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Abstract

In the AAsn,y Drosophila stock, the N-linked glycosylation site of opsin in R1-6 receptors (Rhl) is absent.
We used electroretinography (ERG), microspectrophotometry (MSP), and electron microscopy (EM) to
quantify visual cell defects. Positive controls, w9, had wild type Rh1. MSP revealed minimal photopigment
in AAsn,, for 6 days posteclosion; w9 had near normal visual pigment. ERG sensitivity and prolonged
depolarizing afterpotential (PDA) were compared for AAsn,, and w9. AAsn,,’s R1-6 function is decreased
100-fold at eclosion and diminishes until only R7/8 functions at 11 days. What little rhodopsin is routed
to the rhabdomere functions. Morphometry showed smaller R1-6 rhabdomeres in AAsn,, for 8 days
posteclosion. Rhabdomeres in w9 were normal. A negative control, ninaE°"?, a deletion of the Rhl gene,
also has small rhabdomeres. AAsn,, and ninaE°!7 lack the extreme rhabdomere elimination of ora (outer

rhabdomeres absent), a nonsense mutant interrupting Rh1’s coding sequence. AAsn,,; and ora have surplus
membrane while ninaE°"7 does not. Freeze fracture reveals that AAsn,,’s thabdomeric P-face particle count
is as low as for vitamin A deprivation, consistent with an opsin defect. High particle density, organized into

rows, is present in adjacent plasmalemma where surplus membrane accumulates. In summary, AAsn,,
interferes with either synthesis, deployment, or maintenance of opsin.
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Introduction

Packing opsin into membranes of microvillar organelles, called
rhabdomeres in Drosophila photoreceptors, requires well-
orchestrated protein synthesis and routing. Like many membrane
proteins, opsin undergoes N-linked glycosylation cotranslation-
ally in the rough endoplasmic reticalum. Huber et al. (1990)
showed that newly synthesized Calliphora opsin is glycosylated
while mature rhabdomeric rhodopsin is not (see also Ozaki et al.,
1993). This confirms and extends an earlier report (deCouet &
Tanimura, 1987) that Drosophila rhodopsin is not glycosylated.
Tunicamycin has been used to inhibit glycosylation since it
blocks the biosynthesis of N-linked oligosaccharides attached
to glycoproteins (reviewed by Elbein, 1987). In Drosophila, tuni-
camycin blocks rhodopsin recovery by carotenoid replacement
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in vitamin A deprived flies (Stark et al., 1991), implicating that
glycosylation is pivotal in opsin traffic.

In the vertebrate, rhodopsin need not be glycosylated in order
to function in phototransduction since the spectrum and regener-
ability of bovine opsin are not altered by enzymatic deglyco-
sylation (Krishna Prasad et al., 1992). However, glycosylation
may influence opsin routing into the outer segment. In Xeno-
pus laevis and Rana pipiens retinas, tunicamycin blocks glyco-
sylation and disrupts disc membrane assembly, eventually
causing retinal degeneration (Fliesler & Basinger, 1985; Flies-
ler et al., 1984, 1985).

In this study, we examined the cell biology of rhodopsin
deployment and function by taking advantage of a glycosyla-
tion deficient Drosophila mutant. O’Tousa (1992) transfected
the germline of an opsin deletion, ninaE°"’7, with a coding
sequence in which the N-linked glycosylation site was altered.
In the resulting strain, dubbed AAsn,,, the asparagine (N =
Asn) residue at position #20 of the opsin protein was replaced
by isoleucine (Ile, a codon change of AAT to ATT). Ile was cho-
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sen as an appropriate substitute for Asn because it contains a
nonreactive carbon side group. AAsn,, flies had normal
steady-state mRNA levels as assessed by Northern blots, but
much lower rhodopsin levels (measured with protein gels). This
means that transcription is not at fault. Positive controls, w9,
were opsin deletions transformed with the wild type Rhl gene
(O’Tousa, 1992). We extended O’Tousa’s initial description on
AAsn,, by quantifying visual pigment, sensitivity, rhabdomere
area, and the cellular ultrastructure. An abstract of these find-
ings has already been published (Chen et al., 19924).

