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Inhibitory kinetics of enterolactone on mushroom tyosinase
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ABSTRACT

Tyrosinase (EC 1.14.18.1) is a key enzyme in post-harvest browning of fruit and melanin formation in human skin.
Tyrosinase inhibitors are important in agricultural and cosmetic chemistry. In the present study, the inhibitory
kinetics of enterolactone on themonophenolase and diphenolase activities of mushroom tyrosinasewere investigated
using the kinetic method of substrate reaction. The results showed that enterolactone inhibited themonophenolase
and diphenolase activities of mushroom tyrosinase, with ICs, values of 0.42 and 0.124 mM, respectively. The
inhibition kinetics showed that enterolactone displayed non-competitive mechanism. The inhibition constants were
determined to be 0.8315 and 0.6956mM, respectively. Furthermore, enterolactone exerted a potent inhibitory effect
on intracellular melanin formation in B16/F10 murine melanoma cells and did not cause cytotoxicity. These results
provide a comprehensive understanding of the inhibitory mechanisms underlying enterolactoneactivity and its
inhibition of melanin formation, suggesting the potential benefits of using this compound.
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INTRODUCTION

Tyrosinase (EC 1.14.18.1) is a copper containingiifaoctional oxidase with diverse physiologicales related to
melanin production[1-3]. Thise enzyme displays tdifferent enzymatic reactions : the hydroxylatiof o
monophenol to o-diphenol (cresolase activity) ahe bxidation of diphenol to corresponding o-quirgne
(catecholase activity).

Tyrosinase is also responsible not only for enzijerlatowning, an unfavorable darkening of fruit arehetables
that occurs when they undergo processing, but falsdhe molting process of insects and adhesiomafine
organisms[4]. Therefore, tyrosinase inhibitors witkv Ki values have attracted substantial attentiecently for
applications, such as whitening agents, anti-bragm@igents, and bio-insecticides to prevent hyperpigation by
inhibiting enzymatic oxidation. A number of tyroase inhibitors have already been reported, the mhamf which
comprise compounds structurally analogous to phenailbstrates. Generally, their inhibitory mechaniss
competitive displacement of these substrates, d&sige and L-DOPA with other chemically related
dihydroxybenzene derivatives[5]. However, interggly, many phenolic inhibitors such as cinamic daidarinone,

and p-methoxybenzoic acid show a mechanism of non-coitheinhibition[6-8].

Enterolactone, also known as trang-bis(3-hydroxybenzyl)butyrolactone, is an enterabaal breakdown product
of plant lignans. Recent epidemiological studiegehshown that there are lower concentrations afrefactone in
breast cancer patients than in healthy control6[9,Eor this reason, it have been suggested toepesseveral
beneficial health effects in humans, which may tqrtive against cardiovascular disease[11,12].

Although many tyrosinase inhibitors are structyrahalogous to phenolic substrates, there have feeestudies
on the effects of enterolactone on tyrosinase.
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Therefore, the aims of this work are to determine kinetics of the inhibition of the mono- and dipblase
activities of tyrosinase and to evaluate the king@rameters and inhibitory mechanisms involvedisiloom
tyrosinase was used throughout our studies. We estuated the anti-melanogenic effect of entetols in
B16/F10 murine melanoma cells.

MATERIALS AND METHODS

Chemicals

Enterolactone (the structures are shown below) hnaasn tyrosinase (EC 1.14.18.1),L-3,4-dihydroxyphelanine
(L-DOPA) and L-tyrosine (L-Tyr) were purchased fr@mgmaAldrich (St. Louis, MO). Allother reagents neeof
analytical grade. The water used wasre-distillated deidnized.

