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A new dkyldithiocarbonate (xanthate), as sodium salts, C;HsOCS;Na, was synthesized by the reaction
between CS, with ethyl alcohol in the presence of NaOH. The new xanthate was characterized by *H NMR, IR
and elemental analysis. Then, the new synthesized compound was examined for functional study of cresolase
activity of Mushroom Tyrosinase (MT) from a commercial source of Agricus bisporusin 10 mM phosphate
buffer pH 6.8, at three temperatures of 10, 20 and 33 °C using UV spectrophotemetry. 4-[(4-methylphenyl)-
azo]-phenol (MePAPh) was used as a synthetic substrate for the enzyme for cresolase reaction. The results
show that ethyl xanthate can activate or inhibit the cresolase activity of mushroom tyrosinase depending to the
concentration of ethyl xanthate. It was concluded that the enzyme has two distinct sites for ethyl xanthate. The
first oneisahigh-affinity activation site and the other isalow-affinity inhibition site. Activation of the enzyme
inthelow concentration of ethyl xanthate arises from increasing the affinity of binding for the substrate aswell
asincreasing the enzyme catal ytic constant. The affinity of ligand binding in the activation site is decreased by
increasing of the temperature, which is the opposite result for the inhibition site. Hence, the nature of the
interaction of ethyl xanthateisdifferent in two distinct sites. The binding processfor cresolaseinhibitionisonly
entropy driven, meanwhile the binding process for cresolase activation is not only entropy driven but aso
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enthalpy driven means that hydrophobic interaction is more important in the inhibition site.
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Introduction

Tyrosinase (Monophenol mono-oxygenase; polyphenol
oxidase; catechol oxidase; and oxygen oxidoreductase; EC.
1.14.18.1) is of central importance in vertebrate melanin
pigmentation.! Enzymatic browning in vegetables and fruits
is caused by the activity of tyrosinase in plant tissues.
Tyrosinase plays an important role in fruit and vegetable
processing and during the storage of processed foods.* This
enzyme catalyzes the hydroxylation of monophenols (mono-
phenolase activity) and the oxidation of o-quinones evolved
nonenzymatically to yield severa unstable intermediates,
which polymerize to render melanins.>® The active site of
tyrosinase consists of two copper atoms and three states:
‘met’,'deoxy’, and ‘oxy’.*™ In some vegetables and fruits,
tyrosinase is responsible for browning and is considered
deleterious to the color quality of plant-derived foods and
beverages. The unfavorable browning of raw fruits, vege-
tables and beveragesis amajor problem in the food industry
and is believed to be one of the main causes of quality loss
during post harvest handling and processing.'? Recently, the
development of tyrosinase inhibitors has become an active
alternative approach to control insect pests.® In addition, it
is well-recognized that tyrosinase inhibitors are important
for their potential applications in medicad and cosmetic
products that may be used to prevent or treat pigmentation
disorders.**¢ Tyrosinase inhibitors may result in areduction
in melanin biosynthesis and are used in cosmetic products
for perpigmentation-related concerns including the formation
of freckles.'” Tyrosinase has three domains, of which the

central domain contains two copper binding sites. Six histi-
dine residues bind a pair of copper ions in the active site of
tyrosinase, which interact with both molecular oxygen and
its phenolic substrate.’® Thereis avast variety of natural and
synthetic inhibitors known against catecholase, cresolase or
both reactions of tyrosinase. Polyphenols, aldehydes and
their derivatives are the most important inhibitors from plant
natural sources.>?? Besides higher plants, some compounds
from fungal sources have aso been identified, e.g. metallo-
thionein from Aspergillus niger, has strong avidity to chelate
copper at the active site of MT, thereby acting as a strong
inhibitor.® Kojic acid, an antibiotic, produced by species of
Aspergillus and Penicillum in the aerobic process acts as a
potent, “slow-hinding”, competitive inhibitor of tyrosinase, %
and is widely used as a cosmetic whitening agent.”®3
Synthetic tyrosinase inhibitors may be used as drug and
chemicals. In the case of clinical drugs, captopril, an anti-
hypertensive drug, and methimazole act as tyrosinase
inhibitors.3* Sulfur-containing compounds such as tiron,
thiol and sulfites are among the most important tyrosinase
inhibitors. The most commonly applied inhibitor of the
discoloration process currently is sulfite.* To understand the
mechanism of enzyme action and inhibition, we have
attempted to obtain additional information about the
structure, function and relationship of mushroom tyrosinase
(MT).3>3 After introducing two new bi-pyridine synthetic
compounds as potent uncompetitive MT inhibitors,® the
inhibitory effects of three synthetic n-alkyl dithiocarbamates,
with different tails, were eucidated.** Understanding the
role of hydrophobic and electrostatic interactions of inhibitor
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binding to the active site of the enzyme can lead to design
new potent inhibitors for MT. Hence, in the present investi-
gation, the effect of ethyl xanthate, sodium sdlt, as a new
synthesized compound, on the cresolase activity of MT is
described.

