SR = T S

Journal of Chinese Institute of Food Science and Technology

Vol. 22 No. 11
Nov. 2 02 2

5228 11
2022 411 H

2 T dm s n 3 Xof A = R s 40 ) 4

mEH, E F, EERY, X A4, fH B
(EEXFBFEAREAYIRER BEEN 361021
PEMFRFREESEREE AELM 362000
RAAERMAEMEBIEETELRE BEAN 361021)

WE BT A FHRIRE 2 AR Rn A (LR T B R B Ao L—H0 30 o B AR AR BR B ) *) B& 28R B 09 39 %) VE R, 5H 45 85 &
FABHEARRT = F 5o A R % EH X, &RAV LR T 8RR S X85 R BB T T 8 4 A I 4], 2 1C,=(18.036=
0.823)mmol/L; L—4% 37 ofn B{ AT A8 BR B A T 18 BRS¢ FH 47 4], 2 1C5=(2.80620.082)mmol/L, % F #F#:28 R K9 |2 A8 R oo iR o
A 5 B R BE R 2 20 R AR AR EAR IR A X I 6 R T BE RCBR B R A 49 BT 50 O w1, IF A R e A Am A A2 B A )

ARG RS F
KER RSN 8RB A
XEHS 1009-7848(2022)11-0021-08

B AN IR R — 2O AR TG Bl A AR AR
) RARTN T A B 5T, — P o £ i i
fERmERB A G Y REBA+5ENER
A, XECE e e TG it B ) 2 Rl R
s, U R BUEAR . PEA TR B i
FH R 38 2o HE 28 1 5 () S8 AL SR RE R & S R BT, B
B, PUAE AN B — M F & o T, 2 32 4
fF A B 2240, A RIS 3R B B Ak R B A
PP BTN IR YT O A B AR AE

WE TR B2 B A B R Skl 4 4
(FAO) Al 5t 1A= 40 43 (WHO ) AN IF Fe 140 s i 21
i A R S PTER R 1 B Tk
WPER A MR R EE L AEOE i A R
BFREERE LA L2 2ETRE, o anse il
it 35 VS 000/ HR BRE ), DR AP 2 450 LN
ARV AU BT e 0 0 JFFUS R a5 5 98 400 i 0 70
St AR AR AR AT, LU LR e R
AR A AL NN —Fhe 4 5 SRR
s S RIS g2 H R M — — Rl 2 gl LA
SR VR IR IR BT S AR IS R AN Sy e A Ak R
Sz AT AR AT b e US4 45k e 5 o

oAy ok
DOI: 10.16429/j.1009-7848.2022.11.003

Y B H
E&uWH:

2021-11-07

B % [ RFH =4 T (21871110) ; 48 #4411
SRR R4 H (2020]01674)
MER, 2o, Wi+

T 77 E-mail: wanglimerry@jmu.edu.cn

g—iE#,
i

YEHT .

fi% % R i} (EC1.14.18.1, Tyrosinase ) 1 8% F5 A
Z Iy A AL (PPO )™ & —Fh 444 52 % 1 5 4 2 2
FE Sk i i il 200 JHG AR 95 R A T I R L )
A B i R T TR R R P A R v ) O B
PR G2 S RIA S R EUR ARSI,
15 | S 0 B 25 R U0 5| A B ik ) = 2R
Bt 24 KK il I R A ) R[] s R € 3R B A R
x4 e L H A B AR AL AT i R e il D ) R e %
A AT % 20 R Tl P 905 P 4 T BELAS PR 68 3R 1 5 i 1%
AR WM R AR BT 259 356 VARt B DR fiE
B2 B o 45 7 T EL A R AT S 4R
1M, B HE A Bl 1S 90 0 ) i a2 I 9 2 1
9% . ASCUIEG S 1 22 i & IR N BR A L-HUIR
I 2 A Al 2 T %o s 2 R B R TR AVE T, DA AR
PR AW IR M GIALE B ¥ A S R
DIRe PEO xR LB 2% | 1 hy I 2 2 T 411 ) 51
PR AT T )

1 #REFE
1.1 UFE5EH

XML B ki 1% 2 R B (EC 1.14.18.1), K [H]
Singma—Aidrich INE]GL-3,4- "R EER TN AR (L-
DOPA), I35 & AW RHA PR 7] 5 — H LI
(DMSO) , JEK IR 81 (Na,COs) B iR = — 41
(NazHPO4 * 12H20) \@é @E:/ﬁ/ﬂ"] (NHH2P04’ 2H20) s



