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Abstract

Rice bran protein hydrolysates (RBPHSs) obtained by Alcalase® have attracted attention because of their
bioactivity properties (antioxidant, anti-acetylcholinesterase and anti-butyrylcholinesterase). However, there has been
no report on their improved inhibition of melanogenesis. This study aimed to investigate the inhibitory tyrosinase
activity of RBPH. The defatted Khao Hom Mali RD15 rice bran protein was extracted into water (RBP1), 2% NaCl
(RBP2) and 0.1 N NaOH (RBP3) fractions. All protein fractions were hydrolyzed with Alcalase® to produced RBPH1,
RBPH2 and RBPH3. The protein content, % vyield, degree of hydrolysis (DH) and molecular weight patterns of each
fraction were investigated. The RBPH2 and RBPH3 showed high potential inhibition on mushroom tyrosinase activity,
the 1Cso values were determined to be 1.92 mg/ml and 0.46 mg/ml, respectively. The inhibition kinetics showed that
RBPH2 was an uncompetitive mechanism, with inhibition constants (Ki and Kis) were 6.1 mg/ml and 4.5 mg/ml,
respectively. Moreover, the RBPH3 displayed a non-competitive mechanism and Ki and Kis were 2.8 mg/ml and 2.5
mg/ml, respectively. Therefore, the RBPHSs could be potential candidates for use in the cosmetics and food industries.

Keywords: inhibition; kinetic; mushroom tyrosinase; protein hydrolysates; rice bran protein.

1. Introduction Tyrosinase inhibitors are used for skin-whitening

The pigment in the skin, hair, and eyes of agents and the inhibition of undesired browning in
humans is derived from melanin gained through the food industry. Kojic acid, hydroquinone and
melanogenesis in melanocytes. The irregularity of arbutin are known tyrosinase inhibitors, but they
melanin biosynthesis causes freckles, melasma, exhibit side effects (Ishikawa, Sasaki, Kawaguchi,

and skin disorders and may increase the risk of Mochizuki, & Nagao, 2006; Kooyers &
skin cancer (Dogra & Sarangal, 2014; Saran, Westerhof, 2006; Ota et al., 2009).

2004). In melanin biosynthesis, the enzyme that In recent years, plant-derived protein
plays a role as a rate-limiting enzyme is tyrosinase hydrolysates have gained attention from the
(EC 1.14.18.1). Tyrosine is found in mammals, nutraceutical and cosmetic industries because of
bacteria, plants, and fungi. It catalyzes two their ability to improve health functions. To obtain
activities in  melanogenesis:  monophenolase protein  hydrolysate, either chemical and/or
activity that hydroxylation L-tyrosine to 3,4- enzymatic methods are used. The modulation of
dihydroxyphenylalanine (L-DOPA) and hydrolytic process conditions (type of proteases
diphenolase activity that oxidation L-DOPA to o- and time) makes it possible to acquire different

dopaquinone (Chai et al.,, 2018; Gou, 2017). bioactive protein hydrolysates. The protein
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hydrolysates obtained from oat bran (oatp) by
enzymatic hydrolysis with Alcalase®, [-glucan
and saccharifying enzyme exhibit antioxidative
stress-induced cell injury in skin fibroblasts (Feng
et al., 2013). The hydrolyzed wheat protein
obtained by enzymatic hydrolysis has shown
wound healing and anti-inflammatory activity
(Sanguigno et al., 2018). It is safe to use in skin
and hair conditioning agents (Burnett et al., 2018).
In vitro and in vivo antioxidant activities have been
observed in hemp seed protein hydrolyzed by
Neutrase® (Logarusic et al., 2019)

Rice bran is a good source of bioactive
hydrolysate protein. Rice bran is a part of the
outer layer of a rice grain, which is obtained from
the rice-milling process. Interestingly, rice bran
contains 10-15% protein, 34-62% carbohydrate
and 15-20% oil, in addition to being rich in
nutrients and biologically active compounds. Rice
bran proteins can be grouped into albumin,
globulin, glutelin and prolamin based on their
solubility; the values for each protein type depend
on rice cultivars (Chanput, Theerakulkait, &
Nakai, 2009; Fabian & Ju, 2011). Rice bran
protein hydrolysates (RBPHSs) have been reported
in extraction and hydrolysis with various protease
enzymes. The functional peptides from RBPH
have been identified and characterized as a good
source of pharmacological activities, such as
antihypertensive activities, anti-inflammation, and
antidiabetic (Boonloh et al., 2015; Jan-On et al.,
2020, Phantuwong, Thongraung, & Yupanqui,
2017). In addition, rice protein hydrolysates have
high nutrition and hypoallergenic properties
(Dupont et al. 2020, Vandenplas, De Greef, Hauser
& Paradice Study Group, 2014). However,
information about the tyrosinase inhibitory activity
of RBP and its fraction Alcalase® hydrolysate
remains limited. In this work, RBP was extracted
by different methods and RBPHSs in all hydrolyzed
RBP fractions were separated. Subsequently, the
tyrosinase inhibitory activities of RBPs and
RBPHSs were determined.

