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Tyrosinase (EC 1.14.18.1) was isolated and purified from Aspergillus nidulans (AUMC No. 7147) using ammonium sulphate
(80%), DEAE-cellulose and Sephadex G-200. The final specific activity of the purified tyrosinase was 230.76 units mg*
protein. The purified tyrosinase activity was inhibited by kojic, cinnamic and rosmarinic acids. The enzyme activity was also
inhibited by extracts from various plants including Morus alba, Lepidium sativum, Trigonella foenum-graecum, Vitis vinifera,
Alpinia galanga and Salvia officinalis. ICso values were 76.08, 41.16, 30.3, 57.59, 64.23 and 50.39 ugmL-, respectively.
Alpinia galanga leaf extract was the most potent inhibitor of tyrosinase. The enzyme activity was inhibited by the reagents of
active groups such as phenylglyoxal (PGO), N-bromosuccinimide (NBS), p-mercuric acetate (PMA) and trinitromethane

(TNM) revealing the necessity of arginyl, tryptophan, cysteinyl and lysyl residues for tyrosinase catalysis.
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INTRODUCTION

Tyrosinase has been detected in various species including
fungi, bacteria, plants, and animals (Holm et al., 1996).
Tyrosinase is metalloenzyme contains binuclear copper
(Nunes, 2018). It transforms o-diphenols and
monophenols to quinones, which provide melanin
(Sanchez-Ferrer et al.,, 1995). Therefore, it performs an
essential role in the melanin biosynthesis, which is a
pigment found in an animal’s skin and hair (Prota, 1988).
Furthermore, a severe agricultural problem triggered by
tyrosinase is the enzymatic reaction, which is known as
browning and causes the color and degradation of
vegetables quality as well as the fruits during storage
process (Loizzo et al.,, 2012). Accordingly, inhibition of
melanin biosynthesis can be applied in counteracting skin
diseases and developing skin-lightening agents for visual
concerns (Pillaiyar et al., 2017). Thus, tyrosinase inhibitors
provide a base for developing hyperpigmentation drugs.
Thus, they are of significant interest in food, cosmetic
industries, medical and agriculture.

Hence, the need for inhibitors of tyrosinase is
increasing and various compounds were isolated or
synthesized from natural origins and their inhibitory effects
on tyrosinase activity have been studied (Raza et al.,
2020; Yang et al., 2021).

However, an overdose production and
accumulation of this pigment in the dermal layer may
cause various dermatological disorders such as melasma,
freckle, lentigo, and Riehl melanosis (Nordlund and

Ortonne, 2006; Ullah et al., 2016).

Many synthetic and natural anti-melanogenic
compounds with promising characters both in vivo as well
as in vitro have been indicated (Jung et al., 2018),
However, the common of these compounds are coupled
with different side effects such as nephrotoxicity
(Westerhof and Kooyers, 2005), thyroid cancer (Ogiwara
et al., 2015), toxicity to melanocytic cells (Gaskell et al.,
2005) and genotoxicity (Maeda and Fukuda, 1996).

Chemical modification of enzyme is a good way to
investigate the role of each amino acid residue in
physicochemical characteristics and to understand the
structural-functional relationship of proteins. The polar
amino acids including lysine, arginine, glutamate,
aspartate, serine, tyrosine, histidine, methionine and
tryptophan can be chemically modified (Glazer et al.,
1975). Thus, the present work aimed to find out natural
inhibitors for tyrosinase from Aspergillus nidulans and
detection of tyrosinase active groups.

MATERIALS AND METHODS

Experimental organism

Aspergillus nidulans (Eidam) G. Winter (AUMC
No. 7147) was obtained from Assiut University Mubasher
Mycological Center (AUMMC), Assiut — Egypt — 71516.
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Inoculum preparation

Spore suspension of A. nidulans was prepared by
scraping the surface of 6-day old of sporulating culture in
10 ml of 0.85 % sterile saline solution containing 0.1 % of
Tween-80. The spore suspension contained 107 spores/m|
was counted using hemocytometer and 0.1 ml used as the
inoculum.

