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Abstract-4 was found that L-mimosine is a slow-binding inhibitor of L-DOPA oxidation by mushroom tyrosinase. 
This inhibition ischaracterized by a prolonged transient phase.A mechanism is postulated according to the kinetic data. 

lNTRODUCflON 

Tyrosinase, or polyphenoloxidase (EC 1.14.18.1) is a 
bifunctional copper protein widely distributed on the 
phylogenetic scaie and responsible for me~n~tion in 
animalsand browning in plants. Theenzymecataiyses two 
different reactions: (1)cresolase activity, or hydroxylation 
of monophenols to o-diphenols using oxygen; and (2) cat- 
echolase activity, or oxidation of o-diphenols to o- 
quinone using oxygen. t-Mimosine is a toxic amino acid 
isolated from legumes belonging to the genera L.eucuerm 
and Mimosa which are indigenous in tropical and sub- 
tropical areas. Hair and weight loss, cataracts and infer- 
tility have been observed in experimental animals when 
fed with a diet containing L-mimosine. It has been 
suggested that t-mimosine influences tyrosine metabo- 
lism, possibly as a weak inhibitor of several metal- 
containing enzymes. The interaction of r_.-mimosine on 
binuclear copper active sites of tryosinase was investi- 
gated by chemical and spectroscopic studies [l] and by X- 
ray absorption fine structure studies 123. Previous kinetic 
studies carried out by steady-state m~sur~ents es- 
tablished that L-mimosine was a classicalt competitive 
inhibitor of tyrosinase [3,4]. 

We study in this paper the time-dependent inhibition of 
t_-mimosine on DOPA-oxidase activity of mushroom 
tyrosinase. It was concluded that t,-mimosine is a com- 
petitive slow-binding inhibitor of tyrosinase according to 
Williams and Morrison’s classification [S, 63, the rate 
constant being evaluated as the constant of interaction 
equilibrium between t.-mimosine and tyrosinase. 

RESULTS 

When mushroom tyrosinase was assayed in the presence 
of L-DOPA, a steady-state rate was immediately attained; 
the absorbance changes were linear at least for OS-O.4 A 

*Author to whom correspondence should be addressed. 
?A classical inhibitor of an enxymecataiysed reaction is one 

which, on a steady-state time-scale, undergoes rapid intaaction 
with the enzyme and which inhibits 81 conca that are much 
greater than the cones of the enzyme. 

Abbreviations: L-DOPA: 3,~ihydroxy-L-pheny~~ne; 
L-mimosine: ~-[~-(3-hydrox~i~one~)]u-~nopropio~ 
acid. 

units. When the reaction was started by addition of the 
enzyme in the presence of L-mimosine, there was initially 
little effect on the reaction rate but a marked time- 
dependent decrease was observed which varied as a 
function of the inhibitor ~n~ntmtion. Preincubation of 
t-mimosine with the enzyme in the absence of L-DOPA 
resulted in no loss of enzymaticactivity and,after addition 
of the substrate, results similar to those previously 
described were also obtained. These findings indicate that 
enzymatic catalysis is necessary in order for slow binding 
of t.-mimosine to the enzyme to take place. The progress 
curves obtained can be described by the integrated form of 
Frieden’s equation [7] for a first-order process. 

P = u,f + (u. - v,)( 1 - e - k+)/k., (I) 

where vo, v. and kapprepresent, respectively, the initial and 
the steady-state rates and the apparent first order rate 
constant (the meaning of which depends on the mechan- 
ism). Calculated values of these constants from data fitting 
are shown in Table I. 

If the initial velocities (Q,) were plotted by the Dixon 
equation, we observed that these decreased when the 
inhibitor concentration were increased (see Table I). 
These results suggest the presence of a rapidly formed 
enzyme inhibitor complex. When the initial velocities were 
plotted at four different substrate concentrations, a value 
of 0.08 mM was obtained for the apparent dissociation 
constant (Ki ) for the E’I complex. The value of the overall 

Table 1. Variation of vO, uI, k and km6 with L-mimosine 
concentration. using 4.47 mM ?L-DOPA as substrate. The 
value of kb was calculated as IO/min from the intercept with 

the ordinate axis (Fig. 1) 

III 
(mW 

0.178 
0.237 
0.297 
0.416 
0.475 
0.590 

17.5 
15.2 
12.2 
10.6 
10.2 
8.1 

69.5 
63.6 
50.5 
49.4 
45.9 
38.3 

1.80 
2.16 
2.34 
2.94 
2.98 
3.22 

k-e 
t/tin) 

0.45 
0.51 
0.56 
0.63 
0.66 
0.68 
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dissociation constant (K;) may, however, be calculated by k, P 
plotting the values of steady-state velocities (u,) vs the E+D= ED-“‘- E’ _ E”DL E IL% 
concentration of I-mimosine (see Table l), giving a value k-1 12 k-3 It4 
of OXI mhi. MET OXY MET 

I 
~u~~~rion of the s~~-f~~~t~n c#~r~~ 

According to Cha [g] and with the following 
assumptians: 
(1) Steady-state conditions are reached ins~~~~us~y 

between E, ED, E’, E’D, and E’I. 
(2) A prolonged non-steady-state conditions exist be- 

tween E’I and E’I* 

ks Yl k-r 
ka 

E‘l z== E’I’ 
k-a 

(3) Tbe substrate ~n~ntration is much greater than the 
enxyme concentration; thus the depletion of free 
substrate by binding to the enzyme is negligible. 

