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Background: Tyrosinase is a copper-containing enzyme, which is widely distributed in microorganisms, animals and plants. It is also a key
enzyme in melanin biosynthesis, which plays a crucial role in determining the color of mammalian skin and hair. In addition, unfavorable
enzymatic browning of plant-derived foods by tyrosinase causes a decrease in nutritional quality and economic loss of food products.
Objectives: In the present study the activity of this enzyme was examined against quersetin and kaempferol as two potentially flavonoid
inhibitors.
Materials and Methods: In this work, the effects of quercetin and kaempferol as propolis-derived compounds on activity of mushroom
tyrosinase (MT) were studied. These flavonoids showed inhibitory activity on catecholase and cresolase reactions in presence of caffeic
acid and p-comaric acid, respectively. The inhibition mode of quercetin and kaempferol were competitive towards both catecholase and
cresolase activities of the enzyme.
Results: The inhibition constants (Ki) were determined as 0.072 and 0.112 mM for catecholase activity, and 0.016 and 0.06 mM for cresolase
activity, respectively.
Conclusions: In general, quercetin and kaempferol can be used as good candidates in melanogenesis inhibition. Moreover they should be
considered as good blockers of enzyme activity in hyper pigmentation and clinical application.
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1. Background

Tyrosinase (EC 1.14.18.1) is a copper-containing enzyme,
which is widely distributed in microorganisms, animals
and plants. It is also a key enzyme in melanin biosynthesis, which plays a crucial role in determining the color of
mammalian skin and hair. In addition, unfavorable enzymatic browning of plant-derived foods by tyrosinase leads
to a decrease in nutritional quality and economic loss of
food products (1, 2). On the other hand, the activity of this
enzyme in the skin causes excessive production of melanin, which results in the creation of dermatological disorders such as melanoma and other skin hyperpigmentations and depigmentation (3-5). In cosmetic applications,
tyrosinase inhibitors can be considered as skin whitening
agents (6). Therefore, tyrosinase inhibitors may be clinically helpful in dealing with skin cancers and cosmetics.
The formation of melanin in the human body is influenced or reduced by several mechanisms, including
anti-oxidation, direct tyrosinase inhibition, melanin
inhibition of migration from cell to cell and hormonal
activities, etc. (7). In fact, the tyrosinase enzyme catalyzes
the hydroxylation of tyrosine to form 3,4-dihydroxyphenylalanine (L-DOPA), and also catalyzes the reaction leading to formation of DOPA quinine from L-DOPA (8). Quinones, in turn, develop chemically to form melanins and

other polyphenolic compounds (9). Quinones chemically
evolve to give rise to melanins or react with amino acids
and proteins to enhance the color products, which are
brown, black, or red heterogeneous polymers (10).
Flavonoids and phenolics are major groups of nonessential dietary components that have been associated
with the inhibition of atherosclerosis and cancer (11).
Flavonoids and polyphenolic crude extracts have been
reported to possess xanthine oxidase inhibitory activity
(12). A potential source of such compounds is mushrooms
(13). Mushrooms accumulate a wide variety of secondary
metabolites including phenolic compounds. Mushrooms
have long been widely appreciated for their good flavor
and texture. They are recognized as a nutritious food as
well as an important source of biologically active compounds of medicinal value (14-16). Flavonoids and phenols
have been shown to possess important antioxidant activities toward highly active free radicals, which are principally based on the redox potentials of their phenolic hydroxyl groups and the structural relationships between
different parts of their chemical structure (17).

2. Objectives

Pursuing our previous studies on inhibition and stabil-
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ity of mushroom tyrosinase (MT), in the present study the
activity of this enzyme was examined against quersetin
and kaempferol as two potentially flavonoid inhibitors.

3. Materials and Methods

3.1. Materials and Mushroom Tyrosine Preparation
Mushroom tyrosine (EC 1.14.18.1) with a molecular weight
of 120 KDa and p-hydroxycinnamic (p-coumaric acid λ
max = 288 nm, ε = 19400/Mcm) and 3,4-dihydroxycinnamic acid (caffeic acid, λ max = 311 nm, ε = 12000/Mcm) were
used in this research. The buffer used throughout this research was 10 mM phosphate buffer solution (PBS), pH =
6.8 and dihydroxy caffeic acid was purchased from Merck.

