT mice.

DISCUSSION
Observations made with the rod a-wave in this investigation
(Figure 3A) are consistent with the hypothesis that RGS9-1
and Gβ5-L are essential for normal inactivation of rod

transducin, confirming previous findings showing that single
rods of RGS9-1 -/- mice exhibit profoundly slowed recovery
of their photoresponses [8].

Our results support the conclusion that RGS9-1 -/- mice
have a major defect in the inactivation of their cone
phototransduction cascades, as follows. First, we have found
RGS9-1 to be expressed in murine cones (Figure 1), as previ-
ously reported for bovine cones [10]. Second, the greatly
slowed recoveries of the a-wave component of the ERG of
RGS9-1 -/- mice recorded under cone-signal isolation condi-
tions (Figure 7, Figure 8B) point to a cone-cell locus for the
recovery deficit.

Our results show that RGS9-1 -/- mice, like WT mice,
have both UV- and M-cones, and secondary neurons driven
by these cones (Figure 3, Figure 4), and support the conclu-
sion that RGS9-1 is a GAP factor for cone transducin in both
types of cones. This follows since all cone-driven activity of
RGS9-1 -/- mice is greatly retarded in recovery from strong
flashes (Figure 6, Figure 7). It is noteworthy in this context
that only a single cone-specific transducin alpha-subunit,
GNAT2, has been identified in the GenBank database, includ-
ing human (Z18859) and murine (NM_008141) homologs.

It interesting to compare the effects of inactivating the
primary shutoff mechanisms of phototransduction in cones,
viz., the GRK1-dependent inactivation of cone R* and the
RGS9-1-Gβ5-dependent inactivation of the G*-E* complex.
Cone a-wave and b-wave responses of GRK1 -/- mice, when
tested under the same conditions used in this investigation,
reach 50% recovery in about 19 s [9], which is comparable to
the recovery half-time of 23 s in RGS9-1 -/- mice (Figure 7).
Thus, though these inactivating proteins work at distinct stages
of the cone transduction cascades, their deletions produce de-
fects in recovery of comparable magnitude.

While the primary proteins of the transduction cascades
of cones are established to be distinct isoforms from those of
rods. Many of the proteins involved in activation and recov-
ery are shared. The list of shared proteins established to func-
tion in both cell types now includes GRK1 (mice; [9], RGS9-
1 (this paper)) and guanylyl cyclase, GC1 (GC-E) [22,23]. In
addition, the guanylyl cyclase activating protein, GCAP1, has
been established to be present in both rods and cones of mice
[24]. Given the established capacity of GCAP1 to activate GC1
(reviewed in [25-27]), and its likely role in autosomal domi-
nant cone dystrophy [28], it seems certain that GCAP1 also
functions in both cell types. Our results add RGS9-1 to this

© 2001 Molecular VisionMolecular Vision 2001; 7:71-8 <http://www.molvis.org/molvis/v7/a11>

Figure 8. Time course of recovery of cone b-wave and cone a-wave from a strong conditioning flash.  A: Normalized amplitudes of cone-
driven b-waves for WT (open symbols, n=5), and RGS9-1 -/- mice (filled symbols, n=6) plotted as function of the interstimulus interval (ISI)
between the conditioning and probe flashes. B: Normalized amplitudes of cone a-waves plotted as a function of the ISI for 3 WT and 5 RGS9-
1 -/- mice. The same symbols are used in panels A and B for the data of the same animal. The normalization in each panel was based on the
amplitude of the responses at an ISI of 2 or 3 s for WT, and at an ISI of 300 s for RGS9-1 -/- mice. All data in the two panels were collected with
the experimental protocols illustrated in Figure 6 and Figure 7. The colored curves have the formula amplitude(t)=1/(1+exp(-(t-t

1/2
)/τ)), so that

t
1/2

 is the time of 50% recovery, and t
1/2

 ± 2.3τ is approximately the time from 10% to 90% recovery. This same function has been used to
describe the recovery of human ERG a-waves [30]. In panel A, the parameter values for WT (green curve) are t

1/2
=0.45 s and τ=0.07 s. The

parameter values for RGS9-1-/- (red curve) are t
1/2

=4.0 s and τ=23 s. The parameter values used for the curves in panel B are the same, except
t
1/2

=0.40 s for WT. (Accurate estimation of the a-wave recovery in WT mice is difficult at times earlier than 0.3 s, because oscillatory potentials
triggered by the initial, conditioning flash can have comparable magnitude to the cone a-wave; see Figure 6 “Control” response.)
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growing list of regulatory proteins of phototransduction shared
by rods and cones.
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