Journal of Enzyme Inhibition and Medicinal Chemistry, 2010; 25(2): 272-281

RESEARCH ARTICLE

informa

healthcare

Potent inhibitory effects of benzyl and p-xylidine-bis
dithiocarbamate sodium salts on activities of mushroom

tyrosinase

E. Amin’, A. A. Saboury', H. Mansuri-Torshizi?, and A. A. Moosavi-Movahedi'

!Institute of Biochemistry and Biophysics, University of Tehran, Tehran, Iran and *Department of Chemistry, University of

Sistan and Bluchestan, Zahedan, Iran

Abstract

A novel monofunctional benzyldithiocarbamate, CH,CH,NHCSSNa (I), and a bifunctional p-xylidine-
bis(dithiocarbamate), NaSSCNHCH,C_H,CH,NHCSSNa (1l), as sodium salts, were synthesized by reaction between
p-xylylenediamine or benzylamine with CS, in the presence of NaOH. They were characterized by spectroscopic
techniques such as 'H NMR, IR, and elemental analysis. These water-soluble compounds were examined for
their inhibition of both activities of mushroom tyrosinase (MT) from a commercial source of Agricus bisporus.
L-3,4- Dihydroxyphenylalanine (L-DOPA) and L-tyrosine were used as natural substrates for the catecholase and
cresolase enzyme reactions, respectively. Kinetic studies showed noncompetitive inhibition of I and mixed type
inhibition of Il on both activities of MT. The inhibition constant (K) of Il was smaller than that of I. Raising the
temperature from 27 to 37°C caused a decrease in K values of 1 and an increase in values of . The binding process
for inhibition of I was only entropy driven, which means that the predominant interaction in the active site of
the enzyme is hydrophobic; meanwhile, the electrostatic interaction can be important for the inhibition of Il due
to the enthalpy driven binding process. Fluorescence studies showed a decrease of emission intensity without
a shift of emission maximum in the presence of different concentrations of compounds. An extrinsic fluores-
cence study did not show any considerable change of the tertiary structure of MT. Probably, the conformation of

inhibitor-bound MT is stable and inflexible compared with uninhibited MT.

Keywords: Mushroom tyrosinase; benzyldithiocarbamate; p-xylidine-bis(dithiocarbamate); noncompetitive

inhibition; mixed inhibition; inhibition constant

Introduction

Tyrosinase (monophenol monooxygenase; polyphenol
oxidase; E.C. 1.14.18.1) is a copper-containing protein,
present in animals, plants, fungi, and microorganisms,
which catalyzes the oxidation of monophenols to
diphenols (cresolase or monophenolase activity) and/or
the oxidation of o-diphenols further to reactive o-quinones
in the presence of oxygen (catecholase or diphenolase
activity)'”". Quinones are highly reactive compounds and
can polymerize spontaneously to form high-molecular-
weight compounds®. Tyrosinases are responsible for many
biologically essential functions, such as pigmentation,
sclerotization, primary immune response, and host
defense’!'. Tyrosinase plays an important role in the
wound healing, melanogenesis, parasite encapsulation,

and defensive functions of insects'?-'4. In addition, defects
in tyrosinase may cause some diseases such as albinism
and vitiligo''°.

Tyrosinase from A. bisporus was reported to be a hetero
tetramer comprising two heavy (H) and light (L) chains
with a molecular mass of 120 kDa'”. The enzyme tyrosinase
has three domains, of which the central domain contains
two Cu binding sites, called CuA and CuB. For the binu-
clear copper site in tyrosinase no electron paramagnetic
resonance (EPR) signal has been detected, that is, they
are strongly anti-ferromagnetically coupled. Each atom
of the binuclear copper cluster is ligated to three histidine
residues'®. This pair of copper ions in the active site of the
enzyme tyrosinase interacts with both molecular oxygen
and its phenolic substrate'’. Active sites of tyrosinase
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have three different states of binuclear copper structure

an oxy tyrosinase (£ )" Both oy yrosimase “3ad
OXy'

met-tyrosinase can act in catecholase activity while only

oxy-tyrosinase is able to catalyze monophenols to o-

diphenols, and binding of monophenol to met-tyrosinase

will inactivate tyrosinase?.

