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Abstract

Five flavones displaying tyrosinase inhibitory activity were isolated from the stem barks of Morus lhou (S.) Koidz., a cultivated
edible plant. The isolated compounds were identified as mormin (1), cyclomorusin (2), morusin (3), kuwanon C (4), and
norartocarpetin (5). Mormin (1) was characterized as a new flavone possesing a 3-hydroxymethyl-2-butenyl at C-3. The
inhibitory potencies of these flavonoids toward monophenolase activity of mushroom tyrosinase were investigated. The ICs,
values of compounds 1-5 for monophenolase activity were determined to be 0.088, 0.092, 0.250, 0.135mM, and 1.2 pM,
respectively. Mormin (1), cyclomorusin (2), kuwanon C (4) and norartocarpetin (5) exhibited competitive inhibition
characteristics. Interestingly norartocarpetin (5) showed a time—dependent inhibition against oxidation of L—tyrosine: it also
operated under the enzyme isomerization model (ks = 0.8424 min "', ks = 0.0576 min_ ', Ki*® = 1.354 pM).

Keywords: Morus lhou (S.) Koidz. stem barks, tyrosinase, norartocarpetin, time-dependent inhibition

Abbreviations: [Cs, The inhibitor concentration leading to 50% activity loss; K, inhibition constant; K, apparent K;; k,
rate constant; V,,a, maximum velocity; K,,, Michaelis-Menten constant; K., apparent first-order rate constant for the
transition from v; to Vv, ; v; initial velocity; v, , steady-state rate; A, absorbance at 475 nm; I, inhibitor; E', modified enzyme

Introduction

Screening of tyrosinase inhibitors is becoming
increasingly popular because they are responsible not
only for hyperpigmentation in human skin, but also for
browning in damaged fruits during post—harvest
handling and processing [1-11]. Tyrosinase (EC
1.14.18.1) is the linchpin of each part of the two—
step melanin (pigmentation) biosynthesis. In the
initial step, tyrosinase behaves as a monophenolase,
oxidizing the substrate to furnish o—diphenol; and
subsequently, it acts as a diphenolase upon the
product to generate o—quinone. The latter then

polymerizes to form brown or black pigmentation
[12,13]. Tyrosinase uses a redox active copper
cofactor within its active site to oxidize arene rings.
Commensurate with its oxidative abilities, this
important enzyme in fact exists in three different
states: oxy—tyrosinase (E,x,), met—tyrosinase (Ener)s
and deoxy—tyrosinase (Egeoxy) [14—16]. Because of
the importance of melanin in pigment formation,
tyrosinase inhibitors have been shown not only to
reduce pigmentation in skin but also to prevent
the undesirable darkening effect (browning) in fruit
that is caused by enzymatic oxidation of phenols. Thus
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they may also be highly useful food additives as well
as functional cosmetics. Consequently, tyrosinase
inhibitors transpire to have far—reaching applications
[17-19].

Tyrosinase inhibitors usually either chelate to the
copper ion within the tyrosinase active site, obstruct-
ing the substrate—enzyme interaction, or prevent
oxidation via an electrochemical process [20-22].
Flavonoids [23] are one of the most promising
candidates for tyrosinase inhibitors because they can
fulfill both roles simultaneously [7,8,19-20,24-30].
Prenylflavonoids have also been tested as tyrosinase
inhibitors [31-33]. Morus lhou (S.) Koidz. has been
known well as a polyphenol—rich plant and has been
used as a non-—toxic natural therapeutic agent [34—
37]. This species belongs to the family of Moracease,
the leaves of which have been traditionally used to feed
silkworms in Korea, China, and Japan [38-40]. Its
main bioactive constituents art flavonoids, cumarins,
phenols and terpenoids many of which have been
proven to exhibit neuroprotection [41], hypoglycemic
[42], hypertensive [43], antimicrobial [44], antine-
phritis [45] and anti-inflammatory properties [46].

In this study, we isolated five flavones from the
methanol extract of the stem barks of Morus lhou (S.)
Koidz., and identified their structures using spectro-
scopic methods (Figure 1). Compound 1 named as
‘mormin’ proved to be a new flavone displaying a very
rare 3-hydroymethyl-2-butenyl group. All isolated
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compounds were additionally evaluated for their
inhibitory activities and kinetic mode on tyrosinase
inhibition. Interestingly, compound 5 showed a time—
dependent mode.

