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Abstract In this paper, the inhibitory effects of 4-
chlorocinnamaldehyde on mushroom tyrosinase were
investigated. The results showed that 4-
chlorocinnamaldehyde had a significant inhibitory effect
on monophenolase and diphenolase in tyrosinase. 4-
Chlorocinnamaldehyde could obviously prolong the lag
phase of monophenolase and it decreased the steady-state
rate of both monophenolase and diphenolase. The IC50

values were found to be 0.07 and 0.3 mM for mono-
phenolase and diphenolase, respectively. The kinetic studies
showed that the inhibitory mechanism of mushroom tyr-
osinase by 4-chlorocinnamaldehyde was the reversible
competitive inhibition. The inhibition constant (KI) was
measured to be 0.17 mM. The experimental research
demonstrated that 4-chlorocinnamaldehyde was an effective
tyrosinase inhibitor and the research results may offer the
theoretical basis for designing and synthesizing safer and
more efficient tyrosinase inhibitors in future.
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Introduction

Tyrosinase (1.14.18.1 EC) is an important oxidoreductase
and it is an integral part of the metabolism of melanin in the
body (Alijanianzadeh et al. 2012). Tyrosinase has both
monophenolase and diphenolase activities and it catalyzes
L-tyrosine oxidized into L-3,4-dihydroxyphenylalanine (L-
DOPA), then further oxidized into dopaquinone. After a
series of reactions, dopaquinone eventually becomes mela-
nin (Chan et al. 2014; Chen et al. 2005). Tyrosinase is
widely distributed in the epidermis, eyes and hair of human.
Melanin as its end catalysate can protect the above parts of
body from UV damage so it has a certain positive sig-
nificance to the human body. But excessive deposition of
melanin can lead to freckles, brown spots, and other pig-
mentation disorders (Khan 2007; Xing et al. 2016). In
addition, tyrosinase also contributes to the enzymatic
browning of vegetables and fruits (Chen et al. 2013). This
undesired darkening finally leads to the unattractive
appearance and nutrient loss in those fresh fruits and
vegetables, which cause the reduction in economic value.
Therefore, finding new safe and efficient tyrosinase inhibi-
tors is of great social and economic significance. Due to the
decrease in melanization, tyrosinase inhibitors have a wide
range of application value, not only applied to food pre-
servation, but also used in medicine and cosmetics
whitening agent (Georgiev et al. 2012).

Many researchers have been searching for more efficient
tyrosinase inhibitors. For example, 4-chlorosalicylic acid, α-
cyano-4-hydroxycinnamic acid and some novel 4-
hydroxybenzaldehyde derivatives have been discovered as
tyrosinase inhibitors (Han et al. 2008; Qiu et al. 2009; Yi
et al. 2010). Although there are many inhibitors in previous
studies, inhibition efficiency not high enough or biological
toxicity always making it difficult for their practical
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applications (Ashraf et al. 2015). The two characteristics
have become the new driving force for the later research.
The purpose of this study is to find novel efficient tyrosinase
inhibitor in order to develop it as new potent food pre-
servatives or cosmetic additives in future.

Materials and methods

Reagents and instruments

Mushroom tyrosinase (EC 1.14.18.1), 4-
chlorocinnamaldehyde (purity ˃ 96%), L-tyrosine (purity ˃
98.5%) and L-DOPA (purity ˃ 99%) were obtained from
Sigma-Aldrich (St. Louis, MO, USA). Dimethyl sulfoxide
(DMSO), sodium dihydrogen phosphate and disodium
hydrogen phosphate were of analytical grade. The deionized
water was used throughout the all experiments. The
absorbance of the product was measured by a Beckman
UV-650 spectrophotometer.

