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In mammals, pigments are made by melanocytes within a specialized organelle, the melanosome.
Mature, pigment-laden melanosomes are then transferred to keratinocytes to drive the visible pigmen-
tation of the animal’s hair and skin. The dilute suppressor (dsu) locus encodes an extragenic suppressor
of the pigmentation defect exhibited by mice lacking myosin Va (i.e. dilute mice). We recently showed
that melanoregulin, the product of the dsu locus, functions as a negative regulator of a shedding mech-
anism that drives the intercellular transfer of melanosomes from the melanocyte to the keratinocyte.
Here we address melanoregulin’s localization within the melanocyte, as well as the molecular basis for
its localization. First, we confirm and extend recently published results using exogenous, GFP-tagged
melanoregulin by showing that endogenous melanoregulin also targets extensively to melanosomes. Sec-
ond, using site-directed mutagenesis, metabolic labeling with H3-palmitate, and an inhibitor of palmitoy-
lation in vivo, we show that the targeting of melanoregulin to the limiting membranes of melanosomes in
melanocytes and lysosomes in CV1 cells depends critically on the palmitoylation of one or more of six
closely-spaced cysteine residues located near melanoregulin’s N-terminus. Finally, using Fluorescence
Recovery after Photobleaching (FRAP), we show that melanoregulin-GFP exhibits little if any tendency
to cycle in and out of the melanosome membrane. We conclude that multiple palmitoylation serves to
stably anchor melanoregulin in the melanosome membrane.

Published by Elsevier Inc.
1. Introduction

Genetically black mice that are homozygous for the myosin Va
functional null allele dl20j appear grey [1]. When these mice are also
made homozygous for a functional null allele at the dilute suppres-
sor (dsu) locus, which encodes the protein melanoregulin, their
coat color is restored almost completely (i.e. from grey back to
near-black) [2]. We recently showed that melanoregulin negatively
regulates a shedding mechanism that drives the transfer of mela-
nosomes from the melanocyte to the keratinocyte [3]. To begin
to define how, at the molecular level, melanoregulin regulates
intercellular melanosome transfer, its localization within the mela-
nocyte, as well as the molecular basis for this localization, must be
determined. Recently, Ohbayashi et al. [4] showed that GFP-tagged
melanoregulin targets to melansomes in an immortal melanocyte
cell line, and that purified melanosomes contain melanoregulin.
Here we confirm and extend those observations in a number of
ways. Most importantly, we show that melanoregulin, which is
highly charged and lacks a transmembrane domain, binds to the
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limiting membrane of the melanosome because it is palmitoylated
on one or more of six closely-spaced cysteine residues present near
the protein’s N-terminus. We also show by FRAP that the protein is
stably bound to the melanosome, most likely because it is multiply
palmitoylated. These results represent an important first step in
efforts to define at the molecular level how melanoregulin
regulates intercellular melanosome transfer.
2. Materials and methods

Mouse breeding and genotyping, and the preparation and cul-
ture of primary mouse melanocytes, were performed as described
previously [1]. Melan c melanocytes were a gift of Dorothy Bennet
(St. Georges Hospital, London). GFP- and FLAG-tagged melanoregu-
lin constructs were created in mEGFP-N1 (Clonetech) and pCMV-
Tag4 (Stratagene) vectors using standard techniques. Site directed
mutagenesis was performed using the Quick Change kit from Strat-
agene. All clones were confirmed by sequencing. Melanocytes were
transfected using FuGene (Amersham). Cells were fixed and
immunostained as described previously [1]. The anti-TRP-1 anti-
body MEL 5 was purchased from Signal Transduction Labs. The
imaging of stained and live cells, as well as FRAP analyses, was per-
formed on a Zeiss 510 LSM confocal microscope, as described previ-
ously [1]. For metabolic labeling, RPE and Cos7 cells in 60-mm
dishes were labeled in 2 ml of DMEM containing 5% FBS and 600
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Ci of H3-palmitate (60 Ci/mmol; Perkin Elmer) for 6 h at 37 �C start-
ing 24 h post-transfection. The GFP- and FLAG-tagged proteins
were immunoprecipitated from Triton X-100-solubilized cells
using anti-GFP antibody coated beads (Sigma) and anti-FLAG anti-
body coated beads (M2; Sigma), respectively, according to the man-
ufactures protocols. Proteins were released from the beads by
incubation at room temperature for 20 min in electrophoresis sam-
ple buffer containing 15 mM DTT and separated on a 4–20% SDS–
PAGE minigel. The gel was then incubated with Amplify™ Fluoro-
graphic Reagent (GE Healthcare), dried, exposed to film (X-Omat
AR, Eastman Kodak) for 15 days at �70 �C, and the film developed.
Bromo-palmitate and LysoTracker were purchased from Sigma and
Molecular Probes, respectively.
3. Results

