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Scheme S 1. Structural mechanism proposed to explain the diphenolase pathway of
tyrosinase acting on o-diphenols. Em, met-tyrosinase; Edq, deoxy-tyrosinase; Eox, oxy-tyrosinase;
EoxD, oxy-tyrosinase/o-diphenol complex; (Eox-D)1, oxy-tyrosinase/o-diphenol complex axially
bound to a Cu atom; (Eox-D)2, oxy-tyrosinase/o-diphenol complex axially bound to the two Cu atoms;
EmD, met-tyrosinase/o-diphenol complex; (Em-D)1, met-tyrosinase/o-diphenol complex axially bound

to a Cu atom; (Em-D)2, met-tyrosinase/o-diphenol complex axially bound to the two Cu atoms [1].
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Scheme S 2. Structural mechanism proposed to explain the diphenolase and monophenolase
pathways of tyrosinase acting on monophenols and o-diphenols. Em, met-tyrosinase; Eg,
deoxy-tyrosinase; Eox, oxy-tyrosinase; EoxD, oxy-tyrosinase/o-diphenol complex; (Eox-D)1, oxy-
tyrosinase/o-diphenol complex axially bound to a Cu atom; (Eox-D)2, oxy-tyrosinase/o-diphenol
complex axially bound to the two Cu atoms; EmD, met-tyrosinase/o-diphenol complex; (Em-D)1, met-
tyrosinase/o-diphenol complex axially bound to a Cu atom; (Em-D)2, met-tyrosinase/o-diphenol
complex axially bound to the two Cu atoms. (Em-D)s, met-tyrosinase/o-diphenol complex axial-
equatorially bound to the two Cu atoms; EmM, met-tyrosinase/monophenol complex; EoxM, oxy-
tyrosinase/monophenol complex; (Eox-M)1, oxy-tyrosinase/monophenol complex axially bound to a

Cu atom [1].
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1. Kinetic Analysis

2.1. Steady-State
2.1.1. Deduction of the Steady-State Rate Equation for Diphenolase Activity in Tyrosinase.
The structural mechanism for this activity is shown in Scheme S | and the kinetic scheme is

indicated by Scheme Il. The steady-state speed must comply with (the disappearance speed of o-
diphenol (D) (—V2), must be equal to the rate of accumulation of dopachrome (DC) (V>"¢), and

equal to the rate of oxygen disappearance (—VSDS'OZ):

—yPD _ yDDC _ _VD'Oz — ®1[02]o[D]o[Elo
S8 S8 SS 2(Bo+B1[D]o+B2[02]0+B3[02]0[Dlo)

(81)

Considering that the concentration of oxygen is saturating [2] [0,], = o, the Equation S1 can
be simplified as follows:

VD'DC: aq[D]o[E]o sS2
S8 2(B2+B3[Dlo) (52)

The expressions for a; and 3, - B; are functions of the rate constants and can be obtained
applying the programs described in [3].
Substituting these values in Equation (S2), and taking into account that,

ks » ko, k; » k_g y ks » k_,

we get:
DDC _ Vmax [Plo
with:
D,DC kzk ~
Vmax = ﬁ [E]O = k7 [E]O (84)
and:
D _ ka(ky+ke)
Km == (S5)
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The binding of D to Em is easier than to Eox, so, k, » kq and K2, results in [4]:

_ky

KD =
m k6

(S6)

2.1.2. Deduction of the Steady-State Rate Equation for Monophenolase Activity.

The structural mechanism of this activity is indicated in Scheme S2 and the kinetic scheme
is indicated by Scheme 1. The steady-state rate is: (disappearance rate of M = formation rate of DC)
—VoeM = 4y JiPe (S7)

With respect to oxygen, it is:

Vg0 = —1,5 VM = +1,5 vMDC (S8)

Using the program described in [3], we can obtain:

M,DC __ [a1[0210[D1o[M]o+a2[02]0[DI3][Elo (89)
s 2[B1[Dlo+B2[D]o[Mlo+B3[D1Z+B4[02]10[Mlo+B5[02]0[Dlo+Bs[0210[MI3+B7[0210[D]o[Mlo+Bs[02]0[D13]

When [0,], = o [2].