M aterialsand Methods

Materials. Mushroom tyrosinase (MT; EC 1.14.18.1),
specific activity 3400 units/mg, was purchased from Sigma.
4-[(4-methylphenyl)azo]-phenol (MePAPh) as synthetic
substrate for the enzyme for cresolase reaction (Figure 14),
was prepared as aready explained.*? Ethyl xanthate (Figure
1b) was synthesized. Ethanol, carbon disulfide and sodium
hydroxide were purchased from Merck Chemical Co. Germany
and used as received. Infrared spectrum was obtained on
Nicolet 5-DXB FT-IR spectrophotometer in the range of
4000-400 cmi* in KBr pellets. Microchemical analysis of
carbon and hydrogen for the compound was carried out on
an elemental analysis of CHN Rapid Herause. '"H NMR
spectrum was recorded on a Brucker DRX-500 Avance
spectrophotometer at 500 MHz in DM SO-ds using sodium-
3-trimethylpropionate as internal reference. *H NMR data
are expressed in part per million (ppm) and are reported as
chemical shift position (oH), multiplicity (s=singlet, d=
doublet, t=triplet, g=quartet, m=multiple) and assignment.
Melting point was measured on a Unimelt capillary melting
point apparatus and is reported uncorrected.

Phosphate buffer (10 mM, pH 6.8) was used throughout
this research and the corresponding salts were obtained from
Merck. Experiments were carried out at 10, 20 and 33 °C.

M ethods

Synthesis of sodium ethyl xanthate: This compound was
prepared by an improved procedure as compared to that of
given in the literature.*® 4 g (100 mmol) NaOH and 5.87 mL
(100 mmol) ethanol were mixed together in a 100 mL
stoppered flask and stirred to get homogenous curdy
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Figure 1. 4-[(4-methylphenyl)azo]-phenol (MePAPh) (a), as
synthetic substrate for MT for cresolase reaction (figure 1a). Ethyl
dithioxantate as new ligand (Figure 1b).
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solution. The flask was kept in an ice bath and 20 mL of CS;
(200 mmol) was added dropwise with constant stirring over
aperiod of 30 min, the solution became cloudy yellow. Then
the mouth of reaction vessel was closed using a proper
stopper and left to stir for 1 hiin theice bath and 2 h a room
temperature. This crude product was completely dried at 35
°C and made powder in a mortar. This powder were stirred
with 30 mL acetone over a period of 10 min, and filtered in
pump to remove undissolved particles. To the filterate 40
mL diethylether was added and kept in refrigerator over-
night. The bright yellow crystals obtained were filtered and
washed twice with ether and dried at 35 °C. (yield 11.52 g,
80% and decomposes a 104 °C). 'H NMR (500 MHz,
DMSO-ds, ppm): 4.19 (g, O-CH), 1.15 (t, O-CH.CHs).
Andyticd cdculated for C4H/,0S,Na: C, 25.00; H, 3.47.
Analytical found: C, 25.10; H, 3.43. Solid-state IR spectro-
scopy of sodium ethyl xanthate showed two characteristic
bands at 1127 and 1035 cm™ assigned to 1..oand 1..s modes,
which are similar to the others reported.*>*°

Kinetic measurements. Kinetic assay of cresolase activity
was carried out through depletion of MePAPh, for 2.5 min,
with enzyme concentration of 112.68 ug/mL, a 352 nm
wavelengths using a Cary spectrophotometer, 100 Bio-
model, with jacketed cell holders. Freshly prepared enzyme,
subgtrate, ethyl xanthate were used in this work. All the
enzymeatic reactions were run in phosphate buffer (10 mM)
a pHs 6.8 in a conventiona quartz cdl thermostated.
Substrate addition followed after incubation of enzyme with
different concentrations of ethyl xanthate.

