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Dipeptides Inhibit Melanin Synthesis in Mel-Ab Cells through

Down-Regulation of Tyrosinase
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This study investigated the effects of proline-serine (PS) and valine-serine (VS) dipeptides on
melanogenesis in Mel-Ab cells. Proline-serine and VS significantly inhibited melanin synthesis in a
concentration-dependent manner, though neither dipeptide directly inhibited tyrosinase activity in a
cell-free system. Both PS and VS down-regulated the expression of microphthalmia-associated
transcription factor (MITF) and tyrosinase. In a follow-up study also described here, the effects of these
dipeptides on melanogenesis-related signal transduction were quantified. Specifically, PS and VS
induced ERK phosphorylation, though they had no effect on phosphorylation of the cAMP response
element binding protein (CREB). These data suggest that PS and VS inhibit melanogenesis through
ERK phosphorylation and subsequent down-regulation of MITF and tyrosinase. Properties of these
dipeptides are compatible with application as skin-whitening agents.
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INTRODUCTION

Melanin is the most important determinant of skin, hair,
and eye color in mammals. In melanocytes, melanin is pro-
duced within specialized organelles called melanosomes.
Tyrosinase, the rate-limiting enzyme in melanin synthesis,
catalyses the hydroxylation of tyrosine to 3,4-dihydrox-
yphenylalanine (DOPA) and the oxidation of DOPA to dop-
aquinone [1]. Melanosomes may move into melanocytic den-
drites and later be transported into neighboring keratino-
cytes [2]. Non-uniform patterns of melanin synthesis result
in cosmetically unappealing conditions such as melasma,
age spots and freckles, and generate a need for safe and
effective skin-whitening agents.

Specific signaling cascades control melanogenesis. Alpha-
melanocyte stimulating hormone (@-MSH) up-regulates cy-
clic AMP (cAMP) through binding to melanocortin-1 re-
ceptor (MC1R) [3]. Protein kinase A (PKA), a downstream
effector of cAMP, induces cAMP responsive element-bind-

Received May 31, 2012, Revised July 13, 2012,
Accepted July 19, 2012

Corresponding to: Dong-Seok Kim, Department of Biochemistry,

Chung-Ang University College of Medicine, 221, Heukseok-dong,

Dongjak-gu, Seoul 156-756, Korea. (Tel) 82-2-820-5768, (Fax)

82-2-820-5768, (E-mail) ds_kim@cau.ac.kr

*These authors contributed equally to this work.

This i_s an Open Access a‘rtic}e distributed undgr thg terms of the
e Creative Commons Attribution Non-Commercial License (http:/

creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial
use, distribution, and reproduction in any medium, provided the original work
is properly cited.

287

ing protein (CREB) phosphorylation, thereby promoting the
expression of microphthalmia-associated transcription fac-
tor MITF), the major transcription factor for tyrosinase ex-
pression [4,5]. Conversely, when extracellular signal-regu-
lated kinase (ERK) is phosphorylated, it down-regulates
MITF expression by phosphorylating MITF at serine 73,
thereby also down-regulating tyrosinase [6,7].

Synthetic peptides show wide-ranging activities, some
with significant effects on inflammation, immunity, anti-
oxidant response, resistance to infection and melanogenesis
[8-10]. While peptide synthesis is relatively simple, syn-
thetic peptides may be expensive, depending on the number
and type of amino acids required [11]. Our interest focuses
on several peptides that have the capacity to modulate skin
pigmentation [12,13]. Several tripeptides have recently
been added to this list [8] and oligopeptides with specific
amino acid sequences may reduce pigmentation through in-
hibition of tyrosinase activity [14-16]. However, the effects
of dipeptides on melanogenesis have not been thoroughly
evaluated. Dipeptides may be significant therapeutically
because molecular size may influence skin penetration.

