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Kinetics of Mushroom Tyrosinase Inhibition by Quercetin

QING-XI CHEN' AND Isa0 KuBo*
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The effects of quercetin on the activity of mushroom tyrosinase were studied. The equilibrium constants
for this inhibitor binding with the enzyme molecule were established. The inhibition mechanism obtained
from Lineweaver—Burk plots show that quercetin is a competitive inhibitor. In the time course of the
oxidation of L-3,4-dihydroxyphenylalanine (L-DOPA) catalyzed by the enzyme in the presence of
different concentrations of quercetin, the rate decreased with increasing time until a straight line was
approached. The inhibition of tyrosinase by quercetin is a slow and reversible reaction with residual
enzyme activity. The microscopic rate constants were determined for the reaction of quercetin with
the enzyme.
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INTRODUCTION

Tyrosinase (EC 1.14.18.1), also known as polyphenol oxidase
(PPO) (1—-4), is a copper containing mixed-function oxidase
widely distributed in microorganisms, animals, and plants. This
oxidase catalyzes two distinct reactions of melanin synthesis,
the hydroxylation of a monophenol (monophenolase activity)
and the conversion of aw-diphenol to the corresponding
o-quinone (diphenolase activity), and is involved in the forma-
tion of pigments such as melanins (5). The hydroxylation of
L-tyrosine, the initial step in melanin synthesis, is also the initial 1. Ry =H; R,=OH
step in catecholamine synthesis. The enzymatic oxidation of 2. Ry=H: Rp=H
L-tyrosine to melanin is of considerable importance because 3 Ri=0H; R =H
melanin has many functions, and alterations in melanin synthesisFigure 1. Chemical structure of quercetin and related compounds.
occur in many disease states. For example, melanoma-specific
anticarcinogenic activity is linked with tyrosinase activig)( ~ Of L-DOPA by chelating copper in the enzyme. The chelation
Melanin pigments are also found in the mammalian brain. mechanism seems to be specific to flavonols as long as the
Tyrosinase may play a role in neuromelanin formation in the 3-hydroxyl group is free 10, 11). From a practical point of
human brain, particularly in the substantia nigra. This mixed- View, copper chelators are currently targeted because they
function oxidase could be central to dopamine neurotoxicity and POssess no oxidizable hydroxyl group, and, more importantly,
may contribute to the neurodegeneration associated with Par-the binuclear copper active site is common in all the tyrosinase,
kinson’s disease7}. Tyrosinase inhibitors have become increas- regardless of their sources. Comparingd@alues, quercetin

ingly important in medicinal §) and cosmeticd) products, is the most potent tyrosinase inhibitor among the flavonoids
primarily in relation to hyperpigmentation. characterized1(, 11). Although the great potential of flavonols

In our previous paper, the characterization of querce)n (@S tyrosinase inhibitors has been demonstrated, their kinetic
(seeFigure 1 for structures) was shown to be the principal Pehavior has been little explored. The aim of the present

tyrosinase inhibitor present in the dried flowerloéterotheca ~ €XPeriment is, therefore, to carry out a kinetic study of the
inuloides CASS (Compositae), and the fresh flower Trixis inhibition of theo-diphenolase (catecholase) activity of mush-

michuacanavarlongifolia (D. Dow) C. Anderson (Compositae).  "0°M tyrosinase by flavonols and to evaluate the kinetic param-
Both are known as “arnica” in Mexico and are used as medicinal €ters and constants characterizing the system. Hence, the kinetics

plants. Quercetin was shown to inhibit the enzymatic oxidation ©f tyrosinase inhibition by quercetin was studied in detail.
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Figure 2. Effects of quercetin on the activity of mushroom tyrosinase for with the enzyme concentrations at different concentrations of quercetin.
the catalysis of L-DOPA (enzyme concentration 4.0 ug/mL). Concentrations of quercetin for curves 0—4 were 0, 10, 20, 30, and 40

