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Two Potent Suicide Substrates of Mushroom Tyrosinase:
7,8,4'-Trihydroxyisoflavone and 5,7,8,4 '-Tetrahydroxyisoflavone
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Department of Biological Science and Technology, National University of Tainan,
33 sec. 2 Shu-Lin Street, Tainan, Taiwan

The inhibitory characteristics of two isoflavone metabolites, 7,8,4'-trihydroxyisoflavone and 5,7,8,4'-
tetrahydroxyisoflavone, on mushroom tyrosinase were investigated. The two isoflavones were isolated
from soygerm koji and inhibited both monophenolase and diphenolase activities of tyrosinase. Their
inhibition type was demonstrated to be irreversible inhibition by preincubation and recovery
experiments. By using HPLC analysis, it was found that mushroom tyrosinase could catalyze the
two isoflavones. These results revealed that the two isoflavones belonged to suicide substrates of
mushroom tyrosinase. The partition ratios between molecules of suicide substrate in the formation
of product and in the inactivation of enzyme were determined to be 81.7 + 5.9 and 35.5 + 3.8 for
7,8,4'-trihnydroxyisoflavone and 5,7,8,4'-tetrahydroxyisoflavone, respectively. From kinetic studies,
maximal inactivation rate constants and Michaelis constants were 0.79 + 0.08 and 1.01 & 0.04 min—?!
and 18.7 + 2.31 and 7.81 + 0.05 uM for 7,8,4'-trihydroxyisoflavone and 5,7,8,4'-tetrahydroxyisoflavone,
respectively, when L-DOPA was used as the enzyme substrate. Structure analysis comparing the
inactivating activity between the two isoflavones and their structure analogues showed that not only
the 7,8-dihydroxyl groups but also the isoflavone skeleton of the two isoflavones played an important
role in inactivating tyrosinase activity. The present study demonstrated that 7,8,4'-trihydroxyisoflavone
and 5,7,8,4'-tetrahydroxyisoflavone are potent suicide substrates of mushroom tyrosinase.
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INTRODUCTION Because several isoflavone derivatives, including 6Tidy-
droxyisoflavone, have been isolated from some fermented

Tyrosinase (EC 1.14.18.1) is a copper-containing monooxy- a . .
genase widely distributed in nature. The structures of model _soybean foods1@—14), we decided to study the tyrosinase

) . inhibitors from these soy products. We recently isolated seven
tyrosinases have been elucidatéd?). The enzyme catalyzes . - - f A
8 . . . -~ isoflavone derivatives from soygerm koji as tyrosinase inhibitors.
the first two reactions of melanin synthesis, the hydroxylation : S o -
of L-tyrosine to 3.4-dihydroxyphenylalanineDOPA. and the These tyrosinase inhibitors could be divided into two groups
Lyl ’ y yphenylalanine, S on the basis of their inhibitory characterizations. One group
oxidation ofL.-DOPA to dopaquinone. Thizquinone is a highly Lo o
. - could only reversibly inhibit monophenolase activity of tyro-
reactive compound and can polymerize spontaneously to form _. PRI .
melanin @). The enzyme is also known as a polyphenol oxidase sinase and belonged to competitive inhibitors onittgrosine
s y ; a polyphe . binding site of mushroom tyrosinase. This group included 6,7,4
(PPO) (4) and is responsible for enzymatic browning reactions , . - S - S D
) ; . . .~ trihydroxyisoflavone, daidzein, glycitein, daidzin, and genistin.
in damaged fruits during postharvest handling and processing, : . -
S S ) . The other group contained 7,8#ihydroxyisoflavone and
which is caused by the oxidation of phenolic compounds in the

. . . . .~ 5,7,8,4-tetrahydroxyisoflavoneigure 1), which could inhibit
fruits (.5)' BOth t.he hyperplgmgntatlon n .Sk'.n apd the enzymatic both monophenolase and diphenolase activities of tyrosinase.
browning in fruits are not desirable, and inhibiting the tyrosinase