Methods

Animals

Drosophila melanogaster were raised on a standard medium
with enough carotenoids for fully developed visual function
(Chen et al., 1992b; Stark et al., 1990). Sources of carotenoids
in the medium were yellow cornmeal and a supplementation of
B-carotene at 0.125 mg/ml, the minimum dose found to maxi-
mize sensitivity (Stark et al., 1977) and visual pigment (Stark
& Johnson, 1980; Stark et al., 1990) for flies reared from egg
to adult on an otherwise carotenoid-deficient medium. Flies were
reared in a 12-h light/12-h dark (L/D) cycle of laboratory flu-
orescent (Phillips 30-W Cool White) lighting at an intensity of
75-80 lux (Lutron LX 101 digital lux meter).

Stocks of white-eyed AAsnyg, W9, and ninaE®'7 were ob-
tained from Professor Joe O’Tousa at Notre Dame University.
AAsn,, and w9 resulted from his recent work (O’Tousa, 1992)
while ninaE°"” was described earlier (O’Tousa et al., 1985).
Originally, O’Tousa (1992) showed similar deficits in two inde-
pendent isolates with different sites of incorporation of the gene
into the genome: AAsn,, #2 and #4. All of the work reported
here utilized #4. ninaE°"!7 is a large deletion encompassing
most of the opsin gene and a large upstream region. As the dele-
tion strain was used as a parental strain of both normal and
AAsh,y opsin genes, it would seem to be an appropriate con-
trol for the observations made on these transformants. We
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report our o/17 data, but with the following caveat. The two
0l17 lines provided to us by O’Tousa and bearing different mark-
ers had different ERG phenotypes. One, marked with ry, had
an ERG as expected from R7 and R8 (Britt et al., 1993). The
other, marked with sr, had considerable R1-6 function even to
4 days posteclosion. Both had diminished rhabdomeres and
other ultrastructural features suggestive of abnormality, Our
data is from the ry strain (although we also present data from
the sr strain in Fig. 1).

The lack of eye color in white-eyed constructs allowed for
visual pigment and sensitivity determinations unconfounded by
the spectral effects of screening pigments.

Deep pseudopupil microspectrophotometry

Our techniques for measuring visual pigment from R1-6 rhab-
domeres of live Drosophila have been previously described (Sapp
etal., 1991; Stark & Johnson, 1980). The measurement is based
on the nonbleaching photointerconversion of a 480-nm absorb-
ing rhodopsin with its 570-nm absorbing metarhodopsin. The
deep pseudopupil was viewed with 579-nm light, at the absor-
bance difference spectrum’s maximum. This image was local-
ized into a closely fitting aperture in front of a photomultiplier.
Maximal rhodopsin was created by applying a 620-nm stimu-
lus for 10 s at 16.2 log quanta/cm?-s. Then transmission of
579-nm light through the deep pseudopupil was measured. Meta-
rhodopsin was subsequently maximized by applying 450-nm
light at 15.8 log quanta/cm?-s for 10 s. The transmission was
again measured, The log of the ratio of these two transmissions
(after 620 nm vs. after 450 nm) is the absorbance difference.

Electroretinography

ERGs were recorded using refinements of previously described
methods (e.g. Chen et al., 1992b; Stark & Wasserman, 1972).
The fly’s compound eye was carefully located at the focal plane
of an optical stimulator using 625-nm light at an intensity of
16.3 quanta/cm?-s. A glass micropipette was inserted into the
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Fig. 1. Microspectrophotometry of AAsn,p, ninaE°"” (two strains, one selected with s7 and the other with ry as markers, the
negative controls) w9 (the positive control). Average absorbance difference as a function of days posteclosion is plotted
(n = s.E.). For comparison, the data from a normal white-eyed positive control strain is replotted from an earlier study (Zinkl

et al., 1990).