Materials and methods
Plant material

The stem barks of Morus lhou (S.) Koidz. (No—sang)
were collected at Mt. Bi—Bong in Jinju, Korea on April,
2006. The barks were identified by Gyeongsangnam-
do Agricultural Research & Extension Services in
Korea. The fresh barks of M. lhou (S.) were then dried.

General apparatus and chemicals

Chromatographic separations were carried out by
Thin-layer Chromatography (TLC) (E. Merck Co.,
Darmastdt, Germany), using commercially available
glass plate pre—coated with silica gel and visualized
under UV at 254 and 366nm sprayed with p—
anisaldehyde staining reagent. Column chromatog-
raphy was carried out using 230—400 mesh silica gel
(kieselgel 60, Merck, Germany). Melting points were
measured on a Thomas Scientific capillary melting
point apparatus (Electrothermal 9300, UK) and are
uncorrected. IR spectra were recorded on a Bruker
IFS66 (Bruker, karlsruhe, Germany) infrared Four-

Figure 1. Chemical structures of isolated compounds 1-5 in stem barks of M. lhou. Arrows indicate HMBC correlations.
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ier transform spectrophotometer (KBr) and UV
spectra were measured on a Beckman DU650
spectrophotometer (Beckman Coulter, Fullerton,
CA, USA). 'H- and ">C-NMR along with 2D
NMR data were obtained on a Bruker AM 500 (‘H
NMR at 500 MHz, '’C NMR at 125MHz)
spectrometer (Bruker, karlsruhe, Germany) in
CDCl;, acetone—ds, DMSO—-dg, and CD;0D with
TMS as internal standard. EIMS was obtained on a
JEOL JMS-700 mass spectrometer (JEOL, Tokyo,
Japan). Qualitative analyses were measured on a
Perkin Elmer HPLC S200 (Perkin Elmer, CA,
USA). All the reagent grade chemicals were
purchased from Sigma Chemical Co. (St. Louis,
MO, USA).

Extraction and isolation

The stem barks (18kg) of M. lhou were air—dried,
chopped and extracted three times with methanol
(18L X 3) for 10 days at room temperature. The
combined methanol extract was concentrated in
vacuo to yield a dark brown gum (530g). The
methanol extract preceded vacuum liquid chroma-
tography (VLC) and successively partitioned with
CHCIl3, CHCI5;/MeOH (50: 50), and MeOH (each
10L), yielding a CHCI; extract (130g), a mixture
layer extract (184 g), and a MeOH extract (190g).
The CHCI; phase was chromatographed on silica
gel (6 X 60cm, 230-400mesh, 800g) using hex-
ane/EtOAc [40:1 (1.5L), 30:1 (1.5L), 20:1 (1.5L),
10:1 (1.5L), 5:1 (1.5L), 1:1 (3L)] mixtures to give
fraction A-E. Fraction C (16.8g) was applied to a
silica gel column (3 X 60 cm, 230—400 mesh, 170 g)
and chromatographed with hexane/acetone
(20:1 — 1:1) to afford 7 subfractions; subfractions
5—6 were subjected to silica gel column (4 X 70 cm,
230-400 mesh, 330g) chromatographed with hex-
ane/EtOAc (60:1 — 1:2) to yield compound 2
(54mg) and hexane/Et,O (30:1 — 1:4) to vyield
compound 3 (32mg). Fraction D-E were subjected
to silica gel column (4 X 50cm, 230—400 mesh,
250g) chromatographed with CHCls/acetone
(40:1 — 1:1) and then purified by a rechromato-
graphed with same solvent gradient, to yield
compound 4 (38 mg). Mixture phase was chromato-
graphed on silica gel (6 X 60cm, 230-400 mesh,
800g) using a gradient of CHCIs/acetone [40:1
(1.5L), 30:1 (1.5L), 20:1 (1.5L), 10:1 (1.5L), 5:1
(1.5L), 1:1 (3L)] and CHCIls/MeOH [20:1 (1.5L),
10:1 (1.5L), 5:1 (1.5L), 1:1 (3L)] to give fraction
A-H. Fraction G (33 g) was chromatographed with
CHCls/acetone (20:1 — 1:1) to yield a new natural
compound, compound 1 (13 mg). Fraction G and
MeOH phase were repeatedly chromatographed over
silica gel (4 X 60cm — 2 X 10cm, 230—400 mesh)
using CHCIl3/MeOH (40:1 — 2:1) to yield com-
pounds 1 and 5 (40 mg).

