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Lipoteichoic acid (LTA) is a major component of the cell 
wall of Gram-positive bacteria. Its effects on living organ-
isms are different from those of lipopolysaccharide (LPS) 
found in Gram-negative bacteria. LTA contributes to im-
mune regulatory effects including anti-aging. In this study, 
we showed that LTA isolated from Lactobacillus plantarum 
(pLTA) inhibited melanogenesis in B16F10 mouse mela-
noma cells. pLTA reduced the cellular activity of tyrosi-
nase and the expression of tyrosinase family members in 
a dose-dependent manner. The expression of microphthal-
mia- associated transcription factor (MITF), a key factor in 
the synthesis of melanin, was also decreased by pLTA. 
Further, we showed that pLTA activated melanogenesis 
signaling, such as extracellular signal-regulated kinase 
(ERK) and phosphatidylinositol 3-kinse (PI3K)/AKT. In ad-
dition, the expression of heterogeneous nuclear ribonuc-
leoprotein A1 (hnRNP A1) and HuR, which are important 
RNA-binding proteins (RBPs), was reduced. pLTA likely 
degrades MITF via regulation of melanogenic signaling 
and RNA stability of melanogenic proteins, resulting in the 
reduction of melanin. Thus, our data suggest that pLTA 
has therapeutic potential for treating hyperpigmentation 
disorders and can also be used as a cosmetic whitening 
agent. 
 
 
INTRODUCTION 
1 
Melanin, the pigment responsible for the color of eyes, skin, 
and hair, is secreted by melanocytes in the basal layer of the 
dermis (Lin and Fisher, 2007). The role of melanin is to protect 
the skin from ultraviolet (UV) damage by absorbing UV rays 
and removing reactive oxygen species (ROS) (Brenner and 
Hearing, 2008; Shen et al., 2012). 
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Melanogenesis refers to the process of melanin synthesis. 
Melanogenesis is regulated by multiple enzymatic and chemi-
cal reactions in melanocytes. Enzymes responsible for the 
regulation of melanogenesis include tyrosinase, tyrosinase-
related protein 1 (TRP-1), and dihydroxyphenylalanine chrome 
tautomerase (also known as tyrosinase-related protein 2, TRP-2). 
Microphthalmia-associated transcription factor (MITF) plays a 
critical role in melanogenesis as a transcriptional activator of 
tyrosinase, TRP-1, and TRP-2 (Boissy, 2003; Busca et al., 
1996; Costin and Hearing, 2007; Pawelek and Chakraborty, 
1998). Previous studies revealed that three major signaling 
pathways are known to regulate melanogenesis: the protein 
kinase C-mediated pathway (PKC), the cyclic adenosine mo-
nophosphate (cAMP) signaling-mediated pathway, and the 
mitogen-activated protein kinase (MAPK) (Lee et al., 2007). Of 
these, cAMP, which is involved in melanogenesis via phospha-
tidylinositol 3-kinase (PI3K)/AKT, Wnt/ -catenin, and GSK3  
signaling pathways, regulates melanogenesis through expres-
sion of MITF and tyrosinase. The ERK pathway appears to 
influence the synthesis of melanin via a negative feedback 
mechanism involving cAMP (Englaro et al., 1998). Activation of 
PI3K/AKT signaling phosphorylates MITF, leading to negative 
regulation of melano-genesis (Su et al., 2013). 

The production of melanin is an important defense system of 
the skin, but excessive accumulation of melanin induces hyper 
pigmentation disorders such as freckles, lentigo, and melasma 
(Ahn et al., 2006; Iozumi et al., 1993; Li et al., 2003). There is 
great interest in discovering depigmentation agents to prevent 
or treat hyperpigmentation disorders for medical or cosmetic 
reasons. Several existing whitening agents have restricted uses 
because of side-effects or low stability. For example, kojic acid 
is cytotoxic and associated with side-effects such as dermatitis. 
Ascorbic acid has very low stability (Draelos, 2007; Kim et al., 
2008c; Koo et al., 2010). An ideal whitening agent should be safe 
and stable as well as inhibit melanogenesis without side-effects. 