@]
HO~ (j A
OH
Tyrosinase inhibition assay

The mushroom tyrosinase inhibition activities wdetermined according to the method described iritt@ature
with some modifications[13]. Briefly, mushroom tginase (1250 units/mL) and 0.07 mL of 2 mM L-tynasivere
added to 0.09 mL of 0.1 M phosphate buffer contajnihe test sample. A total of0.2 mL of test migtwas
incubated for 10 min at 37°C and the absorptiontduhe formation of L-DOPA or dopaquinone was nordd at
475 nm. The same mixture except for the plant ektnaas used as a control. Hydroquinong-Qlucopyranoside
(arbutin) was used as a positive control. Eactlirtreat was performed in triplicate.

Kinetic analysis of tyrosinase inhibition

To a 96-well plate in a total assay mixture of 200 were added various concentrations of L-tyrosind &-
DOPA(0.2 to 0.6 mM) as substratesub of mushroom tyrosinasesolution (1250 units) a®® InM potassium
phosphate buffer (pH 6.8) with (0.25, 0.5, and 1 enkérolactone) or without test sample[14]. Usingiiaroplate
reader, the initial rate of dopachrome formatiorthia reaction mixture was determined by the linearease in
absorbance at 475 nm. The Michaelis constant (Kng maximal velocity (Vmax) of the tyrosinase were
determined by LineweaveBurk plots at various concentrations of L-tyrosiaed L-Dopa as substrates. The
reaction kinetics required a modification of theckkelisMenten equation due to the uncompetitive inhibitiyn
enterolactone together with substrate inhibitiorLktyrosine and L-Dopa.

Measurement of melanin contents

Melanin contents were measured as reported by mead and Gilchrest with slight modification. Thdlsavere
treated with enterolactone aneMSH(50 nM) for 3 days. After treatment, the cellsre detached by incubation in
trypsin/ethylenediaminetetraacetic acid. After fpiation, the color of the cell pellets was evadeavisually and
cell pellets containing a known number of cells eveolubilized in boiling 0.1M NaOH for 1h. Specthagpometric
analysis of melanin contents was performed at aprédlance wavelength of 475 nm[15].

MTT assay

Cell viability was determined using 3-(4,5-dimethydzol-2-yl)-2,5-diphenyltetrazolium bromide (MTEssays.
B16F10 cells were cultured in 24-well plates for H,8followed by treatment with various concentrai0.075,
0.15, and 0.3 mM) of enterolactone for 48 h. ByieMTT was added to the cells and the formazantakysvere
dissolved in dimethyl sulfoxide. The absorbance wasasured at 540 nm. The percentage of cells slgowin
cytotoxicity was determined relative to that in tmntrol group.

RESULTS AND DISCUSSION

Effects of Enterolactone on the Monophenolase andithenolaseActivity of Mushroom Tyrosinase

To clarify the effects of enterolactone on mushrotynosinase activity, we first performed a tyrosieaassay to
investigate the mono- and diphenolase activitiésgus-tyrosine and L-DOPA as substrates. The resiibwed that
enterolactone had inhibitory effects on tyrosinastvity, as shown in Fig. 1.With increasing comttations of
enterolactone, the mono- and diphenolase activitiesnushroom tyrosinasemarkedly decreased. Thebitohi
concentrations leading to a 50% decrease in theitgciCsg) of enterolactone were estimated to be 0.42 mM(L-
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tyrosine)and 0.124 mM(L-DOPA).Enterolactone intebit diphenolase activity to a higher extent
thanmonophenolase activity. Thespralue of monophenolase activity was about thremdi greater than that of
diphenolase activity.

The Mechanism of Inhibition on Monophenolase Actiiy of Mushroom Tyrosinase by Enterolactone

We also investigated the type of inhibition of entactoneon the monophenolase activity of mushréynosinase.
The effects on the enzymatic oxidation of L-tyr@swof enterolactone at different concentrations vievestigated.
Enterolactone was found to inhibit the monopherelastivity of tyrosinase. The double reciprocallieaver
Burk plot for the monophenolase activity of mughrotyrosinase assayed as the hydroxylation of bsiye in the
presence of different concentrations of enterolagitoshown in Fig. 2. This plot shows a set ofighalines which
intersect exactly on the vertical axis: the valdeKen was unchanged by the inhibitor, but the maximu
velocity(Vmax) was decreased, indicating the nomgetitive inhibition of L-tyrosine. The equilibrium
constants(ijfor inhibitor binding with free enzyme or enzymabstrate complex was determineg{B.8315 mM)
from a plot of the intercept on theaxisversus the inhibitor concentration, which was linear aswh in the inset.
The inhibitor constants are summarized in Table 1.

