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High-throughput Analysis of Tyrosinase Activity and Inhibitors Based
on Matrix-assisted Laser Desorption/ionization Mass Spectrometry

SHI Qian', LIU Dongmei’, FANG Xiaoni'*", LIU Baohong'*
(1. Department of Chemistry, 2. School of Pharmacy , Fudan University, Shanghai 200438, China;
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Abstract The efficient and convenient separation capability and strong ultraviolet absorption of magnetic graphene
nanomaterials (Fe,0,@G) were applied in the analysis of tyrosinase activity and inhibitors using matrix-assisted laser
desorption/ionization mass spectrometry (MALDI-MS). Compared to other methods, this approach reduces sample
loss and improves detection sensitivity by avoiding cumbersome sample pretreatment processes. Additionally, the
combination of MALDI-MS enables high-throughput sample analysis. The development of this research is of
significant importance for gaining a deeper understanding of melanin synthesis processes, studying related diseases,
and developing effective drugs and cosmetic products.
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Scheme 1 Schematic illustration of the analysis of tyrosinase activity and inhibitors based on MALDI-MS
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FEFEDORMBIBHABR A Al s CBE . WRAHIR . S8 ALAN . WRZUK . KRG = E b8k (FeCl,-6H,0) | #7115
FRGN . ZFRGNFIER 2 1 (PEG-20000, 4317 20000) , 43Hral, E25 42870 b AT R ) .

JEOL 6400 B4 i W358 (SEM) , H ASHL F#R= 454t 5 JEOL 2011 B33 S Fi - S A58 (TEM) |
H A HL 7Rk 2%E 5 Nicolet FTIR 360 RIZLAMEREL (FTIR) , 35 FEZEER K IH/RBHE 2] 5 XploRA BT
PG (Raman ), 35 [ H B IR 6l 5 V-550 RUZAR-A] WG (UV-Vis), HAHL PRk 4
15 5800 UKL i DO G AR AT B (MALDI-MS) , SE[E N A RG0AH.

1.2 IR

12.1 Fe,0,@GC th#| % S HICHR[25,26] 07 A W Fe,0,@G. B4, 1 g FeCl,-6H,0 & ff T £
W, TEREFIHEFE T o H I A 200 mg #7E R AN 22 R AL A B ) A7 B8 05 b1 RE s R 2 h i PR A 4 K
b LT R R T, SRIE A 4 g ZERENAN 2. 5 g PEG-20000; FHIEATERISSI UG . #H 2K
JiZEHT, F200 CROV 12 h, SRIGRHI R ER 5 S8R0 5 B8 SO ™ ) S 3 A 0 SOV o3 25 SR
FETFRREV; a, T 60 CFEZS T, Ui Fe,0,@C MR FEIRMEE, 7M.
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OB CAB A 2 FR AV AL FR A A 280 0 1H T3 51 A BRI R IR S B A R B S . iXFdy &) 4
A B TAREF Fe,0,@GC MR REMEREYE , RIS H 2 RE ). TEM RAEZS R EIR, HARZH 150 nm (Y
Tl 20 A SR 5 % Ml B 25 7 A SRR R T [ 1(B) ], Fe,0,@G M S i — L UESE T Fe, 0, B0k 1)
FROEMF[E1(C) ], 7£ 1566 F12679 cm™ AbfF7E A 8206 10 G M 2D 45 AE g . Hidh | D IR IRE T A%
MBI, CUWEFRIRIRIET sp? 2L TN IR BNy, XS AELEE— 2PN T A 8805 5 Fe, 0, E BTE L.
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Fig. 1 SEM image(A), TEM(B) image, Raman spectrum(C) and magnetization curve(D) of Fe,0,@G
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Fe,0,@G 43 B HIRCERY b €, (HIHAR AT LLTE 10 min PN & 4E 95. 10% 19 L- 2 EURR, HLR KR 25w
iK£(27.011. 13) mg* (g Fe,0,@G)'[[F2(B) ]. Ik, Fe,0,@GC Xk & R Fl -2 EL 4 B 571 ' 46
BRSO AT B TR R 22 B bR T RGN S A

o 32HA) R _ Tyrosine = 40 (B)
o ) 5
2 g
g 241 L-dopaquinone 3 30F
g RN
15} g4
§ 16 E 3 20
o < B
= g &8
.8 g
e’ g 107
2 2
0 1 1 ] = 0
0 10 20 30 ] ]
Time/min Tyrosine L-dopaquinone