Glycosylation deficiency in Drosophila opsin

retinal cell layer. The fly was dark adapted for 40 min before
collecting the dark-adapted spectral sensitivity for a 2-mV peak-
to-peak criterion potential. The prolonged depolarizing after-
potential (PDA) was induced by 470-nm stimulation at about
16.2 log quanta/cm?-s for 2 s and was reversed by 570-nm
stimulation at about 16.3 log quanta/cm?-s for 2 s.

Electron microscopy (EM) and morphometry

We fixed fly heads for transmission EM and subsequent mor-
phometry using aldehyde prefix, osmium postfix, and lead and
uranyl staining as previously published (e.g. Chen et al., 1992b;
Stark & Clark, 1973). Although xylene had been used in some
earlier studies (e.g. Stark & Sapp, 1987) to expand sections while
they were in the boat of the diamond knife, this step was omit-
ted to avoid variability in our morphometric measurements. For
morphometry, sections were photographed at 7500x on a JEOL
1200 transmission TM. Because the rhabdomeres taper slightly,
photographs were always taken at one plane in the distal-
proximal extent, specifically the R1-6 nuclear layer where most
ommatidia sampled showed at least two nuclei. For further con-
trol, we only photographed sagitally sectioned heads with well
cross-sectioned rhabdomeres near the equator,

Morphometric measurements were accomplished on our
computer digitized image analysis system (Chen et al., 19925b;
Katz et al., 1991; Sapp et al., 1991; Stark et al., 1991; Zinkl
et al., 1990). We focussed a Dage MTI CCD-72 video camera
(with a Fujicon HF35A-2 lens) onto EM negatives using an
Aristo DA-10 light box. Images were fed into an AIC (Analytical
Imaging Concepts) model IM morphometric and densitomet-
ric system operated on a Northgate 286 computer. Rhabdomere
perimeters were manually traced to obtain a measurement of
cross-sectional area.

Freeze-fracture electron microscopy

Freeze-fracture EM was performed as previously described
(Stark & Carlson, 1983; Stark et al., 1987, 1989; Stark & Sapp,
1988) with modifications (Katz et al., 1991). Heads were dis-
sected in a fixative consisting of 1% gluteraldehyde, 0.17 M
sodium cacodylate, pH = 7.4 at room temperature for at least
20 min. After an initial period of fixation to harden the retina
somewhat, heads were sliced into smaller fragments so that they
could be packed onto the hat-shaped specimen holder for the
fracture apparatus. Specimens were washed in 0.17 M sodium
cacodylate, pH = 7.4 and then were placed into a vial contain-
ing 4 ml of this buffer. Glycerol was slowly added to the vials
over a 2-h period until a final concentration of 30% of this cryo-
protectorant was achieved.

Heads were packed onto gold specimen holders using a hold-
ing paste of live yeast growing in the glycerinated buffer. Hold-
ers were quickly frozen in liquid freon (cooled by liquid nitrogen)
and stored in liquid nitrogen. Frozen samples were fractured
at —102°C by razor under visual control, and plated with plat-
inum and carbon in the Bendix-Balzers 301 freeze-fracture appa-
ratus. The holders were immersed in chromic acid-sulfuric acid
for 1-2 days, and the replicas were transferred to a distilled water
wash with the aid of copper grids. Replicas were then mounted
on uncoated copper grids which had been soaked briefly in an
azure blue solution (about 0.1 mg/ml) and viewed and photo-
graphed on a JEOL CX Transmission EM. The AIC morpho-
metric computer was used to facilitate quantification of P-face

621

particles. Identification of particles in freeze-fracture electron
microscopy has always been subjective, but this is less of a prob-
lem for low counts such as those we present.

Results

Microspectrophotometry (MSP)

MSP revealed that AAsn,, and ninaE°""” flies have little visual
pigment within a week after eclosion (Fig. 1). The positive w9
controls had much higher visual pigment than AAsn,, and
ninaE®"”, We consider visual pigment in w9 to be near normal,
although it is slightly lower than for white-eyed otherwise wild-
type flies [data from Zinkl et al. (1990)].