L : . . In this study, the two isoflavone metabolites were demonstrated
activity has been the subject of many studigés ). There is a s . "

; ; to be suicide substrates of mushroom tyrosinase. The partition
concerted effort to search for naturally occurring tyrosinase __.. Kineti d . £ th
inhibitors from plants, because plants constitute a rich source ratios, kinetics parameters, and structure comparisons of the

) . S newly found tyrosinase inhibitors were also studied.
of bioactive chemicals and many of them are largely free from
harmful adverse effects (10).
In our continuing search for tyrosinase inhibitors from known MATERIALS AND METHODS
compounds, 6,7,4'-trihydroxyisoflavone (Figure 1) was first  yaterials. Mushroom tyrosinase (2870 units/mg)tyrosine, L-
identified as a potent tyrosinase inhibitor in our laboratdr) ( DOPA, dimethyl sulfoxide (DMSO), and 5,7-#ihydroxyisoflavone
(genistein) were purchased from Sigma Chemical Co. (St. Louis, MO).

t Telephone +886-6-2600050; fax +886-6-2909502; e-mail One unit of mushroom tyrosinase is defined as the amount of the
mozyme2001@yahoo.com.tw. enzyme that could induce 0.0@Q4As0 per min at pH 6.5 at 25C in
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7,8,4'-Trihydroxyisoflavone; R1 = R2=0H, R3=R4 =H

5,7,8,4'-Tetrahydroxyisoflavone; Rl = R2 =R4=0OH, R3 = H

5,7,4'-Trihydroxyisoflavone; Rl = R3 =H, R2=R4 = OH

6,7,4'-Trihydroxyisoflavone; Rl = R4 =H, R2=R3=0H

7,4'-Dihydroxyisoflavone-8-glucoside; R1 = Glc, R2=OH,R3=R4=H

7,8-Dihydroxyflavone
OH

HO. e} e}

=
7,8-Dihydroxycoumarin

Figure 1. Chemical structures of investigated compounds.

3 mL of reaction mixture containing I-tyrosine. 7-Bihydroxyisofla-
vone-8-glucoside (puerarin) was obtained from Fluka Chemical Co.
(Buchs, Switzerland). 7,8-Dihydroxycoumarin and 7,8-dihydroxyflavone
were from Tokyo Chemical Industry Co. (Tokyo, Japan). High-
performance liquid chromatography (HPLC) grade acetonitrile and
acetic acid were from J. T. Baker (Phillipsburg, NJ). Other reagents
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vone, 7,8,4'-trihydroxyisoflavone, and 5,7,8tdtrahydroxyisoflavone
are given next.

6,7,4'-Trihydroxyisoflavone®H NMR (DMSO-dg), 6 6.78 (2H, d,J
= 8.8 Hz, H-3', 5), 6.84 (1H, s, H-8), 7.34 (2H, d, = 8.8 Hz, H-2',
6'), 7.36 (1H, s, H-5), 8.21 (1H, s, H-2), 9.57 (3H, br s, OH-6)7,4
3C NMR (DMSO-), 0 174.8 (C-4), 157.3 (C*}, 152.8 (C-7), 152.6
(C-2), 151.2 (C-9), 145.0 (C-6), 130.4 (C-B), 123.2 (C-1), 123.1
(C-3), 116.9 (C-10), 115.3 (C-3'))5108.4 (C-5), 103.0 (C-8). FAB
MS, m/z271 [M + H]*.