3.1. Endogenous as well as exogenous melanoregulin localizes to end-
stage melanosomes

In general agreement with the recent results of Ohbayashi et. al.
[4], Fig. 1, Panels A1 and A2, show that exogenous, GFP-tagged
melanoregulin (tagged here at the protein’s C-terminus, not its
N-terminus as in Ohbayashi et. al. [4] for reasons discussed below)
targets extensively to black, end-stage melanosomes present in
primary wild type (WT) melanocytes. Time lapse imaging of such
cells shows that the GFP signals move in precise register with
the movement of the black pigment (Supplementary Movie 1 mo-
vie 1), confirming that melanoregulin-GFP targets to end-stage
melanosomes. Moreover, melanoregulin-GFP does not show obvi-
ous targeting to any other membrane structures, including the
plasma membrane, Golgi, mitochondria or endoplasmic reticulum,
indicating that it is targeted specifically to melanosomes in mela-
nocytes. While we did not perform immuno electron microscopy
to confirm that melanoregulin is on the surface of the melanosome
(as opposed to being inside the organelle), images of melanoregu-
lin-GFP-positive melanosomes often show a ring of fluorescence
(see insets in Fig. 1, Panels A1 and A2), consistent with melanoreg-
ulin accumulating on the perimeter of the organelle. This and other
Fig. 1. Both endogenous melanoregulin and melanoregulin tagged with GFP at its C-ter
primary WT melanocyte that had been transfected with melanoregulin tagged with mG
ring of florescence that surrounds the black pigment inside of end-stage melanosomes
melanocyte (an immortal melanocyte cell line made from an albino mouse) that had b
membrane protein TRP-1 (red) and a polyclonal antibody against melanoregulin (green
melanoregulin; C3, overlay). Panels D1–4 show a dv/dv melanocyte that had been stained
image). Panels E1–3 show enlargements of the boxed region in Panels D1–4 (E1, TRP-1;
black melanosomes that are positive for both TRP-1 and melanoregulin). The mag bars
references to colour in this figure legend, the reader is referred to the web version of th
data below (e.g. palmitoylation) argue strongly that melanoregulin
associates with the limiting membrane of the melanosome.

To determine if endogenous melanoregulin is also present on
melanosomes, we double-stained melan C (i.e. albino) melanocytes
with a previously-characterized polyclonal antibody to full length
melanoregulin [2] and a monoclonal antibody to the glycoprotein
TRP1 (Mel 5), which is present at high levels in the limiting mem-
brane of melanosomes (including the unpigmented melanosomes
present in melan C melanocytes; [1]). Fig. 1, Panels B and C1–3,
show a strong correspondence between the two signals, indicating
that endogenous melanoregulin is present on melanosomes. More-
over, as with exogenous, GFP-tagged melanoregulin, endogenous
melanoregulin appears to target specifically to melanosomes. To
confirm these results, we double-stained melanocytes that contain
black, end-stage melanosomes. In this case, we used dilute viral (dv)
melanocytes, as these myosin Va-depleted melanocytes have a
small number of well-separated melanosomes in their peripheral
cytoplasm [1]. Fig. 1, Panels D1–4 and E1–3, show that these
well-separated, black melanosomes are uniformly positive for both
TRP1 and melanoregulin. We conclude, therefore, that melanoreg-
ulin is a melanosome-associated protein. Parenthetically, we note
that western blots performed on whole cell extracts prepared from
pure cultures of primary, WT mouse keratinocytes (both undiffer-
entiated and differentiated) show that they do not express melan-
oregulin (data not shown). This observation is in agreement with
mouse chimera studies showing that melanoregulin functions cell
autonomously within melanocytes to rescue the coat color defect
of dilute mice [5].
3.2. Melanoregulin associates with melanosomes and lysosomes via
palmitoylation

