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Retinal and retinol promote membrane fusion
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Disk membranes from the bovine retinal rod outer scgments (ROS) were found to fuse with vesicles made of lipids extracted
from unbleached ROS disk membrancs, using a lipid mixing assay for membrane fusion (relief of self-quenching of Ry,
octadecylrhodamine B chloride). If the retinal chromophore of rhodopsin was reductively linked to opsin before lipid extraction,
the vesicles made of the extracted lipids were not suitable targets for fusion of the disk membrances. The addition of retinal and
retinol to these vesicles restored their ability to fuse. Therefore, the presence of all-trans retinal was implicated in promoting
membrane fusion in this system. To test this possibility, the whility of retinal and retinol to influence the phase behavior and the
fusion capability of large unilamellar vesicles (LUV) of N-methyl diolcoylphosphatidylcthanolamine ( N-methyl-DOPE) was
examined. Both retinal and retinol stimulated the fusion of vesicles of N-mcthyl-DOPE (contents mixing with ANTS,
1-aminonaphthalene-3,6.8-trisulfonic acid; DPX, p-xylylence bis(pyridinium bromide)). Both compounds reduced the onset
temperature for isotropic resonances in the *'P-NMR spectra of N-methyl-DOPE dispersions and the onset temperature, Ty
for formation of hexagonal I1 phase. These results were consistent with previous studies in which the onsct temperature for the
MP-NMR isotropic resonances were correlated with stimulation of membranc fusion. These data suggested that both retinal and

retinol may stimulatc membrane fusion by destabilizing the bilayers of membranes.

Introduction

All-trans retinal and opsin are the products of the
bleaching reaction following photon absorption by
rhodopsin, the visual pigment of the rod photorecep-
tor. All-trans retinal is reduced by a ROS-associated
dehydrogenase to retinol prior to transport to the
retinal pigment epithclium, where it becomes esterified
[1). The enzymatic conversion of this retinyl ester to
11-cis retinal, with subsequent regeneration of the pho-
topigment, completes the visual cycle (2). Compounds
of this sort have previously been linked with destabi-
lization of the lameltar phase of lipid bilayers [3). It is
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known that both rctinal and retinol are available in the
outer segment. It has also been suggested that the disk
membranes are potentially unstable [4). Thus, the
question ariscs whether retinal and retinol influence
mcmbrane stability.

The outer segment of the rod cell is in a constant
state of degradation and renewal. Thesc processes are
hypothesized to involve membrance fusion events, both
in the formation of new disks from the plasma mem-
brane and the phagocytosis of old disks by the pigment
epithelium. Since disk assembly and synchronous disk
shedding in various species are light-modulated pro-
cesses [S.6] and retinal/retinol is produced upon
rhodopsin bleaching, the question arises whether reti-
nal and retinol may also influence membrane fusion
processcs.

Previous studies have investigated the cffects of
retinol on the gel-to-liguid crystalline phase-transition
of dipalmitoylphosphatidylcholine [7.8). At high con-
centrations, the main phase transition temperature was
depressed by retinol. At concentrations less than 5
mol% the effects were negligible. Retinol has also
been found to promote the formation of hexagonal 11
phase [3). Other studies have identified a correlation



between non-lamellar structures in dispersions of N-
methyl dioleoylphosphatidylethanolamine (N-methyl-
DOPE) and fusion of LUV of this lipid [9]. Studics
have also revealed that amphipathic compounds can
destabilize N-methyl-DOPE bilayers and promote
membrane fusion [10].

In the present stuay, the N-methyl-DOPE system
was used as a sensitive measure of the ability of the
retinal and retinol to affect phospholipid phase behav-
ior and membrane fusion. At concentrations of | to 2
mol% retinal and retinol both destabilized membranes
and promoted membrane fusion.

Materials and Methods

N-Methyl dioleoylphosphatidylethanolamine (N-
methyl-DOPE) was obtained from Avanti Polar Lipids,
Birmingham, AL. Octadecylrhodamine B chloride
(R,x), l-aminonaphthalene 3,6,8-trisulfonic acid (di-
sodium salt) (ANTS) and p-xylene bis(pyridinium bro-
mide) (DPX) were from Molecular Probes, Junction
City, OR.