Bacteria are categorized as Gram-positive or Gram-negative 
according to differences in the major components of their cell 
walls. The cell walls of the former contain lipoteichoic acid (LTA), 
whereas those of the latter contain lipopolysaccharide (LPS) 
(Issac, 2002; Morrison and Ryan, 1987; Sharma et al., 2011). 
Generally, LPS and LTA can also stimulate production of cyto-
kines, such as tumor necrosis factor-alpha (TNF- ) and inter-
leukin-6 (IL-6), and excessive immune response to LPS and 
LTA results in severe sepsis. Unlike Staphylococcus aureus, 
which can cause severe sepsis (Kim et al., 2008a; 2008b; Zeng
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et al., 2010), some Gram-positive lactic acid bacteria do not 
induce sepsis. Probiotics are microorganisms that provide 
health benefit to the host. Most lactic acid bacteria are probio-
tics. These bacteria are found mainly in the intestine. They 
prevent overgrowth of pathogenic bacteria in the intestine and 
are also involved in immune regulation, immune boosting, and 
lowering the total level of cholesterol in the blood (Paravez et al., 
2006). Previous studies have demonstrated that lactic acid 
bacteria have other beneficial effects, such as therapeutic ef-
fects on atopic dermatitis, allergies, and photo-aging. However, 
it is difficult to clarify the precise signaling mechanisms underly-
ing these effects of lactic acid bacteria because various com-
ponents, such as LTA, lipoproteins, and DNA all appear to be 
involved. In previous experiments aimed at determining the role 
of LTA in immune regulation, highly purified LTA was prepared 
from Lactobacillus plantarum (pLTA), and LTA was shown to 
be involved in many of the beneficial effects of this lactic acid 
bacterium (Kim et al., 2008a; 2008b). 

Although pLTA has a variety of activities, the role of LTA on 
skin cells is unclear. The effect of LTA on melanogenesis is 
also not known. Previous studies of melanogenesis regulation 
by Lactobacillus focused on Lactobacillus itself or fermentation 
of certain substances by Lactobacillus; however, there was no 
focus on cell components such as LTA. Accordingly, we applied 
pLTA to melanocytes to clarify its effects on melanogenesis. In 
this study, we confirmed that pLTA inhibited melanogenesis, 
highlighting its potential as a promising skin-whitening agent. 
Furthermore, we found that pLTA-induced mRNA stability of 
proteins is involved in melanogenesis. 
 
MATERIALS AND METHODS 
 
Cell lines 
B16F10 mouse melanoma cells (KCLB, Korea) were cultured 
in Dulbecco’s modified Eagle’s medium (DMEM; Welgene, 
Korea) supplemented with 10% heat-inactivated fetal bovine 
serum (FBS; Welgene), 100 U/ml of penicillin, and 100 g/ml of 
streptomycin at 37 C in a humidified 5% CO2 incubator. Cells 
were cultured in a 75 cm3 tissue culture flask and passaged 
every 2 days. pLTA treatment began 12 h after the cells had 
been seeded to ensure stabilization, and cells were stimulated 
with alpha-melanocyte stimulating hormone ( -MSH) (Sigma-
Aldrich, USA). 
 
LTA isolation from L. plantarum 
L. plantarum (KCCM, Korea) was cultured in Man, Rogosa, and 
Sharpe (MRS) broth for 12 h at 37 C. Cultured bacteria were 
harvested and suspended in 0.1 M sodium citrate buffer (pH 
4.7). They were subjected to ultrasonication, and disrupted cells 
were mixed with an equal volume of n-butanol for 1 h at room 
temperature, followed by centrifugation at 13,000  g for 20 min 
to obtain the aqueous phase. Aqueous phase containing LTA 
was evaporated and dialyzed against pyrogen-free water. LTA 
was first purified by hydrophobic interaction chromatography. 
Column fractions containing LTA were collected after a phos-
phate assay and then dialyzed. 
 
Cell viability assay 
Cytotoxicity of pLTA on B16F10 mouse melanoma cells was 
determined with a colorimetric WST-1 assay (Takara, Japan). 
The WST-1 assay is based on the cleavage of tetrazolium salts 
by mitochondrial dehydrogenases in viable cells. B16F10 cells 
(1  104 cells) were seeded on 96-well tissue culture plates and 
cultured for 12 h. The first pLTA treatment was performed with 

the indicated concentration for 24 h. After cells were washed 
with DPBS, serum-free media was added. Then, cells were 
stimulated with additional pLTA for 48 h to examine cell cytotox-
icity. Premixed WST-1 reagent (10 l) was added to 100 l of 
the culture medium. After 30 min incubation, the absorbance 
was measured using an ELISA reader at 420 nm. 
 
