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Abstract: Melanin content significantly influences the skin-lightening effects of active ingredients, with
inhibition of melanin synthesis contributing to skin-lightening effects. This study evaluates the effects of novel
cyclopeptide CHP-9 as a safe and potent human tyrosinase inhibitor. CHP-9 showed a significant inhibition
rate of approximately 28.57% at 1% concentration. The melanin formation assay, upon exposure to CHP-9 alone,
resulted in a reduction of cellular melanin content from 30.90+1.13 ug/mL to 23.51+1.14 pug/mL. Additionally,
in silico molecular docking experiments were conducted to verify the tyrosinase inhibitory activity of the
cyclopeptide CHP-9 on tyrosinase and it was observed that hydrogen bonding is pivotal in the binding affinity
of CHP-9 with the target enzyme in docking. These results suggest that the cyclopeptide CHP-9 may serve as
a valuable bioactive compound for skin-lightening agents in cosmetics applications, specifically in reducing
melanin production.

Keywords: cyclopeptide; tyrosinase inhibitors; chemical synthesis; molecular docking; skin
lightening; cosmetics

1. Introduction

Tyrosinase is an enzyme belonging to the polyphenol oxidase group and acts as the central
enzyme in the biosynthetic pathway of melanin[1—4]. Tyrosinase catalyzes the conversion of tyrosine
into L-DOPA and subsequent L-DOPA into O-quinone, resulting in the synthesis of melanin through
subsequent spontaneous reactions[5,6]. Which can lead to hyperpigmentation disorders such as
senile lentigo, chloasma, and freckles; when melanin is in excess within the body, it significantly
affects the phenotypic appearance[7]. Apart from these, neurodegenerative problems like
Parkinson’s and Alzheimer’s can cause tyrosinase overexpression and hyperactivation[8,9]. Beyond
its pathogenic roles, tyrosinase is crucial for enzymatic browning, leading to a significant concern
during plant-based foods’ handling, processing, and long-term storage[10,11]. Thus, inhibiting
tyrosinase’s catalytic activity represents a practical approach to skin brightness and lightening.

The readily available ascorbic acid[12,13], kojic acid[14], arbutin[15,16], and hydroquinone[17—
19] are among the myriad of tyrosinase inhibitors. Nonetheless, the drawbacks of these inhibitors
make them blemished due to the potential carcinogenicity, high cellular toxicity, instability and off-
odours propensities[20,21]. With the growing consumer awareness towards the possible side effects
of these inhibitors, there is a high demand for naturally occurring tyrosinase inhibitors as a safer
alternative.

Bioactive peptides derived from food have emerged as promising alternatives due to their
potential effectiveness, availability, targeting capabilities, safety and specificity[22,23]. However,
despite the potential theoretical and practical application of thesis peptides, they always encounter
challenges, along with their stability and selectivity, which remain a critical concern for peptide
tyrosinase inhibitors. Hydrolysis susceptibility is observed in both in vivo and in vitro environments
for many peptide-based, resulting in rapid deactivation, thereby diminishing their ability to deliver
sustained effects in practical scenarios, impacting the therapeutic efficacy and patient experience.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Furthermore, the bioavailability of these inhibitors presents another challenge. Traversing cell
membrane is impeded due to the large molecular weight of peptide compounds, leading to restricted
drug concentration in the body to reach minimum therapeutic levels. Addressing this issue involves
enhancing drug design; for instance, the drug bioavailability could be improved by incorporating
suitable carriers or modifying groups. These challenges significantly limit the practical application of
peptide tyrosinase inhibitors in clinical settings.

2. Materials and Methods:

2.1. Materials:

Methyl Thiazolyl Tetrazolium (MTT) was procured from Sigma-Aldrich. DMEM/F12 Medium,
Fetal Bovine Serum (FBS) and penicillin/streptomycin were obtained from Gibco. Phosphate buffered
saline (PBS) was sourced from Solarbio, China. Analytical Grade Melanin, tranexamic acid and L-
DOPA were purchased from Sigma. Glabridin and kojic acid were acquired from Olibio Co. Ltd. and
Yuanye Biotechnology Co. Ltd., respectively. All other reagents were obtained from commercial
sources and used as received without further purification.