Vesicle preparation. Large unilamellar vesicles en-
capsulating ANTS or DPX, were prepared according
to methods described in Ref. 11 with further details
described in Ref. 9. N-Methyl-DOPE in chloroform/
methanol (or N-methyl-DOPE + retinal / retinol) was
dried under a stream of nitrogen and then under
vacuum. The phospholipid (or phospholipid + retinal /
retinol) was hydrated for 3 h on ice under N,, in either
25 mM ANTS, 45 mM NaCl, 10 mM glycine (pH 9.5),
or 90 mM DPX, 10 mM glycine (pH 9.5). The lipid
suspension was next subjected to five freeze-thaw cy-
cles followed by 10 extrusions through a polycarbonate
membrane with 0.1 um pores (Nucleopore, Plcasan-
ton, CA). Encapsulated material was scparated from
unencapsulated material on a Sephadex G-50 column
(Pharmacia) with 100 mM NaCli, 10 mM glycine, 0.1
mM EDTA (pH 9.5) used as the elution buffer. Vesi-
cles were stered on ice, under N; and were used within
2 to 3 days.

Preparation of disk lipid vesicles (+ / — retinals). Disk
linid vesicles labelled (+4), containing retinal, were
prepared as described previously [12]. The disk mem-
branes were extracted with two volumes of 2: 1 chloro-
form : methanol essentially as described in Ref. 13 un-
der dim red light. The extracted lipids were dried
under nitrogen and lyophilized to remove trace
amounts of chloroform, the disk lipids were hydrated
in extrusion buffer and subjected to five freeze-thaw
cycles. The formation of large vesicular specics was
confirmed by negative stain transmission electron mi-
croscopy. Vesicles were stored on ice under N, and
were used within 2 to 3 days. Vesicles were made
1 uwmol/ml total phosphate in extrusion buffer prior to
use.

257

Disk lipid vesicles labelled (—) (without retinal)
were prepared by reducing the retinal-Schiff base link-
age of rhodopsin prior to lipid extraction. The retinal
was reduced using NaCNBH , as described previously
[14]. Briefly, a solution of 2 M NaCNBH  in 1 M acetic
acid was prepared immediately before use. The
NaCNBH; solution was added to the disk suspension
in a ratio of 2: 1 under dim red light. The reaction was
allowed to proceed at least 45 min in the dark. The
disk membranes were then washed and resuspended in
10 mM Hepes (pH 7.4), prior to extraction. The disk
membranes were extracted with two volumes of 2:1
chloroform : methanol cssentially as described by Folch
et al. [13]. The extracted lipids were then dried under
nitrogen, lyophilized to remove trace amounts of chlo-
roform, hydrated in extrusion buffer and subjected to
five freeze-thaw cycles as described dbuve. The fatiy
acid composition of the disk lipid vesicle preparations
corresponded to previously published values [15).

Disk lipid vesicles labelled (added retinal /ol) were
prepared by reducing the retinal onto the rhodopsin
prior to extraction as described above. The disk lipids
were extracted as clescribed above and dried down
under nitrogen. Retinal/retinol in a 1:1 mol:mol
ratio was added to the disk lipids in ratio equal to the
amount of rhodopsin mol: mol present in tne original
disk membrane prior to extraction. The retinal /ol and
disk lipids were co-solubilized in CHCL , dried under
nitrogen and lyophilized to remove trace levels of chlo-
roform. The disk lipids were hydrated in extrusion
buffer and subject to five freeze thaw cycles as de-
scribed above. All manipulations of the disk mem-
branes and subsequent disk lipid vesicles were pre-
formed under dim red light and N, whenever possible.

Determination of the retinal / retinol content of ex-
tracted disk lipids. The retinal and retinol content of
the extracted disk lipids both (+ and — retinal) was
determined using high-peiformance liquid chromato-
graphy (HPLC). The retinoid derivativcs were sepa-
rated on a Li-Chrosorb Si-60 column with a gradient
elution of 1-15% THF in hexane. The elution was
monitored at 360 nm and the flow rate was 2 ml/min.
The retinal and retinol peaks were identified and
quantitated in comparison with authentic standards
(Sigma, St. Louis, MO).

In order to determine the stability of the retinal and
retinol during the course of the experiments, both disk
lipid vesicles (+) and LUVs containing retinal or
retinol were extracted as described above. The retinal
and retinol content of the extracted samples was meas-
ured using HPLC initially, after the fusion assays and
24 h after preparation of the retinal/retinol LUVs.
The change in the absoroancc of retinal or retinol
during was less than 4% during the course of the
experiments and 24 h after preparation. A 25-50%
decrease in absorbance of the retinal and retinol was
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observed when the retinal /ol was in buffer or in hex-
ane over the 24 h time period.