M,DC __ [a1[D]o[M]o+az[DI][Elo
Vss N 2[B4[M]o+PBs[D]o+Bs[MI3+B7[Dlo[Mlo+Bs[DI3] (510)
and:

[D]SS — k4k5(k—6+k7) —_ R (811)

[Mlss — 2kske(k_g+ks)
Substituting Equation (S11) in Equation (S10), and considering the values of o; — a, and ; — Bg,

obtained with the program described in [3],

We can obtain:

yMDC _ VMaxIMlo _ kear C[Mlo 312

SS - M,DC - M,DC ( )
Km +[M]0 Km +[M]O

where

and if the limiting step is hydroxylating (governed by Kkz), results:
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ks « ks, k- (S13)

and can be obtained:

C
keat - = ks (814)
M _ E k2+k6
As
k, > kg (S16)
results
KM = 5 (S17)
ke

2.2. Transition phase

Next, we proposed the case where a transition phase and the subsequent arrival to the
steady-state are shown:

Enzymatic reaction where the product is attacked by a nucleophilic reagent, the tyrosinase
case.

Diphenolase activity in presence of a nucleophile. In the case of the diphenolase activity in

tyrosinase, MBTH(N) has been used in many studies [5,6]. The scheme could be (Scheme S IlI):

‘ QH
6
Em+D <<= EmD —J> Ed+02 Eox+D <—= EoxD Em
k 2 8 k-6 k7
D QH
N
[
- K
Oxidized Adduct
adduct
Scheme S i

The accumulation of the oxidized adduct over time is:
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~ox. = s 1 k[N _ 1
[A — ox], =5 (t+kN[N]e N kN[N]) (S18)

and in the steady-state we obtain:

_ Vss(,_ _1
[A — ox]ss == (t kN[N]) (S19)

The kinetic analysis shows that the measured rate Vss corresponds to the enzymatic reaction

and since the system is in a steady-state, it is fulfilled:

_dIp] _ d[0,] _ , dlA-ox]
dat dt + dt (S20)

In this case, it is demonstrated by the analytical solutions obtained that it is not necessary to
measure the disappearance of any substrate, if a coupled product or reagent can be easily

measured.

2.3. Tyrosinase. Relationships between ligand rates.
2.3.1. Dipohenolase Activity.

The diphenolase activity in tyrosinase consists of the oxidation of two molecules from D to o-
Q, this mechanism is linear, and its results are easy to be interpreted (Scheme Il). According to the
stability of the 0-Q, we consider three cases:

a) Stable 0-Q. This is the case for 4-tert-butylcatechol [7]. The mechanism

would be indicated in Scheme II, considering that 0-Q, o-tert-butylquinone (o-TBQ) doesn’t evolve.
The mechanism following the stoichiometry 1 O2:2 D : 2 Q, where D is TBC.
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From these data it follows that:

_dbl _ ,diQ] _ _,[0:]
dt =T dt 2dt

(S21)

b) Unstable o0-Q. This is the case for the L-dopa oxidation [8].
0-Q evolves towards DC, note that D (L-dopa) is regenerated in the medium. Now, the mechanism
follow the stoichiometry 1 O2: 1 D : 1 DC, where D is L-dopa.

From these results it follows that:

_d[p] _ , d[DC] _  d[O0,]
dt T dt dt (S22)

c) o-Q reacts with a nucelophilic reagent (N). The kinetic scheme is shown in
Scheme S III.
In this case, 0-Q reacts with a nucleophilic reagent (N) such as MBTH, an adduct is formed
and that is oxidized to (A-ox) by another 0-Q molecule [7,9].

Following the stoichiometry 1 O2: 1 D : 1 A-ox, from these results, it follows that:

_db] _  diA~ox] _ _ d[O,]
dt dat dt

(S23)

In the three cases described, it is clearly shown that it is not necessary to measure the

disappearance of substrate to obtain the rate of action of the enzyme in the steady-state. This rate

of action of the enzyme can theoretically be achieved by measuring the D disappearance (VSDS'D), the

Oz disappearance (Vex 2) or the DC formation (Vex©) or the oxidized adduct V™%,
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2.3.2. Monophenolase Activity. Differential Equations Corresponding to the Monophenolase Activity

in Tyrosinase.

a) The mechanism of the monophenolase activity of tyrosinase (Scheme ),
considering that the o-quinone evolves to DC. The simulated mechanism correspond to the cases
1-4 [10]. The differential equations involved in the evolution of the different enzymatic species in

these mechanisms are:

[Em| = k_,[EmD] + k;[EoxD] + k_; [EmM] — k,[D][Em] — k; [M][Em]

[Ed] = ks[EmD] + k_g[Eox] — kg[0,][Ed]

[Eox] = kg[0,][Ed] + k_g[E0oxD] + k_,[EoxM] — k_g[EoxD] — ke [D][Eox] — k,[M][Eox]
[EmD] = k,[D][Em] + ks[EoxM] — k_,[EmD] — k3[EmD]

