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ABSTRACT

Compounds which are known io labilize biological membranes have been demon-
strated to increase tyrosinase activity in the B-16 melanoma and newborn mouse skin.
Detergents, bile acids, chlorpromazine (CPZ), neutral steroids and proteases all in-
crease melanosomal tyrosinase activity. Digitonin (0.5%) produced approximately a
five fold increase in tyrosinase activity and released 50% of the enzyme from the
melanosome, CPZ (10°M) produced a 2.7 fold increase in tyrosinase activity without
releasing the enzyme from the melanosome. The CPZ-induced activation of tyrosinase
was decreased by the membrane stabilizer, chloroquine, and abolished by prior treat-
ment of the melanosomes with digitonin.

Alteration of the outer melanosomal membrane by digitonin and CPZ was confirmed
by electron microscopy.

The results suggest that the membrane surrounding the melanosome regulates the
accessibility of the substrate tyrosine to the tyrosinase molecule inside the organelle.
A change in membrane permeability may be the mechanism by which certain physio-

logical and pharmacologieal compounds control or alter pigmentation.

Tyrosinase catalyzes the mitial steps in mela-
nin formation, i.e. the hydroxylation of tyrosine
1o dihydroxyphenylalanine (dopa) and the sub-
sequent oxidation of dopa to dopaquinone. In
mammalian melanoevtes, most of the tyrosinase
is confined in a specialized evtoplasmic organelle,
the melanosome (1). This particle, which syn-
thesizes and stores the melanin pigment, is
bounded by a unit membrane (Fig. 14).

We have shown that chlorpromazine (CPZ)
and other phenothiazine compounds increase
melanoma tyrosinase activity i vivo and in
vitro (2, 3). Alteration of membrane permeabil-
ity is one of the major effects of the phenothia-
zine tranquilizers (4). The increase in melanoma
tyrosinase induced by various phenothiazines is
proportional to the surface activity of these
compounds suggesting that they might act by
labilizing the melanosomal membrane. Menon
and Haberman (5) demonstrated that strong de-
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tergents also Increase melanoma tyrosinase ac-
tivity.

These findings suggest that regulation of the
permeability of the outer melanosomal mem-
brane (Fig. 1A) by physiological and pharma-
cological compounds could be one mechanism of
controlling cutaneous melanin formation (3).
This report presents additional experimental ev-
idence n support of this hypothesis. Various
agents which labilize or stabilize biological mem-
branes were investigated for their effect on
mouse melanoma and skin tyrosinase.

MATERIALS AND METHODS

Chemicals. L-Tyrosine-3,5-H* (specific activity.
82 c¢/mmole) was purchased from New England
Nuclear Corporation (Boston. Mass.). Digitonin
was obtained from Fisher Secientific Company
(Pittsburgh. Pa.). L-Tyrosine. L-dihydroxyphenyl-
alanine. sodium desoxycholate. ouabain, and tryp-
sin were purchased from Nutritional Biochemicals
Corporation (Cleveland, Ohio). Lithocholic acid,
lysolecithin, prednisone, cholesterol. etiocholano-
lone, progesterone, diethylstilbestrol. chymotryp-
sin, papain, vitamin E, vitamin A, hydrocortisone
and testosterone were purchased from Sigma
Chemical Company (St. Louis. Mo.). The non-
ionic  detergent nonvlphenoxypoly(ethaneoxyl)-
ethanol (Igepal Co-630) was generously supplied
by the General Aniline and Film Company (New

343



344 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY

Fic. 1. Electron micrographs of untreated control (A), CPZ treated (B) and digitonin
treated (C) melanosome fractions. The melanosome (ml) is surrounded by a unit membrane
(m). Mitochondria (mi) are also seen in the sections. Digitonin produces generalized frag-
mentation of membranes, indicated by the arrows in (C). The pellets were fixed in osmic
acid. embedded in epon, sectioned and stained with uranyl acetate followed by lead ecitrate.
X 74642,

York. N.Y.), chlorpromazine HCI by Smith Kline B-16 mouse melanoma was obtained from the
and French Laboratories (Philadelphia, Pa.), chlo- Jackson Laboratories, Bar Harbor, Maine and
roquine diphosphate by Sterling-Winthrop Re-  serially transplanted subcutaneously in C57Bl1/6]
search Imstitute (Rensselaer, N.Y.) and chlori- mice. The tumors were excised 11-13 days after
pheniramine m.xloal,e by Schering Corporation transplantation and a melanosome-rich fraction
(Bloomfield. N.J.). was prepared fresh daily for each experiment. The