Preparation and labelling of disk membranes. ROS
disk membranes were prepared from frozen bovine
retinas (Lawson, Lincoln, NE) by floatation on Ficoll
(Sigma, St. Louis, MO) as described previously [16].
The buffers used in these preparations were madc |
mM in EDTA, 0.5 mM in DTT and perfused with
argon or nitrogen in order to reduce lipid oxidation.
All manipulations of the disk membranes were done
under dim red light,

Octadecylrhodamine B chloride (R ), was obtaincd
from Molecular Probes, (Junction City, OR). Typically,
Rx was added to about 3-5 mol% relative to the
phospholipid. The disk membrancs were labelled with
R s as described in Ref. 17, Briefly, 10 nmol of R, in
10 ul of ethanol was added for cach mg of rhodopsin
in a total volume of 1| ml. The mixture was vortexed
and allowed to incubate at room temperature for 1 h,
R s-labelled disks were separated from unincorporated
R,x by passing the mixture through a Scphadex G-75
column and ciuting labelled material with 100 mM
NaCl, 10 mM glycine, 0.1 mM EDTA (pH 7.5).

Vesicle fusion and leakage assay's. All fluorescence
measurements were made on an SLM 8000D fluorime-
ter. The ANTS,/DPX fusion and leakage assays were
carricd out as described in Ref. 18. Vesicles contained
cither 25 mM ANTS and 45 mM NaC! or 90 mM DPX.
Fluorescence intensity was moritored with an excita-
tion wavelength of 380 nm and an cmission wavelength
of S10 nm. All assays were carried out in a total volume
of 1 ml. The final lipid concentration was 400 uM for
both fusion and leakage assays. Fusion or leakage was
initiated by lowering the pH trom 9.5 to 4.5 with 25 ul
of 2 M sodium acctate/ acetic acid buffer. For fusion
assays a4 9:1 molar ratio of DPX-containing LUV to
ANTS-containing LUV was used. Fluorescence quen-
ching as a function of time due to contents mixing
(resulting in an ANTS-DPX complex with reduced
quantum yicld) reflected the rate of LUV fusion. For
vesicle-vesicle fusion assays, 100% fluorescence was
taken to be the initial fluorescence intensity before
lowering the pH. The initial ratc of fusion was then
calculated from the slope of the fluorescence decay
curve during the period (1-2 min) immediately follow-
ing the initiation of fusion and the rate expressed in
terms of % change per minu.c.

Fusion assays with ROS disk membranes. All fluores-
cence measurements were performed on an SLM
8000D spectroflucrometer. The fusion assays were car-
ricd out essentially as described in Ref. 12. The fusion
assays were performed in a dimly lit room. The LUVs
were diluted to 1 wmol/ml total phosphate in 100 mM
NaCl, 10 mM glycine (pH 7.4). The LUV (1 m:} were
first allowed to equilibrate to the appropriate tempera-
ture for 5 min. In order to initiate fusion, 50 mlof Ry

labelled disks were added to the vesicles. The final
fusion assay volume was 1.05 ml. Fluorescence was
monitored with an excitation wavelength of 560 nm
and an emission wavelength of 586 nm. The fluores-
cence intensity obtained without the addition of la-
beiled disk membranes was taken as a baseline. 1009%
fluorescence intensity was determined by adding 100
ul of 10% Triton X-100 to the vesicles.

Separation of fused species. Fusion of the disk lipid
vesicles with R -labelled disks was confirmed using
sucrose density gradient centrifugation. LUVs, R,
labeled disks and fused mixtures of these two species
were subjected to sucrose density gradient centrifuga-
tion. The sucrose density gradients were 0-50¢%. (w /W)
sucrosc in distilled water. The gradicnts were cen-
trifuged at 27 K for 2 h and the bands collected. Prior
to assay the rcfractive index of the isolated species was
measured using a refractometer. The fractions were
assayed for phosphate and protein content.