Electrophysiology

Three aspects of the ERG can be used to infer R1-6 function
and health: the prolonged depolarizing afterpotential (PDA),
the ON and OFF transients, and the sensitivity. The PDA is a
“locking in” of the R1-6 receptor potential (e.g. Stark et al.,
1976). The ON and OFF transients are from R1-6 synapses in
the lamina (e.g. Shaw, 1981). Fig. 2 shows both of these mea-
surements at 1, 5, 7, and 11 days after eclosion. The PDA of
AAsn, at 1 and 5 days is small and witnessed only as a slow
return to baseline after 470-nm stimulation. The PDA is dimin-
ished at 7 days. At 11 days postemergence, AAsn,, flies no lon-
ger exhibit any PDA. Thus, there is a reduction of R1-6 function
with the end result being an ERG which looks like that for R7/8
alone (Stark & Zitzmann, 1976).

The ON and OFF transients of the ERG follow the same pat-
tern as the PDA: small for newly eclosed and diminishing with
age until, at 11 days, the ON and OFF transients are gone.
Again, this points to a demise in R1-6 receptor function with
age in AAsn,,. Fig. 3 shows the presence of normal PDA and
ERG transients for the positive controls, w9, at 7 days.

ERG sensitivity measurements were used to quantify
AAsnyy’s loss of R1-6 function from the newly eclosed level to
the point at which only R7/8 function could be detected (Fig. 4);
w9’s sensitivity starts out and remains at the expected high con-
trol levels. Sensitivity was determined at 470 nm for w9 and
AAsny, as a function of age posteclosion to 11 days. AAsn,,
flies start out 2 log units less sensitive than w9, and the sensi-
tivity decreases with age for AAsn,, flies.

Fig. 5 expands on this finding by presenting entire spectral
sensitivities at selected ages. For the positive control, w9, the
spectral sensitivity stays constant and resembles that widely pub-
lished for R1-6 (e.g. Harris et al., 1976). For AAsn,, flies, in
the UV region of the spectrum (where R7 sensitivity is high),
the sensitivity does not decrease with age. However, in the visi-
ble region (>400 nm) the sensitivity decreases almost 1 full log
unit from % day to 11 days. Considered in light of the relative
levels and shapes of the R1-6 vs. R7/8 spectra (Harris et al.,
1976), the data of Figs. 4 and 5 can be interpreted as follows:
(1) R1-6 function is diminished 100-fold in newly emerged
AAsn,, flies; and (2) the remaining function is eventually lost,
leaving only R7/8 functional in the compound eye’s ERG.

Fig. 6 shows the ERG intensity-response functions at selected
ages in AAsn,,. At 1 day, the receptor potential reaches 25 mV
at a saturating intensity level, a substantial fraction of that
expected for normal flies and about that obtained from vita-
min A deprived flies (Stark et al., 1991). Later, the intensity—
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Fig. 2. ERG waveforms from AAsny, flies at 1, 5, 7, and 11 days. The top of the figure, labeled “PDA,” shows responses
(lower tracings) on a slow time scale to intense 470- and 570-nm stimuli (upward deflections on upper tracings, 16.09 and 16.32
log {quanta/cm?-s}, respectively) to demonstrate the PDA (prolonged depolarizing afterpotential) properties. Larger responses
to all stimuli at 1 day (also 5 days) and slow repolarizations after 470-nm stimuli demonstrate minimal R1-6 function and PDA’s,
respectively. The responsivity at 7 and 11 days is that of the compound eye with only R7/8 functional (e.g. Harris & Stark,
1977; Harris et al., 1976). The bottom of the figure, labeled “ERG,” shows faster sweep speeds for intensity-responsivity series
of ERG waveforms elicited by 470-nm stimuli (upward deflections on the top most tracings). The intensity ranges are as fol-
lows: 9.7 (second tracing from top) to 14.6 (bottom tracing, intensities in log quantum flux as above) at 1 day, 10.6 to 14.2
at S days, 11.3 to 15.1 at 7 days, and 11.3 to 16.2 at 11 days. The diminishing ON and OFF transients and responses, as well
as the higher stimuli needed to obtain the responses, indicate an early R1-6 function which disappears (leaving only R7/8 func-
tional) with age. Calibration axes show gains and sweep speeds for both PDA and ERG experiments.

response function better resembles that obtained when only
R7/8 are functional in the compound eye (e.g. Stark & Zitz-
mann, 1976).