Consistent with the above localization data, the low speed pellet
of osmotically-ruptured melanocytes, which contains essentially all
of the cell’s melanosomes, also contains �98% of cell’s total melan-
oregulin (data not shown). These results are somewhat surprising
given that melanoregulin has no transmembrane domain and is
highly charged (37 basic residues and 39 acidic residues out of a total
minus exhibit striking co localization with melanosomes. Panels A1 and A2 show a
FP at its C-terminus. The insets show more clearly how melanoregulin-GFP forms a
(see also Supplementary Movie 1). Panel B shows the overlaid image of a melan-C
een double-stained using a monoclonal antibody against the major melanosomal
). Panels C1–3 show enlargements of the boxed region in Panel B (C1, TRP-1; C2,
like the cell in Panel B (D1, TRP-1; D2, melanoregulin; D3, overlay: D4, transmitted

E2, melanoregulin; E3, transmitted image; the arrows in these three panels point to
are 3.5 (A1), 8.5 (B), 2.5 (C3), 10 (D1) and 2.7 (E1) lm. (For interpretation of the

is article.)



Fig. 2. Clustered cysteine residues located near melanoregulin’s N-terminus are
required for its targeting to melanosomes. Panels A1 and A2 show phase and
fluorescent images, respectively, of a dv/dv, dsu/dsu melanocyte that had been
transfected with WT melanoregulin-GFP (the transfected cell is outlined in yellow
in A2). Panels B1, B2, C1, and C2 show similar images for dv/dv, dsu/dsu melanocytes
that had been transfected with melanoregulin-GFP containing either the GDA
(Panels B1 and B2) or CDS (Panels C1 and C2) mutations (the transfected cells are
outlined in yellow in B2 and C2). The mag bar is 10.2 lm. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of
this article.)
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of 220 residues) like typical soluble, cytosolic proteins. Melanoregu-
lin does contain, however, a glycine residue immediately following
its initiator methionine, as well as a stretch of eight residues that
starts nine residues C-terminal to this glycine and that contains six
cysteine residues (residues 11–14, 16 and 18). This type of sequence
is typical of proteins that are strongly membrane associated as a con-
sequence of being dually acylated, with the 14-carbon saturated
fatty acid myristate being attached to the glycine residue and the
16-carbon saturated fatty acid palmitate being attached to one or
more cysteine residues [6,7]. To determine whether the glycine
and/or the cysteines are necessary for the association of melanoreg-
ulin with the melanosome membrane, we created three melanoreg-
ulin-GFP mutants: (1) melanoregulin-GFP GDA, in which the glycine
was changed to an alanine, (2) melanoregulin-GFP CDS, in which all
six cysteines were changed to serine residues, and (3) melanoregu-
lin-GFP GDA + CDS, which contains both of these changes. These
three mutants were then compared to WT melanoregulin-GFP in
terms of their ability to target to black melanosomes. For these
experiments we used primary melanocytes from dv/dv, dsu/dsu mice
for two reasons. First, by using melanocytes isolated from mice
homozygous for the dsu allele, which lack melanoregulin [2], we
eliminated the possibility that endogenous, WT melanoregulin
might influence by possible self-association the targeting of the mu-
tant versions of the protein. Second, by using melanocytes from mice
homozygous for the dv allele, we were able to score one biological ef-
fect that melanoregulin has when it is over-expressed on this myo-
sin Va mutant background. The intracellular distribution of
melanosomes within these melanocytes, which are homozygous
for the mutant myosin Va allele dilute viral (or dv) that allows very
low level expression of myosin Va [8], lies somewhere between
the distributions seen in WT melanocytes and in melanocytes from
an animal homozygous for a true null allele for myosin Va like dilute
lethal (dl20J) [1]. Specifically, the melanosomes are more spread
intracellularly than in dl20J/dl20J melanocytes, but not as spread as
in WT melanocytes. Importantly, while the degree of spreading is
no different in dv/dv melanocytes whether or not melanoregulin is
absent (i.e. on a dsu/dsu background) or present at normal levels
(i.e. on a DSU/DSU background) [3], when melanoregulin is over ex-
pressed in dv/dv melanocytes it causes the melanosomes to become
highly concentrated in the cell center. This biological effect is dem-
onstrated for WT melanoregulin-GFP in Fig. 2, Panels A1 and A2,
where it can be seen to target to black melanosomes and to cause
them to concentrate in the center of the cell (compare the transfec-
ted cell that is outlined in yellow to the adjacent, untransfected
cells). Therefore, in addition to targeting to the melanosome, WT
melanoregulin-GFP, when over expressed on a myosin Va mutant
background, alters the distribution of melanosomes (see Section 4
for the possible biological basis of this phenomena). Fig. 2, Panels
B1 and B2, show that putative myristoylation must not be critical,
as melanoregulin-GFP GDA behaves just like WT melanoregulin-
GFP, i.e. it targets to melanosomes and causes them to accumulate
in the cell center. By contrast, Fig. 2, Panels C1 and C2, show that mel-
anoregulin-GFP CDS neither targets to melanosomes nor alters their
intracellular distribution, and is instead diffusely distributed
throughout the cytoplasm. Similar results were obtained with mel-
anoregulin-GFP GDA + CDS (data not shown). These results argue
that palmitoylation is likely to play a key role in targeting melan-
oregulin to the melanosome membrane.