Browning after harvest is a common phenomenon in
crops such as mushrooms, which decreases the commer-
cial value of the product. Loss of whiteness upon storage
is a major issue in the mushroom industry. In addition,
it is very important in the quality control and economic
value of fruits and vegetables**>. Because of the undesir-
able effects of enzymatic browning, tyrosinase inhibi-
tors should have a range of applications and, hence, a
considerable number are known?. In addition, standard
topical treatments for hyperpigmentation disorders such
as melasma and post-inflammatory hyperpigmentation
include bleaching with hydroquinone, anti-inflammatory
therapy using retinoids, and use of tyrosinase inhibitors.
Furthermore, tyrosinase inhibitors may be clinically used
for the treatment of some skin disorders associated with
melanin hyperpigmentation and are important in cosmet-
ics for skin-whitening effects, so there is a need to identify
the compounds that inhibit tyrosinase activity**-*. There
are anumber of tyrosinase inhibitors from both natural and
synthetic sources that inhibit monophenolase and diphe-
nolase activities?”*. Plant polyphenols, usually referred to
as a diverse group of compounds containing multiple phe-
nolic functionalities, have been considered as tyrosinase
inhibitors. Flavonoids, one of the most numerous and best-
studied groups of plant polyphenols, are widely distributed
in the leaves, seeds, bark, and flowers of plants. It was found
that flavonoids containing an a-keto group show potent
tyrosinase inhibitory activity®'. This inhibition ability may
be explained in terms of the similarity between the dihy-
droxyphenyl group in L-DOPA and the a-keto group in
flavonoids. Kaempferol, quercetin, and the 4-substituted
resorcinol skeleton show potent tyrosinase inhibitory
activity. However, the effective topical concentration of
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Figure 1. Three different binuclear copper structures in the active site of
tyrosinase.

these compounds in disorders of hyperpigmentation is
not yet known. A large number of aldehydes from higher
plants such as cinnamaldehyde, anisaldehyde, cuminal-
dehyde, and cumic acid are characterized as tyrosinase
inhibitors®¢. Synthetic tyrosinase inhibitors may be used
as drugs and chemicals. In the case of clinical drugs, cap-
topril, an antihypertensive drug, and methimazole act as
tyrosinase inhibitors®”*. Simple chemical species capable
of binding to copper, such as cyanide, azide, and halide
ions, as expected behave as purely competitive inhibitors
toward dioxygen binding, although strong differences
have been seen among polyphenoloxidases from differ-
ent sources®. Thiol compounds such as cysteine, N-aryl
S-alkylthiocarbamate derivatives, methimazole, diethyl-
dithiocarbamate, and 2-mercaptobenzothiazole have
also been used as inhibitors of tyrosinase from different
sources*,

Dithiocarbamates are versatile classes of chelating com-
pounds that have been developed in the last 40-50 years.
They are an integral part of industrialized agriculture and
medicine, and are used against a broad spectrum of fungi
and plant diseases caused by fungi®*. Dithiocarbamates
are used in health care for the management of alcohol-
ism, and have been applied to prevent arthrosclerosis,
and for antimicrobial and anti-inflammatory activity and
metal transport in membranes®. It has been reported that
dithiocarbamates can react with HS-containing enzymes
and coenzymes of fungal cells, thus blocking their catalytic
activity. Enzyme inhibition may also occur by complex
formation of the active -CSSNa group with metal atoms of
metal-containing enzymes®*. In recent studies, the inhibi-
tory effects of some n-alkyl dithiocarbamates and n-alkyl
xanthates have been considered’®*. In the present inves-
tigation, the inhibitory effects of benzyldithiocarbamate
and p-xylidine-bis(dithiocarbamate) sodium salts are
described, as well as kinetic analysis of their action toward
both cresolase and catecholase activities at two tempera-
tures of 27 and 37°C.

Materials and methods

Materials

Mushroom tyrosinase (MT; E.C. 1.14.18.1; specific activity
5370 units/mg), L-3,4-dihydroxyphenylalanine (L-DOPA),
L-tyrosine, and l-anilinonaphthalene-8-sulfonate (ANS)
were purchased from Sigma. Benzyldithiocarbamate
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Figure 2. Benzyldithiocarbamate sodium salt (I) and p-xylidine-
bis(dithiocarbamate) sodium salt (II).
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sodium salt (I) and p-xylidine-bis(dithiocarbamate)
sodium salt (IT) (Figure 2) were synthesized. Benzylamine,
CS, and NaOH, (Merck), and p-xylylenediamine (Fluka)
were used as received. Solvents were of high purity and
were used as purchased (Merck), without any further
purification. Phosphate buffer (50 mM, pH 6.8) was used
throughout this work. All buffers were prepared with water
purified by a Milli Q water purification system.