7,8,4'-Trihydroxyisoflavone®H NMR (DMSO-dg), 6 6.79 (2H, d,J
= 8.3 Hz, H-3', 5), 6.94 (1H, d,J = 8.7 Hz, H-6), 7.37 (2H, dJ =
8.3 Hz, H-2, 6), 7.45 (1H, d,J = 8.7 Hz, H-5), 8.30 (1H, s, H-2),
9.46 (1H, br s, OH-7), 9.58 (1H, br s, OH}410.37 (1H, br s, OH-8);
13C NMR (DMSO-dg), 6 175.6 (C-4), 157.4 (C*% 153.0 (C-2), 150.2
(C-7), 147.0 (C-9), 133.2 (C-8), 130.4 (C-¥'), 123.2 (C-1), 123.0
(C-3), 117.7 (C-10), 116.0 (C-5), 115.3 (C-3'),5.14.5 (C-6); FAB
MS, m/z271 [M + H]".

5,7,8,4'-Tetrahydroxyisoflavon&1 NMR (DMSO-ds), 6 6.29 (1H,

s, H-6), 6.81 (2H, dJ = 9.0 Hz, H-3, 5), 7.36 (2H, d,J = 9.0 Hz,
H-2', 6), 8.31 (1H, s, H-2), 8.86 (1H, br s, OH-7), 9.70 (1H, br s,
OH-4"), 10.71 (1H, br s, OH-8}3C NMR (DMSO-ds), 6 180.5 (C-4),
157.2 (C-4), 153.8 (C-2), 153.3 (C-5), 153.0 (C-7), 145.7 (C-9), 130.1
(C-2,6),124.8(C-8),121.7 (C*}, 121.3 (C-3), 115.0 (C*35), 103.9
(C-10), 98.6 (C-6); FAB MSm/z287 [M + H]*.

Enzymatic Assay of TyrosinaseTen microliters of the test sample
(dissolved in DMSO) was mixed with 97€L of 0.112 mM substrate
(L-tyrosine or.-DOPA dissolved in 50 mM phosphate buffer, pH 6.8)
at 25°C for 2 min. Then, 20uL of tyrosinase (1000 units/mL in
phosphate buffer) was added to initiate the reaction. The increase in
absorbance at 475 nm due to the formation of dopachrome was
monitored with a spectrophotometer.

In irreversible inhibitory activity assays, 20 units of tyrosinase was
preincubated wit a 3 or 10uM concentration of the tested isoflavone
(dissolved in DMSO) in 1 mL of 50 mM phosphate buffer (pH 6.8) at
25 °C. At intervals of 0, 2, 7, 12, and 30 min, 2Q@. of the
preincubation mixture was mixed with 8Q@. of 2.5 mM L-DOPA
and incubated at 2%C for 10 min. The formation of dopachrome in

and solvents used were of analytical grade and were used as receivedgach reaction was monitored with a spectrophotometer. The relative

Isolation of 6,7,4-Trihydroxyisoflavone, 7,8,4-Trihydroxyisofla-
vone, and 5,7,8,4Tetrahydroxyisoflavone from Soygerm Koji. The
purification process of 6,7 4rihydroxyisoflavone, 7,8,4'-trihydroxy-
isoflavone, and 5,7,84etrahydroxyisoflavone in soygrem koji was
carried out by using the anti-tyrosinase activity assay as a guide.
Soygerm koji (500 g) was refluxed wit5 L of methanol for 3 h to

give a methanol extract (102 g). The extract was suspended in water
(0.1 L) and re-extracted with hexane and ethyl acetate. Each solute
fraction was concentrated under vacuum to give hexane (54 g), ethyl
acetate (5.43 g), and water (37 g) fractions. The ethyl acetate fraction

(100 mg/mL in DMSO) showed the highest anti-tyrosinase activityo(IC
= 0.19 mg/mL). The ethyl acetate extract was then fractionated by
silica gel column chromatography (502.6 cm i.d.) with 0.5 L each

of hexane/ethyl acetate (3:1), hexane/ethyl acetate (1:1), ethyl acetate

activity was calculated by dividing the absorbance at 475 nm of each
reaction by that of the control reaction, in which DMSO replaced the
added isoflavone. For recovery experiments, the preincubation mixture
incubated for 30 min was either dialyzed twice against 200 mL of
phosphate buffer at 4C for 1 h with stirring or centrifuged through a
Sephadex G-25 spin column (Sigma). Then, the residual tyrosinase
activities of the mixtures from the two treatments were assayed as
described above.

