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Abstract

No single molecular mechanism accounts for the effect of mutations in rhodopsin associated with retinitis pigmentosa. Here we report
on the specific effect of a Ca2+/recoverin upon phosphorylation of the autosomal dominant retinitis pigmentosa R135L rhodopsin
mutant. This mutant shows specific features like impaired G-protein signaling but enhanced phosphorylation in the shut-off process.
We now report that R135L hyperphosphorylation by rhodopsin kinase is less efficiently inhibited by Ca2+/recoverin than wild-type rho-
dopsin. This suggests an involvement of Ca2+/recoverin into the molecular pathogenic effect of the mutation in retinitis pigmentosa
which is the cause of rod photoreceptor cell degeneration. This new proposed role of Ca2+/recoverin may be one of the specific features
of the proposed new Type III class or rhodopsin mutations associated with retinitis pigmentosa.
� 2006 Elsevier Inc. All rights reserved.
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Visual phototransduction
Retinitis pigmentosa (RP) is a group of retinal degener-
ative diseases caused by mutations in a number of genes [1],
thereby mutations in the visual photoreceptor rhodopsin
are the main cause of the autosomal dominant form of
the disease (autosomal dominant RP, ADRP) [2]. Over
150 rhodopsin mutations and deletions have been found
associated with RP since the first opsin-linked mutation,
P23H, was reported [3]. The large number of disease-caus-
ing mutations and their spreading throughout the overall
protein structure points to the critical importance of a very
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sophisticated three-dimensional structure for functioning
of the visual receptor, and highlights its evolutionary opti-
mal design that plays a key role in the complex phenome-
non of vision.

Two types of classification of rhodopsin mutations that
cause RP have been proposed. One of them classifies these
mutations in two groups depending on the subcellular
localization of the mutated protein in the photoreceptor
cells and its phenotypic characteristics compared to those
of wild-type (WT) rhodopsin [4]. The other classification
is based upon several structural and biochemical features
of the mutant proteins like chromophore regeneration by
means of 11-cis-retinal binding, transducin activation rates,
and the glycosylation pattern [5]. This classification system
was used in the study of a number of RP mutations in rho-
dopsin, with an added Class III that would correspond to
those mutants that showed an intermediate in vitro molec-
ular phenotype (partial chromophore regeneration and

mailto:pere.garriga@upc.edu


346 I.I. Senin et al. / Biochemical and Biophysical Research Communications 349 (2006) 345–352
mixed subcellular localization between the ER and the
plasma membrane) [6]. There is also a clinical classification
of RP that has some analogies with the other classifications
[7].

A large number of rhodopsin mutants have been
expressed and characterized, and some of them are associ-
ated with retinal disease. In spite of this, many RP rhodop-
sin mutants have not been extensively characterized. We
have previously studied some of these mutants, particularly
those associated with ADRP [8,9] and congenital night
blindness [10]. These mutant genes have been transfected
in eukaryotic cells (COS-1) [11] and immunopurified with
specific antibodies, like Rho-1D4 which recognizes the C-
terminal region of rhodopsin [12].

It is undoubtedly of interest to obtain detailed knowl-
edge of the phenotype of the mutant proteins and to corre-
late the molecular defects observed with the clinical
phenotype of the affected RP patients. This clinical correla-
tion with the laboratory results has turned out to be not
straightforward due to aforementioned extreme clinical
and genetic heterogeneity of the disease [7]. The onset
and the progression of the disease have been found to be
very different in relatives carrying the same rhodopsin
mutation. Furthermore, there are some RP mutations that
apparently do not alter significantly the structure or func-
tion of the protein, so it is not clear which might be the
cause of the disease in these cases [9]. A comprehensive
record of the clinical data for RP patients is also lacking.
In spite of these problems, it is necessary to establish a cor-
relation between protein structural features and the RP
patient clinical phenotype taking into account the different
current hypothesis of how these two aspects may be linked.
A theoretical approach based on the rhodopsin sequence
data proposes the usefulness of molecular evolutionary
analyses for understanding patterns of clinical mutations
[13]. Modifications in the native conformation of rhodop-
sin as a result of RP mutations can result in its altered func-
tion, e.g., in alterations of the ability of rhodopsin to
activate transducin. In the past decade, several research
groups have developed sustained efforts to elucidate the
molecular mechanism(s) underlying the retinal RP pathol-
ogy. The ultimate goal of the research is to contribute to
the development of therapeutic solutions to the disease
[14].