Electron microscopy

Fig. 7 shows the R1-6 cross-sectional area as measured by com-
puterized image analysis from EM. AAsn,, flies have small
R1-6 rhabdomeres at emergence which may decrease a small
amount with age. AAsn,, rhabdomeres are about half of the
size of the rhabdomeres in w9 [which approximate those of wild
type (Chen et al., 1992b; Sapp et al., 1991)]. ninaE°"7 have
small rhabdomeres like those of A Asn,, flies and much smaller
than those of w9. Importantly, both AAsn,, and w9 still have
R1-6 rhabdomeres at 1 week. By contrast, micrographs from
ninaE°® flies (see Discussion) suggest that the R1-6 rhabdo-
meres are largely gone by 1 week (O’Tousa et al., 1989; Stark
& Sapp, 1987). In all three strains, R7 rhabdomeres served as
an internal control since they express different opsin genes.
R7 area does not differ with age in AAsn,,, w9, or ninakE°"’
(Fig. 8). These values are also close to those previously obtained
for wild type (Chen et al., 1992b; Sapp et al., 1991).
Cross-sectioned ommatidia of w9 (Figs. 9 and 10) and

AAsn,, (Figs. 11 and 12) are shown. In 1-day-old w9 (Fig. 9),
rhabdomere size is normal, and it appears that normal cycling
of photomembrane is occurring, as indicated by the multi-
vesicular bodies (MVBs). At 8 days, w9 still appears healthy
(Fig. 10). AAsn,y, however, has small R1-6 rhabdomeres at
1 day (Fig. 11). Occasionally, the belt desmosomes which join
retinula cells, normally situated right at the intraommatidial cav-
ity (cf. Figs. 9 and 10), are slightly recessed. At 8 days (Fig. 12),
AAsnyy’s thabdomeres are still small (note that one R1-6 rhab-
domere has almost disappeared). Also membrane specializations
with a zipper-like appearance (Alawi et al., 1972; Stark & Sapp,
1989; Stark et al., 1989) have developed between the belt des-
mosome and the intraommatidial cavity. R7 cells are about the
same size in all micrographs.

Fig. 13 shows that ninaE®"” has diminished rhabdomeres at
3 days posteclosion but does not have zipper-like membrane
accumulations. Although Leonard et al.’s (1992) micrograph of
white-eyed ninaE®'7 aged 1 week showed slightly smaller rhab-
domeres, we consider the findings to be the same. Neither study
showed cellular degeneration, witnessed by electron densifi-
cation.

Fig. 14 shows a freeze-fracture electron micrograph of
AAsn,, showing that there are very few P-face particles in the
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Fig. 3. PDA and ERG properties obtained from w9 at 7 days posteclo-
sion. The presentation is as in Fig. 2. For the PDA, intensities are 16.2
log quantum flux at 470 nm and 16.4 at 570 nm. For the ERG, the inten-
sity range is 8.4 to 12.2, Note the much more sustained corneal negativ-
ity after 470-nm stimulation (downward deflection) which is repolarized
after actinic light at 570 nm in the PDA experiment. This more closely
matches the tracings for normal flies with R1-6 functional (e.g. Stark
& Zitzmann, 1976). Also, the presence of ON and OFF transients and
the high sensitivity (low intensities needed to elicit the ERG’s shown
on the bottom of the figure) are indicative of normal R1-6 function.

rhabdomeric microvilli, a picture much like that obtained from
vitamin A deprived flies. Note that we were fortunate to obtain
a fracture plane which included the plasmalemma adjacent to
the microvilli, and this membrane reflects the particle density

94 n=5 n=6 n=s

Sensitivity (log quanta/cm2 X sec)

Time (days)