Production of tyrosinase from A. nidulans

Tyrosinase production was carried out using
modified tyrosine glucose liquid medium according to
Saxena and Sinha (1981). As triplicate sets of 250 ml
Erlenmeyer flasks containing 50 ml of sterilized medium
(g/L): tyrosine 5.0; glucose 10; KH2PO4 1.0; MgCl2.6H20
0.5; NaNOs 1.0; CaCl2.2H20 0.1; FeClz.6H20 0.02 and
ZnCl2 0.02 were used. The medium was adjusted to pH
7.0 using 0.1 N NaOH, then inoculated with 0.1 ml of fresh
spore suspension and incubated at 30°C for 7 days. After
incubation, fungal mycelium was filtered and separated by
centrifugation at 8,000 g for 15 min then the supernatant
was used as a crude enzyme.

Purification of tyrosinase

The enzyme was purified to homogeneity by
ammonium sulphate (80%), DEAE and Sephadex G-200.
The final specific activity of the purified tyrosinase was
230.76 units mg-! protein (Data not shown).

Assay of tyrosinase

To 0.1 ml culture supernatant 1.0 ml of 0.5 M
phosphate buffer (pH 6.5), 1.0 ml of 1 mM tyrosine and
0.9 ml of distilled water were added into test tube. The
reaction mixture was oxygenated by bubbling through a
capillary tube for 5 min to reach temperature equilibration
and absorbance was recorded at 280 nm by using UV-V is
spectrophotometer (Raval et al., 2012).

Determination of protein

The protein content was measured using Bovine
Serum Albumin (BSA) as a standard protein according to
Bradford, (1976). One ml of sample was mixed with 5ml of
Bradford reagent (Coomassie brilliant blue G-250) and
incubated for 5 min then the absorbance was recorded
595 nm (Raval et al.,, 2012) and specific activity of
tyrosinase was calculated

Effect of some known inhibitors on tyrosinase activity
from A. nidulans

Kojic, cinnamic and rosmarinic acids were tested in the
reaction medium of tyrosinase at various concentrations
(0, 20, 40, 60, 80 and 100 ug mL1). The enzyme activity
was determined and the relative activity was calculated.

Preparation of plants extracts

The plant parts used were Morus alba fruits, Vitis vinifera
leaves, Alpinia galanga leaves, Salvia officinalis leaves,
Lepidium sativum seeds and Trigonella foenum-graecum

seeds. The plant materials were air dried and powdered.
All plant samples were extracted with 95 % ethanol. The
mixture was stirred for 10 h at room temperature and then
filtered by Whatman filter paper no. 1. All extracts were
concentrated using rotary evaporator and stored at 2°C.

Effect of plant extracts on tyrosinase activity

The plants extracts were tested at various concentrations
(0, 20, 40, 60, 80 and 100 ug mL™1) in the reaction mixture
of tyrosinase followed by measuring the enzyme activity.
The ICso value for each tested plant was calculated.

Determination of total phenolic content of the tested
plants

The total phenol content was determined by Folin—
Ciocalteu method (Slinkard and Singleton, 1977; Saeedeh
and Asna, 2007). Extract solution was mixed with 1.16 ml
of distilled water and 100 ul of Folin—Ciocalteu’s reagent,
followed by 300 pl of 200 g/l Na2COs solution. The mixture
was incubated in a water bath for 30 min at 40°C and its
absorbance at 760 nm was measured. Gallic acid was
used as a standard for the calibration curve. Total
phenolic content as gallic acid equivalent was calculated
using the following equation:

A =0.98C + 9:925 x 102 (R2 = 0.9996)

where A is the absorbance and C is the

concentration (mg GAE g dry weight).

Determination of the total flavonoid content of the
tested plants

AICIs method was used for determination of flavonoids
(Chang et al., 2002). A sample of plant extract (0.5 ml)
was mixed with 0.1 ml potassium acetate, 0.1 ml of 10 %
aluminum chloride and 2.8 ml distilled water. It was left for
30 min at room temperature and the absorbance was
measured at 415 nm. The total flavonoid content was
calculated using a catechin standard curve and the results
were expressed as mg catechin equivalent (CE) gt dry
weight.