Additional assays. Phosphate was determined as de-
scribed in Refl 19 and modified according 1o Ref. 20,
All speviral measurements were performed on an SLM
Aminco DW-2 spectrophotometer. Rhodopsin concen-
tration was determined by mcasuring the difference in
absorbance at 500 nm before and after illumination in
the presence of 50 mM neutralized hydroxylamine us-
ing an extinction coctticicnt of 40000,

For fatty-acid analysis, the fatty-acid methyl esters
were gencrated by mild alkaline methanolysis as de-
scribed previously [15). The fatty-acid methyl esters
were analyzed on a Chrompak-Packard Model 439 gas
chromatograph, ¢quipped with a flame ionization de-
tector and Varian 4270 integrator. The fatty acid methyl
esters were separated isocratically on a Supelcowax-10
wide-bore column. Column temperature was main-
tained at 240°C, injector at 250°C and detector at
300°C. Identification of most peaks was by comparison
with reference methvl ester mixture, No 4-7015 (PUFA
mix 2) from Supelco.

Nuclear magnetic resonance. *'P nuclear magnetic
resonance (NMR) spectra were obtained with a JEOL
FX270 Fourier transform spectrometer on a broad
band probe in 10 mm tubes at the indicated tempera-
tures. A fully phased cycle (32 pulse) chemical shift
anisotropy (CSA) echo was used with a 40 us echo [21).
Gated proton decoupling (on only during acquisition)
at a decoupling ficld of 9 kHz was employed to elimi-
nate sample hecating. A 50 kHz spectral width was
used, with 50 Hz of lincbroadening in the Fouricr
transformation. A delay time of 1 s was used between
pulses. The only *'P nuclci in the preparation were in
the phospholipid component of these membranes. *'P-
NMR spectra were obtained as a function of tempera-
ture and composition of N-methyl-DOPE dispersions,
using 0.8 ml of sample volume, all within the receiver
coil. Spectra were obtained only with sequential in-
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Fig. 1. Fusion of ROS disks with membranes of disk lipids. The
initial rates of fusion of disk lipid (+) and disk {ipid ( =) vesicles with
R x-labelled disk membranes is shown as a function of temperature,
Disk lipid (+) vesicles [@] and disk lipid (=) vesicles (@] were
prepared as described in the Materials and Methods, Fusion of u, se
disk lipid vesicles with disks was induced by the addition of R,
labelled ROS disks to the disk lipid vesicle preparations as deseribed
in detail in Methods, The results shown are an average of three
independent experiments, Error bars representative of + /- stan-
dard deviation are given for all values (n = 9),

creases in temperature, from a sample which had been
frecze-thawed prior to incubation at the starting tem-
perature. Thus, cach temperature represented the first
exposure of the sample to that tempeiature.

Results

Fusion of ROS disks with membranes of disk lipids with
and without retinal

ROS disk lipid (+) vesicles were prepared as de-
scribed in Materials and Mcthods. Fusion of Jisk mem-
branes with disk lipid vesicles was induce¢ with the
addition of R -labelled disks as described in Materials
and Methods.

The initial rates of fusion observed between disk
membranes and disk lipid (+) vesicles are shown in
Fig. 1 as a function of temperaiure. Disk membranes
were found to fuse with disk lipid vesicles (+). As a
control, no obscrvable fusion was obscrved when la-
beled disk membranes were incubated with unlabeled
disk membranes in excess {(data not shown). For disk
membrane-disk lipid vesicle (+) fusion, there is an
increase in the rate of fusion as a function of tempera-
turc, with a maximum at approx. 37°C. Disk mcm-
brane-disk lipid vesicle (+) fusion was inhibited by
DOC (added in a 1:1 mol ratio with the ~hospho-
lipids) at all temperatures studied (data not shown).

As seen in Fig. 1, no dequenching of the fluores-
cence of R,, was observed when R -labelled disks
were incubated with disk lipid (- ) vesicles made from
an ROS disk preparation in which the retinal chro-
mophore of rhodopsin was covalently reduced onto the
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opsin by cyanoborohydride reduction to prevent its
cxtraction along with the disk lipids. It was, therefore,
concluded that ROS disks did not fuse with disk lipid
(=) vesicles at all temperatures studied.