Cell-free mushroom tyrosinase activity 
Cell-free mushroom tyrosinase activity was measured using the 
method of Yagi (Yagi et al., 1987) with minor modification. 
Briefly, 40 l of 10 mM L-dihydroxyphenylalanine (L-DOPA) 
(Sigma-Aldrich), 40 l of 125 units of mushroom tyrosinase 
(Sigma-Aldrich), 80 l of 67 mM sodium potassium phosphate 
buffer (pH 6.8), and 40 l of different concentrations of pLTA 
were mixed. Kojic acid (Sigma-Aldrich) was used as a control. 
Following incubation at 37 C for 10 min, the amount of dopachrome 
formation was determined by measuring the absorbance at 415 
nm. Inhibition of the activity of mushroom tyrosinase was indi-
cated by a reduction in absorbance of the pLTA-treated sample 
versus the blank sample.  
 
Intracellular activity of tyrosinase 
Intracellular tyrosinase activity was determined by measuring 
dopachrome formation of L-DOPA after reaction with the cell 
lysate. B16F10 cells (1  105) were seeded on 6-well tissue 
culture plates. After 12 h incubation, cells were treated with 
pLTA for 24 h. The medium was then replaced with serum-free 
DMEM containing pLTA and cells were further incubated for 24 
h. Cells were washed twice with cold DPBS and lysed with 
phosphate buffer (pH 6.8) containing 1% Triton X-100. Cell 
lysates were clarified by centrifugation at 13,000 rpm for 10 min. 
Each lysate (90 l) was placed in a 96-well plate, and a 10 l 
aliquot of 2 mg/ml L-DOPA was then added to each well. After 
incubation at 37 C for 30 min, the absorbance was measured 
at 415 nm using an ELISA reader. 
 
Measurement of melanin content 
Melanin content was measured as described previously with 
minor modification (Chung et al., 2009). B16F10 cells (1  105) 
were seeded on 6-well tissue culture plates with various con-
centrations of pLTA for 24 h. The medium was then replaced 
with serum-free DMEM containing pLTA and -MSH. After 
incubation for 48 h, the medium was removed, and cells were 
washed twice with cold DPBS. To extract intracellular melanin, 
cell pellets were dissolved in 1 N NaOH at 65 C for 30 min. The 
melanin content of the cell extracts was measured at 415 nm 
with an ELISA reader. Separately, cell pellets were photo-
graphed to ensure changes in melanin content. 
 
Western blot analysis 
Total protein content of each supernatant was determined us-
ing the Bradford assay (Bio-Rad, USA). Cell lysates (20 g of 
each lysate) were mixed with loading buffer (0.25M Tris-HCl, 
15% SDS, 50% glycerol, 25% -mercaptoethanol, 0.01% bro-
mophenol blue) and denatured at 100 C for 5 min. Denatured 
lysates were separated by SDS-PAGE (10% tris-glycine gels) 
and electro-transferred onto a PVDF membrane (Millipore, 
USA) for 1 h at 100 V. Membranes were blocked with 5% skim 
milk in Tris-buffered saline (TBS) containing 0.1% Tween 20 
(TBS-T buffer) for 1 h at room temperature. After washing three 
times with TBS-T, membranes were incubated with specific 
primary antibodies overnight at 4 C, followed by conjugation to 
horseradish peroxidase secondary antibodies for 2 h at room 
temperature. Protein bands were then visualized with ECL 
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Table 1. Primer sequences used for RT-PCR 

MITF 

 

Forward CCCGTCTCTGGAAACTTGATCG 

Reverse CTGTACTCTGAGCAGGTG 

-actin 

 

Forward GTGCAATTCCTGAGCTGACA 

Reverse CTTAAAGATGGCCAGCAAGC 
 
 
 
Table 2. The primer sequence used for Real time-PCR 

MITF 

 

Forward AACAAGGGAACCATTCTCAAGG 

Reverse AGATCAGGCGAGCAGAGACC 

-actin 

 

Forward AATCGTGCGTGACATCAAAG 

Reverse GAAAAGAGCCTCAGGGCAT 
 
 
 
reagents (BioNote, Korea), and expression of target proteins 
was normalized to that of -actin. Commercially available anti-
bodies to MITF, tyrosinase, hnRNP A1, HuR, PI3K p85 , and 
PI3K p110  (Abcam, USA); p-ERK and p-AKT (Cell Signaling, 
USA) -actin and TRP-1 (Santa Cruz Biotechnology, USA); 
TRP-2, anti-rabbit, and anti-mouse (Amersham Biosciences, 
Sweden) were procured.  
 