Effect of various group reagents on the activity of
tyrosinase from A. nidulans

The effect of various group reagents such as
phenylglyoxal (PGO), N-bromosuccinimide (NBS), p-
mercuric acetate (PMA) and trinitromethane (TNM) with
different concentrations (0, 2, 4, 6, 8 and 10 mM) on the
activity of tyrosinase was investigated. This was carried
out by adding 0.5 ml of each group reagent to the
standard enzyme reaction mixture, The most effective
reagent was detected according to the inhibition of
tyrosinase activity. ICso represents the concentration of a
chemical substance that is required to inhibit 50 % of the
enzyme activity.

RESULTS AND DISCUSSION
There is an increase intertest for developing of nature
skin-lightening agents with lower backwards, which can be
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used in cosmetics and medicine (BiswasBiswas et al.,
2015). Tyrosinase from A. nidulans was purified by
ammonium  sulphate (80%), DEAE-cellulose and
Sephadex G-200 to final specific activity of 230.76 units
mg?! protein (El-Shora et al.,, 2022b). The purified
tyrosinase activity was measured in presence of various
concentrations of kojic acid, cinnamic acid and rosmarinic
acid (0, 20, 40, 60, 80 and 100 pug mL?) in the reaction
mixture. The results in Figure 1 reveal continuous decline
in tyrosinase activity in a concentration-dependent
manner. The calculated ICso of Kojic acid, cinnamic acid
and rosmarinic acid were 48.5, 109.3 and 64.9 ug mL71,
respectively. Tyrosinase inhibitors may inhibit the
melanogenesis in cells without other side effects because
tyrosinase enzyme produced only by melanocytes (Kumari
et al., 2018; Pillaiyar et al., 2018; Zolghadri et al., 2019).
Kojic, cinnamic and rosmarinic acids inhibited tyrosinase
from A. nidulans. These compounds may inhibit tyrosinase
by chelating with Cu?* cation in its active site. Thus,
inhibiting the substrate—enzyme interaction as well as
disrupting the electrochemical oxidation process. To
determine the inhibitory mechanism, the I1Cso value could
be premeditated in the kinetics studies of enzyme and
inhibitor's screening to compare the inhibitory strength of
an inhibitor with that of a standard and other inhibitor.
Kojic acid inhibited strongly tyrosinase with 1Cso 48.5 ug
mL1 and the inhibition of the enzyme by this compound is
in consistent with those of (Sheng et al., 2018) and (Peng
et al., 2022). Also, tyrosinase from Aspergillus flavus was
inhibited by kojic acid with ICso 12.6 pg mL1 (Maamoun et
al.,, 2021). The two divalent copper ions that are
surrounded by three histidine residues are responsible for
the catalytic activity of tyrosinase. Thus, the inhibition by
kojic acid is mediated via copper chelating mechanism to
the active site of the enzyme. Due to efficacy of kojic acid
it is used as positive control in tyrosinase inhibition assay
and in cosmetic and food industry, however it is
applications are limited because of several side effects
(Burnett et al., 2010).

Tyrosinase was inhibited by cinnamic acid with
ICso of 109.28 ug mLL. In support, Zolghadri et al. (2019)
reported inhibitory effect of cinnamic acid for tyrosinase.
Also, Al-Abbasy et al. (2021) reported the inhibition of
tyrosinase from Helianthus tuberosus by cinnamic acid.
Rosmarinic acid expressed its inhibitory effect on
tyrosinase from A. nidulans with I1Cso of 78.16 yg mL1.
Rosmarinic acid from Perilla frutescens possessed an
inhibitory effect on mushroom tyrosinase activity with
ICso of 4.0 ug mL1 (Ha et al., 2005). In addition, rosmarinic
acid inhibited other enzymes including adenylate cyclase
(Kasimu et al., 1998) and aldose reductase (Kohda et al.,
1989).
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Figure 1: Effect of kojic acid, cinnamic acid and
rosmarinic acid on activity of purified tyrosinase from
A. nidulans.

