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Optimization of the extraction process and molecular mechanism

of inhibition on tyrosinase of kojic acid
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Abstract: Objective: This study aimed to develop new, efficient,
safe and precise tyrosinase inhibitors. Methods: The orthogonal
test was used to optimize the extraction conditions of kojic acid.

The inhibitory effect of kojic acid on tyrosinase was studied by
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enzyme kinetics, and the mechanism of its interaction with
tyrosinase from different sources was analyzed by molecular
docking technology. Results: The optimum process conditions for
extracting kojic acid were as follows: activated carbon content of
5% » decolorization temperature of 75 °C, pH 2.0, decolorization
time of 50 min, and the purity of kojic acid was 97.85%. the ICs,
of kojic acid on tyrosinase monophenolase and tyrosinase
bisphenolase were 13.33 and 53.32 pg/mL, respectively. The XP
docking scores of kojic acid with mushroom, mouse, gorilla, and
human tyrosinase were — 7.515, — 5,011, — 5,537, and
—3.638, respectively. The results of MM-GBSA were 94. 47,
—110.80, — 1.17 and 6.45 kJ/mol, respectively. Conclusion:
Under the control of the optimal process conditions, the purity of
kojic acid can be significantly improved. Kojic acid has a
competitive inhibitory effect on tyrosinase. Tyrosinase from
different sources combines with kojic acid to form different types
of non-covalent bonds, the binding stability of the inhibitor and
different tyrosines is different.

Keywords: kojic acid; tyrosinase; inhibitory effect; molecular

docking
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Single factor test on decolorization effect of kojic acid

F1 EXERKRER

Table 1  Orthogonal factor level table
K A;ﬁiﬂ B;uﬁ:;f(%ﬁ? C pH i D ﬂﬁiﬂnﬂﬂ/
1 70 3 2.0 30
2 75 5 3.0 40
3 80 7 4.0 50
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F2 EXRBEHRER
Table 2 The results and range analysis of the

orthogonal Ly (3") test

a3 Wit mmRE &4
A B C b LT
5 /% E/N
1 1 1 1 1 54.67 93.46  81.17
2 1 2 2 2 44.86  96.97 77.06
3 1 3 3 3 61.95  96.40 87.08
4 2 1 2 3 59.94 95.34 85.32
5 2 2 3 1 61.93  95.44 86.57
6 2 3 1 2 81.24  96.97 99.01
7 3 1 3 2 44,12 94.93  75.56
8 3 2 1 3 76.84  95.98 95.85
9 3 3 2 1 82.88 94.95 98.96
ki 81.77 80.68 92.01 88.90
ko 90.30 86.49 87.11 83.88
ks 90.12  95.02 83.07 89.42
R 8.53 14.34 8.94 5.54

0.201
! —o— 20 pg/mL
0.15F —#— 40 pg/mL
4 —— 60 pg/mL
E —¥— 80 pg/mL
& 0.10 —— 100 pg/mL
=) 4 —— 120 pg/mL
—*— 140 pg/mL
0.05 - =160 pg/mL
. —+— 180 pg/mL
< —4 200 pg/mL
0.00 1 I I |
0.0 2.5 50 75 10.0 12.5
iy}
Time/min
(a) HRPERXS TS A BRRGEA B BEAY I HIVE (317 nm)
()004
‘E
g
< 0.0031
1871 '_c‘
B i
=< 0.002F
(=l
=2
= 0.001
g
é
= 0.000 R S R SR
0 20 40 60 80 100 120 140160 180 200
R T vk
Concentration of kojic acid/(ug + mL™)
Ce) PATRREEHRIE (317 nm) 7 R 3 — SN 6 2
120
S 1004
=
EZ w0
B
@ ?r: 60
¥ =
EE W
=,
& 20
0 L \ L |
0 40 120 160 200
Fﬁ%ﬁaﬂiaﬂkr

Concentration of kojic acid/(ug * mL™)

(e ) PATRRGEMTEES (317 nm) TR T v BE—TRGTG OC 3R

FHEAS HBRRENIZAARENBEIBRBIMHIERNS FNH

BHRISY 50 min, Z5A BRI LR, R A G H
TSR R 5% AR EE S 75 °C L pH R 2.0, i
i8] 4 50 min,
2.2.3  BESL
S, 745 30 il B2 A (6% 81.23%
2 97.85% , 5 IE SR 56 45 BAH T, 1
2.3 HEBXNBIBREOMEIER

2.3.1 X P R I R W S M O RIME B 2 AT
LA A R R, 20 g/ mL A T RV VBOGE 1K 4 IR Al R
T3 I 7™ A T 0 AR T B I R B ik BE Y G L i 2 S
IO 3 BE B B 40,60,80,100 pg/mlL 4 i R ¥ W7 A
T LT —300 30 3R, 200 pe/mL B9 il BR %5 V& 30 ) 18

R 35 1F 22 3 56 T 15 i 1t 2% 14 547 364
182 96.65% , 4l i
W% Ak T8 &

FHE B s KA . M R AT i 52 R Wl 5 19 i 7% PEAE 317 nm
T ICs A 13.33 pg/mL., A2 FX#,20,40,60,80,
0251 -
020 /KA 20 pg/mL

—# 40 pg/mL
—4&— 60 pg/mL
—¥— 80 pg/mL

0.15

o2 100 pg/ml.
S 0.09 —— 120 pg/mL
—*— 140 pg/mL
0.06% =160 pg/mL
0.03 —+— 180 pg/mL
—4 200 pg/mL
0.00 14 ‘
0.0 . . 7. X 12.5
]
Time/min
(b)) TR T 2 it 5 3 g 640 4 FH (475 nm)
—~ 0051
£
5 0.04
¥ 0.03
pa
S
&1 &; 0.02
£ 001
<
g
= 0.00 e T
0 20 40 60 80 100 ‘12(‘)‘]40160 180 200
iR AR S
Concentration of kojic acid/(g + mL™)
(d) FRE R 475 nm)H‘Hﬁkﬁﬂimﬁ JN B OC R
120
- 100
X
B2 g0
& =
& 3
o g 60
£
¥z 40
e
20
0 L \ I
0 40 120 160 200

FFHM);E e/
Concentration of kojic acid/(g + mL™)

(f) PP AR (475 nm) R T it Ve B — T OC 3R

B 2 Bk xT B R BR B SE B B 69 7 R AE R

Figure 2

Inhibitory effects of kojic acid on tyrosinase monophenolase
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