[EoxD] = k¢[D][Eox] — k;[EoxD] — k_g[EoxD]

[EoxM]| = k4[M][Eox] — k_4[EoxM] — ks[EoxM]
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[EmM] = k, [M][Em] — k_; [EmM]
[Q] = ks[EmD] + k,[EoxD] — 2k4,[Q]
[D] = k_,[EmD] + k_g[EoxD] — k,[D][Em] — ke [D][Eox] + ky,[Q]
[DC] = ky0[Q]
[M] = k_,[EmM] + k_,[EoxM] — k; [M][Em] — k_,[M][Eox]
[0,] = k_g[Eox] — kg[0,][Ed]
b) Mechanism of the monophenolase activity of tyrosinase (Scheme ),
considering that the o-quinone evolves by the attack of a nucleophilic reagent (MBTH), originated
from an adduct oxidized by another o-quinone molecule (case 5) [10]. The differential equations that

show the evolution of the different enzymatic species are the same tan in case a) with some

modifications:

[Q] = ks[EmD] + k,[EoxD] — 2ky, [N][Q]

[D] = k_,[EmD] + k_g[EoxD] — k,[D][Em] — ke [D][Eox] + k4 [N][Q]
[Ad — 0x] = ky; [N][Q]

[N] = —k:u[N][Q]

S-14



Figures for Monophenolase Activity
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Figure S1. Simulated curves of the action of tyrosinase on L-tyrosine, o-diphenol is not added to the
medium. A. Accumulation curves of DC, 0-Q and D in short reaction times. B. Curves of the rates of
consumption of Oz (VM02) M (VMM) and of formation of DC (VMPC) at short reaction times. C.
Evolution of the concentration of the different enzymatic forms: Eox, Em and EmM with the reaction
time. D. Accumulation of D over time to a constant level upon arrival at steady-state. E. Accumulation
of D at short reaction times. F. Representation of the rate of D accumulation over time. G. Variation
of the rate of D accumulation with time, at the beginning of the reaction. The experimental conditions

are the same than in Figure 1.
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Figure S2. Simulated curves of the action of tyrosinase on L-tyrosine, the o-diphenol necessary to

reach the steady-state is added to the medium. A. Accumulation of DC, 0-Q and D in the reaction

medium at short times. B. Curves of O2 and M consumption rates (VM92) and (VMM) and DC

formation (VMPC) at short times. C. Evolution of the concentration of the different enzyme species

over time: Eox, Em and EmM. D. Variation of D concentration with time. The experimental conditions

are the same than in Figure 2.
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DC (VMDPC) D, Relationship between the rate of consumption of M (VMM) and of formation of DC
(VMDPC) at short reaction times. E. Variation of the D concentration with time. The experimental

conditions are the same than in Figure 1, but in this case, [D], = 1.057x107> M.
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Figure S4. Simulated curves of the action of tyrosinase on L-tyrosine, a concentration of o-diphenol
is added to the medium greater than that necessary to reach the steady-state. A. Relationship
between the consumption rates of: O2 (VM92), M (VMM) and that of DC formation (VMPC). B.
Relationship between rates at short times. The experimental conditions are the same than in Figure

1, but in this case, [D], = 2.642x107> M.
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Table S1. Kinetic characteristics of the action of tyrosinase on different monophenols and spectroscopic properties of the oxidized

adducts formed with MBTH.

Substrate  Assay  Amax Ai €max X103 €i x10°3 KM kM, 04 Reference
method (nm)  (nm) (M-'em™) (M-'em) (mM) (s) (p-p.m)
4HA MBTH 492 464 31.3+£0.8 19.2+04 0.08 £ 0.003 184+ 6 152.29 [11-13]
PHPPA MBTH 500 466 40 + 1 20.0+0.5 0.44 £ 0.01 67 +3 156.13 [5]
Tyramine MBTH 503 476 42 £ 1 20.7+£0.4 0.51+£0.02 26+ 1 157.28 [14]
Tyrosine MBTH 507 484 38 +1 223105 0.21 £0.01 79+0.3 158.86 [11]

4HA = 4-hidroxyanisol; PHPPA = p-hydroxyphenyl propionic acid; Ai = wavelength of the isosbestic point generated in the
evolution of the adduct; KM = Michaelis constant for the monophenol; kM, = catalytic constant of tyrosinase action on monophenol.

84 = chemical displacement in '3C for the carbon C-4.
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