Enzyme assay

Method for testing is based on absorbance measurement.
Dopachrome as the tyrosinase catalytic oxidation product
has maximum absorption at wavelength of 475 nm and its
extinction coefficient is 3700M−1cm−1. One unit of enzy-
matic activity can lead to dopachrome absorbance at the
wavelength of 475 nm increased by 0.001 per min (Wang
et al. 2004). This effective method has been widely used in
previous studies (Chai et al. 2013; Zhu et al. 2011).
According to this method, L-tyrosine and L-DOPA were
designated as substrates in monophenolase and diphenolase
assay. The mixed solution contained 2.8 mL substrate
solution, 0.1 mL 4-chlorocinnamaldehyde solution and 0.1
mL tyrosinase aqueous solution. NaH2PO4–Na2HPO4 buf-
fer (50 mM, pH 6.8) was used to dissolve the substrate. 4-
Chlorocinnamaldehyde added in the reaction solution was
dissolved in DMSO solution. In the experiment of mono-
phenolase activity testing, the concentration of tyrosinase
(570 U/mg) remained at 333.3 μg/mL, and it was turned to
be 33.3 μg/mL in the diphenolase testing. The final con-
centration of the substrates was 0.5 mM and the temperature
was kept at 30 °C (Hu et al. 2016). The enzyme activity
could be calculated according to the absorbance curve of
enzyme catalyzed product at 475 nm.

Determination of the inhibitory pattern

Generally, enzyme inhibitors are classified into two types,
reversible and irreversible. To further explore the inhibitory
pattern of 4-chlorocinnamaldehyde, a new measurement
system had been established. The substrate (L-DOPA)

concentration was maintained at 0.5 mm, while the tyr-
osinase amount was changed. Under each tyrosinase
amount, different concentrations of 4-
chlorocinnamaldehyde were added in the reaction solution
to observe the effect of 4-chlorocinnamaldehyde on the
relationship between the catalytic reaction rate and the
amount of tyrosinase (Xie et al. 2016).

Determination of inhibitory type and constant

In this test system, the enzymatic activity was measured by
maintaining concentration of tyrosinase at 33.3 μg/mL and
changing substrate concentration (L-DOPA) from 0.25 to
1.0 mM. The inhibitory types of 4-chlorocinnamaldehyde
on tyrosinase activity were determined by analyzing the
change of the kinetic parameters from Lineweaver–Burk
double reciprocal plots (Liu et al. 2015). By secondary plot
of the intercept (1/Vmax) or slope (Km/Vmax) versus the
concentrations of inhibitor, the inhibition constant was
obtained from intersection point of straight line and the
abscissa axis (Bao et al. 2010).

Results and discussion

Inhibition on tyrosinase

To investigate inhibition of 4-chlorocinnamaldehyde to
tyrosinase deeply, the effects of 4-chlorocinnamaldehyde on
the monophenolase and diphenolase activities were indivi-
dually studied.

For monophenolase, the absorbance curve of the enzyme
catalyzed product was shown in Fig. 1. As was shown in the
graph, there was a marked lag phase in the enzymatic
reaction of monophenolase. After lag period, the reaction
reached stable state. By pushing forward the linear part of
the curve, its intersection with the X-axis represented the lag
time (Jiménez et al. 2001). The slope of the linear part could
be used to test the steady-state rate of monophenolase. It
was found that the lag time increased with the increase of 4-
chlorocinnamaldehyde amount, but the steady-state rate
decreased with the increase of inhibitor concentration
(Figs 2 and 3). The IC50 value of 4-chlorocinnamaldehyde
to monophenolase was measured to be 0.07 mM.

The inhibition of 4-chlorocinnamaldehyde on dipheno-
lase was investigated with L-DOPA as substrate. When L-
DOPA was added into assay medium, the reaction imme-
diately reached a steady-state. The stable activity of
diphenolase decreased with increasing the inhibitor con-
centration (Fig. 4), which suggested that 4-
chlorocinnamaldehyde was a concentration-dependent
inhibitor. The IC50 value of 4-chlorocinnamaldehyde to
diphenolase was measured to be 0.3 mM.
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Inhibitory pattern of 4-chlorocinnamaldehyde on
tyrosinase

The relationship between the activity and quantity of tyr-
osinase was studied by changing inhibitor concentrations.

With the increasing 4-chlorocinnamaldehyde concentration,
the slope of the straight line decreased (Fig. 5), which
revealed that 4-chlorocinnamaldehyde inhibited tyrosinase
in a reversible way. Adding 4-chlorocinnamaldehyde
couldn’t reduce the amount of tyrosinase, but just inhib-
ited its activity.