Mormin (1). Amorphous yellow powder; [oz]lz)o - 1.2°
(¢ 0.3, CH;0H); mp 218-220°C (decomp); EIMS
milz (relative intensity) 452 [M*, 12%], 421 (100),
403 (81), 379 (31), 363 (16), 311 (13), 226 (14), 203
(80), 189 (13), 137 (12), 91 (13), 69 (11); HREIMS
mlz 452.1473 [M™1] (calcd for C,5H,,05, 452.1471);
IR (KBr) vmax 3500, 1660, 1630, 1600, 1450 cm ™ ';
UV Apax nm 270, 224, 218 (MeOH); 'H NMR
(500 MHz, CD5;0OD) 61.24 (3H, s, CH5-13), 1.34
(3H, s, CHs-11"), 3.06 (2H, d, ¥= 6.9 Hz, H-7'),
3.48 (2H, d, ¥ = 16.1 Hz, H-12), 3.72 (2H, s, H-10"),
5.29 (1H, br. t, H-8), 5.44 (1H, d, ¥= 10.1 Hz, H-
9), 6.10 (1H, s, H-6), 6.31 (2H, m, H-3' and H-5'),
6.61 (1H, d, ¥=10.0Hz, H-10), 7.02 (1H, d,
¥=8.2Hz, H-6'). >°C NMR (125 MHz, CD;0D)
6163.2 (C-2), 122.0 (C-3), 184.2 (C-4), 102.5 (C-
4a), 154.2 (C-5), 100.6 (C-6), 161.0 (C-7), 106.3 (C-
8), 164.1 (C-8a), 118.1 (C-9), 125.2 (C-10), 82.6 (C-
11), 69.2 (C-12), 23.9 (C-13), 113.4 (C-1'), 162.6
(C-2", 104.3 (C-3"), 158.4 (C-4'), 108.6 (C-5'),
132.9 (C-6), 25.1 (C-7"), 124.3 (C-8"), 136.9 (C-9"),
69.2 (C-10"), 14.0 (C-11").

Cyclomorusin (2). Amorphous yellow powder;
mp 246-248°C [47]; EIMS m/z (relative intensity)
418 (M™*, 30%), 403 (100), 363 (27), 347 (15), 203
(16), 133 (13); HREIMS m/z 418.1411 [M*] (calcd
for C,5H,,06, 418.1416); IR (KBr) v, 3500, 1660,
1620, 1590cm ™ '; UV Ao nm 377, 277, 258, 223
(MeOH); '"H NMR (500 MHz, acetone-dg) 61.45
(3H, s, CH3-13), 1.47 (3H, s, CH5-12), 1.68 (3H, s,
CHs-11"), 1.92 (3H, s, CH3-10'), 5.47 (1H, m, H-8'),
5.72 (1H, d, ¥= 10.0 Hz, H-10), 6.12 (1H, s, H-6),
6.15 (1H, d, ¥=9.5Hz, H-7), 6.41 (1H, s, H-3'),
6.61 (1H, d, ¥=7.5Hz, H-5), 6.85 (1H, d,
F=10.0Hz, H-9), 7.23 (1H, d, ¥ = 8.5 Hz, H-6').

Morusin (3). Amorphous orange powder; mp 214—
216°C [47]; EIMS m/z (relative intensity) 420 (M*,
34%), 405 (100), 377 (23), 203 (33); HREIMS m/z
420.1571 [M™] (caled for Cy5H,,06, 420.1573); IR
(KBI) Vmax 3380, 1660, 1650, 1600 cm ™ '5 UV \pax
nm 270, 265, 242, 236, 234 (MeOH); 'H NMR
(500 MHz, CDCl;) 61.32 (3H, s, CH3-13), 1.33 (6H,
s, CH5-11’ and CH5-12), 1.49 (3H, s, H-10'), 3.04
(2H,d, ¥= 6.5Hz, H-7"),5.02 (1H, t, ¥ = 6.7 Hz, H-
8", 5.38 (1H, d, ¥= 10.0Hz, H-9), 6.11 (1H, s, H-
6), 6.43 (1H, dd, ¥ = 8.4, 1.9 Hz, H-5'), 6.47 (1H, br.
s, H-3'), 6.49 (1H, d, ¥= 10.0 Hz, H-10), 7.08 (1H,
d, ¥= 8.4 Hz, H-6').