2 hoE

M

2022 55 11 #

VOB AL T e A BRA H] 5 B TR W ER L-PUdR i
M b RE R B, Ll A R A IR A A

BioTek Epoch 4 K BEARA, & FEMA LA
A B F] s FiveEasy Plus HLF B2 11, e #—4C
Fl Z2 A4 (L) A B 7 KQ2100E AU 75 3% i
veAE, BL il A AR AT B F] s DHG-9037A H
PR TR S R TR A, 1RG22 S I R A A B
RO5 Z st i HEas , 30~ (7 M)A AR B A A R
73 E] 3 BSA124S LT RF BRI (1) R 5 A
RS A s HWS-24 i #FE R K i 4%, il — 1Rl
AR AT BR A ]
12 FHik
1.2.1  BRZFREG G I 2 275 S0k [27-281F
YEAE Bk, T 08 6 % M R DT vk a0 R . R
L-DOPA % f# T 50 mmol/L 3 i £ 2% vh % W (pH=
6.8) 1, B F 30 CHTE R 8 A A 30 min; Fifi
Ja, LAV sV ommn: V mammse=7:196:7 4K
UK LR A 96 FLk, PR A 3457,30 C
FELR 52V 30 min 55 J5 88 AR 4SO 5 B 4 475
nm b AW A, R AR SR E S A AT
1.2.2  [gshfi+
1.2.2.1  IHIRCR #B2.0 ork IEE T
% TR R L — 0 T 0L 158 A T2 T3 g 285002 400, B D &L
NI E 11~14 ARGV R 5 18] iS4 Fi il
VWM FE (C=0.5 mmol/L, Cx=500 U/mL), LLARTR
IR B 0 2l Ry s O IR, F IR A A S
TR T 0 4% i M

*ﬁﬁ%ﬂé&ﬂiﬁiﬁ@(%):%xlm

P A28 L ALIAS W% B AR A ——FF
vt 2 A5 O BE1H

AR 38 A TG 2 A 22 509% 5 2000 ) %) e J3E B
W 1Cs fA, LA 1Cso 1B 22755 RN 1 % i 2 1R g 11 410
e
1.2.22 ffIHLEE B FRRNER A L-PUIn i iR
R ] T2 T T P 4 s 2 1 G 1 1 S AL L T 1201
1R Tl T 0 A R TR SN AR F Y [ R A v
JIE RS T | R 2 R il v B2 4 i) 0 S 100,200,
300,400 U/mL 1 500 U/mL, il & A [ 850 07 49 e
N EEAN BN R R AE DK 475 nm Ak AW A L B

it 1 S5 I S 2R AR Sy B P ) PR T IR, AR A
1) 14 4170 1] gty 2 T T 2580 7 A0 X T g s 2 TR ik 1% 411
HALEE
1223 M 2EA BT 1.2 795 S M I E 1
2, VB FRR N ESA L—4T 5K ML R A A R i M 7
DAL, 1 B 0 B2 Wk 2 2R 0.2,0.3,0.4,0.5,
0.6 mmol/L, 28 W2 i % 500 U/mL, &) L-
DOPA ¥ Ji > 0.5 mmol/L o 0 7 AN [7] R0 4 vk
TR A R AEP A 475 nm AR OLE(E L 3L
N Wy ok BE gk g 2 R BG4 d 28 R
Lineweaver—Burk 1 [&l v 2 i 3 i 2 B [#] i 17 >
AT, T i 400 8 4 KT KIS 3 5 A Dixon B 45
),
1.2.3 I FhHE AR & — PP 45 i 52 2 1 4]
TEIE I RE, AT, 2 R Bl Y T2 SR 5 A LA
T o USRI 4 S A R Tl 5 N 2SR R I EL A AR
Y AFARLPE IR IR, 32 FH T 0 45 s 2 T 410 o)
FRVF SR8 2 A O 5 L AR A S5 I R R I 1 7
SEAWT I B R G0,y 1 HERE A5 ) 2D A4
NV s AR B a8 SRR, it —
R AR VEHIPL S SR . LA B s 1 =R
g i AR 254 (PDB . 2Y9X) b T 5 B 46 11 40 F, B 1Y
IR 51 DA B3 0] = 4k 25 #4 v LA UniProt %%
P % (http : //www.uniprot.org/ ) Ki R 2K #5351, ZICN /]y
53 #4E P (http ://zinc.docking.org/ ) K 2 T 1%
B IR TN g A1 L—BT IR I 2 A e TR TR 1) — 4 4544
VE R M S0 B2 LA AfE ] MOE 3404 g & 11 53+
) 53 64T 3D T AL FI e B e/ MEHRAE
W b B 1) SCPFORAF DL I SR A

[F] B 52 A4 3 04 il 2 1 43 DA S BC AR /N Gy
F, TE G ISk O AE B T 2R R AL A,
Simulations—Dock 2 )3 #E17 431X 2 , & 22 73 1 %)
BEUSE, I London dG W4T REL (B4R
keal/mol ) THH 45 & H B AE , PF 43 bR BB AR 0 45 5
AR E S ] = 4E ] 4k PyMOL K753 #r ik
IR GY SBEA S TA G WRERSR %=
R AR AR S W R0 AR 1 43 TR A 4 5 O =K
VR s B PR AR A
1.24 Ffaab s A EG 2 HHKHE T Origin
Pro 8.5, i SPSS Statistics 17.0 #4750 £ 4
M. x4 45 2R th it Molecular Operating