Enzyme Assay.The mushroom tyrosinase (EC 1.14.18.1) used for #M, respectively.
the bioassay was purchased from Sigma. The following conditions were
used for the present experiment. First, mushroom tyrosinase differs from
other sources to some degre?), but this fungal source was used
because of its ready availability. Second, mode of inhibition is known
to depend on the structure of both the substrate and inhibitor, so
L-DOPA was used as the substrate, unless otherwise specified.
Therefore, the activity studied is with respecbtdiphenolase inhibitory
activity of mushroom tyrosinase. Third, tyrosinase is known to catalyze 0 .
a reaction between two substrates, a phenolic compoHDPA) 0 50 100
and oxygen, but the assay was carried out in air-saturated aqueous {1 (M)
solutions. Therefore, Michaelis constaii,j and maximum velocity 10
(Vm) values determined in these conditions were only apparent, and
the effect of oxygen concentration on these parameters is unknown. F

Enzyme activity was determined at 30 by following the increase Lyl . . Ll
in absorbance at 475 nne & 3700 M cm™) accompanying the 20 15 1.0 -05 00 05 1.0 15 2.0
oxidation of the substrate{DOPA). One unit (U) of enzymatic activity 11[S] (mM -1)
was defined as the amount of enzyme increasing 0.001 absorbance at
475 nm in this condition. The progress-of-substrate-reaction theory Figure 4. Lineweaver—Burk plots for inhibition of quercetin on mushroom
previously described1@) was applied to the current study of the tyrosinase for the catalysis of DOPA at 30 °C, pH 6.8. Concentrations of
inhibition kinetics of mushroom tyrosinase by quercetin. In this method, quercetin for curves 1-5 were 0, 20, 40, 60, and 80 uM, respectively;
the mushroom tyrosinase (1.0 mg/mL in 0.1 M phosphate buffer pH the enzyme concentration was 4.0 xg/mL. The inset represents the plot

6.8) was first diluted with water at 50 times, and then80of the of Knapp Versus the quercetin concentration for determining the inhibition
solution was added to 2Q@L of an assay substrate solution with 25 o nie K.

uL DMSO containing different concentrations of quercetin. The
substrate reaction progress curve was analyzed to obtain the reaction Determination of the Inhibition Type of Quercetin on
rate constants. The reaction was carried out under a constant temperaturklushroom Tyrosinase. The kinetic behavior of mushroom
of 30 °C. Absorption measurements were recorded using a SPECtratyrosinase during the oxidation ofDOPA was studied. Under
MAX plus Microplatt_e spectrophotometer. The kinetic and inhibition  {ha condition employed in the present investigation, the oxida-
constants were obtained by the method previously described(7). tion reaction of .-DOPA by mushroom tyrosinase follows
Michaelis—Menten kinetics. The kinetic parameters for mush-
RESULTS AND DISCUSSION room tyrosinase obtained from a Lineweav8urk plot (Figure
Effect of Quercetin on the Activity of Mushroom Tyro- 4, line 1) show thaKp, is equal to 0.84 mM an¥nmax is equal
sinase.The effect of quercetin on the oxidation 6DOPA by to 122 U/min (33.QuM/min). The results illustrated ifrigure
mushroom tyrosinase was studied first. Inhibition of the enzyme 4 show that quercetin is a competitive inhibitor because
by quercetin was concentration-dependent as showiigiare increasing the quercetin concentration resulted in a family of
2. As the concentrations of quercetin increased, the residuallines with a common intercept on thevxis but with different
enzyme activity was rapidly decreased, but it was not completely slopes. The equilibrium constant for inhibitor bindirg, was
suppressed. The inhibitor concentration leading to 50% activity obtained from a plot of the apparent Michaeldenten constant
lost (ICs0) was estimated to be 0.13 mM. (Kmapp Versus the concentration of quercetin, which is linear
Figure 3 shows that in the presence of different concentra- as shown in the inset. The obtained constant is 0.0386 mM, as
tions of quercetin the enzyme activity was dependent on the summarized inTable 1.
enzyme concentration. The plots of the residual enzyme activity  Kinetics of the Substrate Reaction in the Presence of
versus the concentrations of enzyme at different concentrationsDifferent Concentrations of Quercetin. The time course of
of quercetin gave a family of straight lineBigure 3) which the oxidation ofL.-DOPA catalyzed by the enzyme in the
passed through the origin, indicating that the inhibition of the presence of different quercetin concentrations is shown in
enzyme by quercetin was reversible. Increasing the quercetinFigure 5a. At each concentration of quercetin, the rate decreased
concentration resulted in the descending of the slopes of thewith increasing time until a straight line was approached, the
lines. slope of which decreased with increasing quercetin concentra-
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Table 1. Kinetics Parameters and Microscopic Inhibition Rate 1.0
Constants of Mushroom Tyrosinase by Quercetina? L 0
—_ -0.2
ICsp 0.13mM € 0.8} ]
Kin 0.84 mM L% 2 04}
Vin 122 U/min 5 r 5 N\’\k‘i‘
P ; 6| —~ .
inhibition reversible L - nal —<
e L 0 06 7 5 -0.6
inhibition type competitive o) X \‘\N
Ki 0.0386 MM = | o M
ko 0.0216 (MM~ sec1): ® o4l 8708 Ry O,
0.0219 (MM~ sec—1)p - = m
Koo 0.832 x 102 (sec™ )2 i c 10 1\l\-\.\.\z'
- : - , 0.2F 1.2}
From plot of 1/A against [S]. ® From plot A/v against 1/[S]. a b
B 14 L L L L
tion. The above results, as analyzed by Tsou’s meti@), ( ool 1 .o 0 20 40 60 80 100
suggest that the formation of the inactig,] complex is a 0 400 800 1200 Time (sec)
slow and reversible reaction. This can be written as follows: Time (sec)