Reverse transcriptase-polymerase chain reaction (RT-PCR) 
and real-time PCR 
Total RNA was isolated from B16F10 cells using RNA-Bee 
(TEL-TEST, USA) according to the manufacturer’s instructions 
and quantified by measuring the absorbance at 260 nm. RNA 
was then reverse-transcribed using Novel ZymoTaq Plus mix 
(Novel Bioscience, Korea). The reaction was cycled 28 times 
for 30 s at 94 C, 30 s at 57 C, and 2 min at 72 C for MITF and 
27 times for 30 s at 94 C, 30 s at 55 C, and 1 min at 72 C for 
-actin. Specific primers used for RT-PCR were designed ac-

cording to the method reported by Lee et al. (2010) (Table 1). 
Expression of mRNA was normalized to that of -actin. PCR 
products were visualized by electrophoresis on 1.5% agarose 
gels stained with ethidium bromide. To quantify mRNA expres-
sion, real-time PCR amplification was carried out on an ABI 
Prism 7500 Sequence Detection system (Applied Biosystems, 
USA) with SYBR premix Ex TaqTM II (Takara, Japan). Expres-
sion levels of the tested genes were calculated using the delta 
Ct method and normalized to the expression levels of -actin. 
Sequences for real-time PCR primers are listed in Table 2 
(Seong et al., 2012).  
 
RNA electro mobility shift assay (RNA EMSA) 
Nuclear extracts were prepared from B16F10 cells using NE-
PER Nuclear and Cytoplasmic Extraction Reagents (Thermo 
Pierce Biotechnology Scientific, USA). RNA-EMSAs were per-
formed using biotinylated RNA probes and the Light Shift TM 
Chemiluminescent EMSA kit (Thermo Pierce Biotechnology 
Scientific) according to the manufacturer's protocol. A biotinylated 
MITF mRNA probe containing the AUUUA motifs was synthe-
sized by Bioneer corporation (Korea). Supershift was accom-
plished by preincubating with anti-hnRNP A1, anti-HuR (Abcam) 
and IgG control antibodies, IgG (Santa Cruz Biotechnology). 
RNA-protein complexes were separated on 5% nondenaturing 
polyacrylamide gels run in TBE buffer. Then, the gels were 
transferred to nylon membranes (GE Healthcare, UK). Trans-
ferred RNAs were crosslinked to the membrane and detected 
with a chemiluminescence EMSA kit (Thermo Pierce Biotech 
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B 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
C 

 
 
 
 
 
 
 
 

 
 
 
Fig. 1. Effect of pLTA on melanin synthesis in B16F10 cells. The 1 
 105 B16F10 cells (n = 3) were incubated with the indicated con-

centrations of pLTA for 72 h. Cells were dissolved in 1N NaOH and 
photographed (A). Alternatively, melanin content was determined 
as described in the “Materials and Methods” (B). Cell viability was 
determined by WST-1 assays (C). Results are the means of three 
independent experiments (mean  S.D). ***P < 0.001 versus -
MSH treated cells. 
 
 
nology Scientific). 
 
Immunoprecipitation assay 
Harvested cells were lysed in lysis buffer (50 mM Tris HCl, 150 
mM NaCl, 1% NP-40, 0.5% sodium deoxylcholate, 0.1% SDS) 
and preincubated with magnetic beads (Cell Signaling) for 30 
min at 4 C. Then, preincubated cells were centrifuged and 
supernatants were mixed with magnetic beads and anti-MITF 
antibody with gentle rocking overnight at 4 C. The immune 
complexes were precipitated by centrifugation and washed 
three times with cold PBS buffer. After washing, the immune 
complexes were resuspended in 2X SDS loading buffer and 
boiled for 5 min. Boiled samples were separated by SDS-
PAGE and proteins were transferred to PVDF membranes for 
immunoblotting. 
 
RESULTS 
 
pLTA decreases melanogenesis in B16F10 cells 
To investigate whether pLTA inhibited melanogenesis, degra- 
dation of melanin synthesis in -MSH-treated cells was visual- 



Lipoteichoic Acid Inhibits Melanogenesis in B16F10 Cells 
Hye Rim Kim et al. 
 