The Mechanism of Inhibition on Diphenolase Activity of Mushroom Tyrosinase by Enterolactone

We also investigated the effect of enterolactordiphenolase activity using L-DOPA as a substrateéhé presence
of enterolactone, the diphenolase activity of masht tyrosinase was clearly inhibited. We studiesl ithhibitory
mechanism of enterolactoneon diphenolase actifitpushroom tyrosinase. LineweavBurk plots(Fig. 3) showed
that enterolactone was also a non-competitive itdribl he results revealed that the value of Kmagrad the same
and the value of Vmax decreased with increasingrel#ctone concentration.The equilibrium constatoK
inhibitor binding with free enzyme or enzyme-suadrcomplex was determinedéf.6956 mM) from a plot of the
intercept on ther-axis versus the inhibitor concentration, which was linear agwh in the inset. The inhibitor
constants are summarized in Table 1.

Cell viability and melanin content after exposure to enterolactone

In the present study, B16/F10murine melanoma e&l® used as the cell model for examining the itdrip effect

of enterolactone on melanogenesis. To show thagnterolactonedid not have cytotoxic effects onineuB16/F10
melanoma cells, an MTT assay was first performedr @sults showed that the cell viability of muriBd6
melanoma treated in 0.3mMenterolactone was alm@§%] this suggests that, after treatment for 72 h,
enterolactone did not affect cell viability. Givéime lack of a cytotoxic effect of enterolactoneroarine B16/F10
melanoma cells, the inhibitory effects of entertdaeon melanin contents were assessed. The malantant of
enterolactone-treated melanocytes is shown ind=ignlike in the control group, treatment with entactone (125,
250, and 500 uM) for 72 h reduced melanin contenésdose-dependent manner.

Table 1.The kinetic parameters of mushroom tyrosinse for the oxidation of mono- and diphenol substrais

Substrate
L-tyrosine L-DOPA
I1Cs 0.42 mM 0.124 mM
Ko 0.96+ 0.024 mM  0.647 0.01 mM
Vi 0.209+0.018 mM  0.05+ 0.0067 mM
Inhibition type  Non-competitive Non-competitive
Ki 0.8315 mM 0.6956 mM
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Figure 1. Effects of the substrate analogue entemttone on the oxidation of L-DOPA (A)and L-tyrosine(B) by mushroom tyrosinase
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Figure 2.Lineweaver-Burk’s double reciprocal plotsfor the inhibition by enterolactone of the oxidation of L-tyrosine by mushroom
tyrosinase.

The data include mean values of 1/V, and the irvefsthe absorption increased at 475 nm per minhriee independent tests with various
concentrations of L-tyrosine.The concentrationemterolactone for curves4 were 0, 0.25, 0.5, and 1 mM, respectively. Treetishows the
plot of 1Mmversusthe concentration of enterolactone, to deterntiedrhibition constant.
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Figure 3.Lineweaver—Burk’s double reciprocal plotsfor the inhibition by enterolactone of the oxidation of L-DOPA by mushroom
tyrosinase.The data include mean values of 1/V, arttle inverse of the absorption increase at 475 nmepmin in three independent tests
with various concentrations of L-tyrosine.The concetrations of enterolactone for curves 1-4 were 0,.B5, 0.5, and 1 mM, respectively.