Results and Discussion
The effect of temperature on the binding processes of

ethyl xanthate to mushroom tyrosinase in the cresolase
activity was studied at three temperatures of 10, 20 and 33
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Figure 2. Double reciprocal Lineweaver-Burk plots of MT kinetic
assays for cresolase reactions of MePAPh in 10 mM phosphate
buffer, pH=6.8, at 20 °C and 112.68 ug/mL enzyme concentration,
in the presence of different fixed concentrations of ethyl xanthate: O
LM (m), 20 uM (O0), 30 uM (a), 40 uM (), 50 uM (@). Insect;
the secondary plot, the UKy' against different concentrations of
inhibitor, which gives the inhibition constant (-K;) from the
abscissa-intercepts.
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Figure 3. Double reciprocal Lineweaver-Burk plots of MT kinetic
assays for cresolase reactions of MePAPh in 10 mM phosphate
buffer, pH=6.8, at 33 °C and 112.68 g/mL enzyme concentration,
in the presence of different fixed concentrations of ethyl xanthate: 0
uM (m), 0.5 (0), 3uM (a), 55 uM (2), 8 uM (). Insect: the
secondary plot, the 1/K,' against different concentrations of
inhibitor, which gives the inhibition constant (-K;) from the
abscissarintercepts.

°C. Experiments were done in two ranges of relatively high
(20-50 uM) and low (0.5-11.5 uM) concentrations of ethyl
xanthate.

Kinetic parameters of inhibition of cresolase activity at
two different temperatures of 20 and 33°C. Double
reciprocal Lineweaver-Burk plots for the cresolase activity
of MT on hydroxylation of MePAPh, as the substrate, in the
presence of relatively high different fixed concentrations of
ethyl xanthate, 20-50 M, at 20 °C are shown in Figures 2.
The same plots, but in the presence of relatively low
different fixed concentrations of ethyl xanthate, 0.5-8.0 uM,
at 33 °C are shown in Figures 3. All Lineweaver-Burk plots
show a set of paralld straight lines, which intersect the
horizontal axis, (see Figures 2 and 3), which confirms
uncompetitive inhibition at both temperatures, independent
of the concentration range of inhibitor. The apparent
maximum velocity (Vma') and apparent Michaglis constant
(Km") values can be obtained at different fixed concentrations
of inhibitor.®® A secondary plot of the 1/K.,' against the
concentration of inhibitor gives a dtraight line with an
abscissarintercept of —K. (seetheinsect of Figures 2 and 3),
where K is the inhibition constant. The K; values have been
summarized in Table 1 indicating that the inhibition constant
issmaller at 33 °C, meansthat theinhibitor has more affinity
for binding to the enzyme at higher temperature.

Kinetic parameters of activation of cresolase activity at
two different temperatures of 10 and 20 °C. Figures 4 and
5 show the double reciprocal Lineweaver-Burk plots for the
cresolase activity of MT on hydroxylation of MePAPh in the
presence of relatively low different concentrations of ethyl
xanthate at 10 °C and 20 °C, respectively. Both figures show
aseries of straight linesintersects each other on the left hand
side of the vertical axis, over the horizontal axis, indicating
activation of MT at relatively low concentrations of ethyl
xanthate. The kinetic pathway of activation for ethyl xan-
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Figure 4. MT kinetic assays for cresolase reactions of MePAPh in
10 mM phosphate buffer, pH=6.8, at 11 °C, 112.68 ug/mL enzyme
concentration, in the presence of different fixed concentrations of
ethyl xanthate: 8 M (m), 5.5 4M (O0), 3 uM (a),05uM (2),0.0
UM (@) (8. the secondary plot, the /A intercept against 1/[A],
which gives —faKa from the abscissaintercepts (b). the
secondary plot, the /A slope against L/[A], which gives —4/oKa
from the abscissa-intercepts (c).
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Figure 5. MT kinetic assays for cresolase reactions of MePAPh in
10 mM phosphate buffer, pH=6.8, at 20 °C, 112.68 ug/mL enzyme
concentration, in the presence of different fixed concentrations of
ethyl xanthate: 11.5 uM (W), 7.5 uM (1), 3.5 1M (a), 1 uM (»),
0.0 uM (@) (8). the secondary plot, the /A intercept against V/[A],
which gives— oK a from the abscissa-intercepts (b). the secondary
plot, the /A dope against 1/[A], which gives —4/aKa from the
abscissa-intercepts (c).