Protein misfolding has been proposed to be one of the
main biochemical causes of RP in the case of some rhodop-
sin mutations [8,15–17], and molecular chaperones have
been also involved in RP. Suppression of WT rhodopsin
maturation by mutations linked to ADRP has also been
proposed to play a role in the pathophysiology of retinal
degeneration [18]. Altered stability and/or function of rho-
dopsin may also have relevance for a number of given
mutations. In this regard, abnormal functioning of rhodop-
sin resulting in reduced activity or hyperactivity, with
regard to Gt activation, could also play a role in RP by
altering the stoichiometric balance of the different proteins
involved in the phototransduction biochemical reactions.
Thus, altered functionality (with increased transducin acti-
vation efficiency by rhodopsin) has been proposed as a
cause of imbalance that may underlay the deleterious effect
observed in these cases [8]. It is important to note that
hyperactivity of rhodopsin, in the case of RP, is not neces-
sarily related to constitutive activity of the visual photore-
ceptor (that is activity in the dark and/or in the absence of
11-cis-retinal), but to increased initial activation rate in
some rhodopsin mutants. Recently, a gain of function
mechanism has also been linked to RP [19]. Some muta-
tions, like those in the C-terminus of rhodopsin, result in
mislocalized rhodopsin that has been proposed to damage
the cell upon light activation [20]. It has been recently
shown that activation of mislocalized rhodopsin is not
required to cause retinal degeneration in Xenopus laevis

[21]. The role of constant activation of the phototransduc-
tion pathway on retinal degeneration has also been recently
discussed [22]. In this regard, Ca2+ lowering and trafficking
alterations of visual proteins within the photoreceptor cell
may result in morphological changes in the rod outer seg-
ments that can lead to photoreceptor cell degeneration [22].

A site of one of the RP mutations is Arg135 at the cyto-
plasmic side of transmembrane helix III of rhodopsin [23].
This is the site of three ADRP mutations (R135L, R135G,
and R135W) [24,25]. Arg135 belongs to the E(D)RY triplet
highly conserved throughout the G-protein-coupled recep-
tors superfamily, and is known to be very important for
rhodopsin proper functioning. In particular, Arg135 has
been proposed to be very important both in the activation
of the phototransduction cascade (transducin activation)
and also in the deactivation mechanism (phosphorylation
by rhodopsin kinase and subsequent arrestin binding)
[26]. Arg135 participates in a so-called ionic lock, a set of
molecular interactions of an electrostatic nature with adja-
cent Glu134, (with which it forms an ionic bridge), and
amino acids at helix 6 (Glu247 and Thr251). Breakage of
these interactions has been proposed as a main requirement
for the formation of the active form of the receptor
(Ramon et al., to be submitted). RP mutations involving
Arg135 are associated with a severe form of the disease
[27–29]. A specific clinical phenotype has been documented
for a family carrying the R135L mutation, that turns out to
be more severe than P23H at the intradiscal side and muta-
tions at the cytoplasmic Pro347 [30].

We have expressed and immunopurified the R135L rho-
dopsin mutant and analyzed the effect of the mutation on
Ca2+/recoverin-sensitive control of rhodopsin phosphory-
lation. We have found that in the case of the R135L
mutant, higher recoverin concentration is needed to cause
the same inhibitory effect upon rhodopsin phosphorylation
than with WT rhodopsin. This result adds to the current
picture of the molecular mechanisms of RP rhodopsin
mutations by involving Ca2+/recoverin fine-tuning of rho-
dopsin shut-off signaling. Thus, the involvement of Ca2+/
recoverin modulation of rhodopsin inactivation is a newly
proposed mechanism that can play a role in retinal degen-
eration caused by the R135L mutation, in addition to a
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recent study where the specific mechanism to explain pho-
toreceptor cell death caused by this mutation was proposed
to be impaired endocytic activity associated with process-
ing of the mutated protein [31]. So far no direct involve-
ment of recoverin in the development of RP has been
found [32–34], although it is known that recoverin is asso-
ciated with another type of retina degeneration, the cancer-
associated retinopathy (CAR) [35].
Materials and methods

