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Abstract

The complex reaction mechanism of tyrosinase involves three enzymatic forms, two overlapping catalytic cycles and a dead-end complex.
The deoxyyrosinase form binds oxygen with a high degree of affink§? = 46.6 - 2.4 .M. The metyrosinase anaxytyrosinase forms
bind monophenols anotdiphenols, although the former is inactive on monophenols. Analytical expressions for the catalytic and Michaelis
constants of tyrosinase towards phenols aliphenols have been derived. Thus, the Michaelis constant of tyrosinase towards monophenols
(KM) ando-diphenols KP) are related with the catalytic constants for monopheridfy @ndo-diphenols £2,), respectively, and with the
binding rate constants of thexytyrosinase form with these substratks, @ndk.s, respectively), by means of the expressiaits = kM / k.4
andkP = kP, /k s. From these expressions, we calculate the values of the binding rate constantimfsinase to the substrates (monophenols
ando-diphenols) for tyrosinases from different biological sources, and reveal thaidipdienols bind more rapidly toxytyrosinase than the
monophenols. In addition, a new kinetic const&R™ = kM /2ks (the Michaelis constant far-diphenol in the monophenolase activity), is
derived and determined. Thus, it has been shown that tyrosinase has apparently higher affinityctaligdreisols in its monophenolase than
in its diphenolase activity.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction models for the active site of these three forms have been pro-
posed[4]. This enzyme catalyses thwtho-hydroxylation
Tyrosinase (monophenakdiphenol:oxygen oxidoreduc-  of monophenols (monophenolase activity) and the oxida-
tase, EC 1.14.18.1) is a copper enzyme that is widely dis- tion of o-diphenols tm-quinone (diphenolase activit}3,4].
tributed throughout micro-organisms, plants and animals. It The monophenolase activity is coupled to its diphenolase
is of central importance in such processes as vertebrate pig-activity and to the non-enzymatic reactions from the corre-

mentation and the browning of fruits and vegetalplgsDif- spondingo-quinones[5—7]. The kinetic characterisation of
ferent tyrosinases obtained from several biological sourcestyrosinase from different sources with respect to different
have similar structural and functional characterisfijs monophenols and-diphenols has been carried out, exhaus-

The active site of tyrosinase consists of two copper atoms tively studying its behaviour with the enzyme 8trepto-
and three statesnfet, “deoxy and “oxy’ [3]. Structural myces glaucescef§]. Data are also available for tyrosinases
from Neurospora crassf], Streptomyces antibioticij$0],
Agaricus bisporugl1-16] Tuber melanosporufi 7], mam-

* Corresponding author. Present address: Biochemistry, University of malian[18], melanoma B16 mouse tyrosind6] and Gerbil
Murcia, Apartado 4201, E30100 Murcia, Spain. '
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monophenolic ando-diphenolic substrate$8,21,22] A 2. Results and discussion
spectrophotometric method that uses the chromogenic

nucleophile  3-methyl-2-benzothiazolinone  hydrazone  The melanin biosynthesis pathway begins with the
(MBTH) has provided quantitative data concerning the hydroxylation ofL-tyrosine by tyrosinase using molecular
action of different animal and vegetal tyrosina§22-32] oxygen to giveL-dopa. In a subsequent step, thelopa is
NMR studies of different substrates have revealed the oxidised with molecular oxygen to-dopaquinone, which
chemical displacementsz and 4, which are related with  undergoes a series of chemical reactions to dopachrome
the nucleophilic power of the oxygens of the phenolic OH in [1,5] (Scheme L

C-3 and C-4, values that have been used as predictors of their

catalytic efficiency with tyrosinase. The results obtained
for the enzymatic activity were compared with the NMR
predictiong12-16,21,22]