2. Objectives

This study aimed to investigate the
potential of mushroom tyrosinase inhibition from
rice bran proteins extracted by different extraction
conditions as well as their hydrolysates by
Alcalase®. The type of inhibition was determined
by enzyme kinetic assay.
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3. Materials and methods
3.3 Materials

Raw materials of rice bran (Khao Hom
Mali RD15) were bought from farmers in Surin
Province, Thailand. Tyrosinase from mushroom,
3, 4-Dihydroxy-L-phenylalanine (L-DOPA), B-
mercaptoethanol and kojic acid were purchased
from Sigma-Aldrich (St. Louis, MO, USA).
Alcalase® was purchased from Merck (USA).
NaCl and NaOH were purchased from Carlo Erba
(Italy). Glycine, Sodium dodecyl sulfate (SDS)
and Tris-base were purchased from VWR (USA).
Unstained Protein Ladders (1.4-26.6 kD) were
purchased from Bio-Rad (USA), while the Blultra
pre-stained protein ladder (6.5-270 kD) was
purchased from Bio-Helix (Taiwan).

3.2 Rice bran protein hydrolysate (RBPH)
preparation

Thai rice bran (Khao Hom Mali RD15)
was defatted twice by dispersion in hexane (1:3
w/v), followed by continuous stirring for 1 h. The
defatted rice bran (DRB) was air-dried overnight
under a hood. The following steps were performed
at 4°C: DRB (200 g) was extracted twice with
distilled water (1:5 w/v) by continuous stirring for
1 h and then filtered to obtain the RBP1 fraction.
After this step, the residue was extracted twice
with 2% NaCl (1:5 w/v) by continuous stirring for
1 h and filtered to recover the RBP2 fraction.
Finally, the residue was extracted twice with 0.1 N
NaOH (1:5 w/v) by continuous stirring for 1 h and
filtered to recover the RBP3 fraction. All fractions
were freeze-dried and stored at -20 °C. The
protein content of extracts was determined by the
Bradford method. The bovine serum albumin
(BSA) was used as the protein standard.

The RBP1, RBP2, and RBP3 were
dissolved in distilled water (1:10 w/v). The
suspension was adjusted to pH 8.0 for hydrolysis
of Alcalase® (1% FE/S). Hydrolysis was
performed at 55 °C and maintained pH to optimum
condition with 0.1 N NaOH. After 3 h, the
enzyme was inactivated by heating at 95 °C for 10
min. The suspensions were cooled down and
centrifuged at 2,000 g for 1 h (4 °C) to obtain
supernatant for rice bran protein hydrolysates
(RBPH1, RBPH2 and RBPH3). All RBPHs were
adjusted to pH 7, then freeze-dried and kept at -20
°C.
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3.2 Determination of the degree of hydrolysis
(DH)

After 3 h of protein hydrolysis step, the
DH (%) was measured. According to Adler
Nissen (1986), the degree of hydrolysis (DH) can
be described as the percentage of peptide bonds
cleaved to the total number of bonds per unit
weight, which can be calculated following the
equation below:

DH (%) = B x Nb x 1/ x 1/MP x 1/ht x 100

where B is the base consumption (ml)
used to control the pH during enzymatic
hydrolysis, Nb is the normality of the base (0.1 N
NaOH), and o is the average degree of
dissociation of the a a-NH2 groups (1/a = 1.13 for
hydrolysis of Alcalase®), MP is the mass of
protein in g (N) x 5.95, and hy is the total number
of peptide bonds in the protein substrate (8.4
meqv/g rice bran protein).