Kuwanon C (4). Amorphous orange powder; mp 148—
150°C [48]; EIMS m/z (relative intensity) 422 (M,
68%), 405 (23), 379 (100), 323 (30), 311 (27), 165
(16), 149 (28), 97 (14), 57 (25); HREIMS wm/z
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422.1729 [M™] (calcd for C,sH,50, 422.1729); IR
(KBI) Vimax 3380, 1660, 1560 cm ™' UV A\ nm 330,
264, 210 (MeOH); '"H NMR (500 MHz, acetone-dg)
6l1.44 (3H, s, CH5-13), 1.57 (3H, s, CH3-12), 1.59
(6H, s, CHs-10' and CH5-11"), 3.13 (2H, d,
F¥=17.0Hz, H-7), 3.36 (2H, d, ¥= 7.3 Hz, H-9),
5.13 (1H, m, H-8'), 5.21 (1H, m, H-10), 6.33 (1H, s,
H-6), 6.52 (1H, dd, ¥ = 8.3, 2.2 Hz, H-5'), 6.57 (1H,
d, ¥=2.2Hz, H-3'), 7.21 (1H, d, ¥= 8.3 Hz, H-6').

Norartocarpetin  (5). Amorphous yellow powder;
mp 330-340°C (decomp) [49,50]; EIMS wm/z
(relative intensity) 286 (M™, 100%), 258 (8), 153
(52), 134 (23), 129 (10), 69 (9); HREIMS wm/z
286.0479 [M™] (caled for Cy5sH;Og¢, 289.0477); IR
(KBI) Viax 3400, 1660, 1600 cm ™ '; UV Ay nm 360,
351, 286, 262, 253 (MeOH); '"H NMR (500 MHz,
DMSO-dy) 66.17 (1H, d, ¥= 2.1 Hz, H-6), 6.43 (1H,
d, ¥= 2.1 Hz, H-8), 6.44 (1H, m, H-5), 6.49 (1H, d,
F=2.3Hz, H-3), 6.99 (1H, s, H-3), 7.76 (1H, d,
¥=8.8Hz, H-6/).

Tyrosinase assay

Mushroom tyrosinase (EC 1.14.18.1) (Sigma Chemi-
cal Co.) was used as described [9,18,51] previously
with some modifications, using either, L—DOPA or L—
tyrosine as substrate. In spectrophotometric exper-
iments, enzyme activity was monitored by dopa-
chrome formation at 475nm with a UV-Vis
spectrophotometer (Spectro UV-Vis Double beam;
UVD-3500, Labomed, Inc.) at 30°C. All samples
were first dissolved in EtOH at 10 mM and used for
the experiment with dilution. First, 200 nL of a
5.4 mM L-tyrosine or L—DOPA aqueous solution was
mixed with 2687 pLL of 0.25 M phosphate buffer (pH
6.8). Then, 100 pL of the sample solution and 13 pLL
of the same phosphate buffer solution of the mush-
room tyrosinase (144 units) were added in this order
to the mixture. Each assay was conducted as three
separate replicates. The inhibitor concentration lead-
ing to 50% activity loss (IC5) was obtained by fitting
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experimental data to the logistic curve by the Equation
(1) as follow [52]:

Activity(%) = 100[1/(1 + ([I]/ICs0))] (1)

Progress curves determinations

All reactions were carried out using L—tyrosine as a
substrate in 0.25 M phosphate buffer (pH 6.8) at
30 °C. Enzyme activities were measured continuously
for 15min using a UV spectrophotometer. To
determine the kinetic parameters associated with
time dependent inhibition of tyrosinase, progress
curves with 20 data points, recorded typically at 30 s
intervals, were obtained at several inhibitor concen-
trations, using fixed substrate concentration. Any lag
period was excluded for the determination of progress
curves. The data were analyzed using the a nonlinear
regression program [Sigma Plot (SPCC Inc., Chicago,
IL)] to give the individual parameters for each curve;
v; (initial velocity), v, (steady—state velocity), ERgps
(apparent first—order rate constant for the transition
from o; to vy), A (absorbance at 475nm), and K;™°
(apparent K;) according to Equations (2) [53] and (3)
[54,55]:

A= st + (‘Ui - 7/’s)[l - exp(_kobst)]/kobs (2)

kobs = ke + [(ks X [1])/ (K" +[1]) ] (3)

Results and discussion

Repeated silica gel chromatography of the metha-
nolic extract of the stem barks of M. lhou yielded five
flavones. The spectroscopic data of compounds
(2—5) agree with those previously published for
cyclomorusin (2), morusin (3), kuwanon C (4), and
norartocarpetin (5) [47-50,54]. Compound 1 was
obtained as a yellow solid having the molecular
formula C,5H,40g5 and fourteen degrees of unsa-
turation established by HREIMS (m/z 452.1473
M™]).

Table I. Inhibitory effects of isolated compounds 1-5 on mushroom tyrosinase activities.

1C5¢ (M) values®

Compound L—tyrosine L-DOPA Inhibition type Kinetic parameters (M)
1 87.8 214.8 Competitive K;=49.2

2 91.6 160.8 Competitive K, =46.4

3 >250.3 >300 NT* NT

4 134.9 >300 Competitive K; = 80.5

5 1.2 >300 Competitive K;=0.61

Kojic acid 12.5 NT NT NT

T All compounds were examined in a set of experiments repeated three times; ICs, values of compounds represent the concentration that

caused 50% enzyme activity loss; ¥ Not tested.
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Figure 2. Effect of compounds (1, 2, 4, and 5) on the activity of
tyrosinase for the catalysis of L—tyrosine at 30 °C.

'"H And '>C NMR data in conjunction with DEPT
experiments delineated the presence of 25 carbon
atom, consisting of the following functional groups:
one carbonyl; three methenyls; three methylenes; four
methines; two methyls; and twelve quaternary
carbons. The '?C NMR data enabled carbons
corresponding to the carbonyl and nine C—C double
bonds to be identified, and thus accounted for ten of
the fourteen degrees of unsaturation. The extra four
degrees of unsaturation were ascribed to a tetra cyclic
ring system (including a flavonoid ring). The presence
of a 3-hydroxymethyl-2-butenyl group was -easily
deduced from successive connectivities between H-7
[6g 3.06 (2H, d ¥=6.9Hz)] to H-11' [y 1.34
(CHs, s)] in the "H-'H COSY spectrum: a doublet
(H-7") [6g 3.06 (2H, ¥ = 6.9 Hz)] is coupled with a
broad triplet (H-8) (8 5.29), which must corre-
spond to a methenyl group as it correlates with a
carbon around 8¢ 25 in the 'H-'’C correlation
spectrum. HMBC Correlation of H-7' with C—4 and
C-2 proved the location the isoprenoid moiety. The
presence of a 2-hydroxymethyl-2-methylpyran
group was deduced from "H-"H COSY connectivities
between H-9, H-10, H-12, H-13, and quaternary
carbon C—-11 (6¢ 82.6). HMBC Correlation of C—8
with H-10 demonstrated that the ring junction
occurred at C—7 and C-8. Finally, a 2/,4/-dihydroxy
phenyl group in B-ring was confirmed by the fact that
an ABX—type aromatic proton system appeared at H—
3/, H-5', and H-6'. Thus, mormin (1) was identified
as 2-(2,4-dihydroxy-phenyl)-5-hydroxy-8-hydroxy-
methyl-3-(4-hydroxy-3-methyl-but-2-enyl)-8-methyl-
8 H-pyrano[2,3-f]chromen-4-one. Especially note-
worthy is the rare 3-hydroxymethyl-2-butenyl
group at C—3 in mormin (1).