Based on a detailed kinetic study and considering the ki-
netic information availablg¢15], analytical expressions for
the Michaelis constants of the enzyme towards monophenols
(KM and o-diphenols kP) were obtained, along with the
respective catalytic constantg}, andk2,,. Information con-
cerning the values of these kinetic constants for tyrosinases «[D]o[O2]0[Elo

from different biological sources is availaj&-22,26-33] Vst cr—
The object of the study described here is to determine the ~ Bo+ AulDlo + B2[Oz2lo + As[DlolOzlo

binding rate constants of monophenols afdiphenolstothe  1his rate is equal to the oxygen consumption rate

oxytyrosinase form of the tyrosinases from different sources, vD.0, (VD Cr_ vy 02) with:

using the analytical expressions of the kinetic const&gis ss ss

andKkga. At the same time, the kinetic analysis carried out

2.1. Diphenolase activity

The reaction of tyrosinase omdiphenols is known as
diphenolase activity, the mechanism of which involves the ox-
idase cycle and non-enzymatic coupling reacti@heme 2
considering M =0). Applying the steady-state approach, the
expression for dopachrome formation rate is obtaijiddt

1)

here provide a new kinetic constarKr'?q(M) (the Michaelis o1 = kyokiokiokivkie @)
constant for @-diphenol in the monophenolase activity). We g, — .,k sk_g(k_g + k+7) (3)
correlate the NMR data obtained with the nucleophilic power

of the oxygens of the phenolic OH's of the carbons C-3 and g, = k., ok 3k 6k 7 (4)

C-4, which, in turn, are related with th® and 4 values

obtained by NMR. Lastly, we attempt to generalise the pro- g, — k_ g[k oky3(k_g + ki7)] + kyeki7(k—2 +ki3)  (5)
posed kinetic reaction mechanism to tyrosinases from the

whole phylogenetic scale. B3 = kyokyekig(kss + ki7) (6)
coo- 0z C00- 2 o) C00-
m D/\/ NHZ
L-Tyrosine L-Dopa o-Dopaquinone-H+

o /\/coo-

o-Dopaquinone

H
=T IO
H >coo- H > coo-
H H

Dopachrome Leukodopachrome

Scheme 1. Melanogenesis pathway froityrosine to dopachrome.



F. Garcla-Molina et al. / Journal of Molecular Catalysis B: Enzymatic 32 (2005) 185-192 187

Dead-end Branch Oxidase Cycle Hydroxylase Cycle | In other wordski, > k+6-
(c) As deduced from studies of the isotopic effect, the step
E M = ka M Enn P ke _ E.D controlled byk.7 is the limiting sted34,35]
ke T ko (d) The binding of @ to Eg form occurs by rapid equi-
Ka| q \Kee librium with a value ostO2 = 46.6 + 2.4 M, being
Reaction [~ kig=(2.3+0.4)x 10’ M~1s~1[14].

Meci;?nism Eq EyM (e) The Michaelis constant for£n the diphenolase activity
Tyrosinase X is very low, in order ofuM. Kinetically, this means that
Y k 1o M . -

7 kg the enzyme at angroncentration of 0.26 mM (solubility
kg Kiss of O, in air-saturated solutions) is satura{8e].
EoyD = ke Eox = Kag — EoD Taking into consideration (a)—(e), Hd) can be simplified
ke D M K to:
D,Cr
Non- ti Vmax [D
coumgeions| 20 — X0 D4 o vRer— et (19
m 0

Scheme 2. Reaction mechanism of PPO acting on M and D with chemical with
reactions corresponding to Q evolutidgy is converted tdEqx by binding

O3. Eox can react either with M or with D. In the first case, #igM complex kcat = k+7 (14)
is transformed intdox—M, with a rate constant df,.5,, where M is bound

to the copper of the active centre. Then, by means of the electrophilic attack D ktl:jat ky7

controlled byk,s,, M evolves to D which may be oxidised to Q, generating Km = k_ X (15)
Eq or be released into the medium, generating, in tHpn,If Eox reacts with +6 +6

D, the corresponding Q is generatég, can oxidise D, generating Q, and be 0D kcat ki7

converted tdEy, while E, may bind to M, generating the dead-end complex KmZ( s L (16)
EnM. Spontaneous endocyclisation of Q gives rise to Cr and D. kig kysg

Hence, from kinetic studies of the steady-stafa;" andk®

Hence, Eq(1) can be written as can be determined. Once [g$ known k2, can be obtained.

