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Abstract: A comprehensive, ssimple and rapid thermodynamic study on the
interaction of mushroom tyrosinase, MT, with three isoakyldithiocarbonates
(xanthates) as sodium salts, C3H;,OCS,Na (1), C4HgOCS,Na (I11), and
CsH11OCS,Na (111), with p-phenylene-bis(dithiocarbamate) (1V), was per-
formed using isothermal titration calorimetry to clarify the thermodynamics of
these bindings as well as structural changes of the enzyme due to its interaction
with inhibitors at 300 K in phosphate buffer (10 m mol L% pH 6.8). The
extended solvation theory was used to elucidate the effect of the inhibitors on
the stability of the enzyme. The obtained results indicated that there are two
identical and non-cooperative binding sites for these inhibitors.

Keywords. mushroom tyrosinase; isopropyl xanthate; isobutyl xanthate; iso-
pentyl xanthate; p-phenylene-bis(dithiocarbamate); extended solvation theory.

INTRODUCTION

Tyrosinase is a bifunctional, copper-containing mono-oxygenase catalysing
the o-hydroxylation of monophenols to the corresponding catechols and the oxi-
dation of catechols to the corresponding o-quinones.! o-Quinones undergo some
reactions that result in the formation of biopolymers such as melanin.2 Tyrosi-
nase is ubiquitously distributed among animals, plants and fungi. Mushroom
tyrosinase (MT) is popular among researchers as it is commercially available and
inexpensive.3 In mushrooms as well as in fruits and vegetables, this enzyme is
responsible for browning, a commercialy undesirable phenomenon.# Therefore,
tyrosinase inhibitors have attracted interest recently due to undesired browning in
vegetables and fruits in post-harvest handling. Among the inhibitors, a distinction
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can be made between chelators of two Cu2* in the active site.> The well-known
heavy metal chelators, derivatives of dithiocarbamate, have been found to pos-
sess awide range of biological activities of mushroom tyrosinase. Special interest
in the study of metaldithiocarbamates was aroused because of the striking struc-
tural features presented by this class of compounds and also because of their
diverse applications, such as high pressure lubricants in industry, fungicides and
pesticides and as accelerators in vulcanization.® Bismuth and chromone dithio-
carbamate complexes show antitumor activity.”8 The inhibitory effects of xan-
thates on mushroom tyrosinase was elucidated, which is related to the chelating
of the copper ions at the active site by a negative head group (S) of the xanthate
anion. The inhibitory effects of three synthetic n-alkyl xanthates sodium salts
with Cg, C4 and Cs diphatic tails were described. Lineweaver—Burk plots showed
different patterns of mixed inhibition for p-phenylene-bis(dithiocarbamate) and
isopropyl xanthate and competitive inhibition for isobutyl and isopentyl xan-
thate49 In view of the increasing importance of controlling tyrosinase activities,
we applied isothermal titration calorimetry (ITC) was applied in the present study
to abtain thermodynamic parameters for the interaction between mushroom tyro-
sinase and inhibitors.

EXPERIMENTAL

MT was obtained from Sigma and the inhibitors were synthesized. All other materials
and reagents were of analytical grade and solutions were made in 10 mmol L1 phosphate
buffer (pH 6.8) using double-distilled water.

The isothermal titration calorimetric experiments were performed with a four-channel
commercia microcalorimetric system, Thermal Activity Monitor 2277 (Thermometric, Swe-
den). The microcalorimeter is composed of two identical cells, a reference cell and a sample
cell of 1.8 mL in volume, which were made of a highly efficient thermal conducting material
surrounded by an idiabetic jacket. The sample cell was loaded with mushroom tyrosinase
solution (8.3 pmol L) and phosphate buffer solution (10 mmol L) and the reference cell
contained buffer solution. The titration of MT with isopropyl xanthate (1), isobutyl xanthate
(1), isopentyl xanthate (111) or p-phenylene-bis(dithiocarbamate) (1V) involved 20 consecu-
tive injections and each injection included 20 uL of inhibitor. To correct the thermal effects
due to ligand dilution, control experiments were performed in which identical aliquots were
injected into the buffer solution with the exception of enzyme. The precision of measured
heats were 0.1 pJ or better.

RESULTS AND DISCUSSION

It was shown previously that the heats of interactions between a biomolecule
and ligand in agueous solvent systems could be analyzed by the following
equation;10-14

0= GG — OA (X La + XaLe) — (98 — GR)(Xa LA + X6Le) X5 (1)

where:

Available online at shd.org.rs/JSCS/

2013 Copyright (CC) SCS



A THERMODYNAMIC STUDY OF THE MUSHROOM TYROSINASE BINDINGS 257

_PB (2)
Xa T PXg

xg is the fraction of the inhibitor bound to the binding sites and Xy =1-Xg is
the fraction of unbound inhibitor. xg can be expressed as the concentration of the

inhibitor after each injection, [L], divided by the maximum concentration of the
inhibitor, [L]max, Upon saturation of the entire enzyme.