(4) The inhibitor concentration is much greater than the 
enzyme ~n~entration; thus the depletion of free 
inhibitor by binding to the enzyme is negligible. 

(5) Experimental observations are made only while the 
mphsard 
Met fomr: 

Slow 

effect of substrate depletion (by conversion to the 
product) and the effects of product inhibition on the 
reaction velocity are negligible. 

(6) The resetion is started by the addition of the enzyme 121 
or the substrate. 

The mechanism proposed in Scheme 1 can be represen- 
ted by: 

k6fE’l E,~W 
’ k-6 Scheme 1. Postulated mec&uism for slow-binding inhibition of 

wherefxt represents the factor of Cha for the enzymatic mushroom tyrosiaase by t.-mimosine. 
species E’I, the foltowing equation being obtained: 

AS 

ml 4w =-=kbf~llE,I-k_dtEIl*f (3) 
dt dt 

by integration of this equation, knowing that 1 ET] = 1 E$l 
+ ]E’I*] and substituting the value off,, we can obtam: 

k,,-k-6 e-bg 

k-5 
(4) 

where 

K, is the Micbaehs apparent constant for DOPA in the 
mechanism proposed and is equal to: 

Figure 1 shows I/(k,, -k.+) plotted against l/f1/ for 
four different substrate ~o~ntration~ the straight lines 
obtained coincided with eqa f5). From the intercept with 

:~~~~~~,a,~s,i~~~~~~~~~~ 

the inhibitor concentrations tend to infinity, thus k6 

= 10/min. The steady-state rate (v,) for this system woufd 
be obtained when t -, as and therefore: 

k-6 

OS=; G-P”’ 
(71 

Since v,, k and tta can be obtained experimentally, 
k.+ can be ante (Table If 

D1NXNS10N 

A prolonged transient phase is observed for the 
inhibition of tyrosinase by I.-mimosine, and thus 
~mimosine presents the characteristics of a slow-binding 
inhibitor. I&Gmosine isdifferent from other ana@ues of 
substrate in~bitor~ previously described as slow-binding 
inhibitors to other enzymes [%lI], sinee L-mimosine 
requires enzymatic turnover to exhibit its inhibitory effect, 
and therefore it cannot be considered as a classical 
competitive inhibitor [3,4]. The slow binding of I.- 
mimosine to tyrosinase and the equation for the progress 
can fit the hysteretic enzyme concept introduced by 
Frieden /[7]; thus we can assume that mushroom tyro- 
sinase belongs to this category of enzymes, at ieast with 
regard to its interaction with I.-mimosine. As discussed by 
Williams and Morrison ES] it is n-q to determine 
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Fig. 1 
room 

Graphibl calculation of kb for the inhibition of mush- 
tyrosinase by L-mimosine. Reaction mixture at 25” 

contained buffer @H 6.5), and L-DOPA at concentrations (mM) 
of: (A) 6.08; (A) 4.56; (0) 3.04, and (0) 1.52. 
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I 
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whether the initial rates of the progress curves vary as a 
function of L-mimosine concentration in order to establ- 
ish if the enzyme-inhibitor complexes are rapidly formed. 
Such evidence has now been obtained. Thus, the exper- 
imental data obtained in this paper are qualitatively 
consistent with the mechanism shown in Scheme 1, where 
the inhibitor binds to an intermediate form (oxytyro- 
sinase) of the catalytic cycle which has been proposed for 
L-DOPA oxidation [12-l 53. This mechanism postulates 
the successive binding of two diphenolic substrates for 
completion of the catalytic cycle with,the occurrence of an 
enzymatic oxy form (E’), which, compared to the met 
form, has a greater affinity for the substrate [13]. Thus, 
the inhibitor will compete with the binding of the second 
molecule of L-DOPA. The slow development of the 
enzymatic inhibition may be explained by a fast formation 
of the complex E’I which slowly isomerizes into a second 
complex E’I+. The more enzyme drawn into E’I+ the more 
pronounced the inhibition becomes. Therefore L- 
mimosine must be classified as a competitive slow-binding 
inhibitor, according to the classification of reversible 
enzyme inhibitors established by Morrison [6]. 

EXPERIMENTAL 

Mushroom tyrosinase (2230 units/mg), L-DOPA and L- 
mimosine were purchased from Sigma. All other chemicals used 

were analytical grade. Catecholase activity was determined 
spectrophotometrirally with a Perkin-Elmer spectrophotometer 
model Lambda 3 on-line interfaced with a Perk&Elmer com- 
puter model 3600 data-station, using L-DDPA (6.08 mM) as 
substrate in NaPi buffer @H 6.5). One unit of enzyme is taken as 
the amount of enzyme that prod- 0.5 pmol of dopachrome per 
mi& since this implies the production of 1 pmol of dopaquinone 
[16,173. The dopachrome accumulation was measurement at I 
= 475 nm (E = 37OO/M/cm). Protein concentration was de- 
termined by the method of ref. [183. 

The progress curves were fitted by non-linear regression, using 
Marquardt’s algorithm 1193, to the equation: 

P = c21 + (c, -c2)(1 -e-c”)/c,+c.. (8) 

Equation (8) is equivalent to qn (l), c. representing the 
experimental unartainty on the zero time absorbance, caused by 
addition of enzyme to start the reaction. 
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