Prczwml,mn of melanoma large granule fraction. melanomas were weighed and homogenized in o
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Potter-Elvehjem homogenizer (Teflon pestle) with
10 volumes of 0.25M sucrose containing 0.08M so-
dium phosphate buffer, pH 68 at 4° C. The nu-
clear fraction was removed by centrifuging the
homogenate for 5 minutes at 700 g. A large granule
fraction containing most of the melanosomes was
prepared by centrifuging the supernatant at 11,000
g for 10 minutes. The pellet was resuspended in
025M sucrose with 0.08M sodium phosphate
buffer, pH 68 (% of the original volume). This
large granule fraction also contained mitochondria
und lysosomes which do not have tyrosinase activ-
ity
Preparation of mouse skin homogenate. For
mouse skin tyrosinase experiments, C57Bl1/6J new-
born mice were decapitated 4 to 12 days after lit-
tering. The dorsal skin was peeled off, weighed and
homogenized with 5 volumes of 0.25M sucrose con-
taining 0.08M sodium phosphate buffer pH 6.8 in
a ground glass homogenizer, Two to four skins
were pooled for each determination. All of the
skins were homogenized under the same conditions
but there remained a larger fibrous residue from
the older skins. The homogenate was decanted and
the residual fibrous tissue discarded.

Protein determination. Protein content of the
melanoma melanosome fraction and skin homoge-
nate was measured by the method of Lowry et al.
(6),

Tyrosinase assay. Tyrosinase was assayed by the
method of Pomerantz (7). The tritiated water
formed when tyrosine-3,5-"H is hydroxylated by
tyrosinase was separated with a Norit A-Celite
column and counted in a liquid scintillation spec-
trometer using Bray’s solution (8). Each assay mix-
ture contained L-tyvrosine-3.5"H (20 ue, 10
wmole) ; L-Dopa (015 wmole); 025M sucrose;
0.032M sodium phosphate buffer, pH 6.8 and 0.5
ml of either melanoma melancsome fraction or
skin homogenate in a total volume of 125 ml.
Blanks containing boiled enzyme (100° C for 10
minutes) were run simultaneously. The incubation
time was 1 hour, temperature 37° C and each assay
wus carried out in duplicate. Concentrations of the
compounds used in these experiments did not
change the pH of the medium. Preincubation ex-
periments with CPZ and etiocholanolone for 45
minutes at 37° C showed no additive effect. There-
fore these and other compounds tested were added
immediately before the tyrosinase assay. Some of
the experiments reported in this paper were re-
peated. with identical results, using the oxygen
electrode method of measuring tvrosinase (3) indi-
cating that the compounds studied were not, inter-
fering with the radioactive tyrosinase assayv.

RESULTS
Effect of various membrane-active compounds
on melanoma (melanosomal fraction) and skin
tyrosinase.
The in »itro effect on tyrosinase activity of
compounds which are known to labilize or stabi-
lize lysosomal (9-12), erythrocyte (13) and mi-
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tochondrial membranes (14) are summarized in
the Table. Digitonin and another detergent Ige-
pal CO-630 (nonvlphenoxypoly [ethyleneoxy]
ethanol) produced the greatest increase in B-16
melanosomal tyrosinase, This increase in tyrosin-
ase activity agrees with the previous observa-
tions of Menon and Haberman (5) and is
thought to be related to the disruption of the
membrane surrounding the melanosome. 10°M
CPZ increased skin mouse tyrosinase as well as
B-16 melanosomal tyrosinase but preincubation
with digitonin or Igepal abolished the ability of
CPZ to activate tyrosinase. It is likely that the
melanosomal membrane was disrupted maxi-
mally by the detergents, therefore CPZ could
exert no additional effect. In contrast, chloro-
quine, which has a stabilizing effect on biological
membranes diminished the tyrosinase acgvation
induced by CPZ. The chemical compounds
which are known to labilize biological mem-
branes showed the following order of potency
for activating tyrosinase: detergents > bile acids
> CPZ > neutral steroids. These agents are
known to interact directly with the lipid compo-
nent of membranes. Prednisone and cholesterol
are exceptions since they stabilize lysosomal
membranes (14) vet increase melanosomal tyro-
sinase activity. Another membrane stabilizer,
hydrocortisone, was inactive in our experiments,
Proteolytic enzymes which digest the protein in
lipoprotein membranes (15) increased melanoso-
mal tyrosinase activity (see Table).