Methods

Melting points were measured on a Unimelt capillary melt-
ing point apparatus and are reported uncorrected. Micro
chemical analysis of carbon, hydrogen, and nitrogen was
carried out on a CHN Rapid Herause analyzer. Infrared (IR)
spectrawere obtained on a Nicolet 5-DXB FT-IR spectropho-
tometer in the range 4000-400 cm ™ in KBr pellets. '"H nuclear
magnetic resonance (NMR) spectra were recorded on a
Bruker DRX-500 Avance spectrophotometer at 500 MHz in
DMSO-d, using sodium-3-trimethylpropionate as internal
reference. "H NMR data are expressed in parts per million
(ppm) and are reported as chemical shift position (8H),
multiplicity (s=singlet, d=doublet, t=triplet, q=quartet,
m =multiplet, sb =singlet broad), and assignment.

Synthesis of benzyldithiocarbamate sodium salt,
C,H,-CH,-NH-CSSNa (I)

This new ligand was prepared following a method similar to
that described earlier”. A solution of benzylamine (4.1 mg,
50mmol) in acetone (40mL) was treated with NaOH (4 g,
100mmol) in 40 mL of water. To this solution was added
dropwise, with cooling (0°C) and stirring, 10 mL of carbon
disulfide. The mixture was stirred in a closed vessel for 2h
with cooling and for 12h at room temperature, and then
the solvent was removed by rotary evaporation at 40°C to
complete dryness. The white precipitate left was dissolved
in water (40 mL) and filtered. Eighty milliliters of acetone
were added, and after one night at 4°C, a white solid was
filtered off and washed with acetone and vacuum dried.
The yield was 8.20g, 80%, melting point 71°C. Analysis was
calculated for C,;H,NS,Na: C, 46.83; H, 3.90; N, 6.83; found:
C, 46.90; H, 3.92; N, 6.80%. Solid-state IR spectroscopy of
the above ligand showed two characteristic bands at 1498
and 931 cm™! assigned to v (N-CSS) and v (SCS) modes®.
'H NMR (500 MHz, DMSO-d,, ppm): 4.67 (d, -CH,-), 7.25
(m, -C,H,-), 8.47 (sb, -NH-).

Synthesis of p-xylidine-bis(dithiocarbamate) sodium
salt, NaSSC-NH-CH,-CH,-CH,-NH-CSSNa (II)

This compound was prepared by following the same pro-
cedure as described for (I) except that p-xylylenediamine
was used instead of benzylamine. The yield was 4.11g,
85%, melting point 297°C. Analysis was calculated for
C,H,N,SNa,: C, 36.14; H, 3.01; N, 8.43; found: C, 36.09;
H, 2.97; N, 8.02%. Solid-state IR spectroscopy of the
above ligand showed two characteristic bands at 1483
and 956cm™! assigned to v (N-CSS) and v (SCS) modes®.
'H NMR (500 MHz, DMSO-d,, ppm): 4.52 (m, -CH,-), 7.14

(m, -CH,-), 8.41 (sb, -NH-). Both synthetic compounds
dissolved completely in water.

Kinetic measurements
Cresolaseandcatecholaseactivitiesofmushroomtyrosinase
were determined by spectrophotometrically measuring the
rate of dopachrome formation at 475 nm (e =3700 M'cm™)
in the first 2min by using a Cary spectrophotometer, 100
Biomodel, with jacketed cell holders®. The assay was per-
formed as previously described with slight modifications®>.
The reaction medium was 1 mL in 50 mM phosphate buffer
(pH 6.8). The final concentration of mushroom tyrosinase
was 26.07 pg/mL for cresolase activity and 6.52 pg/mL for
catecholase activity. Freshly prepared enzyme, substrate,
and dithiocarbamates I and II were used in this work. The
reaction was carried out under constant temperatures of
27 and 37°C. Substrate addition followed incubation of the
enzyme with different concentrations of synthetic inhibi-
tors. Lineweaver-Burk plots were fitted with weighted
linear regression, for qualitative estimation of the type
of inhibition. Then, quantitative determination of the
K, values was carried out by nonlinear regression fitting
of Michaelis-Menten equations®%. MATLAB Software
(version R2008a) was used for regression fitting analysis.
Also, the concentration of inhibitor that decreased the rate
of enzyme-catalyzed reaction by 50% (IC, ) was calculated
using the Cornish-Bowden method®.