As a consequence of other efforts to define the function of mel-
anoregulin, we found that melanoregulin-GFP targets dramatically
and specifically in generic cell types like CV1 cells to late endo-
somes and/or lysosomes, as identified using LysoTracker (Fig. 3,
Panels A1–3; see also the insets in these panels and Supplementary
Movie 2). Similar observations were made recently by Damek-Popr-
awa et.al. [9]. To extend the data in Fig. 2, therefore, we examined
the targeting of melanoregulin-GFP GDA and melanoregulin-GFP
CDS to Lysostracker-positive structures in CV1 cells. Similar to
the targeting of melanoregulin to melanosomes in melanocytes,
WT melanoregulin-GFP (Fig. 3, Panel B1) and melanoregulin-GFP
GDA (Fig. 3, Panel B2) target to lysosomes (see the yellow signal),
while melanoregulin-GFP CDS (Fig. 3, Panel B3) does not, being in-
stead diffusely distributed in the cytoplasm. Therefore, the target-
ing of melanoregulin to lysosomes in CV1 cells, like its targeting
to melanosomes in melanocytes, requires the presence of the puta-
tive palmitoylation sites (the cysteines) but not the putative myris-
toylation site (the glycine). Note also that, as with melanosomes,
the over expression of melanoregulin results eventually in the cen-
tral accumulation of lysosomes in CV1 cells when it is able to target
to the organelle (i.e. WT melanoregulin-GFP (Panel B1) and melan-
oregulin-GFP GDA (Panel B2)) (see Section 4).

To demonstrate directly that melanoregulin is indeed palmitoy-
lated, RPE and Cos7 cells were transfected with WT melanoregulin-
GFP or WT melanoregulin-FLAG (melanoregulin with a FLAG tag at
its C-terminus), the cells were grown for 6 h in the presence of
H3-palmitate (starting 24 h post transfection), the melanoregu-
lin proteins were pulled down using beads conjugated with the