Fig. 4. ERG sensitivity as a function of adult age posteclosion for w9
and AAsn,, flies assayed at 470 nm. Sensitivity was determined as
inverse log intensity [quanta/cm?-s] for a 2-mV peak-to-peak ERG and
was averaged from the number of preparations shown with the s.E. as
a vertical bar.
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Fig. 5. Spectral sensitivity for the ERG of w9 and AAsn,, flies at
selected ages to 11 days. Criterion, intensity units, and averaging are
as in Fig. 4.

of the microvilli out to a point. Beyond that point, high den-
sity and ridges mark the probable location of the zipper-like
membrane specialization. Counts of P-face particle density were
as follows: rhabdomeric microvilli— 1000 + 60 (S.E.)/pm?,
close adjacent area—1010 + 12/pm?2, and area of higher
density — 3953 + 84/um?.
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Fig. 6. Intensity-response function for the negative wave (receptor
potential) of the ERG at selected ages posteclosion. Amplitude (mV)
is plotted as a function of relative intensity (log guantum flux) where
0 corresponds with 16.12 + 0.04 log quanta/cm?-s. Numbers of prep-
arations averaged and standard errors are shown.
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dard deviation.
Discussion phototransduction function. For instance, synthesis could theo-
retically be abnormal, but transcription is not: opsin mRNA
Our results suggest that AAsn,, interferes with either the syn- level in AAsn,, is not different from that of wild type (O’Tousa,
thesis, deployment, or maintenance of rhodopsin, but not its 1992). On the other hand, our evidence favors incorrect deploy-
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Fig. 8. Rhabdomere area of R7 determined by computerized morphometric analysis over a 9-day period is shown for AAsn,,,
w9, and ninaE°"’. Numbers above the error bars represent the number of rhabdomeres measured. Error bars show the stan-
dard deviation.
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Figs. 9-12. Cross-sectioned ommatidia at the levels of the R1-6 nuclei [*] of w9 (Figs. 9 and 10) and AAsn,, (Figs. 11 and
12) on the first day after eclosion (Figs. 9 and 11) and 8 days after eclosion (Figs. 10 and 12). The intraommatidial cavity (IOM)
is central in each micrograph, and R7 inserts from the 6, 7, 6, and 5 o’clock positions in Figs. 9-12, respectively. Long arrows
show MVB’s seen in w9 but not A Asn,,. Small arrows depict the belt desmosomes which are in the fields, normal in w9, some-
times recessed in 1-day A Asn,, and sometimes peripheral to the IOM by zipper-like membrane densities (arrowheads) in 8-day
AAsny,. Calibration bars = 1 pym.

ment or maintenance since R1-6 are partly functional. Possi-
bly, a small amount of nonglycosylated rhodopsin leaks to the
rhabdomere where it functions since normal rhabdomeric rho-
dopsin is not glycosylated (deCouet & Tanimura, 1987; Huber
et al., 1990).

Many types of retinal dystrophies are caused by incorrect
assembly and routing of opsin. An interesting example is in
mutants of the Drosophila ninaA gene, in which a cyclophilin
homolog is missing; this enzyme is required for proper protein

folding by catalyzing peptidyl-prolyl cis to trans isomerization
(Stamnes et al., 1992). In ninaA mutants, Rh1 is produced, but
is not correctly routed to the rhabdomere; opsin accumulates
in cisternae of the rough endoplasmic reticulum (Colley et al.,
1991).

It is not surprising that visual pigment for AAsn,, and
ninaE°"7 is undetectable (Fig. 1). Beyond the scope of this
MSP measurement, the ERG offers a log scale to quantify the
minimal R1-6 function in newly emerged AAsn,, (Figs. 2 and
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Fig. 13. A cross section of an ommatidium of the ninaE°"7 stock
marked with ry and aged 3 days. Note the absence of any of the zipper-
like membrane specializations as seen in Fig. 12 for AAdsny,. R1-6
(numbered counterclockwise) are as small as R7 (inserting from the 6
o’clock position) in this cross section and much smaller than in w9 as
shown in Figs. 9 and 11. Nuclei [*] of R1-5 and R7 are shown. Retin-
ula cell cytoplasm is dense with rough endoplasmic reticulum. Denser
reticulum (arrows) is in the secondary pigment cells. Calibration bar =
1 pm.