3.2. Measurement of Cresolase and Catecholase
Reactions of Mushroom Tyrosine

Tyrosinase catalyzes two successive kinetic processes;
the first is the ortho-hydroxylation of monophenols to diphenols (cresolase activity) and the second is oxidation of
diphenols to quinone (catecholase activity). Kinetics assays were done in the presence of p-coumaric and caffeic
acids as mono and di-phenol substrates, respectively. All
enzymatic reactions were performed in the presence of
different substrates in 10 mM phosphate buffer, PH of 6.8
and temperature of 293 K, and the absorbance of the final products were measured using a spectrophotometer.
The cresolase reaction was carried out for 10 minutes in
the presence of p-coumaric acid substrate, at wavelength
of 288 nm and enzyme concentration of 17.7 µM. The catecholase reaction of MT was performed for two minutes
in the presence of caffeic acid substrate, wavelength of 311
nm, phosphate buffer with pH of 6.8, temperature of 293
K and enzyme concentration of 11.8 µM.

ble reciprocal plots. The Michaelis constant (Km) and maximum velocity (Vmax) of the tyrosinase were determined by
the Lineweaver-Burk plots. The velocity equation for competitive inhibition in reciprocal form is: 1/V = Km/Vmax (1 +
[I]/Ki) 1/[S] + 1/Vmax. The inhibition constants (Ki) of the competitive inhibitors were calculated by the following equation: Kmapp = Km [1 + ([I]/Ki)] where Kmapp is the apparent Km
in the presence of an inhibitor. The reciprocal equation for
the noncompetitive inhibition is: 1/V = Km/Vmax (1 + [I]/Ki) 1/
[S] + 1/ Vmax (1 + [I]/Ki). Ki of the noncompetitive inhibitors
were calculated using the following equation: 1/Vmaxapp =
(1+ [I]/Ki)/Vmax where Vmaxapp is the apparent Vmax in the
presence of an inhibitor. In the presence of quercetin and
keampferol, the kinetics of the enzyme is shown in Figure
2 and 3, respectively. The plots of 1/v versus 1/[S] gave a series
of straight lines with different slopes yet they intersected
one another at the Y-axis. The values of Vmax remained the
same and the value of Km increased with increasing concentrations of the inhibitor, which indicates that they are
competitive inhibitors. The results showed that quercetin
and keampferol could only bind with the free enzyme.
The inhibition constant for the inhibitor binding with the
free enzyme (E), Ki, was obtained from the secondary plot
of the slope lines in Figures 4A and 4B versus the inhibitor concentration. The inhibition constant (Ki) was 0.016
and 0.06 mM for quercetin and keampferol, respectively.
Same pattern of inhibition (competitive) was obtained for
the catecholase reaction (Figures 5 and 6). The inhibition
constant for the inhibitor binding with the free enzyme
(E), Ki, was obtained from the secondary plot of the slope
lines (Figures 7A and 7B) versus the inhibitor concentration. The inhibition constant (Ki) was 0.072 and 0.112 mM
for quercetin and kaempferol, respectively.

3.3. Cresolase and Catecholase Activities of
Mushroom Tyrosine in the Presence of Quercetin
and Kaempferol

4. Results

The inhibitory type of quercetin and keampferol on the
monophenolase activity, during the hydroxylation of pcoumaric acid was determined by Lineweaver–Burk dou2
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Figure 1. Chemical Structure of Kaempferol and Quercetin as Two Flavonoids
Figure 2. Cresolase Activity of Tyrosinase in the Presence of a Quercetin
as a Competitive Inhibitor
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Figure 3. Cresolase Activity of Tyrosinase in the Presence of Kaempferol
as a Competitive Inhibitor

Figure 5. Catecholase Activity of Tyrosinase in the Presence of Quercetin
as a Competitive Inhibitor
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Figure 4. Secondary plots Obtained From Slopes of the Curves in Figures