In order to confirm that disk membranes were fus-
ing with disk lipid vesicles, sucrosc density gradient
experiments were carried out as described in Materials
and Methods. Disk lipid (+ /- ) vesicles were found
to band at approx. 5% sucrose on the sucrose density
gradient. R -labelled disk membranes alone were
found to band at 29% sucrose on the sucrose density
gradient. When disk membranes and disk lipid (+)
vesicles were allowed to fuse (as measured by an in-
crease in fluorescence) and then analyzed on a sucrose
density gradient, a single band was recovered corre-
spoading to approx. 10% sucrose. This band of lipid
and protein was pink, characteristic of rhodopsin from
the disk membranes. Only a single species could be
identificd, suggesting fusion of the two original specics.

In order to show that the presence of retinal /ol in
the disk lipid suspension does promote fusion, disk
lipid (-) vesicles were prepared to which retinal /ol
was added back as described in Materials and Meth-
ods. The initial rate of fusion of these vesicles with
R \y-labeled disk membranes was determined at 37°C.
Under these conditions, the addition of retinal /ol to
the disk membranes (—) resulted in an increase in the
initial rate of fusion, to a degrec comparable to that
scen in disk lipid (+) fusion. Thus, the retinal /ol was
able to promote fusion when added to a non-fusogenic
target membranc.

These data suggested that retinal was capable of
inducing a fusion-permissive state in a target mem-
brane cortaining the total lipid extract of ROS disks.
Whether retinal was indeed fusogenic nceded to be
more extensively examined. To investigate the ability of
retinal to stimulatc membrane fusion required a well-
characterized, simple mecmbranc fusion system that
depended upon the lipids of the membrances involved.
The fusion of LUV of N-methyl-DOPE offered the
nceded, well-characterized membrane fusion system.
These vesicles were previously reported to fuse sponta-
neously at clevared temperatures and acidic pH. Fur-
thermore, previous studies indicated that the fusion
pathway involved non-lamellar lipid intcrmediates that
could be detected readily with *'P-NMR spectroscopy.
Therefore, this fusion system offered the ability to test
whether retinal could stimulate membrane fusion in a
system where one could also determine the effects of
retinal on the pathway of fusion. In the following
studies, it is not assumed that the pathway of fusion of
the N-mecthyl-DOPE LUV and the pathway of fusion
of ROS disks with disk lipid vesicles (+) are the same.
The goal was simply to determine whether retinal
could be stimulatory to fusion in another membrane
fusion system.
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Fig. 2. Fusion of N-methyl-DOPE LUV in the presence and absence of retinal and retinol. (A) The initial rates of fusion of LUV (of
N-methyl-DOPE) with or without retinal are presented as a function of temperature. N-Mcethyl-DOPE LUV were prepared as described in
Methods. The initial rates of N-methyl-DOPE fusion were measured using a conteats mixing fluorescence assay \ANT/DPX) as described in
Materials and Methods, Fusion was initiated with a drop in pH tfrom 9.5 to pH 4.5 as described. The results represent an average of two
independent experiments cach of which was assayed in triplicate (2 = 6). a. Fusion in the presence of 2 mot retinal: U, fusion in the absence
of retinal, (B) The initial rates of fusion of LUV (of N-methyl-DOPE) with or withoat retinol are presented as a function of temperature.
Conditions as in panel A. a, Fusion in the presence of 2 mol? retinol; O, fusion in the absence of retinol. The results represent an average of
two independent experiments, cach of which was assayed in triplicate (n = 6).

Fusion of N-methyl-DOPE LUV with and without retinal

LUV of N-methyl-DOPE spontancously fused at
ncutral and low pH, with a rate that incrcased as a
function of temperature [9,22). This observation was
reproduced with a contents mixing fluorescence assay
in this study. The data arc presented as a control in
Fig. 2A where the initial rate of fusion is graphed as a
function of temperaturc. LUV of N-mcthyl-DOPE
were made with 2 mol% retinal as described in Meth-
ods. The initial rates of fusion (contents mixing) were
mcasurced as a function of temperature and the recults
presented in Fig, 2A as the average of two independent
experiments, in cach of which the individual points
were themselves the average of three determinations.
The results show an increase with temperature, analo-
gous to the control. However, at cach temperature
there was a 2-fold or greater increase in the initial rate
of fusion in the presence of the retinal. At tempera-
turcs above 40°C, leakage of dye trom the vesicles
became too great to successfully measure fusion rates.
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Fusion of N-methyl-DOPE LUV with and without retinol

Since retinal in the ROS can, under physiological
conditions. be converted to retinol via a dehydro-
genase, a sct of membranc fusion experiments with
N-mcthyl-DOPE LUV, analogous to those described
above with retinal, were carried out with retinol. These
results are shown in Fig. 2B. The presence of 2 mol%
retinol in the membranes of these LUV enhanced the
initial rate of fusion at every temperature relative to
control experiments performed with the same lot of
N-mcthyl-DOPE and in the same time frame. The data
represent an average of two independent experiments,
in cach of which the individual points were themsclves
the average of three determinations.