2286 F11 W

2 B o A e ) AT B RBR Bl 6G A ) AF R 23

Environment (MOE 2008.10) 25 15 3] | 15 3] %} 322
4L PyMol 2.2.0 #E4T R ¥4k 20 M7 . BT A3 B d i
YIFRIR R AR 1R 2,

2 #RE5W
21 EARTFERWES L-HHF N BR 4 18 B B Xt &
=R E A HD H R

DA R PR TR AT L0 IR I 18 o e TR T 3X 2

120
100
80
60
40

20

0 1 3 5 9 10 15 20 25 30 40 60 70 80

Effector concentration/mmol - L™

(a) B T MR TR

AF X TR0 A% i
Relative residual enzyme activity/%

FhE SN FIVE RN W, A58 38 X 1 4 T 2
T T P 0 ) S8R o RSO v B Sy o Bl RS R
A1 My Bl 22 A G R 1 R R
TR Y 1Cso {E M (18.03620.823 )mmol/L, L—t
W Il PR AZ R R R 1) ICso B4 (2.80620.082 ) mmol/
Lo I B ICs {H AT A1, L—HT IR ML B2 e 1R Tk 1)
IRORE TR FRREE, I L TR
T A1 a1 751 BE SR (1C5=5.3~8.4 mmol/L)BY,

0
S

>
S

o
S

'S
S

IS)
S

0.0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2

AR X 8 A il 3%
Relative residual enzyme activity/%

S Wy e JEE

Effector concentration/mmol - ™!

(b) L—HT A 1L 52 A ) i I

Bl 1 2 a3 B S R e S s R

Fig.1

22 /EFHRWERM L-HIF M8 AR5 B B X3 &
SER R R4 HI IR

BT IR N TR A L -4 I L 7R A% ) 7R TR 3 2
B st A8 T 7R X T 2 i R T 114 490 o) AL P ]
2 s, B 4 2 BRI RO 4 AT

0.20 -
T .
.‘J 0.16 - 2
-~ .
=]
¥ £ ot
w1 L 3
I
~ B 0.08 - E
o v
=]
2 A
Z0.04f
O
=
0.00 . . . . .
0 100 200 300 400 500
it & J3E
Enzyme concentration/U - mL™
(a) & F R R

Inhibitory effects of two food additives on the tyrosinase

YT A T i £ 1 v g 40 ) b 2 2 52 T A
Wi 5 2000 R B R, R TN R 55 I =R I )
O 3 4 ek /1, U5 T 38 B PR N TR R L BT IR I
TR e TG T T 2 T T P9 400 ) X272 T o ), G
PR M5 3 2 7 % 50 ] U LA R A i

0.20 -

2
T
L)
0.16 il 3
3 ot 14

{
[}
|
0.08 - z v

Iia

Wi
Reaction rate/pmol - L7 -s™

0.04 -

0.00 1 L 1 1 1
0 100 200 300 400 500
[[395°8
Enzyme concentration/U - mL™

(b)) L—HL A 1L 12 A A 12 B

W (a) P E LR 1~4 WE 20594 0,3,9 mmol/L A1 18 mmol/L; &l (b) " H £k 1~4 ¥ 43518 0,0.4,0.8 mmol/L 1 2 mmol/L,

2 REFERRERN [P M B AR Y B AR X % o R B A4 40 I AL 3E
Fig.2 Mechanism of tyrosinase inhibition by propyl gallate and L-ascorbyl palmitate
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Fig.5 Interaction of L-ascorbyl palmitate and amino acid residues in the pocket of tyrosinase activity
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The Inhibitory Effects of Two Food Additives on Tyrosinase
Zhao Meijuan', Wang Fang”®, Jiang Zedong'?, Wang Li"*, Ni Hui'?
(College of Food and Biological Engineering, Jimei University, Xiamen 361021, Fujian
ZCollege of Oceanology and Food Science, Quanzhou Normal University, Quanzhou 362000, Fujian)
‘Fujian Key Laboratory of Food Microbiology and Enzyme Engineering, Xiamen 361021, Fujian)
Abstract The inhibitory effects of two food additives (propyl gallate and L-ascorbyl palmitate) on tyrosinase was ex-

plored through enzyme kinetics research, and the relationship between the two food additives and tyrosinase was explored

by molecular docking technology. The results showed that propyl gallate was a reversible mixed inhibitor of tyrosinase,

the 1Cs, values of propyl gallate was

(18.036+0.823) mmol/L., and L-ascorbyl palmitate was a reversible anticompetitive

inhibitor with 1C5=(2.806£0.082) mmol/L. The results of molecular docking showed that the interaction between the two

food additives and tyrosinase was mainly through hydrogen bonds and van der waals forces. This experiment expanded the

research direction of tyrosinase inhibitors and provided a theoretical basis for the application of food additives in the field

of enzyme inhibitors.
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