Figure 6. Catecholase Activity of Tyrosinase Enzyme in the Presence of a
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Figure 7. Secondary Plots Obtained From Slopes of the Curves of Figures 5 and 6 Against Different Concentrations of Quercetin (A) and Kaempferol (B)
as Inhibtors
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5. Discussion
According to the results of the Lineweaver–Burk double
reciprocal plots of cresolase and catecholase reactions
of MT there were competitive modes of inhibition in the
presence of quercetin and kaempferol. However, the flavonoids induced tyrosinase inhibition and the Kmapp for
the substrate increased, while the magnitude of Vmax remained unchanged. In the process of catalysis, tyrosinase
can be found in three emet, eoxy and edeoxy forms. Both
the emet and eoxy forms can catalyze the diphenol substrate, but in contrast to the emet, the eoxy form can also
catalyze the monophenol substrate. It should be noted
that the pre-incubated enzyme was mostly met-tyrosinase, known as the resting form of the enzyme, indicating the quercetin and kaempferol can chelate copper in
the met-form of tyrosinase (18).
In conclusion, the competitive mode of inhibition of
flavonoids on MT works through their hydroxyl groups
that bind to the active site on tyrosinase, resulting in steric hindrance or changed conformation (19). Flavonoids
and phenols have shown to possess important antioxidant activities toward free radicals, which are principally
based on the redox potentials of their phenolic hydroxyl
groups and the structural relationships between different parts of their chemical structure (20). Gallic acid, (GA,
3,4,5-trihydroxybenzoic acid)- epicatechin, procyanidin
B2 and epicatechin-3-gallate identified in mushrooms,
proved to be effective inhibitors of tyrosinase activity, as
reported by many researchers (21-23).
On the other hand, the inhibition of melanogenesis
may be related to GA’s antioxidant activity in scavenging
reactive oxygen species (24). Antioxidants such as ascorbic acid derivatives are used as melanogenesis inhibitory agents (25), and reduced glutathione (GSH) is a well
known biological antioxidant that acts as a quencher of
oxidative insults, thereby plays a significant role in the
inhibition of melanogenesis (26). Many phenolic compounds are known to have potent antioxidant activity
(27), and a number of naturally occurring melanogenic
inhibitors contain a phenolic structure (28-30).
The inhibitory mode of flavonol inhibitors is usually
competitive for the oxidation of L-dopa by tyrosinase,
and the 3-hydroxy-4-keto moiety of the flavonol structure acts a key role in copper chelation (20). As previously
reported, quercetin inhibitory ability on catecholase activity is 20% that of kojic acid’s inhibitory ability, thus it
could be applied in whitening and food anti-browning
products (31). Researches have shown that all flavonoids
inhibition on enzyme by chelating copper at the active
site of the enzyme applied. Recently, it has been shown
that flavonoids with keto groups specially α-ketos have
strong inhibition ability (32).
Overall, the results of this study showed the inhibitory
effect of some flavonoids on catecholase and cresolase
activity of tyrosinase enzyme. Kaempferol and quercetin inhibition performance on cresolase and catecholase
enzyme activity have a competitive inhibition pattern.
4

Comparison of public inhibiting tyrosinase such as phenyl and kojic acid show that the flavonoids can be considered a member of potent inhibitor of tyrosinase. The use
of these compounds in medicine, including treatments
for hyperpigmentation and other skin imperfections is
recommended.

Acknowledgements

This work was financially supported by the deputy of research of Qazvin University of Medical Sciences, Qazvin,
Iran.

References
1.
2.
3.

4.
5.

6.
7.
8.
9.
10.
11.

12.
13.
14.
15.
16.
17.
18.
19.
20.

Hearing VJ Jr, Ekel TM, Montague PM, Nicholson JM. Mammalin
tyrosinase. Stoichiometry and measurement of reaction products. Biochim Biophys Acta. 1980;611(2):251–68.
Mayer AM. Polyphenol oxidases in plants and fungi: going places? A review. Phytochemistry. 2006;67(21):2318–31.
Theos AC, Tenza D, Martina JA, Hurbain I, Peden AA, Sviderskaya
EV, et al. Functions of adaptor protein (AP)-3 and AP-1 in tyrosinase sorting from endosomes to melanosomes. Mol Biol Cell.
2005;16(11):5356–72.
Kumar CM, Sathisha UV, Dharmesh S, Rao AG, Singh SA. Interaction of sesamol (3,4-methylenedioxyphenol) with tyrosinase
and its effect on melanin synthesis. Biochimie. 2011;93(3):562–9.
Witkop CJ. Albinism: hematologic-storage disease, susceptibility to skin cancer, and optic neuronal defects shared in all
types of oculocutaneous and ocular albinism. Ala J Med Sci.
1979;16(4):327–30.
Chang TS. An updated review of tyrosinase inhibitors. Int J Mol
Sci. 2009;10(6):2440–75.
Pawelek JM, Korner AM. The biosynthesis of mammalian melanin. Am Sci. 1982;70(2):136–45.
Sharma VK, Choi J, Sharma N, Choi M, Seo SY. In vitro anti-tyrosinase activity of 5-(hydroxymethyl)-2-furfural isolated from Dictyophora indusiata. Phytother Res. 2004;18(10):841–4.
Jolley RL, Jr, Nelson RM, Robb DA. The multiple forms of mushroom tyrosinase. Structural studies on the isozymes. J Biol Chem.
1969;244(12):3251–7.
Seo SY, Sharma VK, Sharma N. Mushroom tyrosinase: recent prospects. J Agric Food Chem. 2003;51(10):2837–53.
Alam N, Shim MJ, Lee MW, Shin PG, Yoo YB, Lee TS. Vegetative
Growth and Phylogenetic Relationship of Commercially Cultivated Strains of Pleurotus eryngii based on ITS sequence and
RAPD. Mycobiology. 2009;37(4):258–66.
Zhou CX, Kong LD, Ye WC, Cheng CH, Tan RX. Inhibition of xanthine and monoamine oxidases by stilbenoids from Veratrum
taliense. Planta Med. 2001;67(2):158–61.
Teissedre PL, Frankel EN, Waterhouse AL, Peleg H, German JB.
Inhibition ofIn VitroHuman LDL Oxidation by Phenolic Antioxidants from Grapes and Wines. J Sci Food Agric. 1996;70(1):55–61.
Choi D, Kang SH, Song YH, Kwun KH, Jeong KJ, Cha WS. Exopolysaccharide production in liquid culture of Pleurotus ferulae. J
Microb Biotech. 2005;146:209–21.
Breene WM. Nutritional and medicinal value of specialty mushrooms. J Food Protect. 1990;53:883–94.
Visioli F, Bellomo G, Galli C. Free radical-scavenging properties of olive oil polyphenols. Biochem Biophys Res Commun.
1998;247(1):60–4.
Baek HS, Rho HS, Yoo JW, Ahn SM, Lee JY, Jeonga-Lee JL, et al. The
inhibitory effect of new hydroxamic acid derivatives on melanogenesis. Chem Inform. 2008;39(23):43–6.
Jaenicke E, Decker H. Tyrosinases from crustaceans form hexamers. Biochem J. 2003;371(Pt 2):515–23.
National Cancer Institute.. Melanoma PDQ: Treatment - Patient Version. 2010. Available from: http://www.cancer.gov/cancertopics/
pdq/treatment/melanoma/patient.
Kubo I, Kinst-Hori I, Chaudhuri SK, Kubo Y, Sanchez Y, Ogura T.