As shown in the Table, similar qualitative ef-
fects were observed in the mouse skin and B-16
melanosomes. However, the smaller percentage
increase in skin tyrosinase may be at least par-
tially due to traumatic membrane injury second-
ary to the vigorous techniques required to ho-
mogenize the skin compared to the melanoma
tissue.

The concentrations necessary to obtain an ef-
feet i witro exceeds the physiological and per-
haps the pharmacological tissue levels but are
similar to those reported to alter the lysosomal
membrane (9, 10). Since many of the com-
pounds used in these experiments are insoluble
in water, the experimental procedures do not
permit an accurate evaluation of the concentra-
tions in the membrane of the melanosome. In
addition, melanin has been observed to absorb
non-specifically many polyeyvelic aromatic com-
pounds (including CPZ, the estrogen mestranol,
and the progestin chlormadinone) (16) which
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TABLE
Effect of various membrane active compounds on melanoma (melanosomal fraction) and skin {yrosinasc
The results are the mean percent = S.E.M. increase in tyrosinase activity above controls run simul-
taneously during each experiment. The number of experiments is listed in parenthesis.

‘ % Increase in melanosoma] tyrosinase activity

Compound | Conc. S
| ‘ B-16 Melanoma Mouse Skin
|

CPZ 10-"M | 172 = 8 (15) 20 == 3 (12)
Digitonin 0.5%; 412 + 33 (6) 50 = 3 (4)
Digitonin and CPZ 0.5%, 10*M 420 £ 28 (4) 59 = 4 (4)
Igepal 1.0%% 349 = 30 (4 57 = 9 (5)
Igepal and CPZ [ 1.0¢, 107*M 361 £ 31 (1) 48 == 4 (5)
Chloroquine 10—5M —14 £+ 1 (4) —3 %+ 2 3)
Chloroquine and CPZ 107°M, 10—°M N 5 I8 £ 1 43)
CPZ 5 X 1M 97T = 6 (1)

Na desoxycholate | 0.1% 72 £ 2 (3)
Na cholate 0.29% 31 + 4 (3)
Lithocholie Aeid* 1073M 199 4 19 (4)

Lysolecithin 0.5% 278 = 10 (3)

Preduisone 107"M | B 403

Cholesterolt 10~5M = 1 (3)

Etiocholanolone* 107°M 61 = 5 (6)

Progesterone® 10-"M ‘ 43+ R M)

Diethylstibestrol* 5 X 10-M L= 26

Trypsing 0. 1% | T2 7@

Chymotrypsing 0.15 15+ 2 (3)

Papain$ 0.1 1 9+ 1)

Others|| 107M | 0

1 The tyrosinase activity was decreased by chloroguine. * These water insoluble componnds were
added in 0.015 ml absolute ethanol to 1.5 ml of melanosomal fraction and the same volume of ethanol
was added to the control fraction. 7 Cholesterol was dissolved in 0,015 ml of p-dioxane and added to 1.5
ml of melanosomal fraction; the same volume of p-dioxane was added to the control fraction. § The
enzymes were preincubated with the melanosome fraction for 30 minutes at 23° C', pH 6.8, prior tu
tyrosinase assay. Trypsin, chymotrypsin and papain do not hydroxylate L-tyrosine-3.5-H® and when
denatured (100° C for 10 minutes) do not increase melanosomal tyrosinase activity. | Other compounds
examined were chlorpheniramine, hydrocortisone, festosterone, ouabain, vitaming I and A.

the pellet resuspended in the same volume of
0.25M sucrose containing 005\ sodium phos-
phate buffer, pH 6.8 (§N). Tyrosinase activity
and protein coneentration were messured in 0.5
ml samples of each of the four fractions. Th

could increase preferentially their concentration
in the melanosome.

Effect of CPZ, freezing and digitonin on activity
and physical state of tyrosinase i B-16 melo-

noma melanosomes.