Fluorescence studies

Fluorescence intensity measurements were carried out
using a Hitachi spectrofluorimeter, MPE-4 model, equipped
with a thermostatically controlled cuvette compartment.
The intrinsic emission of protein, 0.17mg/mL, was seen
at the excitation wavelength of 280 nm. The extrinsic emis-
sion of ANS labeled protein (with 50 concentration ratio)
was monitored at the excitation wavelength of 385 nm. The
experiments were repeated in the presence of different con-
centrations of compounds I and II. All graphs shown were
obtained using SigmaPlot.

Results and discussion

The inhibitory effects of two different compounds on both
MT activities were examined at pH 6.8 and temperatures of
27 and 37°C.

Kinetic parameters of inhibitory effect of
benzyldithiocarbamate sodium salt on activities of MT
When the activities of mushroom tyrosinase at 27°C were
assayed using L-DOPA and L-tyrosine as substrates, in
catecholase activity the reaction immediately reached a
steady-state rate and in cresolase activity the steady-state
rate appeared after a lag time (5s). By the addition of I,
the initial velocities of reactions were decreased and there
was an elongation of lag times (data not shown). To study
tyrosinase inhibition by I in depth, we observed its effect on
the activities of the enzyme, and determined the inhibition
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Figure 3. Double reciprocal Lineweaver-Burk plots and nonlinear fittings of mushroom tyrosinase (MT) kinetic assays at temperature of 27°C in the
presence of different fixed concentrations of I for cresolase reactions (a): 0.0 uM (#), 4.0 M (W), 8.0 uM (A), 16.0 uM (OJ), 21.3 uM (%), and for catecho-
lase reactions (b): 0.0pM (#), 5.0 uM (M), 10.0uM (4), 16.0pM (1), 22.0 M (*). Insets: secondary plots of fitting V' versus [S] and V, versus [I] are

shown, [I] is inhibitor.

constant (K,). To obtain the type of inhibition exerted by I
on activities of mushroom tyrosinase, the velocity of reac-
tion (V) was measured as a function of the substrate con-
centration for several concentrations of inhibitor. Double
reciprocal Lineweaver-Burk plots in the presence of differ-
ent concentrations of compound I are shown in Figure 3. A
series of straight lines in both activities intersect exactly on
the horizontal axis. The Michaelis constant (K ) value was
not changed by I, but the apparent maximum velocity (V*, )
value was decreased, which confirmed the noncompetitive
type of inhibition. Then, the values of apparent maximum

velocity (V’, ) atany concentration of Iwere obtained from
nonlinear regression fittings of Michaelis-Menten curves
(upper inset). These values were fitted versus inhibitor con-
centrations (lower inset)”. V’ = was decreased by a factor
(1+[1]/K). Nonlinear fitting gave the inhibition constants
(K)) of reaction activity. K, of cresolase and catecholase
activity inhibition was obtained with values of 14.1 pM and
9.4 uM, respectively.

In order to understand the effect of temperature on inhibi-
tion and to shed light on the nature of I binding with MT, we
repeated the above procedure at 37°C (Figure 4, Table 1), and
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the change of Gibbs standard free energy of binding (AG°)
was calculated using the association binding constant (K),
obtained from the inverse of the K, value, in Equation (1)*":

AG°=-RTInK, )

where R is the gas constant and T is the absolute tempera-
ture. Also, calculated K, values at two temperatures in the
van’t Hoff equation gives the standard enthalpy change of
binding (AH®)57:

(a)

()

where K | and K , are association binding constants at two
temperatures of T, and T, respectively. Finally, the standard
entropy change (AS°) was calculated using Equation (3)":
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Figure 4. Double reciprocal Lineweaver-Burk plots and nonlinear fittings of MT kinetic assays at temperature of 37°C in the presence of different fixed
concentrations of I for cresolase reactions (a): 0.0 uM (#), 2.0 uM (M), 4.0 pM (OJ), 6.0 u M (A), 10.0 p M (*), and for catecholase reactions (b): 0.0 uM (#),
2.0pM (W), 4.0uM (O), 8.0uM (A), 12.0uM (*). Insets: fitted V versus [S] and V, versus [I] are shown, [I] is inhibitor.
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Table 1. Thermodynamic parameters of binding I on mushroom tyrosinase at two different temperatures (+SD).