VD,Cr[D]O[OZ]O Taking into consideration E@15), itis possible to determine
vRCr— ) max > 7) the binding rate constant of the substrat&gg, kis. When
W+ Km™ " [D]o + K7[O2]o + [Dlo[O2]o kS2® andk, is known, the binding rate constant of @

D.Cr Eq form kg, can be determinejd.4].

where Vpax is the maximum rate of dopachrome forma-
tion from ano-diphenol; K2 the Michaelis constant fao-
diphenol andKﬂZ(D) the Michaelis constant for £n pres-

ence ofo-diphenol, with

2.2. Monophenolase activity

The reaction of tyrosinase activity on monophenols (M)

yD.Cr _ ;D [E] @) is known as monophenolase activity, whose mechanism is
max = Feat =10 described irBcheme 2 [12]Using the steady-state approach,
_ kys(k—6 +k47) o, ©) the expression for the dopachrome formation rate is
 kyelkiz+ki7) yM.Cr
SS
K020 — _ kesker (10) _ bo[D]o[O2]o[Elo
(k3 + ki7)krg co + e1[Dlo + ¢2[O2]o + ca[MIo[O2lo + c4[Dlo[Ozlo
KD _ kiokia(k—e + k47) + kyeki7(k—2 + k43) (11) a7
o=
k2ko(ka +ky7) The & consumption rate, V@Q’Oz), is related with the
W kyzki7 (12) dopahsl:rgzrome formation raté/gtg'cr) according toVs'\g’02 =
At i3+ ki7 1.5Ves " [7]. Accordingly:
From the kinetic studies carried out to date using mushroom bg = 2k ok 3k 5,k ek 7k 8(k—a + kys,) (18)
tyrosinase, it is known that:
co = kiokiskiskig(k—4 + kys)(k—6 + ki7) (19)

(@) There is no rapid equilibrium in the binding with sub-
strate D[11], which, kinetically, means that,3 > k_» c1 = 3ksoki3ki s,k ek+7(k—a + kis,) (20)
andk,7 > k_g. _
(b) The binding rate constant of substrate D to Eygform c2 = kys, ksglkioki 732+ kp3)
is faster than the binding rate constangg form [14]. + kioky3(k—6 + ky7)](k—sa + k45,) (21)



188

1
3 = kysykyeki 7k 8(3k—2 + ky3)(k—a + kys,) <71)

+ kyoki3kyakg(kis, + kis,)(k—6 + ky7) (22)
c4 = kyokisyk6k+8(3k+7 + ki3)(k—a + ki) (23)
k_
Ky=-—% (24)
ki1
D kiak k_ k
[Mlss  2kieki7(k—a+kys))

where [DLsand [M]ss are the steady-state concentrations of
D and M. Hence, E((17) can be written as

yMCr Vmax M]0[O2]o (26)
W+ K™ M] o+ KM[O2]0+M] o[O2]0
where Vn'\faffr is the maximum rate of dopachrome forma-

tion from a monophenolf(,’}ﬁI the Michaelis constant for
monophenol and(m 2M) the Michaelis constant for £in
presence of monophenol, with

boR[E]o

Vmax' = - o.g = KealElo (27)
’ co
= — 28
c3+ c4R (28)
R
KoM — AT 29
m cat caR (29)
€2
KM= —= 30
M= T caR (30)
or, taking into account Eq25), Eq.(17) can be written as
yMCr Vimax ' [D]o[Oz]o
W + K™ [D]o + KR [O2]o + [Dlo[Oz2lo
(31)
whereVM _is given by Eq(27), KOZ(M) is given by Eq(29)
and where the following expressions apply
v R (32)
c3+ c4R
and
KD(M) _CGR (33)
c3+ c4R

The reaction mechanism of the monophenolase activity of

tyrosinase $cheme 2 includes the hydroxylase and oxi-

dase cycles, the dead-end branch and the group of coupled
enzymatic reactions until dopachrome (Cr) is formed. The K

affinity of tyrosinase for monophenols is inversely related
with the respective Michaelis constaiit,’\,ﬁI (Eq.(30)). Inthe
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Michaelis constanth(M) (Eq. (33)). This new kinetic con-
stant, described here for the first time in the literature, differs
from the Michaelis constant of tyrosinase wdiphenols in

its diphenolase activityk2 (Eq. (15)). Later, we shall see
the usefulness of both analytical expressions for establishing
whether the same enzyme (tyrosinase) can show two different
affinities for the same substrate-diphenol), in two distinct
catalytic activities (monophenolase and diphenolase).