Effect of retinal on the "'P-NMR powder patterns of
N-methyl-DOPE

Previous cxperiments had revealed that compounds
that incrcasecd membranc fusion in this N-methyl-
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Fig. 3. P:mi:!l phasf: diagram of N-methyl-DOPE mixtures with retinal and retinol as detected using *'P-NMR. The symbols represent: O,
lamellar, @, isoiropic structures; ¢, hexagonal 11 structures. To the left of the solid line is pure lamellar phase. (A) N-methyl-DOPE with retinal;
(B) N-methyl-DOPE with retinol.



DOPE LUV system had a corresponding effect on the
phase behavior of N-methyl-DOPE, as determined
from the *P-NMR powder patterns [23]). Therefore,
the phase behavior of N-methyl-DOPE membranes
containing retinal was studied with *'P-NMR. Multi-
lamellar dispersions were used for this study, since it
was previously reported that multilamellar dispersions
and LUV of N-methyl-DOPE behaved in an indistin-
guishable manner with respect to their *' P-NMR pow-
der patterns [9].

To carry out this study, *'P-NMR spectra of disper-
sions of N-methyl-DOPE were obtained as a function
of retinal content and temperature. The resulting spec-
tra were examined for the presence of powder patterns
characteristic of bilayer (L) and hexagonal 11 phascs
and what was previously characterized as an isotropic
structure with an isotropic *'P-NMR resonance (1,)
[9,24]. Fig. 3A shows the results obtained. To the left
of the solid line is the pure lamellar region. The solid
linc itself indicates the onset temperature for the visi-
ble development of /.. To ihe right of the solid line,
lamellar and hexagonal 11 phases may co-exist over a
limited temperature range, while the isotropic struc-
tures are found over a broad temperature and compo-
sition range. Fig. 3A shows clearly that an increase in
retinal concentration in thc N-methyl-DOPE mem-
branes produced a corresponding decrease in the onset
temperature for the formation of the /7 structures.
This observation was significant, because it was previ-
ously suggested that these structures (or companion
structures that formed with the same temperature-de-
pendence) were involved as intermediates in the fusion
of N-methyl-DOPE LUV [9,23]. Thus, an incrcase in
retinal concentration enhanced the presence of puta-
tive intermediates in the fusion process and increascd
the rate of membrane fusion.

Effect of retinol on the *'P-NMR powder patterns of

N-methyl-DOPE

A set of P-NMR cxperiments, analogous to the
experiments described above for retinal, were per-
formed on dispersicns of N-methyl-DOPE with various
concentrations of retinol. measurements were made as
a function of temperaturc and as a function of rctinol
concentration between 0 and 2 mol%. The spectra
were analyzed as before for the presence of lamcllar
and hexagonal 11 phases and for the presence of /.
The results are presented in Fig. 3B. Once again, the
presence of retinol decreased the onsct temperature
for the formation of /..

Discassion

Recent work in this laboratorv has focuscd on the
fusion of disk membranes with various target mem-
branes [12). In the course of these investigations, the
apparent influence of all-trans retinal on the ability of
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disks to fuse with vesicles made of ROS disk lipids was
noted. The present study was designed to shed some
light on the role, if any, of these retinoids in the fusion
process.

Initially, the experimentation was directed towards
clearly delincating whether retinal was the lipid com-
ponent that stimulated fusion between ROS disks and
the disk lipid (+) vesicles. Upon confirmation that
rctinal was capable of creating a fusion-permissive
statc in the disk lipid target vesicles, it became of
interest to defermine whether retinal (and retinol)
could stimulate fusion in other membrane fusion sys-
tems.