The inset shows the plot of Mversus the concentration of enterolactone, to determinehe inhibition constant

128



Sang Suk Kim et al Der Pharma Chemica, 2016,8 (19):124-130

120 - mmmm melanin contents(%) 120
—a— cell viability(%)
100 - 100
i —i i
S
~ Q
: :
£ 60 - 60 <
§ S
40 - 40
B I l ’
o L) Ll L] L) o
a-MSH - + + + +
Enterolactone (mM) - - 0.075 0.15 0.3

Figure 4.Effect of enterolactone on melanin contestand cytotoxicity.After incubation of B16F10 murire melanoma cells with various
concentrations of enterolactone for 72 h, melaninantents and cytotoxicitieswere determined. Data arexpressed as a percentage of the
control and are mean+SEA of triplicate experiments

CONCLUSION

In this study, we investigated the inhibitory effe€ enterolactone on mushroom tyrosinase. Thdteeshowed that
enterolactone significantly inhibited its monophiase and diphenolase activities. The kinetic studisowed that
both substrates, L-tyrosine and L-Dopa, were nangatitive inhibitors. In addition, a cytotoxicityusly showed
the enterolactone is not cytotoxic and is safecatcentration as high as 0.3 mM. Furthermore, itrtexea potent
inhibitory effect on intracellular melanin formation B16/F10 murine melanoma cells. Therefores isiiggested
that the application of enterolactone may be promifor inhibiting the melanin formation and browgi

Acknowledgements
This work was carried out with the support of tl@obperative Research Program for Agriculture Sae&c
Technology Development (Project No. PJ01093402yaRDevelopment Administration, Republic of Korea.

REFERENCES

[1] S. Radhakrishnan, R. Shimmon, C. Conn, A. BaBimorg. Med. Chem. Lett. 2015 25, 5495-5499.

[2] J. Xie, K. Song, L. Qiu, Q. He, H. Huang, Q.€bhFood Chemistry.2007, 103, 1075-1079.

[3] Q. Wang, L. Qiu, X. Chen, K. Song, Y. Shi, Ché&h,Bioorg. Med. Chem. 2007, 15, 1568-1571

[4] M. Yang, C. Chen, Y. Hu, C. Zheng, Z. Li, L. ,Ni. Sun, Q. Chen]. Biosci. Bioeng.2013 5, 514-517.

[5] X. Tan, Y. H. Song, C. Park, K. Lee, J. Y. KilD, W. Kim, K. D. Kim, K. W. Lee, M. Curtis-Long, KH. Park,
Bioorg. Med. Chem. 2016 24, 153-159.

[6] Y. Shi, Q. Chen, Q, Wang, K. Song, L. Qigod Chemistry. 2005 92, 707-712.

[71 Y. B. Ryu, I. M. Westwood, N. S. Kang, H. Y. #j J, H. Kim, Y. H. Moon, K. H. Parlghytomedicine. 2008 15,
612-618.

[8] Q.X. Chen, K. Song, L.Qiu, X. Liu, H. Huang, ¥iGuo, Food Chemistry. 2005 269-274.

[9] H. Aldercreutz, T. Fotsis, R. Heikkinen, J.Owyer, M. Woods, B. R. Goldin S. L. Gorbadlancet, 1982 2,
1295-1299.

[10] M. Axelson, D. N. Kirk, R. D. Farrant, G. Cagi A. M. Lawson, K. D. R. Setchell982 Biochem. J.

[11] H. Adlercreut2007, Critical reviewsin clinical laboratory science, 44, 483-525.

[12] J. Peterson, J. Dwyer, H. Aldlercreutz, A. IBest, P. Jacques, M. L. McCullou@®1Q Nutrition Reviews, 68,
571-603.

129



Sang Suk Kim et al Der Pharma Chemica, 2016,8 (19):124-130

[13] Y. Komori, M. Imai, T. Yamauchi, K. HigashiyaamN. TakahashBioorg. Med. Chem.2014 22, 3994-4000.
[14] S.G. BurtonTrends Biotechnol. 2003 21, 543-549.
[15] S. J. Hedley, D. J.Gawkrodger, A. P.Weetmari&cneil, Pigment Cell Re$998 11, 45-56.

130