2.2. Cell culture

The human melanocyte (Batch number: MC210817) were purchased from Guangdong Biocell
Biotechnology Co. LTD. Cells were cultured in complete medium (DMEM/F12) supplemented with
20% FBS (Hyclone) and 100 U/ml penicillin. All cells were maintained at 37 °C in a humidified
atmosphere containing 5% COz (V/V).

2.3. Cytotoxicity evaluations

The cytotoxicity effect of peptides on human melanocyte cells was assessed using the standard
Methyl Thiazolyl Tetrazolium (MTT) assay[24]. Cells were initially seeded in 96-well plates at a
density of 10000 cells per well. Following a 12 h incubation at 37 °C in a humidified incubator (5%
COz, V/V), the cells were treated with target peptides or the positive control for 24 h. Eight gradient
concentrations were established for each compound, with three replications per concentration. The
cells in the negative control group were treated with only a culture medium containing DMSO (10%,
V/V). Following incubation, cells were treated with 0.5 mg/mL MTT for 4 h at 37 °C; subsequently,
the formazan crystals formed in viable cells were dissolved in 150 uL. DMSO. The absorbance of
solubilized formazan was measured using a Synergy multimode reader (BioTek, American) at the
wavelength of 490 nm.

2.4. Determination of Melanin Content in melanocyte

Upon reaching 80-90% confluence, human melanocyte cells were dissolved with 0.25% trypsin
to create a single-cell suspension. Then, the cells were seeded in 6-well plates at 200000 cells per well
and cultured for 12 h in a 37 °C humidified incubator (5% COz, V/V). When the confluence of cells
reached 40% to 60%, they were incubated with specific peptides or the positive control for 24 h.
following the incubation period, the supernatant was removed and the adherent cells were washed
with PBS before being dispersed using trypsin (700 uL/well, 0.25%). The dispersed cells were
collected and centrifuged at 10000 rpm for 10 min. The cell pellet from each well was then treated
with a mixture of distilled water (200 pL), anhydrous ethanol (500 uL) and ether (500 pL). The
mixture was vortexed and allowed to stand at room temperature for 20 min, followed by
centrifugation at 3000 rpm for 5 min. The precipitation was added 1 ml of 1M NaOH with a 10%
concentration of DMSO and incubated at 80 °C in a water bath for 40 min before being transferred to
a 96-well culture plate. For optical density measurement, 405 nm wavelength was used for each well.
Each analysis was replicated three times and the results were presented as a mean + SD (standard
deviation). SPSS Statistics 20 software (IBM, Armonk, NY, USA) was selected for student t-test
analysis of variance.
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2.5. Tyrosinase inhibition assay

The inhibition of tyrosinase activity was assessed according to the reported method[25]. The 6-
well plates were incubated at 37 °C with human melanocyte cells at a density of 2.5x105 cells per well
in a humidified atmosphere (5% COz) for 24 h. Subsequently, these cells were exposed to glabridin
(0.00625%, V/V) as the positive control, along with other tested compounds. Following treatment,
cells were incubated at 37 °C for 24 h using identical conditions. After treatment, cells in each well
were rinsed with a PBS buffer solution (500 pL) and lysed with a lysate buffer (100 ul containing 0.5%
sodium deoxycholate) at approximately 0 °C for 1 h. The resulting cell lysate was then centrifuged at
12,000 rpm at 4 °C for 20 min. The protein concentration in the supernatant was quantified by a BCA
Assay Kit (Beyotime Biotechnology, China). Samples were transferred to a 96-well plate in a total
volume of 100 pl (90 pL of lysate supernatant and 20 pL of 0.1% L-DOPA) and incubated for 60 min
at 37 °C. The absorbance was measured at 475 nm using a Synergy multimode reader (BioTek
Corporation, USA).