166  Mol. Cells http://molcells.org 

A 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 B 
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Fig. 2. Effect of pLTA on tyrosinase activity. Cell-free tyrosinase 
activity was determined using mushroom tyrosinase (A). Intracellu-
lar tyrosinase was measured in B16F10 cell lysates (B). Expression 
of tyrosinase family members including tyrosinase, TRP-1, and 
TRP-2 were analyzed by Western blot analysis. To verify the 
amount of loaded protein, the blots were also probed with anti- -
actin (C). Experiments were performed using separate stock culture 
(n = 3). Results are the means of three independent experiments 
(mean  S.D). **P < 0.01; ***P < 0.001 versus control (A) and -
MSH treated cells (B). 
 
 
 
ized. The melanin content of B16F10 cells after pLTA treatment 
was measured, and cells were photographed (Fig. 1A). pLTA 
decreased -MSH-mediated melanin synthesis in a dose-
dependent manner. Melanin content was reduced to 57.9% by 
treatment with 100 g/ml pLTA compared to the control group 
treated with -MSH only which showed 126% melanin content 
(Fig. 1B). To evaluate the cytotoxicity of pLTA on B16F10 mouse 
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C 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Effect of pLTA on expression of MITF. The 1  105 B16F10 
cells (n = 3) were incubated at the indicated concentrations of pLTA 
for 24 h. After pretreatment with pLTA, cells were treated with -
MSH. Expression of MITF was analyzed by Western blot analysis 
(A) and MITF transcript levels were analyzed by RT-PCR (B) and 
real-time PCR (C). The -actin was used for loading (A) and internal 
control (B, C). Data are expressed as the mean  S.D. (C). *P < 
0.05; ***P < 0.001 versus -MSH treated cells. 
 
 
 
melanoma cells, we performed a WST-1 assay after treatment 
with pLTA for 48 h. As shown in Fig. 1C, cell death was not 
observed after treatment with pLTA at a concentration range of 
0.01-100 g/ml. This result indicates that decreased melanin 
synthesis in -MSH-treated cells was not consistent with cell 
death. Therefore, pLTA may affect melanin synthesis. 
 
pLTA inhibits intracellular tyrosinase activity 
The activity of tyrosinase was examined in a cell-free system 
using mushroom tyrosinase to determine whether pLTA inhi-
bited tyrosinase activity. We compared the melanogenic activity 
of pLTA with that of kojic acid, a potent inhibitor of tyrosinase 
activity. pLTA had no direct inhibitory effect on tyrosinase, whe-
reas kojic acid inhibited mushroom tyrosinase activity in a dose-
dependent manner (Fig. 2A). We also measured the effect of
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Fig. 4. Activation of ERK and PI3K/AKT signaling by pLTA stimula-
tion. The 1  105 B16F10 cells (n = 3) were incubated at the indi-
cated concentrations of pLTA for 24 h, and then stimulated with -
MSH for 2 h. Levels of p-ERK and p-PI3K/AKT were measured by 
Western blot analysis. To verify the amount of loaded protein, the 
blots were also probed with anti- -actin. 
 
 
 
pLTA on the intracellular activity of tyrosinase using B16F10 
cell lysates. The results showed that 10 and 100 g/ml pLTA 
dose-dependently reduced the intracellular activity of tyrosinase 
to 57.6% and 44.6%, respectively (Fig. 2B). We also conducted 
Western blot analysis to evaluate changes in protein levels of 
tyrosinase family members including tyrosinase, TRP-1, and 
TRP-2 (Fig. 2C). The -MSH increased tyrosinase, TRP-1, and 
TRP-2 protein levels, whereas pLTA inhibited synthesis of 
these tyrosinase family members. The relative density of pro-
tein bands is shown after normalization with -actin. This result 
suggests that pLTA inhibited melanogenesis by decreasing the 
activity of intracellular tyrosinase, with no direct effect on tyrosi-
nase itself. 
 
MITF expression is inhibited by pLTA 
Next, we examined the effect of pLTA on MITF expression by 
Western blot analysis. MITF is a key transcription factor in me-
lanogenesis, and expression of MITF increases transcription of 
members of the tyrosinase gene family such as tyrosinase, 
TRP-1, and TRP-2 (Boissy, 2003; Pawelek and Chakraborty, 
1998). As shown in Fig. 3A, B16F10 cells treated with pLTA 
and -MSH showed decreased expression of MITF at the pro-
tein level as compared to cells treated with only -MSH. MITF 
mRNA levels were also decreased in a pLTA dose-dependent 
manner (Fig. 3B). Quantitative real-time PCR results showed 
that pLTA inhibited about 40% of MITF mRNA compared to -
MSH-treated cells (Fig. 3C). The reduction of MITF by pLTA 
was consistent with the inhibition of tyrosinase family proteins. 
These results indicate that pLTA inhibits expression of MITF, 
which in turn triggers a decrease in expression of tyrosinase, 
TRP-1, and TRP-2. 
 