In this study, we screened dipeptides from an internal
dipeptide library for the capacity to inhibit melanogenesis.
Of the dipeptides screened, proline-serine (PS) and va-
line-serine (VS) showed hypopigmentary effects suggesting
they might be used to develop whitening agents. To inves-

ABBREVIATIONS: CREB, cAMP response element binding protein;
DOPA, 3,4-dihydroxyphenylalanine; ERK, extracellular signal-regu-
lated kinase; MAPKSs, mitogen-activated protein kinases; MCIR,
melanocortin 1 receptor; MITF, microphthalmia-associated trans-
cription factor; @-MSH, a-melanocyte stimulating hormone; PS,
proline-serine; UV, ultraviolet; VS, valine-serine.
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tigate the mechanism of action of PS and VS in melanin
synthesis, we measured the effects of these dipeptides on
MITF and tyrosinase expression, and on the activation of
melanogenesis-related signaling pathways in Mel-Ab cells.

METHODS
Materials

All dipeptides were supplied by Beadtech Inc. (Seoul,
Korea). PS and VS were dissolved in dimethyl sulfoxide
(DMSO) and stored at 4°C as stock solutions (10 mg/ml).
Fetal bovine serum (FBS) was purchased from Hyclone
(Logan, UT, USA), while 12-O-tetradecanoylphorbol-13-ace-
tate (TPA), cholera toxin (CT), 3,4-dihydroxy-L-phenyl-
alanine (L-DOPA), and mushroom tyrosinase were obtained
from Sigma-Aldrich Co. (St. Louis, MO, USA). Dulbecco’s
modified Eagle’s medium (DMEM), antibiotic-antimycotic
mix (penicillin, streptomycin), and trypsin-EDTA were pur-
chased from WelGENE (Dalseogu, Daegu, South Korea).
Antibodies specific for phospho-ERK1/2 (Thr202/Tyr204,
#9101S) and phospho-CREB (Ser133, #9198) were obtained
from Cell Signaling Technology (Beverly, MA, USA). Anti-
bodies specific for tyrosinase (C-19) and actin (I-19), and
for microphthalmia Ab-1 (C5, MS-771-P0) were purchased
from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA
and NeoMarkers (Fremont, CA, USA), respectively. Secon-
dary antibodies (anti-goat IgG (PI-9500), anti-mouse IgG
(PI-2000) and anti-rabbit IgG (PI-1000)) were purchased
from Vector Laboratories (Burlingame, CA, USA).

Cell culture

The Mel-Ab cell line is a spontaneously immortalized
murine melanocyte line that produces large quantities of
melanin [17]. Mel-Ab cells were cultured in DMEM supple-
mented with 10% fetal bovine serum (FBS), 100 nM TPA,
1 nM CT, 50 xg/ml streptomycin, and 50 xg/ml of penicillin
in 5% COs at 37°C.

Cell viability assay

Cell viability was determined by crystal violet assay [17].
After incubating cells with PS or VS at 1~50 xg/ml for
24 hours, the medium was removed and the cells were
stained with 0.1% crystal violet in 10% ethanol for 5 mi-
nutes at room temperature. The cells were then rinsed four
times with distilled water, and any crystal violet retained
by adherent cells was extracted using 95% ethanol. Absorb-
ance was measured at 590 nm using an ELISA plate reader
(VersaMax; Molecular Devices, Sunnyvale, CA, USA).

Assessment of melanin content and microscopy

After incubation with PS or VS at 1~20 xg/ml for 4 days,
Mel-Ab cells were visualized by phase contrast microscopy
(Olympus Optical Co., Tokyo, Japan) and photographed us-
ing a DCM300 digital camera (Scopetek, Inc., Hangzhou,
China). The melanin content of the cells was quantified as
previously described [18] with some modifications. Briefly,
the cell pellets were dissolved in 1 ml of 1 N NaOH at 100°C
for 30 minutes, then centrifuged for 20 minutes at 16,000x
g. The relative optical densities (OD) of the resulting super-
natants were then measured at 400 nm using an ELISA

reader. Triplicate samples of synthetic melanin (0~300 «g/
ml) were used to prepare standard curves for each experi-
ment.