Purification of rhodopsin from bovine ROS

ROS membranes, prepared by an ultracentrifugation method, were
solubilized in buffer B (1.8 mM KH2PO4, 10 mM NaHPO4, 137 mM
NaCl, and 2.7 mM KCl, pH 7.2, containing 1% dodecyl maltoside (DM))
and immunopurified using a Sepharose column with the covalently
attached Rho-1D4 monoclonal antibody against the last amino acids of
the C-terminus of rhodopsin (TETSQVAPA). Rhodopsin bound to the
antibody column was washed with buffer A (1.8 mM KH2PO4, 10 mM
NaHPO4, 137 mM NaCl, and 2.7 mM KCl, pH 7.2) and eluted with
buffer C (2 mM Na2HPO4, pH 6, containing 0.05% DM) containing
100 lM of a 9-mer corresponding to the last nine amino acids of the C-
terminus of rhodopsin.

Purification of transducin, rhodopsin kinase, and recoverin

Myristoylated recoverin was heterologously expressed in Escherichia

coli and purified from a cell extract as described previously [36,37]. Rho-
dopsin kinase was extracted and purified from bovine ROS employing a
modified method of Pulvermüller et al. [38] and described in detail by us
previously [39]. Ten to 12 U/ml of rhodopsin kinase extract was typically
generated, with the rhodopsin kinase activity expressed as nanomole of 32P
incorporated into receptor/min. Purified transducin was prepared as
described [40].

Transfection of COS-1 cells and purification of the expressed recombinant

rhodopsin

COS-1 cell plates at 80% confluence were transfected with the WT
opsin gene by means of a DEAE-dextran method as previously described
[11]. Briefly, COS-1 cells in 150-mm diameter tissue culture plates were
washed with PBS and incubated in 10 ml transfection cocktail (DEAE
dextrane solution containing 20 lg of DNA per plate) for 6 h at 37 �C, 5%
CO2, and saturated humidity. The medium was then aspirated, a solution
of chloroquine was added and, the cells were incubated for 3 h at 37 �C,
5% CO2, and saturated humidity. The medium was then aspirated, a
solution of chloroquine was added and, the cells were incubated for 3 h at
37 �C, 5% CO2, and saturated humidity. The plates were subsequently
washed with PBS and incubated for 60 h in 15 ml DMEM +++ per plate
at 37 �C, 5% CO2, and saturated humidity to allow expression of the
recombinant protein. Ca. 60 h after the start of the transfection, cells were
washed with PBS and collected by scraping the plates with 5 ml of buffer A
and centrifuged at 3000 rpm for 5 min at 4 �C. Cell pellets were resus-
pended in 2 ml of buffer A per tissue culture plate, containing 20 lM of 11-
cis-retinal and incubated for 4 h at 4 �C. It was necessary to provide
exogenous retinal because the mammalian monkey kidney COS-1 cells
used for recombinant opsin expression did not endogenously have this
molecule. Regenerated samples were solubilized by using a detergent
solution, containing final 1% DM and 0.1 mM PMSF, with mild end-to-
end continuous stirring for another 1 h under the same conditions.
Samples were then centrifuged at 35,000 rpm for 35 min at 4 �C. The
supernatant was collected in 15 ml tubes that contained 150 ll of Rho
1D4-coupled Sepharose (see above) and incubated for 3 h at 4 �C for opsin
binding. Samples were centrifuged at 3000 rpm and 4 �C for 3 min and
were subsequently washed twice with buffer B and buffer C, respectively.
Samples were eluted and incubated for 30 min at 4 �C in 500 ml of buffer C
containing 100 lM 9-mer peptide. Finally samples were clarified by cen-
trifugation before spectroscopic measurements were carried out.

Transducin assay

The transducin (Gt) activation levels were determined by incorporation
of radioactive GTPc35S in Gt molecules induced by photoactivated WT
rhodopsin or rhodopsin mutants essentially as previously described [15].
Briefly, the reaction mixture contained 1 lM transducin, 20 nM rhodop-
sin, 10 mM Tris–HCl, pH 7.4, 100 mM NaCl, 5 mM MgCl2, 2 mM DTT,
0.012% dodecyl maltoside, and 3 lM GTPc35S. The reaction was started
by illumination of the sample for 30 s and stopped 1 h later by the addition
of a ‘‘stop solution’’, containing 10 mM Tris–HCl, pH 7.4, 100 mM NaCl,
and 10 mM EDTA. The unbound GTPc35S was removed by microfiltra-
tion. The amount of GTPc35S bound to Gt was determined by Cherenkov
counting.