Fig. 2

Extraction of tyrosine and L-dopaquinone by Fe,0,@G as a function of incubation time(A)

and maximum adsorption capacity of tyrosine and L-dopaquinone by Fe,0,@G after 10 min

incubation(B)

Each bar represents the meanzstandard deviation(n=3).
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Fig. 3 Mass spectrum of n(Tyrosine):n(L-dopaquinone) of 1:2(A) and 2:1(B) with Fe,0,@G as the
matrix and linear range of tyrosine(C) and L-dopaquinone(D) after enrichment by Fe,0,@G
and further used as the matrix for MALDI-MS detection
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X B ) AR, BPARXTSR S, AT AR5 2 S5 s 2 WA Gl 0 s 2 R i A AT M . oA T e F & 1Y
D71 0] FH 1% S R Bt 5 AN, 7 1.0 mol/L i 20 R S A4 28 FR I AN ] 376 4 1) 1 20 B2 it (0~5 U/mL)
137 °CF BV 30 min Ji 02 I A= W0 AR A5 . BRI 4CA) AT I, B 7 % 22 R g v B () 15
AERT B A 5 5 BE ANk /) . 24 T R R B 38 i 1 0. 5 U/mLIsF, LT Fir A 10 T 2 R £ & W T FE5E
I S 5 3R B AU T 0. YRS EBR B B 1 UL 5, BRI e 5L =y L-%2
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B 4CA)IRIETT L, 1205 2 B RAFIR S R, R 0. 989, UG LM N

RI=99. 32 - 99. 78¢, ...

s RIS SR N L- 22 ELTR T R A0 A5 2 % 58 B2 1) U AEL CREXT SR ) 5 e (UML) Ay TS 22 R BRI
PEURE .
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Fig. 4 Analysis of tyrosinase activity using MALDI-MS was conducted to assess its effectiveness(A) and
test of specificity of the MALDI-TOF-MS based approach for tyrosinase activity detection(B)
(A) Inset: relative MS intensity vs. diff erent tyrosinase concentrations; (B) each bar represents the mean+standard

deviation(n=3).

R AL R 2R P U N T LS 188 F (HSA) | AR ML L EE T (BSA) | A Bl 8RB (GOX) . LMt AH R
filf (AchE) | ¥ 121 1 (lysozyme ) FIBREE 1 (Trypsin) LA K 7 Fp A= ) FHES 5 (Zn*, Fe™, Ba™, Mn*, Ca™,
PH>FI Cu )M X B iy PR 4(B) AT UL, TGI8 1 o 245 e 1 1P AN 2 S T R 15 P PO D = A
ST SR S R AT UJAAS S LR B 5 T (1) BRI AN L- 2 LB 5 A A &, Holid m-m
HERUE RIS 19 Fe,0,@C 7 B E S, <G8 B 15 Fe,0,@C A2 = AL A J1, D
AR AR A S R B < R 2 1 i 2 R VR RERS AR BR 25 5 (2) BARE A ANHRRRAR R S M A RT BE , (5
H1 T 10 S 1 I ) Jo T B R M -2 TR 22 S LA, oA IO P Jo e Y R 1867 O 250 LA, ANk
NG A PIRIRGEIN A TIE, ANITTERAIE 1320575 R AR
ST IT R IT 1 BAT RAF ARSI R B IR, JE— 2D IRR T IEAE AR N D5 TR ¥ )
MR 1A AR , ReiZ07 12 B T A LT AL A AR AS CBURE 10 L, 1990 WL 258 5K ik )
ik S R TS M ARSI . SIS ZE L SR, 7E O~1. 0 U/mlL B8 2R B v B R DY, 327 1 RE 8% A 28t W ) 8
/4 LT AL FEAS P A i 2 BRI TG 1, I FLREA R S s, 5 P oA B . o — 2 01 &
0712 SR G L L AR AL 2k EA T 1 HAE, 307 i ARG I 45 SR AR — B, W25 A B 1
RGN 5 T RAT B B TR . 5 P R AR AL AN T TEAR L, LT B BRI S BRI 1 AGH N
B TE 5 18 b B g d R RE , 1K AT R A R AG I IR A | B BAS , I S BN AR A MR AS f) PRk
A .