thate follows the general non-essentia activation system.
The apparent maximum velocity (Vma') and apparent dis-
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sociation constant of the substrate, S, (Ks) values can be
obtained at any fixed concentrations of ethyl xanthate from
the vertical (Y) and abscissa (X) intercept, respectively. The
rapid-equilibrium model has been proposed to describe the
non-essential activation of an enzyme by an activator mole-
cule A, Scheme 1.% In this model, Vima' = Vimax (1 + B[A]/
oKp)/(1 + [AllaKa) and Ks' = Ks (1+ [Al/aKa)/(1 + [A]/
oKa). Ks is the dissociation constant of the substrate from
the enzyme, Ka is the dissociation congtant of the effector
from the enzyme, « and S represent maximal changesin Ks
and Vs Of the enzyme in the presence of ethyl xanthate,
respectively, and [A] is the concentration of ethyl xanthate
asthe activator. Vma and Ks values are obtained from the Y-
intercept and X-intercept of the Linweaver-Burk linear plot,
respectively, in the absence of the activator. Then, the slope
and Y-intercept changes in the Linweaver-Burk plot due to
the presence of ethyl xanthate at different concentration are
obtained and replotted their inverse versus inverse concen-
tration of the activator as the secondary plotsto find ¢, fand
Ka vaues. The linear plot of 1/A Slope against /AA shows
the Y-intercept of AVma/(f-1) and the X-intercept of
—foKa. The linear plot of L/AY-intercept against /AA
showsthe Y-intercept of SV mad/Ks(—c) and the X-intercept
of -AaKa. a, fand Ka values have been summarized in
Table 2. The o values (o < 1) obtained herein suggest that
the binding of ethyl xanthate to the enzyme can increase the
binding affinity of the substrate. The £ vaues (8 > 1)
obtained also suggest that the binding of ethyl xanthate to
the enzyme can increase the maximum velocity of the
enzyme due to the increase of the enzyme catalytic constant
(Kear). Hence, ethyl xanthate activates the enzyme not only by
increasing the affinity of binding of the substrate for MT but
aso by increasing the enzyme catal ytic constant.

By increasing the temperature to 33 °C, the activation of
MT was not observed in low concentration of ethyl xanthate
(data are not showed) because the binding affinity for
inhibition processisincreased.

In order to understand the effect of temperature on the
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Table 1. Thermodynamic parameters of binding ethyl xanthate, as
an inhibitor, on cresolase activity of mushroom tyrosinase a two
different temperatures at pH 6.8

T Ka Ki AG® TAS AH°
) M) (M)  (k¥mol)  (k¥mol)  (kJmol)
20 72x10* 138  -2725 13838

111.13
33 50x10° 20  -3338 12425

inhibition and to shed light into the nature of the ethyl
xanthate binding with M T, the change of the standard Gibbs
free energy of binding (AG® was caculated using the
association binding constant (K), obtained from the inverse
of K; value, in the equation (1)*":

AG® = —RTInK @)

Where R is the gas constant, and T is the absolute temper-
ature. The standard enthalpy change of binding (AH®) was
also calculated using K values at two temperatures in van't
Hoff equation®”:

INK2/K1 = — AHIR (UT, — 1/Ty) )

Where K; and K are association binding constants at two
temperatures of T, and T», respectively. Findly the standard
entropy changes (AS®) were caculated using the equation
(3).47

AS = (AHO — AGY)/T 3)

All calculated thermodynamic parameters (K, AG®, AH® and
AS’) for two inhibition and activation binding sites are
summarized in Tables 1 and 2, respectively. The results
show that the binding process for both inhibition and
activation are spontaneous at both temperature (AG° < 0).
Besides, the binding process of ethyl xanthate seems to be
only entropy driven (AS° > 0) in the inhibition; however, the
binding process for the activation is not only entropy driven
but also enthalpy driven.

We have reported n-alkyl dithiocarbamates as potent
synthetic inhibitors due to K; vaues of 0.8, 1.0 and 1.8 uM
in cresolase activity for n-butyl dithiocarbamate, n-hexyl
dithiocarbamate and n-octyl dithiocarbamate, sodium salts,
respectively.* The K; value for ethyl xanthate is 13.8 1M
means that n-akyl dithiocarbamates are more potent
inhibitors than ethyl xanthate. However, ethyl xanthate can
activate M T in low concentrations.

Asaconclution, there are two distinct sites for the binding
of ethyl xanthate to M T, one for activation with high affinity
and the other for inhibition with low affinity. The hydro-
phobic interaction is more important in the inhibition site

Table 2. Thermodynamic parameters of binding ethyl xanthate, as an activator, on cresolase activity of mushroom tyrosinase at two different

temperatures at pH 6.8

T o ﬂ Ka KA Vmax AGO T A§ AHO
(C) My (uM) (uM) (uM/min) (k¥mol) (k¥mol) (k¥mol)
10 0.71 137 59x 10° 17 80.64 4.82 -31.26 23.87 39

20 0.62 1.28 53x10° 19 191.66 20.23 -32.11 24.72 o
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than to the activation site due to the binding process for
inhibition is only entropy driven. The activation of the
enzyme by ethyl xanthate is related to the increase of the
binding affinity for substrate (v < 1) as well as the increase
of the enzyme catalytic constant (£ > 1). The inhibition
process overcomes to the activation process in 33 °C due to
the increase of binding affinity for inhibition site. Hence, the
activation of MT is occurred at low concentration of ethyl
xanthate at low temperatures.
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