The partition ratio of the suicide substrate was determined according
to the method of Waley (15) by incubating 520 of preincubation
mixture containing 0.1uM tyrosinase and 0.55—7.ZM 7,8,4'-
trinydroxyisoflavone or 0.23.5uM 5,7,8,4 tetrahydroxyisoflavone at
25°C for 30 min. Then, 20(L of preincubation mixture was mixed
with 800 uL of 2.5 mM L-DOPA. The absorbance of the reaction
mixture at 475 nm was monitored every 1 s with a spectrophotometer.

ethyl_ acetate/methani (1:1), ar_ld met_hanol ase I_uents. The ethy_l _acetatel.he initial reaction velocities were measured from the slope at the first
fraction showed strongest anti-tyrosinase activity and was purified by 2 min of the time course of the reaction curve. The relative activity of

repeated HPLC using a 25& 10 mm i.d., ODS 2 Spherisorb

semipreparative C18 reversed-phase column (Phase Separation Ltd

Deeside Industrial Park, Clwyd, U.K.). The gradient elution using water
(A) containing 0.1% (v/v) acetic acid and acetonitrile (B) consisted of
an isocratic elution for 10 min with 14% B and a linear gradient for 50
min with 20% to 40% B at a flow rate of 3 mL/min. The elution of the

each reaction was calculated by dividing the initial velocity of the

reaction with suicide substrate by that of the reaction without suicide

substrate. The partition ratio of suicide substrate could be determined
by plotting the fractional activity remaining against the ratio of the
initial concentration of the suicide substrate to that of enzyme.

The Michaelis constant¥() and maximal inactivation rate constants

peaks was collected, dried, and assayed for anti-tyrosinase activity. The(k‘_imax) of suicide substrates were determined according to the method

chemical structures of purified 6,7-#tihydroxyisoflavone, 7,8,4'-
trinydroxyisoflavone, and 5,7,84etrahydroxyisoflavone were identi-
fied by mass and NMR spectrometry.

Instrumental Analyses of 6,7,4'-Trihydroxyisoflavone, 7,8,4'-
Trihydroxyisoflavone, and 5,7,8,4-Tetrahydroxyisoflavone.*H NMR
spectra were recorded with a Varian Gemini NMR spectrometer at 400
MHz and*C NMR spectra with a Varian Gemini NMR spectrometer
at 100 MHz in DMSO. FAB MS spectra were obtained with a JEOL
TMSD-100. The physicochemical properties of 6, Zrhydroxyisofla-

of Frere et al. 16). The inactivation reactions were carried out in the
presence of 0.08M mushroom tyrosinase, 2.5 mMDOPA, and the
suicide substrate at concentrations ranging from 50 to/8@0 and

the formation of dopachrome was monitored every second for 2 min
with a spectrophotometer. Under these conditions, the rate of oxidation
of L-DOPA progressively decreased and the apparent first-order rate
constant (k9 for the inactivation was computed from the plots of In-
(vdvo) against, wherevo andu; are the rates of increase of absorbance
at 475 nm at zero time and at tinberespectively. BothK, and ki—max
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0 : : : or heat-denatured tyrosinase (1000 units/mL, D) in 1 mL of 50 mM
0 20 40 60 80 100 120 phosphate buffer (pH 6.8). Samples were collected at 0 sec (A), 10 sec
Time (s) (B), 30 sec (C), and 10 sec (D).
Figure 2. Time course of tyrosinase reaction (<) inhibited by 0.05 mM . L L
7,8,4'-trinydroxyisoflavone (a) or 5,7,8,4'-tetrahydroxyisoflavone (H) with lc?bgsélrr\rl]g(’j C;?::Sﬁ;er::;fg()f thﬂn&%h:noga;rzni?g%)é v:gﬁrome
mushroom tyrosinase (100 units/mL). L-Tyrosine (A) or L-DOPA (B) at (Figure 2’A) The la tim):e is the timF()apre uired to regch the
0.1 mM was used as the substrate. 9 : 9 q

steady-state concentration @fdiphenol. The length of the lag

could thus be calculated, assuming a competition between the addeat'me can be ;hortened or abolished by the presence of reducing
isoflavone and.-DOPA. agents om-dlphenol substratgs, such L&QQPA (18). As can