Phosphorylation assay

ROS and COS membranes. Phosphorylation of rhodopsin in ROS or
COS membranes (see legend to Fig. 1) was carried out in the reaction
mixture (250 ll) containing 20 mM Tris–HCl (pH 7.5), 150 mM NaCl,
3 mM MgCl2, 200 lM [c-32P]ATP (1 � 3 · 105 cpm/nmol), and 0.1 U of
rhodopsin kinase. Immediately after illumination of the mixture (100%
bleaching of rhodopsin), [c-32P]ATP was added to start the reaction,
which was stopped 1–40 min later by the addition of 100 ll buffer con-
taining 50 mM ATP and 20 mM EDTA. The mixture was mixed with
Rho-1D4 antibody immobilized on protein A Sepharose, and rhodopsin
was eluted with 2· the SDS–PAGE sample buffer. After SDS–PAGE of
the samples, the bands corresponding to rhodopsin were cut out, and 32P
incorporation was determined by Cherenkov counting.

‘‘Soluble’’ system. Phosphorylation of purified rhodopsin from solu-
bilized membranes was carried out in the reaction mixture (30 ll) con-
taining 20 lM Tris–HCl (pH 7.5), 150 lM NaCl, 3 lM MgCl2, 200 lM
[c-32P]ATP (1 � 3 · 105 cpm/nmol), 0.1 U of rhodopsin kinase, and 0.02%
DM, rhodopsin or rhodopsin mutant with or without recoverin as indi-
cated (see legends to Figs. 3 and 4). Immediately after illumination of the
mixture (100% bleaching of rhodopsin), [c-32P]ATP was added to start the
reaction, which was stopped 1–40 min later by the addition of 2· SDS–
PAGE sample buffer. After SDS–PAGE of the samples, the bands
corresponding to rhodopsin were cut out, and 32P incorporation was
determined by Cherenkov counting.

Results and discussion

UV–vis absorbance spectra of purified recombinant WT
rhodopsin and of the R135L mutant are presented in
Fig. 1A. The spectrum for the mutant is very similar to that
previously reported [41]. No chromophore regeneration
was detected from photobleaching difference spectra of
regenerated 293 cell membranes [4]. The chromophore
yield—as judged by absorption at 280 nm—seems similar
for the two proteins, and the chromophoric visible band
is located at 500 nm in both cases. However, careful inspec-
tion of the spectra reveals a lower chromophore formation
for the R135L RP mutant when compared to WT rhodop-
sin: the A280/A500 ratio was equal to 2.5 and 1.8 in the case
of the mutant and WT rhodopsin, respectively. This differ-
ence can be due to: (i) a lower ability of the mutant opsin to
bind 11-cis-retinal, suggesting some degree of structural
misfolding, (ii) impaired accessibility to the binding pocket
for the retinal, or (iii) some degree of instability of the



%
 G

ta
ct

iv
at

io
n

W
T

R135L
Wavelength (nm)

A
b

so
rb

an
ce

WT

R135L

300

0.00 0

20

40

60

80

100

120

0.02

0.04

0.06

0.08

0.10

0.12

0.14

400 500 600

A B

Fig. 1. (A) UV–visible absorption spectra of WT rhodopsin and the rhodopsin mutant R135L in 2 mM sodium phosphate, pH 6.0, 0.05% DM. (B) Gt

activation of WT rhodopsin (WT) and the R135L mutant (R135L) after illumination with light of k > 495 nm.

348 I.I. Senin et al. / Biochemical and Biophysical Research Communications 349 (2006) 345–352
formed chromophore that would be lost during the purifi-
cation procedure.

Both two latter hypotheses seem to be more plausible than
misfolding of the receptor as the mutation is located at the
cytoplasmic boundary of the rhodopsin helix 3, i.e. in a region
very distant to the 11-cis-retinal binding pocket. This makes
unlikely that the increased A280/A500 ratio reflects structural
misfolding of the receptor. We have previously reported that
the dark state of the purified R135L mutant is somehow more
thermally unstable than WT rhodopsin [8]. In addition, the
hydroxylamine reactivity of this mutant in the dark is slightly
modified with regard to the WT behavior [8]. The electropho-
reticmobilityof themutantwasfoundtobesimilar totheWT,
indicating that the mutant was normally glycosylated and
processed in the COS-1 cells to the plasma membrane and
not retained in any other subcellular compartment. These dif-
ferences argue against protein misfolding and suggest subtle
differences in the dark conformation of the mutant.