There is wide body of kinetic information based
on transient phase dat§l4-16] steady-state studies
[7,11-13,21,22,25-33J]and isotopic effect experiments
[34,35] These experimental results (not assumptions) can
be summarised as follows:

(@) The limiting step of the monophenolase activity corre-
sponds to the nucleophilic attack of the phenolic OH on
the copper irEqy, so that the step controlled &y s, is

the slowesf{12,13,34,35]

The electrophilic step of the peroxide on the benzene ring
controlled byk, s, must be equal or faster than the step
controlled byks, [12,13]

As already mentioned, there is no rapid equilibrium in
the diphenolase activity rate or in the monophenolase
activity, since the rate equation is not of the form seen in
Eq.(17). Thereforek,s, > k_4 [11].

Since monophenols are poorer nucleophiles tban
diphenols Table 4 [12], the value of their binding rate
constant withk,4 should be lower than the binding rate
constant witho-diphenol ks¢.

(b)

(d)

Taking into consideration the above experimental results
(a)—(d), Eq(26) can be simplified to:

M,Cr eragr[M] 0 (34)
= KM+ Mo
and Eq.(31) can be simplified to
M,Cr
Vi D
ymer _ %HO (35)
+ [Dlo
with
kisk
M= "ot (36)
ks +kis,
kM
Ky =& (37)
kia
D(M) kgellt (38)
m 2k 16
O (M) _ 3kcat (39)
2k

Therefore, knowingkM and kCat and using Eq(37), it is

monophenolase activity, tyrosinase also shows an affinity for possible to determine the binding rate constant of Mg
o-diphenols that is inversely related with the corresponding K+a.
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2.3. Experimental design (d) From Egs(15) and (37)kss andk.4, respectively, can be
obtained:
The kinetic analysis led us to propose an experimental 4D
design which would permit a more rigorous characterisation g = - (42)
. . . . . . KD
of the kinetic reaction mechanism of tyrosinase. The experi- m
mental design consists of and
. Lo D.Cr . kM
(a) Diphenolase activity: to studyss ~ versus [D} to give kg = o2t (43)
VoS andk?B. KM
(b) Monophenolase activity: to studgé\g’cr versus [M} to D(M)

(e) With the information obtained{r,""” can be calculated
from Eq.(38).
Knowing k2, for differento-diphenols, a study of differ-

give Vs and kM.

(c) Knowingthe concentration of the enzyme,{End using ®
Eqgs.(8) and (27)o give the catalytic constants:

ento-diphenols with respect of oxygen will gMér%Z(D)
yD.Cr and, according to Eq16), we can obtairk.g, the binding
kD, = T (40) rate constant of oxygen to thg form [14].
[Elo (g) Lastly, the Michaelis constant of tyrosinase with respect
to oxygen in the monophenolase activity can be deter-
and mined analytically according to E¢39).
M.Cr If the concentration of the enzyme is not known (it is not
Mt _ Vmax (41) completely purified) the kinetic study should follow steps
cat — . . . . 7Cr
[Elo (a) and (b). With the information obtained sy, K2,
Table 1
Kinetic constants characterising the reaction of tyrosinases from different biological sour@elpbrenols
Tyrosinase from o-Diphenoal K2y(s™h KD (mM) kig(M~ts™ KOM = kM 2k 6 (M)
S glaucescenf8] tBuCat 33200 091 3.6x 10°
DHPPA 18300 105 1.7x 108 394
4MeCat 2340 190 1.2x 108
CGA 7850 0.74 1.0x 10°
LDopa 14450 5.77 2.5x 10° 26.4
DHPAA 1420 116 1.2x 10° 2030
pLDopa 15420 1255 1.2x 10°
Cat 3950 450 8.7x 10¢
Dopamine 879D 1190 7.3x 10*
pDopa 1840 1502 1.2x 10*
N. crassd9] Dopamine 1350 0.28 4.8x 10° 17.0
LDopa 107M 1.04 1.0x 10° 1600
pDopa 3400 0.38 8.9x 10° 90.0
DHPAA 8500 4.40 1.9x 10° 6580
A. bisporug12,13,22] Cat 8776 0.30 2.9x 10° 2.2
Pirogallol 12630 216 5.8x 10°
Dopamine 439 22 2.0x 10° 64.7
LDopa 1074 0.8 1.3x 10° 304
4MecCat 8416 2.36 3.5x 10°
DHPPA 5535 1.89 2.9x 10° 1150
4tBuCat 6418 2.80 2.2x 10°
DHPAA 6316 510 1.2x 10° 1846
pLDopa 1070 140 7.6x 10¢ 533
LDopaMeE 3% 057 6.2x 10* 27.4
pDopa 1074 450 2.3x 104 1740
LaMeDopa 443 6.80 6.5x 10° 461
pLaMeDopa 443 8.00 5.5x 10 545
LIsoprot 294 7.10 4.2x 10°
pLIsoprot 294 970 3.0x 10°
plsoprot 298 1810 1.6x 10°