For structure analysis of the two isoflavones on the inhibitory effects P€ S€€n fronfrigure 2A, L-tyrosine was oxidized by the enzyme
of mushroom tyrosinase, 20 units of tyrosinase was preincubated with Without the lag time in the presence of each of the two
the tested compound (1M for 7,8,4-trihydroxyisoflavone and  isoflavones. Because the two compounds contaiordiphenol
5,7,8,4'-tetrahydroxyisoflavone; 1M for others) in 200uL of 50 structure, the result implied that the two isoflavones might act
mM phosphate buffer (pH 6.8) at 2& for 30 min. Then, 80QL of as substrates of mushroom tyrosinase. In this situatiormtte
2.5 mM L-DOPA was added, and the reaction mixture was incubated form of the enzyme, which is the major form in the enzyme
at 25°C for 10 r'ni'n. Eor comparison, another set of experimgnts was resting state, was quickly reduced todeoxyform by catalyzing
conducted by mixing immediately the tested compound, tyrosinase, andpo o-diphenol substrates. Then tdeoxyform of tyrosinase

L-DOPA in 1 mL of phosphate buffer and incubated at*g5for 10 spontaneously is converted to gy form, which is the only
min. The formation of dopachrome in each reaction was monitored

with a spectrophotometer. The relative activity was calculated by form_ that could bind with-tyrosine. On the Oth_er hand, the
dividing the absorbance at 475 nm of each reaction mixture by that of (WO isoflavones slowed and stopped the formation of dopach-
the control reaction, in which DMSO replaced the tested compound. fome whent-tyrosine was used as a substrate, behaving,
All enzymatic reactions described above were carried out at least threetherefore, as an inhibitor of the monophenolase activity of
times independently, and the average values are presented. mushroom tyrosinase. Furthermore, when the diphenolase
HPLC Analysis. HPLC analysis was performed on a Hitachi D-7000 activity of tyrosinase was examined by usingdOPA as a

HPLC (Hitachi, Ltd., Tokyo, Japan) system equipped with an L-7400 substrate, the reaction immediately reached a steady state
UV detector and a 258 4.6 mm i.d., ODS 2 Spherisorb C18 reversed-  (Figure 2B). The presence of each of the two isoflavones in
phase column (Phase Separation Ltd.). The operating conditions werethe assay medium resulted in reduction in the diphenolase
as follows: solvent, 30% acetonitrile/water containing 1% acetic acid,; activity (Figure 2B). The above results revealed that the two

flow rate, 0.8 mL/min; detection, 262 nm; injected volume,20from isoflavones inhibited both monophenolase and diphenolase
a 1 mL assay system containing 1081 isoflavone and 1000 units of

mushroom tyrosinase in 50 mM phosphate buffer (pH 6.8). activities of mushroom tyrosinase._
Y prosp (p ) To ascertain whether the two isoflavones behaved as the
substrates of mushroom tyrosinase, the enzymatic reactions of
RESULTS AND DISCUSSION tyrosinase with 5,7,8,4etrahydroxyisoflavone and 7,8;4
Identification of 7,8,4'-Trihydroxyisoflavone and 5,7,8,4- trinydroxyisoflavone were studied by mixing the isoflavone and