Fig. 3. Clustered cysteine residues located near melanoregulin’s N-terminus are required for its targeting to lysosomes. Panels A1–3 show a still image of a portion of a CV1
cell that had been transfected with WT melanoregulin-GFP and then incubated in the presence of the live-cell lysosome marker LysoTracker – red for 30 min prior to imaging
(A1, LysoTracker-red; A2, melanoregulin-GFP; A3, overlay) (see also the insets in these panels and Supplementary Movie 2). This cell was imaged 12 h after transfection.
Panels B1–3 show overlaid images of CV1 cells 30 h after being transfected with WT melanoregulin-GFP (Panel B1), melanoregulin-GFP containing the GDA mutation (Panel
B2), or melanoregulin-GFP containing the CDS mutations (Panel B3). The images were taken 30 min after addition of LysoTracker-red to the media. Transfected cells are
outlined in yellow, while untransfected cells are outlined in white. The mag bars are 3.8 (A1) and 15.3 (B1) lm. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)
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appropriate antibody (anti-GFP for WT melanoregulin-GFP and
anti-FLAG for WT melanoregulin-FLAG), and the bead-bound mate-
rial was subjected to SDS–PAGE followed by fluorography to detect
the presence of H3-palmitate on melanoregulin. GFP-tagged
mucolipin 3, which is known to be palmitoylated [10], was used
as a positive control. Fig. 4, Panel A, shows that, like GFP-mucolipin
3 (lane 1), both tagged versions of melanoregulin are positive for
incorporated H3-palmitate (melanoregulin-GFP in lane 2, melan-
oregulin-FLAG in lanes 3 and 4). If melanoregulin is palmityolated
in vivo, as indicated by this metabolic labeling experiment, then its
targeting to lysosomes in CV1 cells should be abrogated or at least
diminished significantly in cells incubated in the presence of
bromo-palmitate, a cell-permeant, general inhibitor of palmi-
toyltransferases and, therefore, of palmitoylation in vivo [11].
Fig. 4, Panels B1 and B2, show that the addition of bromo-palmitate
Fig. 4. Palmitoylation of melanoregulin’s cysteines drives the protein’s stable associati
fluorogram of a 4–20% SDS–PAGE gel of whole cell extracts from RPE or Cos7 cells that h
WT melanoregulin-GFP (lane 2; estimated MR of 50 kDa), or WT melanoregulin-FLAG (la
palmitate starting 24 h post-transfection (see Section 2 for details). The migration of th
bottom: 220, 160, 120, 100, 90, 80, 70, 60, 50, 40, 30, 25, 20, 15, and 10 kDa). The extract
Panels B1 and B2 show fluorescent overlay images of CV1 cells that had been transfecte
100 lM bromo-palmitate for 8 h starting 16 h post transfection. LysoTracker was added 3
associated WT melanoregulin-GFP in melan-C (i.e. albino) melanocytes within the bleac
after bleaching (Panel C2), and 5 min post-bleach (Panel C3). Panel D provides the qua
interpretation of the references to colour in this figure legend, the reader is referred to
to the media of CV1 cells transfected with WT melanoregulin-GFP
does indeed reduce significantly the extent to which the protein
targets to LysoTracker-positive organelles (compare Panel B1 (plus
100 lM bromo-palmitate), where the GFP signal is diffuse
throughout the cell and not strongly co localized with the Lyso-
Tracker signal, to Panel B2 (no bromo-palmitate), where essentially
all of the melanoregulin-GFP signal co-localizes with the central-
ized LysoTracker signal). We conclude, therefore, that melanoregu-
lin is palmitoylated in vivo, and that this post translational
modification plays a major role in its targeting to lysosomes in gen-
eric cell types and to melanosomes (which are secretory lyso-
somes) in melanocytes.

Palmitoylation is reversible [7], and for many proteins that are
palmitoylated at a single cysteine residue, reversible palmitoyla-
tion and, as a consequence, reversible membrane association, plays
on with the limiting membrane of lysosomes and melanosomes. Panel A shows a
ad been transfected with GFP-tagged mucolipin 3 (lane 1; estimated MR of 90 kDa),
nes 3 and 4; estimated MR of 26 kDa) and incubated for 6 h in the presence of H3-

e molecular weight markers is indicated by the hash marks to the left (from top to
s in lanes 1–3 were from RFE cells, while the extract in lane 4 was from a Cos7 cell.

d with WT melanoregulin-GFP and incubated with (Panel B1) or without (Panel B2)
0 min before image acquisition. Panels C1–3 show the fluorescence of melanosome-

h target zone (white circle) immediately prior to bleaching (Panel C1), immediately
ntitation of this FRAP experiment. The mag bars are 14 (B1) and 10 (C1) lm. (For
the web version of this article.)
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a major role in their biological function (e.g. the alpha subunit of
heterotrimeric G proteins). In contrast to such proteins are multi-
ply palmitoylated proteins like cysteine string proteins, which
seldom exit the membrane because at any moment in time they
usually have at least one site palmitoylated [12]. Given that melan-
oregulin has multiple potential palmitoylation sites, and that very
little of the protein is found in the cytoplasm at steady state, we
hypothesized that the protein probably does not cycle in and out
of the membrane to any significant extent. To test this, we trans-
fected melan-C (albino) melanocytes with melanoregulin-GFP
and subjected the melanosome-associated GFP signal to photo
bleaching (note that these albino melanocytes, which produce
unpigmented melansomes, must be used for this experiment be-
cause pigmented melanocytes opitcute when subjected to the in-
tense laser light required for photo bleaching). Consistent with
our hypothesis, Fig. 4, Panels C1–C3, show that melanoregulin-
GFP exhibits very little recovery in the melanosome membrane
in the five minutes following photo bleaching (Panel C1, pre-
bleach; Panel C2, bleach; Panel C3, 5 min post-bleach). Fig. 4, Panel
D, which provides the quantitation of this FRAP experiment over a
15 min time course, confirms that melanoregulin GFP does not cy-
cle in and out of the melanosome membrane to an appreciable ex-
tent (the small degree of recovery by 15 min is probably due
largely to the movement of unbleached melanosomes into the
bleach zone). We conclude, therefore, that multiple palmitoylation
probably serves to keep melanoregulin stably anchored in the lim-
iting membrane of the melanosome.
4. Discussion