The functionality of the mutant rhodopsin was also
determined by means of a radioactive binding assay. It
was found that the activation of Gt was severely impaired
giving only 20% of the total activation when compared to
WT rhodopsin under the same experimental conditions
(Fig. 1B). Previous studies found no activation at all for
this mutant [41] and about 50% of the initial activation rate
in a more recent study where the activation was measured
by fluorescence spectroscopy [8].

Several aspects can be taken into account to reconcile
the apparent discrepancy in the results obtained with the
same kind of sample, i.e. detergent purified mutant protein.
It should be noted that the rhodopsin and Gt concentra-
tions used in the three studies are different. More rhodop-
sin is used in our previous [8] and current studies than that
in the study where no activity was detected [41]. If the affin-
ity of rhodopsin for Gt is lowered, then increasing concen-
trations of rhodopsin in the assay can lead to detecting
some activity that otherwise will not be seen. In the case
of the R135L mutant our previous result showed a decrease
of about 50% in the initial rate of activation [8] but the
total activation was lower. This could also be explained
by a faster decay of the active conformation metarhodop-
sin II in spite of the higher rhodopsin concentration used
in this study. Overall, the results of our investigation of
Gt activation by the R135L rhodopsin mutant, indicate
that this mutant has impaired ability to activate the photo-
transduction cascade. A possible explanation that can be
suggested is that R135 in WT rhodopsin is actually
involved in the physical binding to Gt. Thus, mutation at
this site will be perturbing normal rhodopsin-Gt binding
in the corresponding molecular recognition event.

Although the activation of Gt is severely affected as a
result of the rhodopsin mutation, the contrary is true for
the inactivation through phosphorylation by rhodopsin
kinase. Fig. 2A shows results of phosphorylation of recom-
binant WT rhodopsin in COS membranes and retinal rho-
dopsin in ROS membranes. The time dependence of
rhodopsin phosphorylation, in ROS and COS membranes,
was found to be very similar (data not shown). However,
our data highlight differences in the level of phosphoryla-
tion of these two forms of rhodopsin. In all our experi-
ments, phosphorylation reactions of recombinant WT
rhodopsin in COS cell membranes had rates between 57%
and 72% of those with retinal rhodopsin in ROS mem-
branes. The observed difference between rhodopsin phos-
phorylation in ROS and COS-1 cell membranes is likely
due to differences in phospholipid composition, the impor-
tance of which for rhodopsin structure and function has
been stressed in the last years [42,43]. Particularly relevant
is the role of retinal specific lipids, like docosohexanoic acid,
in rhodopsin structure, function, and activation [44,45].

In order to evaluate whether the substrate properties of
recombinant rhodopsin in the phosphorylation reaction
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catalyzed by rhodopsin kinase are similar to those of reti-
nal rhodopsin, we compared the properties of both forms
of rhodopsin in a soluble system consisting of purified pro-
teins. For experiments in the soluble system, recombinant
WT and retinal rhodopsin were purified by using the specif-
ic Rho-1D4 monoclonal antibody and ConA column,
respectively. The behavior of recombinant WT and retinal
rhodopsin in terms of their phosphorylation was very sim-
ilar. The corresponding kinetic parameters for recombinant
WT and retinal rhodopsin were the following: Km 0.54 and
0.51 lM, respectively, and Vmax 34 and 37 pmol/min/lg of
rhodopsin kinase, respectively (data not shown). These
results strengthen the mentioned idea that the observed dif-
ferences in phosphorylation level of rhodopsin in ROS and
COS membranes are due to differences in the phospholipid
matrix composition of these membranes.

It was previously reported that some rhodopsin mutants
at position 135, in particular the R35L mutant, displayed a
higher level of light-induced phosphorylation than that of
WT rhodopsin, and an increase in their affinity for visual
arrestin [26]. Therefore, we hypothesized that these changes
in affinity of the R135L rhodopsin mutant for rhodopsin
kinase might lead to changes in the Ca2+/recoverin depen-
dent control of rhodopsin phosphorylation. In order to
verify this hypothesis, we investigated the Ca2+-dependent
effect of recoverin upon phosphorylation, of retinal rho-
dopsin and the R135L mutant, catalyzed by rhodopsin
kinase.