Tetrahydroxyisoflavone as Suicide Substrates of Mushroom  tyrosinase in phosphate buffer at pH 6.8. The reaction mixture
Tyrosinase. To study the tyrosinase inhibition by 7,8,4  was analyzed by HPLC, and the results are showFigare 3.
trinydroxyisoflavone and 5,7,84etrahydroxyisoflavone, the  The isoflavonetg = 17.3 min) started to decrease and a new
inhibitory effects of the two isoflavones on both monophenolase peak (r = 7.1 min) gradually appeared during the catalytic
and diphenolase activities of mushroom tyrosinase were exam-reaction with active tyrosinase. In contrast, the isoflavone
ined. The results are shown kFigure 2. When the enzymatic  remained constant during the catalytic reaction with the heat-
reaction was carried out withttyrosine as a substrate, a marked denatured tyrosinase. A similar result was also obtained with
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7,8,4'-trihydroxyisoflavone as the substrate (data not shown).
The results revealed that the two isoflavones acted as the
substrates of mushroom tyrosinase. However, determination of
the structure of the enzymatic oxidation products of the two Figure 5. Titration of mushroom tyrosinase with either 7,8,4'-trihydroxy-
isoflavones Figure 3) seemed to be difficult because sufficient isoflavone (A) or 5,7,8,4'-tetrahydroxyisoflavone (B). The enzyme (0.1
guantities of the purified products were not available. Coexist- uM) and the isoflavone (0.55-7.7 4M in panel A and 0.1-3.5 uM in
ence of several byproducts along with the lower concentrations panel B) were preincubated in 1 mL of 50 mM phosphate buffer (pH 6.8)

of the products resulting from the use of lower amounts of the at 25 °C for 30 min.

original substrate, such as 5,7,8tdtrahydroxyisoflavone,

rendered the purification difficult. Despite the lack of detailed every quantitative work with suicide substrates, is to determine
information about the chemical structure of the oxidized the molar proportion for inactivation, that is, the number of
isoflavone, the two isoflavones in the present study might be molecules of inhibitors required to completely inactivate one
catalyzed by tyrosinase to their correspondirguinones first. molecule of the enzyme. The mechanism of suicide substrate
Theo-quinones are usually unstable and might change to otherhas been extensively studied by Waléyp), who proposed a
more stable intermediates. Kubo et al. recently reported the studysimple branched reaction pathway as follows, in which an
of the oxidation products of a commercial flavonol, quercetin, intermediate Y may give either active enzyme and product or
catalyzed by mushroom tyrosinas&9j. They found that inactive enzyme.

quercetin was oxidized to the correspondiogjuinone and

10

20 30 40

|5,7,8,4'-Tetrahydroxyisoflavone|/| Tyrosinase]

subsequent isomerizationpequinone methide type intermediate e - ‘
followed by the addition of water on C-2, yielding a relatively E+1 > X v E4p

stable intermediate. Although the oxidation process of quercetin
by tyrosinase gives some clues, the oxidation process of the
two isoflavones in the present study by mushroom tyrosinase
needs further studies.

The above results showed that the two compounds possess
the characteristics of both a substrate and an inhibitor for In the above scheme, E ang &e enzyme and inactivated
mushroom tyrosinase. It is known that tyrosinase could be enzyme, respectively; P is product; X is the first intermediate
irreversibly inhibited by itso-diphenol substrates, such as and Y is another intermediate. The intermediate Y has a choice
L-DOPA and catechol2Q). These substrates were also named of reaction, governed by the partition ratipwherer = ki3/
as suicide substrates or mechanism-based inhibiidis (Ve k4. The molar proportion for inactivation, as defined above,
therefore investigated further whether 7;&phydroxyisofla- may be determined by plotting the fractional activity remaining
vone and 5,7,8,4'-tetrahydroxyisoflavone could irreversibly against the ratio of the initial concentration of inhibitor to that
inhibit tyrosinase. The results are shown kigure 4. The of enzyme. The intercept on the abscissa i$ t in the plot,
enzyme activity in the preincubation mixture without the whenr > 1 (21). The result is shown ifrigure 5. When
addition of the two isoflavones remained constant during 30 tyrosinase was preincubated with each of varied amounts of
min of reaction. However, preincubation of tyrosinase with each 7,8,4'-trihydroxyisoflavone or 5,7,8;4etrahydroxyisoflavone,
of the two isoflavones quickly inactivated the enzyme within the fractional activity remaining was proportional to the molar
the first 2 min of preincubation. With the addition of 1M ratio of the added isoflavone to enzyme. By extrapolation, 82.7

