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Abstract: Tyrosinase (TYR) is a key rate-limiting enzyme involved in enzymatic browning in foods, and natural TYR inhibitors with
clear mechanisms are important for food preservation. To clarify the inhibitory effect and molecular mechanism of cinnamaldehyde (CA) against
TYR, L-3,4-dihydroxyphenylalanine (L-DOPA) was used as the substrate in this study. Enzyme activity assay, inhibition kinetics, fluorescence
spectroscopic analysis, thermodynamic analysis, molecular docking, and Cu®* intervention experiments were performed to evaluate the effects of
CA on TYR activity, binding behavior, and conformational changes. CA inhibited TYR activity in a concentration-dependent manner, with an
IC5, value of 0.37 mg-mL™ and an inhibition constant K, of 20.02 mmol L.%. The inhibition type was identified as reversible competitive
inhibition. Fluorescence analysis showed that a stable CA-TYR complex was formed mainly through static quenching, accompanied by changes
in the microenvironment around Tyr and Trp residues. Thermodynamic analysis indicated that hydrophobic interaction might be the main
driving force for cinnamaldehyde-tyrosinase binding. Molecular docking simulation suggested that cinnamaldehyde could enter or approach the
active cavity of tyrosinase and interact with residues including His263, Phe264, and Val283.Cu?* intervention experiments showed that, with
increasing external Cu?* molar concentration, the inhibition rate of CA against TYR decreased from 55.91% to approximately 16.00%. CA could
reduce TYR activity by competitively interfering with substrate binding and altering the microenvironment around Tyr and Trp residues. The
Cu?" intervention results further suggested that this inhibitory effect might be associated with copper-related processes near the active center of
TYR. This study provides a theoretical basis for the development of CA as a natural antibrowning active compound.
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Fig.1 Concentration-dependent inhibitory effects of kojic acid and CA on TYR activity
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Fig.2 Relationship between TYR mass concentration and initial reaction rate at different CA mass concentrations
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Fig.3 (A) Lineweaver-Burk double reciprocal curve of TYR inhibition by different concentrations of CA; (B) relationship between the
slope of Lineweaver-Burk plots and cinnamaldehyde molar concentration
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Fig.4 Fluorescence quenching of intrinsic TYR fluorescence by CA at different temperatures
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AL, AR R KA 10™ Lmol™ s ¥ gk, m T AN T i KEhA RS K H % 2.0<10° L mol ™ s |
REERRH, PR B R 1 K B R T A ok 20, W A EERS T SR G AR e RS E A
P,

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
Q (x10°mol/L)
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Fig.5 Stern-Volmer plots for fluorescence quenching of TYR by CA at different temperatures.
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3 1A, RS SRE RS Sl A2 i AGHY/NT 0, Ui —FHMEs & N AT BB T . B AL
298 K T} 310 K, AGTH-20.86 kJ mol™ [£25-23.23 ki mol™, #ExHELEAN K, BiRATHRAE &8 AR T
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WYL, B I AT RE A PRI 55 I RS A 10 2 Rl A1

®1 TELRE TRERSHEMRBBESSBRANFESH
Table 1 Binding and Thermodynamic Parameters for the Interaction Between Cinnamaldehyde and Tyrosinase at Different

Temperatures
Temperature/K  Ka/(10° L mol™) n R? AHH(KJ mol™) AGHKJ mol™) AST( molt KD
298 454 1.16 0.996 6 37.94 -20.86 197.33
304 7.95 1.26 0.998 8 37.94 -22.70 199.47
310 8.22 1.28 0.9927 37.94 -23.23 197.33
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Table 2 Three-dimensional fluorescence spectral parameters of TYR and the CA-TYR system

Reaction system Peak 1E,/E./nm Fluorescence Intensity Peak 2 E,/E,/nm Fluorescencelntensity
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Table 3 Molecular Docking Simulation Parameters of Cinnamaldehyde with Tyrosinase

Ligand Receptor ~ PubChem CID Molecular formula  Binding energy/(kcal mol™) Main interacting residues
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Fig.9 Predicted binding conformation of cinnamaldehyde with tyrosinase based on molecular docking simulation; 3D view (A) and 2D
view (B)
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