2.6. Molecular docking

The cyclopeptide CHP-9, a potent inhibitor in tyrosinase inhibition assay, was docked into the
active site cavity of human tyrosinase (PDB ID: 5M8M) using the MOE 2008 docking program after
removing all water molecules from the crystal structure before the experiment to ensure precise
docking results. The Protonate 3D application was added with hydrogens and partial charges. We
then defined the docking site for residues within an 8 A radius of kojic acid. The initial 3D
conformation of CHP-9 was optimized in ChemBio3D Ultra using the MM2 energy minimization
method. We applied the default parameter values for docking, modifying only the scoring function
to ASE Scoring from the typical London dG. This scoring adjustment identified the best pose.

To assess the feasibility of the docking program for the ligand binding to human-tyrosinase, we
initially selected tyrosinase-related protein 1 in complex with kojic acid (PDB ID: 5M8M) and the
docking structure of kojic acid was comparable to its crystallographic structure. This result implied
that the MOE docking program is appropriate for identifying a binding model between CHP-9 and
human tyrosinase.

3. Results & Discussion

3.1. Experimental

The cyclopeptide CHP-9 was synthesized according to the reported strategy[26]. The CHP-9 was
synthesized from the amino acids Fmoc-Gly-OH (1), Fmoc-Pro-OH (2), and Fmoc-GIn(Trt)-OH (3)
as starting materials to prepare the linear peptide (4) using classical synthetic strategies and solid
phase resin reactor flask as illustrated in scheme 1. The linear peptide, H-GIn(Trt)-Gly-Pro-GIn(Trt)-
Gly-Pro-OH (4a), was then cyclized to form the intermediate Cyclo(GIn(Trt)-Gly-Pro-GIn(Trt)-Gly-
Pro) (5). The intermediate (5) underwent a deprotection strategy, yielding the crude peptide. The
crude product was purified by reverse-phase C18 preparative chromatography and lyophilized to
obtain the pure compound (cyclopeptide CHP-9) Cyclo(GIn-Gly-Pro-GIn-Gly-Pro) (6), with a final
purity of 99.2%, confirmed by HPLC analysis. HRMS (ESI-TOF): m/z [M + Na]* calcd for
C24H360sNsNa, 587.2554; found, 587.2549.
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Scheme 1. synthetic strategy of Cyclopeptide (CHP-9).

3.2. Cytotoxicity evaluation

The cytotoxicity of tranexamic acid alone, tranexamic acid plus nonapeptide-1 and tranexamic

acid combined with nonapeptide-1 and cyclopeptide CHP-9 were evaluated against human
melanocyte cells. As illustrated in Figure 1, the target compound did not exhibit any antiproliferative
effects against the tested cell at concentrations ranging from 0.0781 to 2.5 mg/mL; this observation is
supported by the fact that cell viability was more than 90% when incubated with tranexamic acid (2.5
mg/mL) concentration. The cell viability of human melanocyte cells slightly decreased when
incubated with higher concentrations of the tested compound (5 mg/mL and 10 mg/mL).
Additionally, incubating cells with tranexamic acid and nonapeptide-1 at 0.3% (v/v) did not influence
cell viability (Figure 2). The cytotoxicity slightly decreased when the concentration of tranexamic acid

was increased to 5 mg/mL.
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Figure 1. Growth inhibition of tranexamic acid against human melanocyte cells.
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Figure 2. Growth inhibition of tranexamic acid plus nonapeptide-1 (0.3%, v/v) against human

melanocyte cells.

For the group in which human melanocyte cells were treated with tranexamic acid (1 mg/mL),
nonapeptide-1 (0.3%, V/V) and cyclopeptide (CHP-1), cell viability was evaluated using the MTT
assay. As shown in Figure 3, even with the CHP-1 concentration set at 2.5 mg/mL, the mixture did
not affect cells” growth.
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Figure 3. Growth inhibition of tranexamic acid (1 mg/mL), nonapeptide-1 (0.3%, V/V) and
cyclopeptide (CHP-1) against human melanocyte cells.

3.3. Effect of cyclopeptide on intracellular tyrosinase activity and melanin content in melanocyte cells

To evaluate the inhibiting potency of cyclopeptide and related compounds in the cellular model,
the inhibitory effect of these compounds on the tyrosinase activity of human melanocytes treated
with 1% cyclopeptide (CHP-9) was examined. Exposure to CHP-9 alone resulted in decreased
melanin content from 30.90+1.13 ug/mL to 23.51+1.14 pg/mL. Compared to untreated cells (Figure 4).
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Figure 4. Inhibition of melanin production by cyclopeptide and related compounds.