Ko

i Kig

E;

isoflavone in the preincubation mixture, the enzyme was totally
inactivated after 7 min of preincubation. Moreover, the enzyme
activity in the preincubation mixture was not restored by using

+ 5.9 and 36.5+ 3.8 molecules of 7,8;4rihydroxyisoflavone
and 5,7,8,4tetrahydroxyisoflavone, respectively, were required
to inactivate 1 molecule of the enzyme. When less than 83 and

dialysis or molecular exclusion chromatography to remove 37 molar proportions of 7,8 4rihydroxyisoflavone and 5,7,84
compounds of low molecular weight such as the two isoflavones tetrahydroxyisoflavone, respectively, were used, the suicide
(data not shown). From these results, 7;&jthydroxyisoflavone reaction ceased because all of the suicide substrates had been
and 5,7,8,4tetrahydroxyisoflavone were identified as irrevers- consumed, and the fractional activity remaining was not
ible inhibitors and they belonged to suicide substrates or appreciably different when the duration of incubation was varied
mechanism-based inhibitors for mushroom tyrosinase. from a few minutes to a few hours. Therefore, the partition ratios
Determination of Partition Ratios of the Two Suicide of the two suicide substrates were calculated to be 8159
Substrates. An initial step, which is of prime importance in and 35.5+ 3.8 for 7,8,4-trihydroxyisoflavone and 5,7,8:4
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tetrahydroxyisoflavone, respectively, from the intercept on the
abscissa irFigure 5, which is 1+ r (15).

Determination of Michaelis Constant and Maximal Inac-
tivation Rate Constant of the Two Suicide SubstratesThe
kinetics of inhibition of 7,8,4trihydroxyisoflavone and 5,7,8;4
tetrahydroxyisoflavone were studied by using the method of
Frere et al. 16) and by measuring the oxidationiGDOPA by
mushroom tyrosinase in the presence of each of the two suicide
substrates. During the assay, the concentration of the tested
suicide substrate was much higher than that of the enzyme.
When the progress of the inactivation of the enzyme was
monitored at high suicide substrate/enzyme rati®s),( the
concentration of suicide substraté])[could be considered as
constant throughout the process and a pseudo-first-order rate
constant (R could be determined by using eq 1, whérenax
and K, represent the maximal inactivation velocity and the

700 - A
600 -

[7a8,4"
_Trihydroxyisoflavone]/k
(LM.min)

)

-170 -70 30 130 230
[7,8,4'-Trihydroxyisoflavone]| (LM)

500

£
B
e
VB
. . . . - = 2,
Michaelis constant of the inactivator. 3% 2 .
sz & :
K ol “f% =
- _i—max (1) 3, 150
[l + K, = 100 £
= gt
In the presence af-DOPA, the exponential decrease in the = /i( :
rate of oxidation of.-DOPA gave an apparent first-order rate -100 0 100 200 300
constankgps Which was computed from plots of im{vo) against [5,7,8,4'-Tetrahydroxyisoflavone] (LLM)

t, wherevo andu are the rates of increase of absorbance at 475 Figyre 6. Determination of Michaelis constants and maximal inactivation

nm, at zero time and at time respectively. Assuming a  (ate constants of 7,8,4'-trihydroxyisoflavone (A) or 5,7,8,4"-tetrahydroxy-
competitive interaction between the added isoflavone and isofiavone (B)