Given that melanoregulin lacks a transmembrane domain and is
highly charged, our main goal in this study was to determine how
the protein associates so dramatically with the limiting membrane
of the melanosome. The answer is that the protein is palmitoylat-
ed, probably multiply, at a cluster of six cysteines located near the
protein’s N-terminus. This conclusion is based primarily on the fol-
lowing results: (i) GFP-tagged melanoregulin in which these cyste-
ines were changed to serines no longer targets to melanosomes in
melanocytes and to lysosomes in CV1 cells, (ii) melanoregulin can
be labeled metabolically with H3-palmitatic acid, and (iii) the addi-
tion of an inhibitor of palmitoylation to cultured CV1 cells disrupts
the targeting of melanoregulin-GFP to lysosomes. Many palmitoy-
lated proteins are also myristoylated at a glycine residue that fol-
lows the initiator methionine [6,7]. Given that melanoregulin
possesses a glycine at residue position 2, it is likely that it is also
dually acylated. That said, melanoregulin in which this glycine
was changed to an alanine still targets effectively to the melano-
some. This is not surprising, however, as palmitoylation usually
plays the dominant role in the membrane attachment of dually
acylated proteins [6,7]. Nevertheless, the addition of the myristate
moiety often serves to facilitate subsequent palmitoyation [6,7], so
melanoregulin should be tagged at its C-terminus rather than at its
N-terminus as in Ohbayashi et al. [4] to avoid blocking myristate
addition (the myristate is added only to the glycine when this gly-
cine is at the very N-terminus following removal of the initiator
methionine).

The fact that melanoregulin possesses many potential sites for
palmitoylation suggests that it, like other multiply palmitoylated
proteins (e.g. cysteine string proteins), may be stably bound to
the melanosome membrane because at any one moment it would
usually have at least one attached palmitate group. This would be
in contrast to many dually acylated proteins that contain only one
or two cysteines, which often cycle in and out of membranes as part
of their life cycle [6,7]. Consistent with these ideas, FRAP of melan-
oregulin-GFP present on melanosomes in melan C melanocytes
showed essentially no recovery of fluorescence after five minutes.
Overall, therefore, in terms of the site of action of melanoregulin
in melanocytes, it appears to be largely if not entirely on the mela-
nosome surface, where it is stably bound as a result of extensive
palmitoylation.

We found that the over-expression of melanoregulin in dv/dv

melanocytes causes melanosomes to concentrate more dramati-
cally in the center of these cells. Similarly, the over-expression of
melanoregulin in CV1 cells causes lysosomes to concentrate in
the cell center. A similar melanoregulin over-expression pheno-
type in an immortal melanocyte cell line was recently reported
by Ohbayashi et. al. [4]. They interpreted this over-expression phe-
notype in light of their data implicating melanoregulin, rather than
Rab7 as previously reported [13,14], as the anchor on the melano-
some (and lysosome) surface for the complex of RILP, dynactin and
dynein, which together drive the microtubule minus end-directed
movements of these organelles. While the validity of their conclu-
sion is not really relevant to our study here, our recent demonstra-
tion of the role played by melanoregulin in the intercellular
transfer of melanosomes from the melanocyte to the keratinocyte
[3] argues against melanoregulin serving as the melanosome
receptor for dynein. Indeed, we think that the over expression of
melanoregulin causes the central accumulation of melanosomes
and lysosomes not by serving as the melanosome receptor for dy-
nein, but rather by increasing the Rab7-dependent recruitment of
dynein, and possibly the subsequent processivity of the motor.
Moreover, we think the physical basis for this non-physiological,
over expression effect is a significant shift from liquid-disordered
to liquid-ordered lipid phases in the limiting membrane of the
melanosome (and lysosome) that is caused by the presence of ex-
cess melanoregulin, and is a direct consequence of melanoregulin’s
multiple attached palmitates, which partition into and promote li-
quid-ordered lipid microdomains [15]. Relevant to this hypothesis,
other studies have linked increases in the content of cholesterol,
another component of liquid-ordered lipid microdomains (i.e.
rafts), in the limiting membrane of the lysosome to changes in
the organelle’s dynein-dependent movement [16].
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