The formation of melanin by tyrosinase is a two—
step process. Previous work, using cell-free exper-
iments, on tyrosinase inhibition has focused on the
second step of this process, and hence the substrate
of choice has been L—DOPA, which is oxidized to
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0.00 1 . . . .
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Units
Figure 3. Relationship of the catalytic activity of mushroom

tyrosinase with the enzyme concentrations at different
concentrations of compound 4. Concentrations of compound 4 for
curves 0-4 were, 0, 40, 80, 120, and 160 M, respectively.

dopachrome. In this scenario, tyrosinase activity was
monitored by measuring dopachrome formation at

A 020
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Figure 4. Time course of oxidation of L—tyrosine catalyzed by
mushroom tyrosinase in the presence of compounds (1-5) for
curves. Conditions were as follows: 180 pM tyrosine, 0.25M
phosphate buffer, pH 6.8, not preincubated at 30°C. (A)
Concentrations of compounds 1, 2, and 4 were 80 uM, 50 puM,
and 100 pM. (B) Concentrations of compounds 3 and 5 were
100 pM and 25 nM, respectively.
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Figure 5. Lineweaver-Burk plots for inhibition of compounds 1, 2, 4, and 5 on mushroom tyrosinase for the catalysis of L—tyrosine.
Conditions were as follows: 180 .M L—tyrosine, 144 units tyrosinase, 0.25 M phosphate buffer (pH 6.8), at 30 °C. In the presence of different
concentrations of compounds for curves from bottom to top were, (A) for compound 1: 0, 60, and 160 pM; (B) for compound 2: 0, 41.7, 83.3,
and 166.7 uM; (C) for compound 4: 0, 83.3, 166.7, and 250 uM; (D) for compound 5: 0, 0.6, 1.2, and 2.4 .M.

475nm. However this introduces a limitation
because dopachrome, although a relatively stable
intermediate, is gradually oxidized further. Accord-
ingly, this spectrophotometric method can measure
only the initial rate of dopachrome formation
accurately.

However, in this manuscript, L—tyrosine was also
assayed to see if the compounds screened were
effective inhibitors of monophenolase activity in
mushroom tyrosinase. All compounds (1-5) showed
a dose—dependent inhibitory effect on the mono-
phenolase activity. As shown in Table I, IC5, values of
87.8, 91.6, 250.3, 134.9, and 1.2 pM, respectively,
were obtained. Compound 5 showed 10-fold more
potent inhibitory activity than the positive control and
a dose-dependent inhibitory effect on this oxidation as
shown in Figure 2. As the concentration of
compounds 1, 2, 4, and 5 increased, the enzyme
activity was rapidly decreased. However, these
compounds were not able to inhibit the oxidation of
L—DOPA effectively (2°¢ oxidation step).

It has been reported that tyrosinase shows higher
affinity towards o-diphenols within the monopheno-
lase activity, regarding to the diphenolase activity [16].
Perhaps the complex reaction mechanism of tyrosi-
nase [14,15] could be related with the high affinity of
the enzyme towards these inhibitors in the mono-
phenolase activity (Table I).

The inhibition mechanisms displayed by isolated
flavones (1, 2, 4, and 5) were then studied. All
inhibitors manifested the same relationship of enzyme
activity and enzyme concentration. The inhibition of
mushroom tyrosinase by compound 4 illustrated in
Figure 3, representatively. Plots of the initial velocity
versus enzyme concentrations in the presence of
different concentrations of kuwanon C (4) gave a
family of straight lines, all of which passed through the
origin. Increasing the inhibitor concentration resulted
in the lowering of the slope of the line, indicating that
these compounds were reversible inhibitors.

Subsequently, the effects of the isolated compounds
on the tyrosinase—catalyzed oxidation of L—tyrosine
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were investigated as a function of time and compared
to a typical monophenolase inhibitor. Compounds 1,
2, and 4 were shown to extended the lag time at the
measurement of the initial velocity when L—tyrosine
was used as a substrate (Figure 4A). On the other
hand compounds 3 and 5 had no effect on the control
lag time (Figure 4B). Most strikingly, norartocarpetin
(5) showed a typical progress curve of time-—
dependent inhibition behavior (vide infra).

Subsequently, the kinetic behavior of the oxidation
of L—tyrosine, catalyzed by mushroom tyrosinase at
different concentrations of compounds 1, 2, 4, and 5
were studied. In this experiment, the initial velocity
of the enzyme was monitoring dopachrome for-
mation at 475 nm. Under the conditions employed in
the present investigation, the oxidation of L—tyrosine
catalyzed by tyrosinase follows Michaelis-Menten
kinetics. As illustrated in Figure 5, the inhibition
kinetics analyzed by Lineweaver-Burk plots show
that compounds 1 [(K;=49.2pM) A], 2
[(K;=46.4pM) B], 4 [(K,=80.5pM) C] and 5
[((Ki;=0.61pM) D] are competitive inhibitor
because increasing concentration resulted in a family
of lines with a common intercept on the 1/v axis but
with different gradients.