tBuCat: tert-butylcatechol; DHPPA: 3,4-dihydroxyphenyl propionic acid; 4MeCat, 4-methylcatechol; CGA: chlorogenic acid; cat: catechol; DHPAA: 3,4-
dihydroxyphenyl acetic acidi.DopaMeE: L-dopamethylester,aMeDopa: L-a-methyldopa;pLaMeDopa: pL-a-methyldopa;Lisoprot: L-isoproterenol;
pLIsoprot:pL-isoproterenol. These data were obtained from references.
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Table 2

Kinetic constants characterising the reaction of tyrosinases from different biological sources on monophenols

Tyrosinase from Monophenol M (s KM (mM) kra(M~1s71) KeglKea
S. glaucescen$] 4HPPA 1340 048 2.7x 10° 6.3
LTyrMeE 2350 166 1.4x 10°
4HPAA 488 116 4.1%x 10* 29
LTyr 132 041 3.2x 10* 7.8
N. crassd9] 4HPAA 2500 018 1.3x 10° 0.2
LTyr 3200 0.59 5.4x 10° 1.8
pTyr 1600 0.32 5.0x 10° 1.8
Tyramine 1600 067 2.3x 10° 20.8
S. antibioticug10] 4FP 105 2.90 3.6x 10°
3FP 30 6.90 4.0x 102
A. bisporug12,13,22] 4MeOP 1840 0.08 2.3x 10°
4EtOP 1320 017 7.7x 10°
4HPPA 667 0.44 1.5x 10° 1.9
4HBA 88.2 110 8.0x 10*
Tyramine 259 051 5.0x 10* 4.0
LTyr 7.9 021 3.7x 10* 35
4HPAA 443 191 2.3x 10* 5.2
P 127 0.70 1.8x 104
pLTyr 8.1 0.90 9.0x 10° 8.4
LTyrMeE 34 0.38 8.9x 10° 7.0
3MeOP 463 5.40 8.6x 10°
pTyr 8.0 1.86 4.3x 10° 5.3
3HBA 121 1010 1.2x 10°
LaMeTyr 0.6 1.20 5.0x 1% 130
pLaMeTyr 06 145 4.1x 107 134

4HPPA: 4-hydroxyphenyl propionic acid; 4HPAA: 4-hydroxyphenyl acetic aclyrMeE: L-tyrosinemethyl ester; Tyr: L-tyrosine;pTyr: p-tyrosine; 4FP:
4-fluorophenol; 3-FP: 3-fluorophenol; 4MeOP: 4-methoxyphenol; 4EtOP: 4-ethoxyphenol; 4HBA: 4-hydroxybenzyl alcohol; P:mpfigmobiL-tyrosine;
3MeOP: 3-methoxyphenol; 3HBA: 3-hydroxybenzyl alcohelMeTyr: L-a-methyltyrosinepLaMeTyr: pL-a-methyltyrosine. These data were obtained from

references.