Plants are a natural source of bio-active chemicals
which are able to inhibit tyrosinase and reduce reactive
oxygen species (ROS) for protection human body against
diseases related to DNA alterations. Anti-tyrosinase
compounds are widely commercialized as components in
pharmaceuticals, foods, cosmetics and in addition to
health industries (Corradi et al., 2018). The effect of plant
extracts from various plant parts of purified tyrosinase
activity was investigated. These extracts were prepared
from fruits of Morus alba and seeds of Lepidium sativum
as well as Trigonella foenum-graecum. Also, leaf extracts
from of Vitis vinifera, Alpinia galanga and Salvia officinalis
were tested in tyrosinase reaction mixture. Each extract
was investigated at various concentrations (0, 20, 40, 60,
80 and 100 pgmL-1). The results in Figures 2A, 2B, 2C,
2D, 2E and 2F reveal that tyrosinase activity was inhibited
in concentration-dependent manner with each extract.
Plotting the relation between the relative activity and the
various concentrations of the tested plant extracts showed
straight lines with 1Cso of 76.08, 41.16, 30.3, 57.59, 64.23
and 50.39 pgmL? for the 6 plant extracts mentioned
above, respectively. Trigonella and Lepidium extracts
inhibited tyrosinase activity in the present work and this is
in harmony with the results of (Subramanian and
Sahithya, 2016) who reported tyrosinase inhibition from
mushroom by these two plants (Hamed et al., 2021). The
inhibition of tyrosinase from A. nidulans by Vitis vinifera
leaf extract is in agreement with those reported for the
enzyme from mushroom (Lin et al., 2017). Also, the
inhibition of purified tyrosinase by Salvia officinalis extract
may be due to the presence of rosmarinic acid in salvia
extract (Kang et al.,, 2004). Morus alba extract inhibited
tyrosinase from A. nidulans with ICso of 76.08 and this is in
agreement with Kim et al. (2007) who found that Morus
alba extract inhibited tyrosinase from mushroom. Alpinia
extract inhibited tyrosinase from A. nidulans and this
inhibition is consistent with the results of (Romes et al.,
2020) for the enzyme from mushroom. Among
polyphenolic compounds, flavonoid derivatives were found
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in herbal plants and fruits and they are potent inhibitors of
tyrosinase (Erdogan and Tareq, 2014; Lee et al., 2017).
The inhibition of tyrosinase activity by Alpinia extract may
be due to it contents of polyphenols and flavonoids
(Abdel-Azeem and Basyony, 2019). In support, mushroom
tyrosinase was inhibited by chloroformic and ethanolic
extracts of Salvia officinalis (Juee, 2022) and ethanolic
extract of Prunus Persica (Murata et al., 2022) for the
same reasons.
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Figure 2: Effect of various plant extracts on activity of
purified tyrosinase. A: Morus alba fruits, B: Vitis
vinifera leaves, C: Alpinia galanga leaves, D: Salvia
officinalis leaves, E: Lepidium sativum seeds and F:
Trigonella foenum-graecum seeds.

Plants produce a large diverse class of polyphenols
including phenolic acids, flavonoids, stilbenes and lignans
(Huang et al., 2009; Lin et al., 2016). A large number of
these compounds have been reported as a weak or potent
inhibitor of tyrosinase (Du et al., 2011; Wang et al., 2014;
Solimine et al., 2016; Zheng et al., 2016). Several studies
showed that the location and number of phenolic
hydroxyls on flavonoids influence the inhibition activity of
tyrosinase (Shimizu et al., 2000; Kim et al., 2006). TPC in
the tested plant extracts are determined and the results
are illustrated in Fig. 3. The results reveal that the highest
TPC content (328 mg GAE/ g D. wt) was found in M. alba
fruits followed by L. sativum seeds (266), S. officinalis
leaves (224), T. foenum-graecum seeds (181), V. vinifera
leaves (160) and A. galanga leaves (122). Phenolic acids
such as caffeic acid, p-coumaric acid, and rosmarinic acid
inhibited tyrosinase activity (Oliveira et al., 2013; Crespo
et al.,, 2019; Kim and Lee, 2019). TFC content in the
tested plants are determined and the results in Figure 3.
demonstrate that the 6 plants extracts expressed various
contents of TFC M. alba fruits expressed content of (241
mg Q/ g D. wt) which was the highest followed by T.
foenum-graecum seeds (175), L. sativum seeds (128), S.
officinalis leaves (112), V. vinifera leaves (80) and A.
galanga leaves (64). Flavonoids as phenolic compounds
represent the most potent inhibitors of tyrosinase and
among these inhibitors luteolin, quercetin, and apigenin
(Omar et al., 2018; Kim and Lee, 2019). Flavonoids are
used as anti-inflammatory, antiviral, antioxidant and anti-
cancer. In depigmentation activity, flavonoids can directly
inhibit tyrosinase activity in melanogenic pathways due to
the similarity between the dihydroxyphenyl group in DOPA
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and a-keto containing flavonoids (Ebanks et al., 2009).
The phenolic and flavonoid compounds could inhibit
tyrosinase enzyme activity via competition of the substrate
for the enzyme active site since they have L-tyrosine
structural analogue properties (Chang, 2009). Phenol and
flavonoids are secondary metabolites that can inhibit
excess melanin production processes. These metabolites
were developed in pharmaceutical cosmetic as lightening
ingredient (Lin et al., 2008). Thus, they are promising
model compounds for discovery and design of tyrosinase
inhibition.