The simultaneous operation of theses flavones as
competitive inhibitors (ring A) and as competitive
substrate (ring B) of tyrosinase, could also be
possible [24]. This dual kinetic behavior could be
consistent with the experiment data (Table I and
Figure 5).

Norartocarpetin (5) inhibits melanin biosynthesis
[33] and shows tyrosinase inhibitory properties [50].
Norartocarpetin (5) is shown to display potent
activity, and 2/,4/-dihydroxy group within the B-ring
is postulated to contribute to its efficacy [50].
However, the authors did not investigate the inhibition
mechanism of this valuable species.

To further investigate the inhibitory effects of
norartocarpetin (5), we assayed mushroom tyrosinase
activity in its presence. As depicted in Figures 4 and 5,
compound 5 showed a typical progress curve for time-
dependent (slow—binding) inhibition behavior: the
level of inhibition gradually augmented as a function
of time. The kinetic parameters for this oxidase
obtained from a Lineweaver—Burk plot, show that:
K, =180.0 uM; and V. = 32.1 pM/min. The
panel A in Figure 6 also illustrates a typical progress
curve of time-dependent inhibition by norartocarpetin
(5) at various concentrations (0, 9.8, 19.5, 39.1, and
78.1 nM) when the enzymatic reaction is initiated by
the addition of tyrosinae (144 units). Increasing
norartocarpetin (5) concentrations led to the decrease
in both the initial velocity (v;) and the steady—state
rate (v,) in the progress curve. As shown in panel B in
Figure 6, the progress curves obtained using the
differing concentrations of the inhibitors were fitted to
Equation (2) to determine v;, v5 and k.. The plot
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AA4750m
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0O 2 4 6 8 10 12 14 16
Time (min)

B 0.7
0.6 -
0.5 1
0.4

0.3 1

kobs(min_1)

0.2

0.1 1

0.0 T T T T T
00 05 10 15 20 25 3.0

[, (uM)

Figure 6. Time-dependent inhibition of tyrosinase in the presence
of norartocarpetin (5). (A) Conditions were as follows: 180 uM L—
tyrosine, 144 units tyrosinase, and concentrations of
norartocarpetin for curves from top to bottom were 0, 9.76,
19.53, 39.06, and 78.12nM. The k., values at each inhibition
concentration were determined by fitting the data to Equation (2).
(B) Dependence of the values for k., on the concentration of
norartocarpetin. The &, values, determined in panel A, were fitted
to Equation (3).

presents the relationship between ks and [I]. The y
intercept of the curve provides an estimate of the rate
constant k¢, while the maximum value of k., expected
at infinite inhibitor concentration. The Kkinetic
parameter ks, kg, and Ki*", were derived from the
plots by fitting the results to Equation (3). This,
analysis revealed the following values: ks = 0.8424
min~', ks =0.0576min ', and K" =1.354pM.
The kinetic model [54,55] can be written as:

The plot showed a hyperbolic dependence on the
concentration of the norartocarpetin (5), so the
inhibition of tyrosinase by norartocarpetin (5) is
believed to followed mechanism A. The results
indicated that norartocarpetin (5) inhibits mushroom
tyrosinase by rapid formation of an enzyme substrate
complex (E.I) which slowly isomerizes to form a
modified enzyme complex (E'.I).This is expected to
sustain an inhibitory process longer than conventional
inhibitors because ks is fifteen higher than k¢, making
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the equilibrium constant for this step 14.6 (Mechan-
ism A

k k
E+S L Evs —> E4+P
k2
+
I
(A)
AL
k5
Ee¢l E*l
6
Mechanism A

In conclusion, five tyrosinase inhibiting flavones
were isolated from M. lhou, amongst which mormin
(1) was shown to be a new flavone that contains a very
rare isoprenyl unit, the 3-hydroxymethyl-2-butenyl
group. An in-depth kinetic study of compound 5
unveiled it to be a reversible competitive and slow—
binding inhibitor that may sustain a inhibitory process
longer. The results suggest that flavones from M. lhou
have the potential to be further developed as effective
anti—browning and skin—depigmenting agents.
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