VM,Cr

max and KMy, the following kinetic constants can be

calculated:

(h) Thek,g/ k4 ratio, according to:

D,Cr
k+6 . Vmax Km
kya  ViaKB

(i) The Kr?]('v'), according to the equation:

M,Cr .-D
Vmax Km
D,Cr
Vmax

Kr?]('\/') —

() The value ofk 2™

(44)

(45)

can be determined from the kinetic

information for the action of tyrosinase amdiphenol

(vn'?é% anngz(D)) and on its corresponding monophenol

M

2 VM,Cr
KO2(M) _ £ 'max . 0,(D)
T 3Vma

Vméf(:r. Taking into consideration Eq&l4), (16), (36) and
(39), the value oTK,?E(D) can be determined according to:

(46)

To obtain the kinetic constantgd,, K2, kM, and kM)
described imables 1 and 2nd V2, K3, VM andkM) de-
scribed inTable 3 experimental measurements of the steady-
state rateV(sg) at different concentrations of D or M must be
made. Such measurements are difficult to make because the
products of the enzymatic reaction arguinones, which are
unstable and which evolve non-enzymatically to polymers
[1]. The difficulty increases when the substrate is M since,
for the system to reach the steady state, a given quantity of
D must have accumulated in the medi(if). The scarcity
of reliable quantitative data on the monophenolase activity
of tyrosinase has been described by Solomon ¢#thlThe
problem can be partially solved by optimising a spectropho-
tometric method based on the nucleophilic attack of MBTH
on theo-quinones generated by the enzyf28,24].

Furthermore, from an NMR study of the different
monophenols and-diphenols, it is possible to correlate the
values obtained for the binding rate constants of the different
substrates to thEqy form (k+4 andk.g, respectively) and the
kinetic constant&.s: andKp,. In general, the oxygens of the
OH groups bound to carbons of Iagixare good nucleophiles

Therefore, based on the kinetic analysis developed in thisand vice versalable 4. This means that, in the first case, the
work, it is possible to obtain new kinetic information from  binding rate constant and the catalytic constant are high. The
the steady-state kinetic parameters described in the bibliog-contrary is true when th& is high (Tables 1, 2 andy The ki-
raphy since, in principle, the tyrosinase mechanism functions netic analysis provides us with a new kinetic constﬁ’n’rﬁ(,M) ,
throughout the phylogenetic sc4®5-33]

the Michaelis constant far-diphenol in the monophenolase
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Table 3

Relation between the kinetic binding rate constant®-diphenols K:s)
and monophenolk{4) in different monophenat-diphenol pairs binding to
oxytyrosinase for enzymes from different biological sources

Tirosinase from Monophenol/diphenol  kig/kig?
Tuber melanosporuifi7] LTyr/LDopa 132
Mouse-wild type[18] LTyr/LDopa 74
Mouse-H389L[18] LTyr/LDopa 26
Mouse-Q378H18] LTyr/LDopa 01
B16 Mouse Melanoma-H[37] LTyr/LDopa 142
B16 Mouse Melanoma-L LTyr/LDopa 173
Gerbil eye[20] LTyr/LDopa 80
B16 mouse MelanomH@.9] 4-s-CAP/4-s-CAC 15
Apple cv.verdedoncell§27] Tyramine/dopamine 205
4HPAA/DHPAA 2190
4HPPA/DHPPA l6a
Pear cvblanquilla[27] Tyramine/dopamine 265
4HPAA/DHPAA 546
4HPPA/DHPPA 28
Strawberry cvtioga[32] AHPPA/DHPPA 25
Avocado cvHaas[31] AHPPA/DHPPA 07}

4-s-CAP: 4-cysteaminylphenol; 4-s-CAC: 4-cysteaminylcatechol.
% kpo/kra = Vinax KM/ Viax KB,
b High electrophoretic mobility.

¢ Low electrophoretic mobility.

activity (Table ). Table 1shows the kinetic parameters de-
termined for different tyrosinases, from which the values of
k+g, the binding rate constant of D &, form, can be ob-
tained. An analogous study was carried out for monophenols
(Table 2. Using the information of both tabIeK,'%(M) (see
Table ) andk.g/k+4 can be calculated (s@able 2.