pLTA activated ERK and PI3K/AKT signaling pathway 
Studies have shown that signaling by MAPK and PI3K/AKT 
suppresses melanogenesis through the degradation of MITF 
(Boissy, 2003; Busca et al., 1996; Lee et al., 2007). Thus, to 
further investigate the effect of pLTA on melanogenesis, we 
examined protein expression levels of pERK and PI3K/AKT. As 
shown in Fig. 4, the phosphorylation of ERK and AKT as well 
as PI3K subunits, such as p85  and p110 , significantly in- 
creased after pLTA treatment in a dose-dependent manner in 

-MSH-treated cells. These results indicate that MITF can be 

A 
 
 
 
 

 
 
 
 
B                 C 
 
 

 
 
 
Fig. 5. Interaction between RBPs and MITF and effect of pLTA on 
the mRNA stability of melanogenic proteins. The 1  105 B16F10 
cells (n = 3) were incubated with -MSH for 48 h in the presence or 
absence of pLTA. RNA EMSA was conducted with nuclear extracts 
containing protein and 10 fmol of biotinylated probe. Anti-hnRNP A1 
and anti-HuR antibodies were added to the reaction. The mixture 
was separated by electrophoresis and detected by immunoblot 
analysis with anti-hnRNP A1 or anti-HuR antibody. Arrows indicate 
the position of the hnRNP A1/HuR band (A). Immunoprecipitation 
assays were performed with anti-MITF antibody for identification of 
hnRNP A1 or HuR-MITF complexes. Precipitated proteins were 
analyzed by immunoblot assays using anti-hnRNP A1 or anti-HuR 
antibody (B). In order to clarify the influence of pLTA, the protein 
levels of hnRNP A1 and HuR after pLTA treatment were measured 
by Western blot analysis. To verify the amount of loaded protein, 
the blots were probed with anti- -actin (C).
 
 
 
activated by ERK and PI3K/AKT signaling in pLTA-treated cells. 
 
pLTA reduces melanogenesis by affecting the stability of 
MITF RNA 
RNA-binding proteins (RBPs) play an important role in gene 
regulation by affecting RNA stability and translation. hnRNPs 
and ELAV/Hu proteins are representative groups of RBPs (Pa-
padopoulou et al., 2013). First, we performed a RNA Electro 
Mobility Shift Assay (RNA EMSA) to investigate whether 
hnRNP A1 and HuR interact with ARE on the 3'-UTR of MITF. 
The RNA EMSA was performed on nuclear extracts containing 
4 ug/ml of total protein from B16F10 cells treated with a biotiny-
lated MITF probe. Then anti-hnRNP A1, HuR, and control anti-
body (IgG) were added to the mixtures for the supershift assay. 
As shown in Fig. 5A, shifted bands were detected indicating 
that hnRNP A1 and HuR interact with the 3'-UTR of MITF. No 
shift was observed with the free probe (Lane 1) or the complex 
with free anti-IgG as a negative control (data were not shown). 
Disappearance of the RNA-protein complex in the supershift 
assay with anti-hnRNP or -HuR antibody provides evidence 
that the RNA-protein complex was supershifted by specific 
antibody. These results indicate that hnRNP A1 and HuR spe-
cifically bind to MITF mRNA. Binding of hnRNP A1 and HuR to 
MITF was reconfirmed by an immunoprecipitation assay. As 
shown in Fig. 5B, specific bands were detected in the antic-
ipated complexes after immunoblotting using anti-hnRNP A1 or 
anti-HuR antibodies. The protein complexes were reduced in 
pLTA-treated cells compared to cells treated with -MSH only. 
These results indicate MITF mRNA is degraded after treatment 
with pLTA. To determine whether the inhibitory effect of pLTA 
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on melanogenesis was linked to its effects on the stability of 
MITF RNA, we examined the expression level of RBPs after 
pLTA treatment. The expression of hnRNP A1 and HuR was 
dramatically reduced in pLTA-treated cells compared to cells 
treated with -MSH only (Fig. 5C). This result suggests that 
pLTA affects not only melanogenic signaling pathways, but also 
the RNA stability of MITF, a transcription factor of melanogene-
sis. 
 