3.4. Tyrosinase inhibitory activity evaluation

Following the screening method from the previous study[22], samples listed in Figure 5 were
assessed for their tyrosinase inhibitory activity. Glabridin was used as the positive control in the
biological assay evaluation due to its established potency as a tyrosinase inhibitor[27]. The
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cyclopeptide CHP-9 demonstrated significant tyrosinase inhibition with an inhibition rate of about
28.57% at the concentration of 1%. Gratifyingly, its inhibitory activity was 2-fold more potent than
the positive control’s. The enzymatic inhibition rates of tranexamic acid and nonapeptide-1 were
10.71% and 16.67%, respectively, indicating good tyrosinase inhibitory activity for both compounds.
Notably, the combination of tranexamic acid and nonapeptide-1 significantly enhances the enzymatic
inhibition potency, achieving an inhibitory rate of 29.76%, which was slightly higher than the sum of
the inhibition rate of tranexamic acid (10.71%) and nonapeptide-1 (16.67%), i.e. (27.38%). The
observed incline in inhibitory rate can be ascribed to the synergistic activity of the compounds. The
mixture consisting of tranexamic acid (2.5 mg/mL), nonapeptide-1 (0.3%), and cyclopeptide CHP-9
(1%) demonstrated the most potent inhibitory efficacy with an inhibition rate of 34.52%.
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Figure 5. Tyrosinase inhibitory activity of synthetic peptides.

3.5. Molecular docking between the cyclopeptide and tyrosinase

Recently, computer-based simulation, known as molecular docking, has become widely used to
investigate potential interaction mechanisms between inhibitors and corresponding targets. To gain
insights into the molecular determinants modulating the inhibitory activity of the cyclopeptide CHP-
9 against tyrosinase, we perform molecular docking studies of CHP-9 with human tyrosinase using
the MOE 2008 software based on the X-ray crystal structure of human tyrosinase-related protein 1 in
complex with kojic acid in the active site cavity (PDB ID: 5SM8M).

As shown in Figure 6, the cyclopeptide CHP-9 is bound within the binding cavity, positioned
above the surface of the catalytic center. Different interaction types can significantly influence the
structure binding affinity and stability between the tyrosinase and CHP-9 peptide. Specifically, a total
of six hydrogen bonds were formed (one cation hydrogen bond and five conventional hydrogen
bonds) between peptide CHP-9 and tyrosinase, including 6 amino acid residues in tyrosinase, that is,
Asp212, Tyr362, His321, Gly389, Arg374, and His382.
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Figure 6. The molecular docking simulation results of the cyclopeptide CHP-9 at the active site of
tyrosinase (2D-interactions).

Additionally, the hydrophobic aliphatic residue leucine382 plays a pivotal role in tyrosinase
inhibition by directly interacting with tyrosinase to block dopaquinone formation. Considering the
results from molecular docking, cyclopeptide CHP-9 acts as a tyrosinase inhibitory peptide, and we
observed that hydrogen bonding was crucial in influencing the binding affinities and structure
stabilities of the peptide-tyrosinase complexes, thereby blocking the tyrosinase activity.

5. Conclusions

Since the content of melanin can directly determine the degree of skin-lightening effects of active
ingredients, inhibition of melanin formation could contribute to skin lightening. This study identified
a new cyclopeptide as a safe and potent human tyrosinase inhibitor. It showed potent tyrosinase
inhibition with an inhibition rate of about 28.57% at the concentration of 1%. In melanin formation
assay, upon exposure to CHP-9 alone, cellular melanin content decreased from 30.90+1.13 pg/mL to
23.51+1.14 pg/mL. Further, in silico molecular docking experiments were conducted to verify the
tyrosinase inhibitory activity of the cyclopeptide CHP-9, and hydrogen bond was identified as the
most critical force in the binding affinity of CHP-9 with the target enzyme in docking. These results
suggest that the cyclopeptide CHP-9 may be helpful as a source of bioactive compounds for skin-
lightening agents in cosmetics.
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