To investigate this question, use was made of a
vesicle fusion systcm whose properties had been re-
ported previously. N-methyl-DOPE LUV were shown
to spontancously fusc at low and neutral pH with an
initial rate of fusion that was directly proportional to
the incidence of non-lamellar structures. The presence
of these putative intermediate structures was indicated
by isotropic *'P-NMR resonances and lipidic particles
in freeze-fracture clectron micrographs of the samples
[9]. This fusion system was used previously to investi-
gate the influeace of diacylglycerol on the phase struc-
ture of N-methyl-DOPE and the correlation between
changes in the phase structure and membrane fusion
[23]. This system seemed sufficiently sensitive to cxam-
inc the influence of retinal on membranc fusion.

In this study, retinal was found to significantly in-
crcase the initial rate of membrane fusion (contents
mixing assay) at all temperatures when present at 2
mol% in the membrane. The increase in fusion was
about 50% increasc/mol% retinal.

MP.NMR studics revealed that retinal reduced the
onset temperature of the formation of structures (/)
giving risc to isotropic *'P-NMR resonances. The tem-
peraiure range over which the isotropic resonances
were observed was previously referred to as AT, [23].
The onset of AT, was reduced by retinal in the mem-
brane. 7);, thc temperaturc at which hexagonal Il
phase first appears as detected by MP.NMR, decreased
with retinal in the mcmbrane (see Table 1). These
decreases in onset teraperatures were similar to the
reductions produced by diacylglycerol in the same N-
methyl-DOPE system [23]. Retinol induced similar al-
terations in membrane phase behavior and membranc
fusion (see Table 1).

TABLE |
Compound Onset of AT, Ty Increase
(°C decrease/ (°C decrease/ in fusion
mol% cmpd) mol?% empd) (% /mol7%
cempd)
Retinal 8 6 50
Retinol 10 7 150
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Because of the similarities in the correlated influ-
ence of retinal and retinol on membrane fusion and
membrane instability of LUV of N-methyl-DOPLE with
the previously reported influence of diacylglycerol on
the same system, the same interpretation for mecha-
nism seems most likely. Retinal and retinol, like diacyl-
glycerol, appear to promote the destabilization of lipid
bilayers necessary for a membrane-fusion event. How-
ever, whether the mechanism of action of retinal is the
same as for diacylglycerol, that is reduction in the
intrinsic radius of curvature [23), is not known.

Returning to the consideration of the original sub-
ject of this study, the data discussed above would seccm
to confirm that retinal and retinol could stimulate
fusion as was observed in the fusion of ROS disks with
disk lipid (+) vesicles. Previously, it was noted that
protein appeared to play a role in the fusion of ROS
disks with disk lipid (+) vesicles [12). In particular,
proteolysis of the surface of the disk inhibited the
fusion reaction. This fusion was, therefore, referred to
as ‘protcin-mediated’ membrane fusion to refer to the
apparent role of disk membrane protein in facilitating
this fusion cvent. On the basis of the data in the
present report, the above description should be modi-
fied. The retinal content of the target disk lipid (+)
vesicles also plays a rolc in the rate at which membrance
fusion occurs betwcen these vesicles and the ROS
disks.

The mechanism by which the retinal renders the
disk lipid (+) vesicles capable of fusion with ROS
disks is not yet clear. Experiments were performed in
which *'P-NMR was utilized to dctermine whether
non-lamellar structures formed in disk lipid (+) vesi-
cles under the influcnce of retinal, analogous to the
obscrvations in the N-mcthyl-DOPE LUV fusion sys-
tem. The results were negative at all temperatures at
which fusion had been measured (data not shown).
Therefore, onc cannot conclude at this time that the
mechanism by which retinal stimulates fusion in the
fusion of disks with disk lipid (+) vesicles is the same
as the mechanism by which retinal stimulates fusion of
N-methyl-DOPE LUV.

The ability of retinal to stimulate fusion is intcrest-
ing in light of the architecture and dynamics of the
retinal rod outer segment. New disks arc added at the
basc of the ROS and old disks arc shed in packets
from the distal tip and phagocytosed by the overlying
pigment cpithelium. This latter process must involve
membrane fusion, perhaps between the disks and the
ROS plasma membranc. Disk shedding has been shown
to be modulated by light [25] which would lecad to
release of retinal and the formation of rctinol. A
disease state (rctinal dystrophy) in the RCS rats in
which the accumulation of membrane debris may be
due to an aberrant fusion event is characterized by a
decrease in the conversion of retinal to retinol and a

decrease ¢n the rate of retinol transfer to the pigment
epithelium [26). Thus, a scenario is produced in which
an accumulation of retinal /ol in the disk membranes
may affect normal fusion processes.
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