Reaction type Temperature (°C) K, (pM) K, (M™x10°) AGe (kKJ.mol™) AHP (kJ.mol ™) TAS® (kJ.mol™)

Cresolase 27 14.1+2.1 0.71+0.11 -27.9+0.4 67.4+2.3 95.2+2.7
37 5.9+0.7 1.69+0.20 -31.0+0.3 98.4+2.6

Catecholase 27 9.4+0.9 1.06+0.10 -28.910.2 38.7+£9.3 67.5+9.5
37 5.7+1.6 1.75+£0.49 -31.1+£0.7 69.8+£9.0
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Figure 5. Double reciprocal Lineweaver-Burk plots and nonlinear fittings of MT kinetic assays at temperature of 27°C in the presence of different
fixed concentrations of II for cresolase reactions (a): 0.0puM (), 0.61 uM (M), 1.55uM (00), 3.10 uM (A), 4.10 uM (*), and for catecholase reactions (b):
0.0 uM (#),0.17 uM (m), 0.35uM (), 0.70 uM (A), 1.10 uM (). Insets: fitted V' versus [S] and V, versus [I] are shown, [1] is inhibitor.
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Figure 6. Double reciprocal Lineweaver-Burk plots and nonlinear fittings of MT kinetic assays at temperature of 37°C in the presence of different fixed
concentrations of II for cresolase reactions (a): 0.0 pM (), 0.6 u M (W), 1.5 uM (), 2.7 uM (A), 3.7 uM (*), and for catecholase reactions (b): 0.0 uM (#),
1.opM (m), 1.8uM (00), 2.8 uM (A), 5.0 uM (*). Insets: fitted V' versus [S] and V, versus [I] are shown, [I] is inhibitor.

All thermodynamics parameters were calculated and are
summarized in Table 1.

These data suggest that the binding process for the
inhibitor is spontaneous at both temperatures (AG°<0).
Besides, the binding process of I seems to be only entropy
driven (AS°>0) in the inhibition of both activities. This is
the reason why raising the temperature during catecholase
and cresolase inhibition caused a decrease in the K, value of
the inhibitor. Therefore, the interaction between I and MT
is probably hydrophobic®. In addition, there is no interac-
tion between the substrate and inhibitor binding sites in

noncompetitive inhibition. Some thiol compounds act as
inhibitors of tyrosinase® due to their ability to chelate Cu?*.
It seems that benzyldithiocarbamate’s hydrophobic tail
interacts with tyrosinase. Entropy changes in catecholase
and cresolase inhibition suggest that activities of tyrosinase
develop through hydrophobic interactions®. The IC,_ value
of catecholase activity at 0.5mM of L-DOPA was deter-
mined by plotting [S]/V versus inhibitor concentration®. It
was 9.7 pM (data not shown). Compound I is a more potent
inhibitor than cinnamic acid, which shows that the sulfur
atom plays an important role in inhibitory activity®'.
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Table 2. Thermodynamic parameters of binding Il on mushroom tyrosinase at two different temperatures (+SD).

Reaction type Temperature (°C) K, (uM) a K, (M™x10°) AG® (kJ.mol™) AH° (KJ.mol™ TAS° (kJ.mol™)
Cresolase 27 0.64+0.23 3.8+0.7 15.6+5.6 -35%1 =307 -5+2
37 0.95+0.25 3.5+1.1 10.5+2.8 -36+1 -5+1
Catecholase 27 0.29+0.05 2.8+0.8 34.5+5.9 -37+1 -99+3 -61+4
37 1.05+0.14 2.3+0.3 9.5+1.2 -35+1 -61+4
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Figure 7. Intrinsic fluorescence emission spectra of MT (1) and MT in
the presence of: (a) I at concentrations of 1.4pM (2), 2.5uM (3), 3.8uM
(4),4.4puM (5), 5uM (6), 10puM (7), 151 M (8) and (b) II at concentrations
of 0.6 uM (2), 1uM (3), 2uM (4), 3uM (5), 5uM (6). The excitation wave-
length was 280 nm. The concentration of the enzyme was 0.17 mg/mL.