Table 3shows thekig/k+4 ratios, which can be obtained
from the kinetic constant¥ s, K2 and V', KM, for
non-purified enzymes. Note that tieg/k.4 ratio for the
different monophenattdiphenol pairs studied and for en-
zymes from different source3gble 3 is lowest in the case
of mouse tyrosinase, in which there has been a mutation in
the active centre involving H389L and Q378H, which cor-
respond to aminoacids of the active site in the region of
CuB [18]. Kinetic studies carried out with wild tyrosinase

and the above-mentioned mutant tyrosinase species indicate

that mutation changes the enzyme’s affinity éediphenols
(K,?] increases) but hardly affects the affinity for monophe-
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nols. Furthermore, the maximum rates are hardly modified
[18]. These results have led to a mechanism being sug-
gested in which monophenols bind to the CuA, while the
o-diphenols begin the binding process to the JuB], the
unchanging maximum rates being in accordance with stud-
ies on stereoisomers from different tyrosinases and indicating
that the rate-limiting step is governed by the nucleophilia of
the oxygen of the phenolic OFL2,13,22] Table 4shows

the values oB3 andd, obtained for the different monophe-
nols ando-diphenols studied. These parameters are related
with the charge density of the carbon atom which supports
the OH and is an indicator of the nucleophilic power of the
OH oxygen.

3. Conclusions

e The binding rate constants ofdiphenols tdEx (k+g) are
higher than those of the respective monophenklg) (
That is,kss > k4 (Tables 2 and B The exceptions, which
are listed inTable 3 are mutant$18].

e In general, the value d€;4 in monophenolsTable 2 de-

creaseswithincreasing valuesg{Table 4. The presence

of electron-donating (lows4) or electron-withdrawing

(high§4) groups in C-1Table 4 influences the electronic

richness of the benzene ring and, in turn, helps or hinders

the binding of the substrat@&4ble 2.

In o-diphenols, the effect is similafable 1), except that,

since all the values af; andd, are similar Table 4. The

steric hindrance resulting from the presence of a group R

in C-1 and/or the presence of charges affects the kinetics

of all tyrosinasesTable J).

The new kinetic constant determinedh™ = KM/ 2k 6,

has a kinetic significance parallel o = kM /k4 and

K%Z’M = Sk('\:’e'lt/ZkJrg. Thus, in the monophenolase activ-

ity tyrosinase becomes saturated with small quantities of

o-diphenol7], and soK,?q(M) isattheuM level (Table ). In

the diphenolase activity, however, tyrosinase shows lower

affinity for o-diphenols, and s&? is at the mM level

(Table 9. There is the same parallelism betweeh), Eq.

(15), and kKB™ Eq. (38), as there is betweek 32D,

Table 4

Values ofs3 andd, for carbons C-3 and C-4, respectively, of the benzene ring of monophenotsdiptenols

Monophenol 83 (ppm) 84 (ppm) Diphenol 83 (ppm) 84 (ppm)
4MeOP 118.9 152.29 Pirogallol 148.07 135.03
4EtOP 119.01 152.39 Cat 146.59 146.59
4HBA 116.54 156.63 4-MeCat 146.43 144.06
4HPPA 118.02 156.13 DHPAA 146.43 144.96
3MeOP 159.49 110.97 DHPPA 146.51 144.61
4HPAA 118.05 156.49 tBuCat 146.24 144.09
Tyramine 118.49 157.28 Dopamine 146.79 145.58
P 118.13 158.15 LDopa @ andpL) 146.92 146.06
3HBA 158.44 117.41 LDopaMeE 146.90 146.18
LTyr (p andpL) 118.08 158.86 LaMeDopapr) 146.74 146.19
LTyrMeE 118.53 157.75 LIsoprot @ andpr) 146.87 146.82
LaMeTyr (bL) 118.11 159.10 CGA 146.41 149.29
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Eq.(16), andk 2™ Eq.(39), and sok 2™ « kD and
K%Z(M) < K%Z(D), since these expressions have a kinetic

significance and arise because the mechanism of tyrosinase

on o-diphenols is linear, while that on monophenols con-
sists of two cycles with common intermediates. Although
it might be thought that two binding sites exist with dif-

ferent affinities for @ and D, it must be emphasised that

this is not the case since the explication is kinetic and not

related with the binding.

e The data shown iffables 1-3oint to a similar behaviour
for all tyrosinases from the whole phylogenetic scale and
therefore confirm the validity of the kinetic reaction mech-
anism proposed3cheme 2
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