Figure 5. Course of the substrate reaction in the presence of different
concentrations of quercetin. The final assay conditions: 250 uL system

I
S P 0, X + 8 X P P .. . _
B £.8 kg[ Exeon \ig . K Es s E containing 0.05 _M phosphate sod!um buffer pH 68 2.0 mM L-DOPA as
s ka TV g, substrate, and different concentrations of quercetin, 4.0 xg/mL mushroom

Ema

kol tyrosinase, at 30 °C. (a) The time course of the substrate oxidation
o reaction. The concentrations of quercetin for curves 0—7 were 0, 20, 40,
Eog 60, 80, 100, 120, and 140 ug/mL, respectively. (b) Plots of In([Pleaic —

[P]) vs time. Data were taken from curves 1-7 in Figure 1.

whereE (Emes Edeoxy @ndEoyy), S 1, andP denote enzyme (three
forms of the enzyme), substrate, inhibitor (quercetin), and
product, respectively; El and ES are the respective compounds.
As it is usually the case tha§p>[Eg] and [[|>[Eg], the product
formation can be written as follows (145):

__ By t+ Allle Al o (AlB)
Alll +B  (A[l] +B)? (A[l] + By

of this straight line. The value oB directly gives the
microscopic rate constaft.o.
From eq 2, we can get

1_ 1 1
A kg x Km[S] " Kio ©

[Pl )
A plot of 1/A versus [S] gives a straight line with k/( x

Km) as the slope of the straight line anck 4 as the intercept

= M" ) on they-axis.
K, +[S] Combining eq 2 and the Michaetlid/lenten equation gives
B=k, ®) A_KnxKio 1 @
v Vo [S]

where [P] is the concentration of the product formed at titne

which is the reaction timeA and B are the apparent rate A plot of Alv versus 1/[S] gives a straight line wikh k:o/
constants for the forward and reverse reactions of inhibition, \/ a5 the slope of the straight line, which passes through the
respectively; [S] and [I] are the concentrations of the substrate grigin, indicating that the quercetin is a competitive inhibitor
and inhibitor, respectively; is the initial rate of reactioninthe  of the enzyme 15, 17). AsKm and Vimax are known quantities
absence of the inhibitor, wheze= Vn[S]/(Km + [S]). Whent from measurements of the substrate reaction in the absence of
is sufficiently large, the curves become straight lines and the the modifier at different substrate concentrations, the rate
product concentration is written as [ constanko can be easily determined. Plots of Pifac — [P],)
versug give a family of straight lines at different concentrations