DISCUSSION 
 
Melanocytes protect the body from UV radiation by producing 
melanin and eliminating reactive oxygen species (ROS). How-
ever, abnormal accumulation of melanin causes esthetic prob-
lems and hyperpigmentation disorders, such as freckles, chloasma, 
lentigo, liver spots, and melasma (Ahn et al., 2006; Iozumi et al., 
1993; Li et al., 2003; Unver et al., 2006). Arbutin, kojic acid, 
hydroquinone, and ascorbic acid have been used to treat 
hyperpigmentation disorders. However, the use of these agents 
is limited due to their side-effects or instability (Draelos, 2007; 
Koo et al., 2010). 

Prior studies showed that LTA from L. plantarum has many 
beneficial effects, such as intestinal regulation, immune system 
regulation, skin moisturizing, and anti-photo aging. However, 
the influence of pLTA on melanogenesis has not been investi-
gated previously. Thus, our aim in this study was to elucidate 
whether pLTA has the potential to be used for treatment of 
hyperpigmentation disorders and as a whitening reagent. In this 
study, we investigated the effects of pLTA on the inhibition of 
melanogenesis in B16F10 mouse melanoma cells. We eva-
luated the cell cytotoxicity of pLTA and found that pLTA was not 
cytotoxic to B16F10 mouse melanoma cells (Fig. 1), indicating 
that it could potentially be used as a therapeutic reagent. Gen-
erally, whitening reagents inhibit melanogenesis by inhibiting 
the catalytic activity of tyrosinase. Thus, we measured the con-
centration of melanin and the activity of tyrosinase after treat-
ment of cells with pLTA. Melanin production was significantly 
reduced by pLTA. Interestingly, pLTA reduced the activity of 
cellular tyrosinase but had no effect on mushroom tyrosinase 
(Fig. 2). These findings suggest that the inhibitory effects of 
pLTA on melanogenesis were not due to its direct effects on 
tyrosinase but rather indirect regulation of the expression of 
tyrosinase. Therefore, we focused on determining the effect of 
pLTA on the melanin synthesis pathway. We showed that pLTA 
activated ERK and PI3K/AKT through Western blot analysis 
(Fig. 4). Melanogenesis is regulated by three different signaling 
pathways: i) the protein kinase C-mediated pathway, ii) the 
cAMP-mediated pathway, and iii) the mitogen-activated protein 
kinase (MAPK) pathway. MAPK activates MITF via phosphory-
lation of MITF at serine 73. However, phosphorylation of MITF 
at serine 73 is also essential for ubiquitination and degradation 
of MITF. Activation of ERK and the resulting phosphorylation of 
MITF at serine 73 could ultimately lead to the degradation of 
MITF (Hemesath et al., 1998; Xu et al., 2000). cAMP could be 
the starting point of several interacting signaling cascades in 
melanin synthesis that regulate the production of melanin 
through activation of PKA and phosphorylation of CREB. In 
melanocytes, cAMP also regulates PI3K, which consists of a 
regulatory subunit, p85, and a catalytic subunit, p110. Stimula-
tion with cAMP inhibits PI3K signaling. Inhibition of PI3K in-
creases the synthesis of melanin through increased transcrip-
tion of tyrosinase and TRP-1 due to increased expression of 
MITF. AKT (also known as protein kinase B) is a typical effector 
of PI3K. Therefore, activation of ERK and PI3K/AKT signaling 

reduces melanogenesis via down-regulation of MITF expres-
sion (Bertolotto et al., 1998; Hennessy et al., 2005; Meinkoth et 
al., 1991). 

Changes in the levels of MITF observed by Western blot 
analysis and PCR revealed that pLTA reduced the expression 
of MITF in a dose-dependent manner. A decrease in the ex-
pression of tyrosinase, TRP-1, and TRP-2 upon pLTA treat-
ment was also observed by Western blot analysis (Fig. 3). The 
tyrosinase gene family responsible for the regulation of mela-
nogenesis consists of tyrosinase, TRP-1, and TRP-2. Tyro-
sinase is a key enzyme involved in melanogenesis and cata-
lyzes the hydroxylation of L-tyrosinase to DOPA and the oxida-
tion of DOPA to DOPA quinone (Koo et al., 2010; Park et al., 
2011). TRP-1 and TRP-2 are enzymes that belong to the tyro-
sinase family and regulate melanogenesis. They are involved in 
stabilizing tyrosinase and modulating its catalytic activity. In our, 
pLTA activated anti-melanogenesis signals, resulting in down-
regulation of MITF (Fig. 3). Down-regulation of MITF then re-
sulted in decreased expression of tyrosinase family members 
and their activities, finally reducing the production of melanin. 
Moreover, we performed additional experiments to determine 
other mechanisms underlying the effect of pLTA on melano-
genesis. 