4-6). We conclude that functional rhodopsin is reduced over
100-fold, although that which does “leak” to visual membranes
mediates phototransduction. This is consistent with the finding
in the vertebrate that spectrum and regenerability of rhodop-
sin do not require glycosylation (Krishna Prasad et al., 1992).

Interestingly, AAsn,, flies have surplus membrane between
the belt desmosomes of retinula cells and the intraommatidial
cavity. These unusual elaborations look like septate desmosomes
and also like the “zippers” of the no receptor potential mutant
(Alawi et al., 1972; Stark & Sapp, 1989; Stark et al., 1989). The
Drosophila mutant outer rhabdomeres absent (ora) also has
such membranes (Stark & Sapp, 1987); ora is an allele of ninakl
(the R1-6 opsin gene, see also below), hence the name ninaE**
(Washburn & O’Tousa, 1992). The site of zipper accumulation
is directly confluent with rhabdomeric microvilli (Stark et al.,
1992). Thus, the abnormality could reflect a defect of opsin
deployment which results in a “storage disease.” The issue is
unresolved, however, since the micrographs of Leonard et al.
(1992) of several EMS-induced mutant alleles of ninaE, namely
P318, P332, P334, and P352, did not show such membranes;
since all these stocks were on a red-eyed background and the
ninaE°™ vistas were from a white-eyed background, it is pos-
sible that lack of eye color pigmentation influences this abnor-
mality. We were fortunate to obtain a freeze-fracture replica
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Fig. 14. A freeze-fracture micrograph of AAsn,, showing the paucity
of P-face particles in the rhabdomeric microvilli (M) and the adjacent
plasmalemma (P). Beyond a certain distance (arrow) from the micro-
villi, the plasmalemma shows a higher P-face particle density with some
particles organized into distinct ridges (arrowheads). We propose that
this is a freeze-fracture visualization of the zipper-like membrane. Note
the pock mark in the adjacent plasmalemma, the apparent site of a
coated pit. Magnification = 29,000x.
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which is almost certainly through the zipper. This vista is of con-
siderable interest since it is the first view of its kind. It shows
a high P-face particle density and a set of organized ridges.

The zipper is lacking, and rhabdomeres survive in ninaE°"”
while ninaE°®™ has zippers. Also, in ninaE°?, a nonsense
mutation interrupting Drosophila’s opsin coding sequence at
position 251 (Washburn & O’Tousa, 1992), rhabdomeres form
and then diminish (O’Tousa et al., 1989; Stark & Sapp, 1987).
The glycosylation deficient A Asn,, has zippers. These compar-
isons suggest that cells have less severe pathology with the opsin
gene deletion than with improperly synthesized or routed opsin.
We characterize ninaE°""7 at the cell biological level since it was
the strain used to construct the AAsn,, and w9 lines. Our find-
ings do not contradict the use of #ninaE°'” in a number of other
studies (e.g. Britt et al., 1993; Colley et al., 1991). We find the
amount of rough endoplasmic reticulum in ninaE®7 to be
curiously high considering that translation of opsin, the pho-
toreceptor’s predominant protein, should not even be initiated.
Perhaps there is a compensatory increase in the translation of
other proteins.

Mutations of opsin are becoming increasingly relevant. For
instance, in the human, some forms of autosomal dominant ret-
initis pigmentosa are caused by single missense mutations in the
opsin coding sequence (Dryja et al., 1990). By contrast, non-
sense mutations should have gross effects, and one patient was
blind from birth because of a stop codon at 249 (Rosenfeld
et al., 1992). Since ningE°™® and human sites are nearly identi-
cal, it is interesting that heterozygous relatives of this affected
patient and heterozygotes of ninaE°™ (Chen et al., 1993) are
both approximately 0.5 log units less sensitive than homozygous
normals (Rosenfeld et al., 1992).

The present analyses of a missense mutation at a particu-
larly important site in the opsin sequence thus integrates into
a growing body of basic and clinical evidence concerning the
proper function of the opsin gene.
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