[P] o = By t Allly (4) of quercetin with slopes of-(A[l] + B), Figure 5b.
Alll +B (Al +BY Kinetics of the Reaction at Different Substrate Concentra-
tions in the Presence of Quercetin. Figure 6ahows the kinetic
Combining egs 1 and 4 yields courses of the reaction at differetOPA concentrations in
the presence of 60M of quercetin. It can be seen froRigure
Pl —[P]. = Allly o (All+BY ®) 6athat whent is sufficiently large, both the initial rate and the
cale t (A[l] + 3)2 slope of the asymptote increase with increasing substrate

concentration. Similarly, plots of Infcac — [P]:) versust give
where [Plac is the product concentration to be expected from a family of straight lines at different concentrations of the
the straight-line portions of the curves as calculated from eq 4, substrate with slopes of (A[l] + B) as shown irFigure 6b.
and [P} is the product concentration actually observed at time The apparent forward and reverse rate const@ng)dB, can
t. Plots of In(P]caic — [P]r) versus reaction time)(give a series be obtained through suitable plots.
of straight lines at different concentrations of inhibitdi)vith Determination of the Microscopic Rate Constants of
slopes of—(A[l] + B). A secondary plot of the slopes versus Inhibition of Quercetin on the Enzyme. A plot of the slopes
[1] gives a straight line. The apparent forward and reverse rate of the straight lines ifrigure 5b versus quercetin concentration
constantsA andB, can be obtained from the slope and intercept [I] gives the straight line, curve 5 iRigure 7. Similarly, data
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Figure 6. Course of the substrate reaction at different substrate
concentrations in the presence of quercetin. Experimental conditions were
the same as those for Figure 4 except the L-DOPA concentrations were
different. (a) The time course of the substrate oxidation reaction. The
concentrations of L-DOPA for curves 1-5 were 2.0, 1.5, 1.0, 0.80, and
0.67 mM, respectively. (b) Plots of In([P]cac — [P]) vs time. Data were
taken from curves 1-5 in (a).
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Figure 7. Secondary plots of the slopes versus the concentrations of
quercetin ([I]) for a series of fixed substrate concentrations. Experimental
conditions were the same as those for Figure 4 except for the L-DOPA
concentrations. The substrate concentrations for curves 1-5 were 0.67,
0.80, 1.0, 1.5, and 2.0 mM, respectively.
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collected for other concentrations give the other straight lines
in Figure 7. All the straight lines have a common intercept on
the ordinate. The apparent reverse rate consBamman be
obtained from the ordinate intercept. The valueBofs then
equal to the microscopic rate constémg given in Table 1.

Figure 8 shows that the plot of &'versus § gives a straight
line with 1/(kio x Ky) as the slope of the line and l4kas the
intercept on the/-axis. According to eq 6, from the slope and
intercept, we can determine the microscopic rate con&tant
Figure 9 shows that the plot o&/v versus 1/§ gives a straight
line that passes through the origin. According to eq 7, the slope
of the straight line gives the value dKpKio/Vmax The
microscopic rate constakto was then obtained from the slope
(Table 1).

In summery, the results obtained by the current kinetic study
are consistent with those of the previous reports. Noticeably,
the tyrosinase inhibitory activity of flavonols such as quercetin,
kaempferol (2), and morin3] was previously described as
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Figure 8. Plot of 1/A versus [S]. The values of A were obtained from the
substrate reaction in the presence of quercetin.
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Figure 9. Plot of Alv vs 1/[S]. The values of v and A were obtained from
the substrate reaction in the absence of quercetin and from Figure 6.
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coming from their ability to chelate one copper in the binuclear
active center of the enzymé&&—20). Hence, flavonols inhibit
the enzyme competitively, and hence, the inhibition mechanism
is a classical competitive type. The inhibition of tyrosinase by
flavonols is common as a slow and reversible reaction with
remaining enzyme activity. As far as the inhibitory activity of
tyrosinase is concerned, the pyrone moiety is responsible
because the pyrone moiety preferentially chelates copper in the
enzyme even if other moieties exist in the same molecule. This,
however, does not rule out the possibility that the catechol
moiety in quercetin is associated in part with this mechanism
of inhibition. In this regard, quercetin showed the most potent
inhibitory activity among the flavonols tested but the reason
for this difference is still largely unknown. There still seems to
be a lack of important knowledge for designing effective
tyrosinase inhibitors.

Quercetin is characterized from many edible plants. Tyrosi-
nase inhibitors isolated from the edible plants may be superior
to nonnatural products. Despite this advantage, the biological
significance of quercetin as a tyrosinase inhibitor in living
systems is still largely unknown. The results so far obtained
indicate that their further evaluation is needed, from not only
one aspect, but from a whole and dynamic perspective.
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