Kinetic parameters of inhibitory effect of p-xylidine-
bis(dithiocarbamate) sodium salt on activities of MT
Double reciprocal Lineweaver-Burk plots for the cresolase
and catecholase activities of MT on hydroxylation of -
tyrosine and L-DOPA as substrates, in the presence of dif-
ferent fixed concentrations of compound II at pH 6.8 and
temperatures 27 and 37°C, are shown in Figures 5 and 6.
For both activities at both temperatures, II behaved as a
mixed type inhibitor, since increasing the II concentration
resulted in a family of lines with a common intercept on
the left hand side of the vertical axis and close to the hori-
zontal axis with different slopes, which confirmed mixed
inhibition. The equilibrium constant for inhibitor binding
with free MT, K, was obtained from nonlinear regres-
sion fittings as described earlier (shown in the insets of
Figures 5 and 6).

At temperature 27°C, the obtained inhibition constants
were 0.64 uM for cresolase activity and 0.29 p M for catecho-
lase activity, as summarized in Table 2. In addition, raising
the temperature to 37°C caused an increase in inhibition
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Figure 8. Extrinsic fluorescence emission spectra of ANS-labeled MT in
the absence (1) and presence of: (a) I at concentrations of 2uM (2), 5uM
(3),10uM (4), 20 M (5) and (b) II at concentrations of 1 uM (2), 2uM (3),
3uM (4), 5 uM (5). The excitation wavelength was 385 nm. The concentra-
tion ratio (ANS/MT) was 50.

constant values. Obtained constants were 0.95pM and
1.05uM for cresolase and catecholase activities, respec-
tively, at 37°C. The inhibition mode of II in both activities
was mixed type (competitive-noncompetitive) at both
temperatures. This indicates that binding of the inhibi-
tor to tyrosinase decreases the strength of binding of the
substrate to the active site. This decrease can be assayed
with a quantity named « (interaction factor). Experimental
data (initial velocities) were fitted in Michaelis-Menten
equations in order to obtain apparent maximum velocities
(v ) and K’ . In mixed type inhibition, V', decreases
by a factor (1 + [I]/aK)). So, « and K, can be obtained from
the fitting of V' _versus [I], as summarized in Table 2. In
order to understand the effect of temperature on inhibi-
tion, the changes of Gibbs standard free energy, entropy,
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and enthalpy of binding were calculated using the asso-
ciation binding constant (K ) and are summarized in
Table 2. Negative enthalpy changes indicate that a strong
attachment of compound II develops through electrostatic
forces. Also, the IC_  value of catecholase activity at 0.5 mM
of L-DOPA was 0.7 pM (data not shown).

Florescence studies

The conformational change of MT after the binding of
compounds I and II was investigated by fluorescence
emission spectroscopy of inhibited MT. Changes in the
fluorescence emission spectra of tyrosinase (intrinsic
protein fluorescence) after incubation with increasing con-
centrations of inhibitors are shown in Figure 7. Increasing
inhibitor concentration caused the fluorescence emission
intensity to decrease, without a shift of the emission maxi-
mum. In order to better consider tertiary structure changes
of the protein we labeled MT with ANS as an extrinsic
fluorophore. The added inhibitors did not change the
extrinsic emission considerably. Figure 8 shows little struc-
tural change. On the other hand, the absorbance spectra
of the inhibitors did not show considerable absorbance at
the intrinsic emission area of MT (data not shown). So, the
conformation of inhibitor-bound MT was stable and more
rigid than that of uninhibited MT®.

In recent studies, we have considered the inhibitory
effects of some thiol compounds such as n-alkyl dithio-
carbamates, n-alkyl xanthates, and benzylthiol*3**%. It is
apparent that thiols are chelating groups of the MT active
site®. Furthermore, it is evident that the aromatic ring as
an electron-withdrawing group can increase inhibitory
effects®*®. Results of our analysis show that inhibition
constants for cresolase and catecholase activity inhibition
of MT are approximately equal. Thus, it seems that com-
pound Iinteracts with the hydrophobic pocket of the active
site due to the hydrophobic tail, without any substrate
interactions. Therefore, benzyldithiocarbamate behaves as
a noncompetitive inhibitor. Probably compound II, due to
two charged groups, will decrease the affinity of substrates
to the active site. IC, values show that the bifunctional
inhibitor is more potent than the monofunctional inhibi-
tor. It seems that two ionic negatively charged heads can
chelate positively charged copper ions.
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