3.3 Determination of molecular weight of protein
by gel electrophoresis

Tricine-SDS-PAGE is used for separate
proteins in mass 1-100 kDa. The RBPs and
RBPHs (containing 20 ug protein) were mixed
with 50 ul of loading buffer: 0.1 M Tris-HCI, pH
6.8, 24% (v/v) glycerol, 8% SDS, 2% f-
mercaptoethanol and 0.02% bromophenol blue,
and then heated for 5 min in boiling water. The
samples (10 ul) were loaded into 4% stacking gel

and 16% separating gel. Electrophoresis was
conducted using an anode running buffer
containing 0.1 M Tris-HCI, pH 8.9, and a cathode
running buffer containing 0.1 M Tris, 0.1 M
Tricine and 0.1% SDS. SDS-PAGE was performed
at 30 mV until samples were transferred into the
stacking gel, and then the voltage was changed to
100 mV until the end. For protein visualization,
the gel was fixed in fixing solution for 30 min and
then immersed in a staining solution for 30 min.
The gel was distained overnight in a distaining
solution with shaking.

3.4 Mushroom tyrosinase inhibition assay
Tyrosinase  inhibition  assay  was
performed using a slightly modified approach from
Kim, Park, Lee, Kim and Lim (2012). In
triplicate, the reaction mixture contained 80 pl of
sodium phosphate buffer, pH 6.8, 40 ul of RBPs or
RBPHSs (0.5-4 mg/ml), 40 ul of 12.5 mM L-DOPA
and 40 pl of mushroom tyrosinase (125 U/ml).
After the addition of the enzyme, the reaction was
mixed and incubated at 25 °C for 5 min.
Subsequently, the dopachrome formation was
monitored at 475 nm. Kojic acid (5.68 pg/ml) was
used as a positive control. A blank control was a
reaction mixture without a sample (RBPs or
RBPHSs) and tyrosinase. A blank sample was a
reaction mixture with sample and without
tyrosinase. The percentage inhibition was
calculated as follows:

% Tyrosinase inhibitory activity =

The kinetics of the catalytic reaction of
RBPHs to mushroom tyrosinase was performed
using various concentrations of L-DOPA (0.5-5
mM). Inhibitory kinetics of RBPHs (0.1-4 mg/ml)
were determined by Lineweaver-Burk plots, and
the inhibition constants were measured by second
plots of the apparent slope (Knw/'Vm) or intercept
(1/V) versus the concentration of the RBPHSs.

3.5 Statistical analysis

Data were expressed as mean + SD, and
analyses by one-way ANOVA followed
Bonferroni’s post hoc test using GraphPad Prism5
(GraphPad Software Inc.). A p-value < 0.05 was
considered statistically significant.

(ODcontml - ODpjank control) - (ODsample - ODplank sample) %100

(ODcomrol -ODpjank control)

4. Results

Protein content and yield (%) of RBP1,
RBP2, RBP3 and their hydrolysates, together with
the degree of hydrolysis (%DH) of the hydrolysate
with Alcalase®, are shown in Table 1. The RBP3
showed the highest percentage of protein content
(22.07%) and vyield (6.85%), followed by RBP1
and RBP2, respectively. After hydrolysis, RBPH1
and RBPH2 showed an increase in protein yield
(2.38% and 1.66%), while RBH3 decreased
slightly to 5.05%. The hydrolysate of RBPH2 by
enzymatic reaction showed the highest DH (%) at
9.54, but the RBH3 resulted in the lowest DH (%)
at 3.46.
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Table 1 The percentage of yield of RBPs and RBPHs.

Samples  Yield! (%)  Protein? DH (%)
(%)
RBP1 0.78 7.73+£0.34
RBP2 0.44 2.16 £0.31
RBP3 6.85 22.07 +
0.05
RBPH1 2.38 3.52 +£0.28 7.08
RBPH2 1.66 2.67 £0.67 9.54
RBPH3 5.05 5.56 + 0.42 3.46

IThe percentage of gram protein/100 gram of defatted
rice bran
2 The percentage of gram protein/100 gram of extract

As shown by the results of tricine-
SDS—PAGE in Figure 1, our rice bran protein
extract RBP1, RBP2, and RBP3 the molecular
weights were 14-95, 6-53 and 6-95 kDa,
respectively. After the RBPs were hydrolyzed by
Alcalase®, the molecular weight was 6.5 — 37 kDa
for RBPH1, 14, 20 and 30 kDa for RBPH2 and
less than 6.5 kDa for RBPHS3.