Fig. 1 Inhibition on monophenolase by 4-chlorocinnamaldehyde. The
curves 1–6 represented different concentrations of 4-
chlorocinnamaldehyde (0, 0.05, 0.1, 0.15, 0.2, and 0.25 mM)

Fig. 2 Promoting effect of 4-chlorocinnamaldehyde on the lag time of
monophenolase. The tyrosinase amount was 333.3 μg/mL, the L-tyr-
osine concentration was 0.5 mM and the temperature was kept at 30 °C

Fig. 3 Inhibition of 4-chlorocinnamaldehyde on steady-state rate of
monophenolase. The tyrosinase amount was 333.3 μg/mL, the L-tyr-
osine concentration was 0.5 mM and the temperature was kept at 30 °C

Fig. 4 Inhibition of 4-chlorocinnamaldehyde on diphenolase activity.
The tyrosinase amount was 33.3 μg/mL, the substrate (L-DOPA)
concentration was 0.5 mM and the temperature was kept at 30 °C
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Inhibitory type and constant of 4-chlorocinnamaldehyde
on tyrosinase

If the inhibitor combines only with the free enzyme, it will
be the competitive inhibitor; if the inhibitor binds only with
the enzyme-substrate complex, it will belong to the non-
competitive inhibitor; if the inhibitor not only combines
with free enzyme but also binds with enzyme-substrate
complex, it will be classified as the mixed-type inhibitor.

The changes of kinetic parameters were studied in
reaction catalyzed by tyrosinase. As shown in Fig. 6a, all
straight lines intersected at Y-axis. With the increasing
concentrations of inhibitor, the value of Vm remained

unchanged, but the value of Km increased. The experi-
mental results strongly suggested that 4-
chlorocinnamaldehyde was a competitive inhibitor of tyr-
osinase (Radhakrishnan et al. 2015). 4-
Chlorocinnamaldehyde could compete with the substrate
for the active site of tyrosinase. The value of KI was
obtained from Fig. 6b to be 0.17 mM.

Conclusions

The inhibition of tyrosinase by 4-chlorocinnamaldehyde
was studied in this work. There are both monophenolase
and diphenolase activity in tyrosinase. According to the
results of the research, 4-chlorocinnamaldehyde had a sig-
nificant inhibitory effect to two enzymatic activities of
tyrosinase. For monophenolase, 4-chlorocinnamaldehyde
could obviously prolong its lag phase and decrease its
steady-state rate. The inhibitor had obvious effect on
diphenolase activity too. The IC50 values of inhibitor to two
enzymatic activities were measured to be 0.07 and 0.3 mM,
respectively. 4-Chlorocinnamaldehyde could compete with
the substrate for the active site of tyrosinase and the inhi-
bition process was reversible. And the KI value was found
to be 0.17 mM. 4-Chlorocinnamaldehyde has an aldehyde
group and a chloride group in para-position of benzene
ring. The amino group of tyrosinase can form the Schiff
base structure with the aldehyde group. Chlorine has elec-
tron attracting ability, which can increase the bare nucleus
carbon, so that the nucleophilic addition reaction is more
likely to occur. Therefore, the chloride group in para-
position can promote the combination of 4-
chlorocinnamaldehyde and tyrosinase. 4-
Chlorocinnamaldehyde is a competitive inhibitor of

Fig. 5 The relationship between the activity and quantity of tyr-
osinase. Curves 1–5 meant different concentrations of inhibitor (0, 0.1,
0.4, 0.6, and 0.8 mM)

Fig. 6 a Double reciprocal plot
to determine the type of
inhibition on tyrosinase. The
curve 1–3 represented different
concentrations of 4-
chlorocinnamaldehyde (0, 0.3,
and 0.5 mM). b Quadratic
drawing for KI
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tyrosinase. Once 4-chlorocinnamaldehyde binds with the
active site of tyrosinase, the substrate will not be able to
bind with the enzyme. So 4-chlorocinnamaldehyde can
competitively restrain the activity of tyrosinase and the
chloride group in para-position can obviously enhance the
activity of inhibition.

The results of this research indicated that 4-
chlorocinnamaldehyde was an effective tyrosinase inhi-
bitor, and its practical application in food and cosmetics
fields still need to be further studied.
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