vy = L]

(L] max
p = 1 means that the inhibitor binds at each site independently and that the
binding is non-cooperative. La and Lg are the relative contributions of unbound

and bound inhibitor in the heats of dilution with the exclusion of MT and can be
calculated from the heats of dilution of inhibitor in buffer as follows:

9ilut iyt
La = Qgijyt + X , Lg = Qgjjut + X 4
A = Qdilut B[ S B = Udilut + XA g (4)
The agreement between the experimental data and the data calculated via EQ.
(1) (Fig. 1) supports the extended solvation model. The values of 52 and Jp
obtained from the coefficients of the second and third terms of Eq. (1) are the

Xg =

©)

"_.‘_d
g -3
=
o
S0 -
. \ Fig. 1. Comparison between the
experimental heats, g, for the in-
w teraction of mushroom tyrosinase
. with isopropyl (o), isobutyl (A)
-80 T T I I and isopenty! (0) xanthate, and p-
0 100 200 300 400 phenylene-bis(dithiocarbamate)
(A) and the data calculated via
(4] pmol L! Eq. (1) (lines).
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indexes of MT structural changes due to the reaction with the inhibitor in low and
high concentrations, respectively. The superscript 6 in all cases refers to the
quantities at infinite dilution of the solute. The negative values of 5A and §B
show that isopropyl, isobutyl, isopentyl xanthate and p-phenylene-bis(dithiocar-
bamate) destabilize the MT structure.

In competitive inhibition, the amount of enzyme |nh|b|t| on depends upon the
inhibitor concentration; hence, the large changes in the 5A and §B values for
isobutyl and isopentyl xanthate with increasing inhibitor concentration can be
attributed to the competitive manner of inhibition, which are in good agreement
with the kinetic results.

In mixed inhibition, the inhibitor can bind to the enzyme at the same time as
its substrate, although, the binding of the inhibitor affects the binding of the sub-
strate, and vice versa. This type of inhibition can be reduced, but not overcome,
by increasing the concentration of the substrate. Although it is possible for
mixed-type inhibitors to bind in the active site, this type of inhibition generaly
results from an alosteric effect where the inhibitor binds to a different place on
the enzyme. Inhibitor binding to this allosteric site changes the conformation of
the enzyme so that the affinity of the substrate for the active site is reduced.
Mixed inhibition occurs when contributions of competitive and uncompetitive
are both available. In mlxed |nh| bition with a predominantly competitive com-
ponent, the obtained 5A and 55 values are different, such as in the inhibition of
MT by p-phenylene-bis(dithi ocarbamate) but when the uncompetitive compo-
nent is dominant, the obtained 5A and 53 values are similar to each other, such
as in the mixed mode of inhibition of MT by isopropyl xanthate (Table I).
Double reciprocal Lineweaver—Burk plots confirmed the mixed inhibition by
p-phenylene-bis(dithiocarbamate) and iso-propyl xanthate.4.9

TABLE |. Thermodynamic parameters for the interaction of isopropyl (1), isobutyl (11) and
isopentyl (111) xanthates, and p-phenylene-bis(dithiocarbamate) (1V) with mushroom tyro-
sinase. The same values of 8% and & indicate mixed inhibition with the same contribution
of competitive and uncompetitive component of MT by | and the different values for IV show
alarger contribution of the competitive component in the mixed inhibition of MT by IV. The
great changes of 3 and &% arein good agreement with competitive inhibition of MT by I1
and 11

Compound | I 11 v

p 1 1 1 1

g 2+0.02 2+0.02 2+0.02 2+0.01
Ka/ moltL 0.07x10%+24 1.26x 10°+12 1.68x10°+12 3.3%x10°+56
AH / kI mol-1 —18.70+0.06 —19.30+0.07 -1.16+0.03 —39.23+0.12
AG / kJmol-1 —28.47+0.12 —29.28+0.14 -30.02+0.13 —31.7+0.09
AS/kImol1 K1 0.03+0.01 0.03+0.01 0.10+0.02 —0.025+0.002
o —4.99+0.02 —4.47+0.06 —4.23+0.06 —7.4+0.05
Y —4.23+0.02 —6.58+0.08 -8.66+0.08 -16.7+0.04
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For a set of identical and independent binding sites, there are three different
methods of ITC data analysis for providing the dissociation-binding constant
(Kg). In the first method, using Eq. (5):1°>-17

A A 1 K
=L my=p—-2d
Omax q g 9

where Aq = gmax — 9. q Represents the heat value at a certain inhibitor and MT
concentration, [M] and [L] are the concentrations of MT and the inhibitor, res-
pectively and gmax represents the heat value upon saturation of all MT molecules.
The obtained results suggest a set of two binding sites (g = 2) with non-coope-
rativity for each inhibitor. The related plot for the binding of MT to p-phenylene-
-bis(dithiocarbamate) is shown in Fig. 2 as an example of the employment of Eqg.
(5). The best linear plot was obtained using —1171.5 pJ (equa to —78.4 kJ
mol1). If q and qmax are calculated per mole of MT, then the molar enthalpy of
binding for each binding site (AH ) will be:

(%)

AH = Omeax
g

The calculated K5 (1/Kg), g and AH arereported in Tablel.