Tyrosinase activity

Tyrosinase activity was assayed to determine DOPA oxi-
dase activity. Mel-Ab cells were incubated for 4 days in
six-well plates (2x10” cells/well) containing PS in DMEM.
The cells were then washed with PBS, lysed with lysis buf-
fer (0.1 M phosphate buffer [pH 6.8] containing 1% Triton
X-100), and disrupted by freeze-thawing. The lysates were
clarified by centrifugation at 15,000 rpm for 30 min. After
protein quantification using a protein assay kit (Bio-Rad,
Hercules, CA, USA), the cell lysates were adjusted with ly-
sis buffer so that all contained equal amounts of protein.
Next, 90 «l of each lysate and 10 «l of 10 mM L-DOPA
were pipetted into the wells of a 96-well plate. Control wells
containing 90 1 of lysis buffer and 10 £l of 10 mM L-DOPA
were also prepared. After incubation at 37°C for 20 mi-
nutes, dopachrome formation was quantified from the ab-
sorbance at 475 nm using an ELISA reader.

The direct effect of PS on tyrosinase activity was tested
in a cell-free assay system. Briefly, 70 «1 of phosphate buf-
fer containing PS was mixed with 20 #l of mushroom ty-
rosinase (stock solution 53.7 units/ml) and 10 #1 of 10 mM
L-DOPA. Following incubation at 37°C for 20 min, the ab-
sorbance was measured at 475 nm.

Western blot analysis

Mel-Ab cells were lysed in a cell lysis buffer (62.5 mM
Tris-HCI [pH 6.8], 2% SDS, 5% B-mercaptoethanol, 2 mM
phenylmet}hldylsulfonyl fluoride, and protease inhibitors
[CompleteT ; Roche, Mannheim, Germany], 1 mM NasVOy,
50 mM NaF and 10 mM EDTA). Proteins in the total cell
lysates were separated by SDS-polyacrylamide gel electro-
phoresis using 20 g of protein per lane, blotted onto poly-
vinylidene fluoride (PVDF) membranes, and blocked with
5% dried milk in Tris-buffered saline containing 0.5% Tween
20. Blots were then incubated with the appropriate primary
antibodies at a dilution of 1 : 1,000, and then re-incubated
with horseradish peroxidase-conjugated secondary antibody.
Bound antibody was identified using an enhanced chem-
iluminescence testing kit (Thermo Scientific Inc., Bremen,
Germany). All images of the immunoblots were obtained
using an LAS-1000 lumino-image analyzer (Fuji Film,
Tokyo, Japan).

Statistics

The statistical significance of the intergroup differences
was assessed by analysis of variance (ANOVA) followed by
Student’s t-test. All p-values <0.01 were considered signi-
ficant.

RESULTS
Effects of PS and VS on cell viability

At concentrations between 1 and 50 xg/ml in 24-hr in-
cubations, PS and VS showed no cytotoxicity (Fig. 1).
Therefore, dipeptides at concentrations from 1 xg/ml to 20
1g/ml were used for the subsequent experiments.
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Effects of PS and VS on melanin synthesis and
tyrosinase activity

Mel-Ab cells were treated with PS or VS at 1~20 xg/ml
for 4 days. Before measuring the melanin content, the cells
were observed under a phase contrast microscope. Melanin
pigmentation decreased dose-dependently in PS-treated
cells (Fig. 2A). Similarly, cell melanin content was reduced
in a dose-dependent manner after treatment with either PS
or VS (Fig. 2B, C). Accordingly, the capacity of PS and VS
to inhibit tyrosinase directly in a cell-free system was ex-
amined, and neither dipeptide showed such an effect (Fig.
2D, E).

PS and VS down-regulated MITF and tyrosinase
expression

We determined the levels of MITF and tyrosinase pro-
teins by western blot analysis during culture of cells with
PS or VS (20 #g/ml) for 4 days. MITF protein levels were
reduced after 48 to 72 hours of treatment with PS, and ty-
rosinase levels declined in parallel with the reduction in
MITF (Fig. 3A). Treatment with VS also decreased levels
of MITF and tyrosinase proteins at 24 hours. Levels of both
proteins recovered gradually and returned to the normal
range by 72 hours (Fig. 3B). These results provide evidence
that PS and VS may decrease melanogenesis by down-
regulating MITF and tyrosinase.