The effect of CPZ, digitonin and freezing and
thawing on the physical state and localization of
tyrosinase activity was also examined (Fig. 2).
Alelanosomes prepared as described previously
() were incubated either with CPZ 10°M or
digitonin 0.5% for 15 minutes at 4° C or frozen
and thawed 5 times (E3). A control melanosome
fraction was untreated. The control and treated
melanosomes were centrifuged at 30,000 X g for
0 minutes; the supernatant saved ([7]), and

inereased tyrosinase activity induced by CPZ
remained in the sedimented puarticulate frac-
tion. The tyrosinase was not released from the
melanosome; presumably the increase in enzym
activity is due to inereased membrane perme-
ability permitting an inereased concentration o
tyrosine and perhaps dopa to reach the tyrosin-
ase molecule. Removal of the CPZ in solution b
repeated washing of the particulate fractiol
with 0.25M sucrose did not reverse the tyrosi-
ase activation, indicating that the membran
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Tie. 2. Effect of CPZ. freezing and digitonin on activity and physical state of 1vrosinise

in B-16 melanoma melanosomes,

The bars are the mean value of two experiments; each assay was run in duplicate.

The or-

dinate 1s the tyrosinase activity expressed as memoles of tyrosine hydroxylated per hour n
0.5 ml of each fraction, The number over each bar is the protein concentration of that frac-

tion in mg/ ml.

dumage was irreversible or the drug-membrane
hond was strong. Freezing and thawing also in-
creazed the melanosomal tyrosinase presumably
by disrupting membrane structure as has been
reported for mitochondria (17) and lyvsosomes
(18); 30% of the tyrosinase was released from
the melanosomes. Digitonin produced a similar
inerease in total tyrosinase activity but 50% of
the tyrosinase was found in the supernatant
after treatment with this detergent. The protein
content of the fraction in each experiment was
proportional to their tyrosinase activity. The
particulate fractions of the control, CPZ-treated.
and digitonin-treated melanosomes were exam-
med by electron microscopy (Fig. 1). Intact
outer melanosomal membranes were {requently
seéen in the untreated control melanosomal pellet
(Fig. 1A). The outer membranes of the CPZ-
reated melanosomes appeared thickened and
swollen  (Fig. 1B). Membrane swelling with
more generalized fragmentation was also evident
m the digitonin-treated melanosomes. CPZ and
digitonin also produced swelling of the mito-
“hondrial membrane (Fig. 1B and ).

DISCUSSION
The observations above demonstrate that
mmpounds  which labilize lysosomal. erythro-

vie, and mitochondrial membranes increase mel-

anosomal  tyrosinase  activity.  Chloroquine,
which stabilizes biological membranes, partially
protects against this imerease In 1y rosinase activ-
ity. The experimental data suggest that the
outer membrane surrounding the melanosome
impedes the aceessibility of the substrate tyro-
sine to the inner tyrosinase molecule with the
result that under physiological conditions the
melanosomal tyrosinase is only partially active.
Therefore the rate of synthesiz of melanin from
tyrosine can be regulated by agents which labil-
1ze or stabilize the melanosomal membrane. A
variety of physiological and pharmacologieal
compounds can control permeability of this
membrane.

These biochemical may  have
clinical implications if compounds which labilize
the melanosomal membrane ineresse cutaneous
pigmentation whereas those that stabilize the
membrane reduce or prevent pigmentation.
There is clinical experience to support further
investigation of this hypothesis, Contraceptive
medication containing progestational and estro-
genic compounds (19), pregnancy (20), liver
disease associated with elevated bile acids and
estrogens (21) and long term CPZ therapy (22)
can  induee  cutaneous  hyperpigmentation;
whereas chloroguine produces hypopigmentation
of the hair (23). Posttraumatic and postinflam-

observations
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matory skin hyperpigmentation (20) could re-
sult from damage to melanosomal membranes
either directly, or secondarily, by the release of
lysosomal proteases. CPZ has been demonstrated
to increase melanoma tyrosinase in vive (2).
Similar experiments are in progress with other
compounds which have been shown to activate
tyrosinase in vitro.

From the experimental results obtained here,
it 12 evident that similarities exist between mela-
nosomes and lysosomes. Each of the subcellular
organelles is surrounded by a single membrane,
the permeability of which can be altered by
some of the same agents. In both melanosomes
and Jysosomes slight injury may alter the availa-
bility of enzyme to substrate in the organelles
while disruptive membrane damage releases
them into solution. Seiji et al. (24) have sug-
gested another similarity between lysosomes and
melanosomes. They found that melanosomes
contain acid phosphatase, the enzyme which has
been thought to be specifically localized in lyso-
somex (25). Previous studies in this laboratory
have demonstrated that lipofusein which is syn-
thesized in lysosomes, contains a melanin compo-
nent (26). The structural and developmental re-
lationships of melanosomes to lvsosomes requires
further exploration.
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