We found that the R135L mutant was 35–70% more
phosphorylated by rhodopsin kinase in comparison with
recombinant WT rhodopsin (Fig. 2B). In the absence of
recoverin, phosphorylation of WT rhodopsin and the
R135L mutant was Ca2+-insensitive (data not shown). In
the presence of saturating Ca2+ concentrations and 2 lM
of recoverin, the level of WT rhodopsin phosphorylation
was decreased by 40–50%. However, phosphorylation of
the R135L mutant was less sensitive to Ca2+/recoverin: in
this case, the phosphorylation level was decreased only
by 20–25% (data not shown). The rhodopsin kinase activity
dependence on rhodopsin concentration in purified deter-
gent solubilized samples was investigated (Fig. 3). A higher
level of phosphorylation is detected in the case of the
mutant in agreement with results presented in Fig. 2B. Fur-
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thermore, a faster kinetics of phosphorylation is also seen
for the R135L mutant when compared with WT. The
dependence of the recoverin inhibitory effect upon phos-
phorylation of retinal rhodopsin and the mutant R135L
on recoverin concentration is shown in Fig. 4. It should
be noted that the inhibitory action of recoverin on phos-
phorylation of WT rhodopsin is observed at a significantly
lower concentration of recoverin than in the case of the
R135L mutant. EC50 value is 2.2 lM for WT rhodopsin
phosphorylation, whereas it is increased to 9 lM in the case
of the mutant.

Recoverin is a small myristoylated calcium binding pro-
tein [46] that binds to rhodopsin kinase in the presence of
high Ca2+ concentration acting as an inhibitor of the
kinase activity [47]. Recent studies have provided informa-
tion about the structural domains of this calcium-sensor
important for its interaction with rhodopsin kinase
[48,49]. These data provide support for a model in which
recoverin prevents rhodopsin phosphorylation by sterically
blocking a region of rhodopsin kinase essential for its inter-
action with rhodopsin [49]. Thus, previous results suggest
an important role for recoverin in the deactivation pathway
of visual phototransduction. In our present study, we pro-
pose an involvement of Ca2+/recoverin regulation in the
desensitization process of the ADRP rhodopsin mutant
R135L. Previous works studied the possible involvement
of recoverin in the molecular pathophysiology of RP, but
no direct link was found between recoverin and RP [32–
34]. On the other side, recoverin has been found linked to
cancer-associated retinopathy [35], and this broadens the
physiological roles in which this Ca2+-binding protein is
proposed to be involved.

Hyperphosphorylation and high-affinity binding to arr-
estin for R135L has been shown to result in an impairment
of the endocytic activity and this has been proposed to be
the cause of the pathological effect associated with this spe-
cific mutation [31]. This has led to the proposal that 135
mutations would belong to a new Class III of RP mutants
characterized for a clearly distinct phenotype [31].

Our results suggest an involvement for Ca2+/recoverin
in the regulation of rhodopsin phosphorylation by rho-
dopsin kinase in the case of the R135L mutant. This effect
could take place for molecules of the apoprotein that can
be constitutively phosphorylated by rhodopsin kinase and
have bound arrestin, but also in the case of the majority
of rhodopsin molecules that can be regenerated and there-
fore are sensitive to light. Assuming that these molecules
reach the plasma membrane and follow a classical photo-
activation pathway, this mechanism of fine regulation by
means of Ca2+/recoverin can also come in play for recep-
tor desensitization. Little or no Gt activation would result
in only slight decrease in intracellular Ca2+ in photorecep-
tor cells (compared to the normal physiological response,
i.e. important decrease in intracellular Ca2+). Thus, Ca2+

would be more readily available for recoverin, and more
recoverin will be needed to produce the same inhibitory
effect in the case of the R135L mutant than in the case
of WT rhodopsin. In summary, our current results—ob-
tained in a controlled experimental system with purified
proteins—show that an effect at the recoverin level can
be associated with an RP mutation, and that this effect
must be specifically due to the mutation because no mod-
ification of the kinase or recoverin has been made. This is
the first time that alterations at the recoverin level, in the
deactivation of the phototransduction cascade, are linked
to RP.
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