350 4
300 - mTPC EITFC
250 A
200 A
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100 A
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mg Q/g D. wt

mg GAE/g D. wt

Plant extracts

Figure 3: The contents of total phenolic and
flavonoids in the various tested plant extracts.

Four compounds namely phenylglyoxal (PGO), N-
bromosuccinimide (NBS), p-mercuricacetate (PMA) and
trinitromethane (TNM) are well known reagents for arginyl,
tryptophanyl, sulfhydryl and lysyl groups in proteins (El-
Shora et al., 2021; El-Shora et al., 2022). The effect of
these four reagents on the activity of the purified
tyrosinase was tested at various concentrations (0, 2, 4, 6,
8 and 10 mM) in the reaction mixture and the results in
Figure 4. indicate an inhibition of tyrosinase activity by
these compounds in a concentration-dependent manner.
The tos values of tested reagent were calculated and the
were 200, 107.20, 76.81, 59.91 and 41.05 min for PGO;
64.39, 54.24, 42.42, 35.98 and 26.04 min for NBS;
143.59, 74.42, 57.35, 40.65 and 30.12 min for PMA and
112.48, 85.13, 55.97, 45.73 and 32.48 min for TNM at 2,
4, 6, 8 and 10 mM of various active groups, respectively.
The inhibition of tyrosinase from A. nidulans was inhibited
by PGO, NBS, PMA and TNM indicating the essentiality of
arginyl, tryptophanyl, cysteinyl and lysyl groups for
tyrosinase catalysis. The essentially of tryptophanyl
residue for tyrosinase from A. nidulans is the harmony
with the results of (Emami and Gheibi, 2016) for
mushroom tyrosinase. The presence of cysteine as
essential residue in tyrosinase is supported by the finding
of (Hamed and El-Sharkawy, 2020) for Penicillium
chrysogenum enzyme. Liu et al. (2005) and Lundstrom,
(1974) reported that tyrosinase are known as copper
containing enzyme with possible involvement of cysteine
and histidine at the active site. The cysteine and histidine
residues are connected through a threonine residue,
forming a motif conserved among mushroom tyrosinases

and this is considered to be somehow important for the
catalytic activity (Klabunde et al., 1998; S6hretoglu et al.,
2018).

-
1)
3

(%)

o

3 8
o »
3 8

s

3
IS
8

N
S
N
1

Risedual activity (%)

Residual activity

o
o 4

o
o 4

T T T > ] T T T T ]
20 40 60 80 100 20 40 60 80 100
Time (min) Time (min)

Residual activity (%)
Residual activity (%)

0 20 40 60 80 100 0 20 40 60 80 100
Time (min) Time (min)

Figure 4: Active groups taking part in tyrosinase
catalysis. A: PGO, B: NBS, C: PMA and D: TNM.

CONCLUSION

All the tested plant extract inhibited tyrosinase with
various rates. These results are important since these
extracts are natural. However, some of extracts show
excellent inhibitory effect while others exhibited lower
inhibition on tyrosinase activity. Several studies are
needed to find out the type of tyrosinase inhibition by the
tested plant extracts and identification of the prominent
inhibitory compound in each extract. The results conclude
that arginyl, tryptophanyl, cysteinyl and lysyl are essential
residues for enzyme catalysis.
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