Biotech Health Sci. 2014;1(2):e22242

Taherkhani N et al.

21.
22.
23.

24.

25.

Flavonols from Heterotheca inuloides: tyrosinase inhibitory activity and structural criteria. Bioorg Med Chem. 2000;8(7):1749–55.
Lee YL, Huang GW, Liang ZC, Mau JL. Antioxidant properties of
three extracts from Pleurotus citrinopileatus. LWT Food Sci Tech.
2007;40(5):823–33.
Kang HS, Choi JH, Cho WK, Park JC, Choi JS. A sphingolipid and
tyrosinase inhibitors from the fruiting body of Phellinus linteus.
Arch Pharm Res. 2004;27(7):742–50.
Thipperudrappa J, Biradar DS, Lagare MT, Hanagodimath SM, Inamdar SR, Kadadevaramath JS. Fluorescence quenching of BPBD
by aniline in benzene–acetonitrile mixtures. J Photochem Photobiol Chem. 2006;177(1):89–93.
Kumano Y, Sakamoto T, Egawa M, Iwai I, Tanaka M, Yamamoto
I. In Vitro and In Vivo Prolonged Biological Activities of Novel
Vitamin C Derivative, 2-O- and alpha;-D-Glucopyranosyl-LAscorbic Acid (AA-2G), in Cosmetic Fields. J Nutr Sci Vitaminol.
1998;44(3):345–59.
Imokawa G. Analysis of initial melanogenesis including tyrosinase transfer and melanosome differentiation through
interrupted melanization by glutathione. J Invest Dermatol.
1989;93(1):100–7.

Biotech Health Sci. 2014;1(2):e22242

26.
27.
28.
29.
30.

31.
32.

Manach C, Scalbert A, Morand C, Remesy C, Jimenez L. Polyphenols: food sources and bioavailability. Am J Clin Nutr.
2004;79(5):727–47.
No JK, Kim MS, Kim YJ, Bae SJ, Choi JS, Chung HY. Inhibition
of tyrosinase by protocatechuic aldehyde. Am J Chin Med.
2004;32(1):97–103.
Kim YJ, No JK, Lee JH, Chung HY. 4,4'-Dihydroxybiphenyl as a new
potent tyrosinase inhibitor. Biol Pharm Bull. 2005;28(2):323–7.
Nerya O, Vaya J, Musa R, Izrael S, Ben-Arie R, Tamir S. Glabrene and
isoliquiritigenin as tyrosinase inhibitors from licorice roots. J
Agric Food Chem. 2003;51(5):1201–7.
Alam N, Yoon KN, Shin PG, Cheong JC, Yoo YB, Lee TS. Antioxidant,
Phenolic Compounds Concentration, Xanthine Oxidase and Tyrosinase Inhibitory Activities of Pleurotus cornucopiae. Aust J
Basic Appl Sci. 2011;5(3):229–39.
Espin JC, Wichers HJ. Slow-binding inhibition of mushroom
(Agaricus bisporus) tyrosinase isoforms by tropolone. J Agric
Food Chem. 1999;47(7):2638–44.
Kubo I, Kinst-Hori I, Kubo Y, Yamagiwa Y, Kamikawa T, Haraguchi
H. Molecular design of antibrowning agents. J Agric Food Chem.
2000;48(4):1393–9.

5