PS and VS induced the phosphorylation of ERK but
not CREB

Emerging data suggest that ERK phosphorylation leads
to MITF degradation by phosphorylation of MITF at serine
73 [6,19]. Therefore, we investigated whether PS- or VS-in-
duced hypopigmentation was related to ERK phosphory-
lation. Cells were treated with PS or VS (20 xg/ml) for 0~
360 min and the whole cell lysates were subjected to west-

PS (20 pg/ml)

0 24 48 72 () o 24

[i---|mm= .__

VS (20 pg/ml)

< ‘ MITF

ern blot analysis. Cellular levels of phospho-ERK increased
for at least 30 min after treatment with either PS or VS
(Fig. 4). We also measured the phosphorylation of cyclic
AMP response element-binding protein (CREB), a tran-
scription factor that promotes melanogenesis through MITF
regulation [20,21]. However, neither PS nor VS affected
CREB phosphorylation. These results suggest that PS and
VS modulate melanogenesis by promoting ERK phosphory-
lation.

DISCUSSION

Dipeptides, the simplest product of peptide bond for-
mation between amino acids, may intervene in a variety
of physiologic functions depending on experimental context.
Thus anti-inflammatory, neuroprotective and antitumor ac-
tivities of dipeptides are reported [22-24]. The peptides that
inhibit tyrosinase activity [14,15] may potentially be used
to develop new skin care products. Although the hypopig-
mentary properties of tripeptides have been investigated,
the effects of dipeptides on melanogenesis have not been
comprehensively assessed [8]. We screened dipeptides from
an internal library for activities that influence melano-
genesis. We found that while PS and VS inhibited melanin
synthesis in a dose-dependent manner, single amino acids,
including proline, valine, and serine, had significantly low-
er inhibitory effects (data not shown).

Various peptides may reduce melanogenesis by directly
inhibiting tyrosinase activity [12]. In contrast, PS and VS
did not directly inhibit the enzyme, but did reduce MITF
protein expression, thereby decreasing levels of tyrosinase
protein (Fig. 3). Mechanisms for the activities of dipeptides
in melanogenesis, including potential target molecules or
protein receptors for dipeptides, await further investiga-
tion. It seems unlikely that PS or VS can permeate cell
membranes in view of their hydrophilic structures. In addi-
tion, phosphorylation of ERK suggests that the dipeptide
acts primarily at the cell surface. To probe the mechanisms

Fig. 3. The dipeptides PS and VS
downregulate MITF and tyrosinase
expression in Mel-Ab cells. Mel-Ab
cells were treated with PS (A) or VS
(B) (20 rg/ml) for the times indica-
ted. Western blot analyses were per-
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of dipeptides, we tested the effects of PS and VS on regu-
latory signaling in melanin synthesis. We tested the effects
of PS and VS on CREB phosphorylation because CREB is
believed to up-regulate MITF expression [25]. At the dos-
ages tested, neither dipeptide affected CREB phosphor-
ylation in Mel-Ab cells (Fig. 4).

In contrast, PS and VS did activate ERK, a classical mi-
togen-activated protein kinase (MAPK) that may regulate
melanogenesis by phosphorylating MITF at serine 73 and
thus marking MITF for degradation [26]. In the present
study, extended treatment with either PS or VS decreased
levels of MITF and tyrosinase proteins. Concerning the
mechanism of dipeptides, it is significant that MITF and
tyrosinase protein levels were decreased as early as 24 h
after treatment with PS or VS, while the decrease in mela-
nin synthesis was measured after treatment with either di-
peptide for 4 days. This temporal relationship is consistent
with a mechanism that targets an early signal in the mela-
nin biosynthetic pathway. We hypothesize that PS and VS
inhibit melanin synthesis by activating ERK and thereby
down-regulating MITF and tyrosinase expression.

While kojic acid is one of the most widely accepted ty-
rosinase inhibitors used as a skin-whitening agent, it is un-
stable in cosmetic formulations and its safety is not con-
firmed. Noting that kojic acid-tripeptides and kojic acid-tri-
peptide amides exert greater tyrosinase-inhibition than free
kojic acid [12,27], we suggest that attachment of kojic acid
to certain dipeptides may also increase tyrosinase inhibi-
tion as compared to either agent alone. Released from these
compounds, the dipeptides may further downregulate ty-
rosinase and thereby enhance hypopigmentary effects.

In conclusion, PS and VS suppressed melanogenesis in
Mel-Ab cells. The action of PS and VS occurred through
inhibition of MITF and tyrosinase expression subsequent
to ERK phosphorylation. These results suggest that dipep-
tides may prove useful in development of new skin-whiten-
ing agents.
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