130 5

(A @G [ ¢ o] L1

Fig. 2. The best linear plot of
(AQ/Oma) [M] vs. (Ag/g) [L],
according to Eg. (5), using the
values of —1164 pJ (), -1168
wJ (O), =1171.5 pJ (#), 1175
wJ (0) and —1176 pJ (A) for
Omax 1O Obtain the best corre-

_ 3 lation coefficient value for a
{Ago{f] i pomi L linear plot.
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In the second ITC data analysis method, a simple linear plot of g/[L] vs.
can be used for the determination of the association equilibrium constant and the
molar enthalpy of binding by using Eg. (6):

9 _K_(AH -
(L] al )]

(6)

A plot of g/[L] vs. g for p-phenylene-bis(dithiocarbamate) is shown Fig. 3 as
atypical example. The values of K5 and AH obtained from the axis intercept and
slope are in good agreement with the results obtained from Eg. (5).

014
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Fig. 3. The linear plot of g/[L]
vs. g according to Eq. (6) for the
interaction between mushroom
tyrosinase and p-phenylene-bis-
(dithiocarbamate).

In third method, by a double reciprocal linear plot of 1/q vs. 1/[L], the va
lues of Kq and AH can be calculated from the intercept of the axis using Eq. (7):

1_1 Ky 1

q AH  AH L

(7)

As an example, the plot for p-phenylene-bis(dithiocarbamate) is shown in
Fig. 4. The obtained results are markedly consistent with the results from the
analysis of the ITC datavia Egs. (5) and (6).
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Fig. 4. The double reciprocal
0012 linear plot of 1/q vs. /[L] ac-
' ' ' ' cording to Eq. (7) for the in-

0.00 001 002 003 teraction between mushroom
_ g tyrosinase and p-phenylene-
L]/ L md bis(dithiocarbamate).

The change in the standard Gibbs free energy of binding (AG) was deter-
mined using Kg, the association-binding constant (the inverse of Kg) from the
equation:

AG = -RTInKq (8)

The change in standard entropy (AS) of this binding can be calculated as
follows;18.19

_AH-AG
T
The obtained values of AG and ASare given in Tablel.

CONCLUSIONS

The extended solvation theory was used to determine the effects of the
studied inhibitors on the thermal stability of MT. The agreements between the
experimental heats and the results calculated via Eq. (1) are striking and support
the extended solvation model. The results of this study also revealed the molar
enthalpy and entropy, the standard Gibbs free energy changes and non coope-
rativity between two identical binding sites on MT for the three xanthates and
p-phenylene-bis(dithiocarbamate). All the studied binding processes were spon-

AS 9)
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taneous (AG < 0). The obtained values of 53 and 58 were attributed to the type
of inhibition. The different values of &x and g showed the competitive inhi-
bitionof MT by 11, I11 and V.

Acknowledgements. Financial support from the Universities of Tehran and Imam Kho-
meini (Qazvin), Iran, are gratefully acknowledged.
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KAJTIOPUMETPUJCKO UCITUTUBAILE BE3VUBAILA TUPO3WHAS3E U3 ITEUYPAKA 3A
p-OEHUJIEH-BIS(IUTUOKAPEAMAT) U KCAHTAT
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JenHOCTaBHO U OP30 TEpMOAWHAMUYKO UCIIUTHBAKE WHTEpaKLMje THPO3WHA3e U3 Iedy-
paka, MT, ca Tpu H30-anKkunauTHOKapboHaTa (KkcaHTarta), kao coinu Harpujyma, C3H;0CS,Na
(I), C4H9OCS;,Na (I1), CsH410CS;Na (I11) u p-penunen-duc(zutuokapdamar) (IV), npume-
HOM M30TEpPMaJHe TUTpPalMOHEe KaJlopuUMeTpHje, je ypaheHo ca nuwbeM Ja ce 0djacHU TepMO-
IOWUHAMUYKH acrekT OpMHUPaHUX Be3a Kao M CTPYKTYpHE IIPOMEHe eH3UMa MTPU UHTepaKUHju
ca uaxuduropuma Ha 300 K y docharnom mydepy (10 m mol LY; pH 6,8). IIpomupena Teo-
pHja conBatauuje je xopuirheHa na du ce objacHuo edekar HHXUOUTOpPA HAa CTAaDUITHOCT eH-
3uma. [JodujeHu pesynaTaTH ykasyjy Ia MOCTOje IBa WIOEHTHYHA U He-KOoomepaTHWBHA Be3yjyha
MeCTa 3a UCITUTHBaHe HHXUOUTODE.

(ITpumsbeHo 5. okrodpa 2010, peBupupato 12. centemdpa 2012)
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