RBP RBPH Marker
(kDa) (kDa)
270 1 2 3 1 DRI
175 — Ml T T e
130
95
66
52 e B
37 Pa—
30 | -
oy S 26.63
16 - - _16.95
6.5 - - — 14.44
+ . “ R 6.51
3.50
1.40

Figure 1 Tricine SDS-PAGE patterns of RBPs and RBPHSs hydrolyzed with Alcalase®

L-DOPA was used as a substrate to be
investigated against the mushroom tyrosinase
diphenolase activity. As shown in Figure 2, all
RBPs (RBP1, RBP2 and RBP3) and their
hydrolysates (RBPH1, RBPH2 and RBPH3,
respectively) were used as inhibitors of the
enzymes catalyzing the oxidation of L-DOPA at
concentrations of 0.5, 1, 2, and 4 mg/ml. The
RBP2 and RBP3 had a significant dose-dependent
inhibitory effect on mushroom tyrosinase activity
(<50%). Moreover, the hydrolysate RBPH2 and
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RBPH3 showed higher potent tyrosinase inhibition
(2-5-fold) than the protein extract. Also, the RBP1
and RBPH1 showed inhibitory effects on
mushroom tyrosinase activity (< 50%), but such
inhibitory effect on enzymes was not significantly
different. A positive control, kojic acid, showed
strong tyrosinase inhibition. In addition, the 1Cso
of RBPH2 and RBPH3 were 1.92 and 0.46 mg/ml,
respectively, while the other samples showed ICso
higher than 4 mg/ml, as shown in Table 2.
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Figure 2 Effect of RBPs and RBPHs on mushroom tyrosinase activity (means + SD; n =3). The relative activity of
mushroom tyrosinase assayed on L-DOP A oxidation in the presence of different concentrations of each extract (0.5, 1,
2, 4 mg/ml). Kojic acid (5.68 pg/ml) as a positive control was used. a and b indicate p < 0.05 and p <0.001 as compare

with between group on the same concentration.

Table 2 The inhibitory activity (ICso) of mushroom
tyrosinase on RBPs and RBPHs

Samples 1Cs0 (mg/ml)
RBP1 >4
RBP2 >4
RBP3 >4
RBPH1 >4
RBPH2 1.92
RBPH3 0.46

From the results of the inhibitory effect,
the inhibition type on the enzyme by RBPH2 and
RBPH3 for oxidation of L-DOPA was
investigated. Figure 3A shows the double
reciprocal Lineweaver-Burk plot, with and without
RBPH2. The plot of 1/V versus 1/[S] shows a
pattern of parallel straight lines. The values of
maximum velocity (Vma) and Michael constants
(Km) decreased, but the ratio of Ky/Vim remained
unchanged or decreased only slightly. The results
suggested that the type of inhibition of RBPH2 on
mushroom tyrosinase belonged to the non-
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competitive type of inhibitor.  The inhibition
constant for the free enzyme (Kj) was obtained
from secondary plots of slopes vs. various
concentrations of RBPH2 (Figure 3B) and for the
enzyme-substrate (ES) complex (Ki), which was
measured from the secondary plot of intercept vs.
various concentrations of RBPH2 (Figure 3C).
The K; and Kjs of RBPH2 were 6.1 mg/ml and 4.5
mg/ml, respectively.

The Lineweaver-Burk plot was used to
investigate the type of inhibition of RBPH3 on
mushroom tyrosinase. Figure 4A shows that five
lines with different slopes intersected at the
abscissa in the second quadrant. The results
showed that Vmax decreased, and K remained
unchanged with increasing RBPH3 concentration.
These results indicated that RBPH3 was a non-
competitive type of inhibitor. The K; and Kj of
RBPH2 were 2.8 mg/ml and 25 mg/ml,
respectively (as shown in Figures 4B and 4C).
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Figure 3 (A) Lineweaver-Burk plots for inhibition of RBPH2 on mushroom tyrosinase for the catalysis of L-DOPA at
different concentrations as substrate (0.5, 1.25, 2.5, 5 mM) and different concentrations of RBPH2 (0.5, 1, 2, 4 mg/ml).
(B) Secondary plots of slopes vs various concentrations of RBPH2. (C) Secondary plots of intercept vs various
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Figure 4 (A) Lineweaver-Burk plots for inhibition of RBPH3 on mushroom tyrosinase for the catalysis of L-DOPA at
different concentrations as substrate (0.5, 1.25, 2.5, 5 mM) and different concentrations of RBPH3 (0.1, 0.5, 1, 2
mg/ml). (B) Secondary plots of slopes vs various concentrations of RBPH3. (C) Secondary plots of intercept vs

various concentrations of RBPH3.