L-DOPA with the enzyme, the variation dfps with the

concentrations of the isoflavone ([I]) andDOPA ([S]) are
given by eq 2 that at the C5 (5,7;4rihydroxyisoflavone) or C6 (6,7,4'-

trinydroxyisoflavone) position or exchanged with the glucoside
_ K- mand ] > (7,4'-dihydroxyisoflavone-8-glucoside), the potency of the ir-
Kops = [ + K1+ [S]/Ky) @ reversible inhibitory activity totally disappeared. This indicated
the 7,8-dihydroxyl groups in both 7,8;#ihydroxyisoflavone
whereKs andK; are the Michaelis constants forDOPA and and 5,7,8,4tetrahydroxyisoflavone played an important role in
the isoflavone, respectively. When eq 2 is written as the suicide nature of the substrate for mushroom tyrosinase. On
_ the other hand, when the isoflavone skeleton was replaced with
(1K abs = [1Ki-max - Kifkimax (1 [SVK) (3) that of flavone (7,8-dihydroxyflavone) or coumarin (7,8-
it is clear that a plot of [[)/k.sagainst [I] will be linear and that ~ dihydroxycoumarin), the irreversible inhibitory activity also
ki-max and K; can be found from the intercept and slope. The disappeared, even when the two hydroxyl groups at the C7 and
result is shown inFigure 6. Under the same experimental C8 positions in the A-ring were maintained. From the above
conditions,Ks was determined to be 0.26 0.01 mM. Hence, results, it was thus concluded that not only the 7,8-dihydroxyl

the values oki—max andK; were calculated to be 0.78 0.08 groups but also the isoflavone skeleton in both 7:8jAy-
and 1.01#0.04 mirrland 18.70+ 2.31 and 7.8 0-05/4M droxyisoflavone and 5,7,84etrahydroxyisoflavone were ab-
for 7,8,4-trihydroxyisoflavone and 5,7,84etrahydroxyisofla-  solutely necessary for the compounds to function as potent

vone, respectively, when-DOPA was used as the enzyme gyicide substrates of mushroom tyrosinase. The results also
substrate. The high-max and lowK; values of the two suicide o\ eajed that the two suicide substrates are unique.
substrates meant the second-order rate constanta{K) were
large. Thus, the two isoflavones are “high-reactivity, high-  Suicide inactivation of tyrosinase has been reported in early
affinity” suicide substrates of mushroom tyrosinase. studies (22,23) and, since then, many researchers have

Structure Analysis on the Potency of Suicide Substrate.  investigated this phenomenon for tyrosinases from different
To verify the relationship between the chemical structure and organisms (2024—27), as well as for the catalase activity of
the potency of suicide substrate of mushroom tyrosinase, Wetyrosinase (28). Suicide substrates of tyrosinase will be useful
used irreversible inhibitory ability as a primary guide. The tested 5¢ skin-depigmenting and food-antibrowning agents, and their
structural analogues of 7,8;#ihydroxyisoflavone included  presence must be prevented in biosensors (29) and phenol
537,4-tr|hydroxy|soflavone, 6,'7,4Ir|hydrpxy|soflavone, 7.’4 removal applications (30) of tyrosinase. Potent suicide substrates
dihydroxyisoflavone-8-glucoside, 7,8-dihydroxycoumarin, and . .

have rarely been discovered. However, the two isoflavones

7,8-dihydroxyflavone (Figure 1). The irreversible inhibitory . . .
assay was conducted by the reaction of preincubation of the7,8,4-tr|hydroxy|soflavone and 5,7,8-4etrahydroxyisoflavone,

compound with mushroom tyrosinase. As a consequence, well the present study, were proven to be potent and unique suicide
found that none of the tested analogous compounds irreversiblySubstrates of mushroom tyrosinase with low partition ratios, low
inhibited diphenolase activity of mushroom tyrosinase. Hence, Michaelis constants, and high maximal inactivation rate con-
it was clear that when the hydroxyl group at the C8 position of stants. It is worthwhile to further investigate the applications
the A-ring in 7,8,4'-trihydroxyisoflavone was exchanged with of these two suicide substrates.
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