Table 1 Results of Tyrosinase Activity Assay in Serum Samples

Fetal bovine serum Human serum

Spiked  MALDI-MS  Colorimetric assay ~ Electrochemical assay | Spiked ~MALDI-MS  Colorimetric assay  Electrochemical assay

0 0.053+0.002 0.046+0.003 0.048+0.005 0 0.075+0.001 0.079+0.002 0.081+0.001
0.1 0.161+0.005 0.152+0.006 0.160+0.003 0.1 0.153+0.002 0.149+0.005 0.152+0.004
0.5 0.597+0.002 0.607+0.001 0.600+0.005 0.5 0.602+0.003 0.586+0.001 0.605+0.003
1.0 1.092+0.006 1.116+0.002 1.088+0.003 1.0 1.151+0.003 1.109+0.04 1.132+0.02

2.5 BRRBRENHIF S

7 T8 3 o 2 IR T JR (5 3 U £ i M 22 e e P O B, TR PR R 50 2 8 2 T Bk
ORVUEIEAE ST AEAL B P, T e — ol (o i 250 14 1 PR T 410 ol 700 97 326 75 2 8 T Aot i
AR ATV AR H 2 IR M R 2 TP 2 i 0 1E D R el S LR Y e P 45 &, WU ER
AT A 0 O AR T TR AT AT A )10 A T R T A 1A R R IS [ 4 41
FA, I W PR RS A A, T LSBT A PR e S AT UL, A R RN PR
ARSI, T 2 R P A ) SER 0 R = 0 BRI AR BT 15 5 U ok, BRI S o i, ey ok
FEAL g7y . UESE T 2 YRR TR 8 S 2 T e R S A 5] . e Ab, G U BOR BT RR [ &1 5 (A) Al
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Fig. 5 Mass spectra of tyrosine metabolized into L-dopaquinone(A, B) and the relative intensity
change of the MS signal(C, D) at different concentrations of benzoic acid(A, C) and kojic
acid(B, D)
The intensity of the MS signal was measured at various concentrations of benzoic acid and kojic acid, and the
results showed a clear correlation between the concentration of the analyte and the intensity of the MS signal.
As the concentration of benzoic acid or kojic acid increased, the intensity of the MS signal also increased
proportionally. Each bar represents the mean+standard deviation (n=3).
A
3 & it

SN T — o T S B O AT T A e 1 T R T W A AR R e ik . i e, R
Fe,0,@G AR RGBS 3 r B 5~ FRGE | B K HU R AR A i L RE , 52 B DR 1 B o g
IR R P RIS 1 . AR5, R SR U0 B S ST ERE , R A SR AR 9K
BHE D92 50 T MALDI-MS KGN . d5Ji , R 00 3800 s 2 R A L- 22 EX R AR RV A1 SR AN R AL BRI
FIMALDI-MS $8 b e T SE b . 5 A Gt s G BRI 1k KA 590 o M i Al L, A SCO7 i 354
TR, S R, SR BRI AR 5 S, DR AT A IR S R D ) R SR AR TR
1. BEFEERNIRA T RO R G G R AT R A 2 R SE A bR Bt 1T T e i B ST fr

F #1% 8 L http://www.cjecu.jlu.edu.cn/CN/10.7503/20240330.
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