5. Discussion

More rice proteins were found in rice
bran than endosperm (milled rice) (Prakash &
Ramaswamy, 1996). Specifically, defatted rice
bran showed higher protein content than full-fat
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rice bran (Jiamyangyuen, Srijesdaruk, & Harper,
2005). The rice bran protein content depends on
cultivars and the extraction process. Based on the
solubility of each protein, albumin, globulin and
glutelin have been extracted by water, salt solution
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and alkali solution, respectively (Phongthai,
Homthawornchoo, & Rawdkuen, 2017). Similar
to this result, protein extraction from Oryza sativa
L., CV. Khao Dawk Mali 105 and CV. Chainat 1
(1:1 w/w) has reported that protein yielded the
highest protein glutelin content (32.6%) followed
by albumin (30.9%) and globulin (24.9%). From
SDS-PAGE pattern (Figure 1), it was shown that
the molecular weight of RBP1 and RBP2 was
similar with albumin and globulin in the range of
10-200 kDa and 6.7-36 kDa, respectively.
However, RBP3 (glutelin fraction) showed a smear
on SDS-PAGE, which might be caused by NaOH.
The alkali condition improved protein extraction
yield by disrupting the cell wall and changing
protein solubility (Kumagai et al., 2006), but also
results in  denaturation, racemization and
lysinoalanine formation (Guan et al., 2017).

Alcalase®, also called subtilisin, is a
serine protease. The optimum pH for activity is in
the range of pH 8-9. The enzyme has a specificity
of peptide bond on the carboxyl side of Glu, Leu,
Lys, Met, Phe, Tyr and Trp (Doucet, 2003).
According to the increasing of RBPH1 and
RBPH2 yield, it might be caused by the Alcalase®
producing peptides revealed as amino acids (Lys,
Phe, Tyr, and Trp) to react with Bradford reagent
(Brunelle et. al., 2017). Similar to many other
studies, Alcalase® has efficiency in the hydrolysis
of rice bran protein and showed the %DH in the
range of 7-14% (Thamnarathip, 2016; Uraipong &
Zhao, 2016; Zhao et al., 2012). However, the
temperature, pH and NaCl affected the efficiency
of Alcalase for hydrolysis (Muyan, Xiumei,
Tianxiang, & Chao, 2006; Su, Wang, Kwok, &
Lee, 2005). The protein extraction with strong
base (NaOH) condition improved the %DH of
protein (Dhalleine & Delepierre, 2015). NaOH
can extract and hydrolyzed proteins by the
breakdown of covalent and non-covalent bonds
(Braspaiboon et al., 2020). The proteins were then
hydrolyzed by NaOH before enzymatic hydrolysis
caused the low % DH value of RBPH3.

Previous studies have demonstrated that
the rice bran protein hydrolysate has anti-
tyrosinase activity. Ferri etal. (2017) reported that
rice protein hydrolysate hydrolyzed by Alcalase®
(1- 5 kDa) had high anti-tyrosinase activity. In
this work, RBPH3 showed more effective tyrosine
inhibition (ICsp = 0.46 mg/ml) than rice bran
albumin hydrolyzed with papain (ICs = 1.31
mg/ml) (Kubglomsong et al., 2018). The RBPHSs
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showed more inhibitory effect on mushroom
tyrosinase than RBPs, suggesting that the protein
hydrolysates/peptides could interfere with enzyme
activity by changing conformation with Van der
Waals and hydrogen bonds (Deng et. al., 2020).
The RBPH2 tyrosinase inhibitor was an
uncompetitive type. Moreover, the Kjs value was
lower than the K; value, which indicated that the
binding capacity of the inhibitor to the ES complex
was better than free enzymes. This result was
consistent with the Chia seed peptide that
exhibited uncompetitive type with tyrosinase
(Aguilar-Toald & Liceaga, 2020). RBPH3 showed
the tyrosinase inhibitor was a non-competitive
type. The non-competitive inhibitor is a type of
allosteric regulation, with the inhibitor binding to
an allosteric site independent of substrate binding.
Both RBPH2 and RBPH3 could decrease the
turnover rate of enzymes by reduction the Vmax.
Our results from kinetic studies revealed the low
value of ICsp as well as K; and Kjs, suggesting that
RBPH3 (non-competitive type) showed more
potent mushroom tyrosinase inhibitory activity
than RBPH2 (uncompetitive type).

6. Conclusion

In the present study, Alcalase®
hydrolysis was found to improve the inhibition of
tyrosinase activity in rice bran protein fractions. In
kinetic studies, the hydrolysate of salt solution
extract (RBPH2) showed inhibited tyrosinase in a
no-competitive manner. Also, the hydrolysate of
alkali extract (RBPH3) exhibited strongly inhibited
tyrosinase in a non-competitive manner. These
results indicate that the hydrolysis of protease can
be an efficient process for the recovery of
bioactive compounds from rice bran protein.
Thus, RBPHs have the potential for further
development in the functional food and cosmetics
fields. However, further studies should be carried
out to purify and clarify the active protein
hydrolysate sequence.
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