Regulation of mRNA is fundamental to processes such as 
mRNA stability, transport, translation, and localization and also 
important for gene expression. These processes are controlled 
by RBPs that mainly bind to specific elements situated in the 
untranslated regions (UTRs) of mRNAs. Particularly, the gen-
eral mechanisms that regulate the stability of mRNA via interac-
tions between sequence-specific RBPs and AU-rich elements 
(ARE). AREs, located in the 3'-UTR, are critical regulatory mo-
tifs and have overlapping AUUUA sequences. These sites are 
a target for RBPs, which stabilize or destabilize mRNA contain-
ing these elements. RBPs have an established role in regulat-
ing the stability and translation of target mRNA that contain 
ARE (Chen et al., 2002; Papadopoulou et al., 2010). Heteroge-
neous nuclear ribonucleoproteins (hnRNPs) and embryonic 
lethal abnormal vision (ELAV) proteins are representative 
groups of RBPs that modulate gene regulation of ARE-
containing mRNA. hnRNPs include at least 20 discrete hnRNPs 
that are labeled as hnRNP A through U. These hnRNPs are 
actively involved in many facets of mRNA metabolism, from 
transcription to post-transcriptional events and translation (Pa-
padopoulou et al., 2013; Wen et al., 2010). ELAV is another 
important small family of RBPs that comprises four members: 
HuR, HuB, HuC, and HuD. ELAV proteins play a role in a varie-
ty of other biological processes, such as mRNA nuclear splicing 
as wells as export and stability/translation of target mRNAs. 
Both hnRNP A1 and HuR are mainly localized in the nucleop-
lasm. They regulate the stability and translation of target ARE-
containing mRNAs and can shuttle between the nucleus and 
cytoplasm (Brennan and Steiz, 2001; Papadopoulou et al., 
2013). In this study, we focused on hnRNP A1 and HuR which 
are mRNA stabilizing factors that stabilize ARE-containing 
mRNAs. The molecular size of these two proteins is close, and 
the interaction between hnRNP A1 and HuR has been studied 
in previous reports (Papadopoulou et al., 2010). MITF also 
contains an ARE motif in its mRNA sequence; therefore, we 
anticipate that degradation of MITF mRNA is relative to destabi-
lization of mRNA and RBPs. The results of RNA EMSA and immu-
noprecipitation experiments in our study verified the interaction 
between hnRNP A1/HuR and MITF. The RNA EMSA results 
showed complex bands of hnRNP A1/HuR and MITF mRNA, 
and supershift assays confirmed the disappearance of these 
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complex bands by supershift. To further clarify the association 
of hnRNP A1/HuR and MITF, we performed immunoprecipita-
tion assays. The results proved that hnRNP/ HuR binds to 
MITF. Notably, the bands were diminished in pLTA-treated 
samples. Western blot analysis revealed that levels of hnRNP 
A1 and HuR were decreased by pLTA in a dose-dependent 
manner. However, pLTA had no influence on cell viability. 
These results indicate that pLTA may have adverse effects on 
the mRNA stability of melanogenic proteins such as MITF, 
tyrosinase, TRP-1, and TRP-2, leading to inhibition of melano-
genesis. However, it is our provisional opinion that the disap-
pearance of specific bands was caused by the results of super-
shift assays. Thus, further studies are required to elucidate the 
nature of the relationship between pLTA and RNA stability in 
melanogenesis. 

In summary, we demonstrated that pLTA has an anti-melano- 
genic effect. In addition, we also determined the mechanisms 
underlying its inhibition of melanogenesis. Specifically, we 
found that pLTA suppresses the expression of MITF by activat-
ing ERK and PI3K/AKT pathways and decreasing the cellular 
activity of tyrosinase and expression of melanogenic enzymes. 
We also found that pLTA treatment reduced the RNA stability of 
melanogenic proteins. Our results suggest that pLTA can be 
used as a potentially potent and safe therapeutic reagent for 
treatment of hyperpigmentation disorders and a whitening 
agent for cosmetics. 
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