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ABSTRACT 
Tyrosinase is the key enzyme in melanin synthesis, and kojic acid is a widely available inhibitor 

against tyrosinase with extensive application values. The inhibitory mechanism of kojic acid was 

elaborated by studying the mutual interaction and the effects on tyrosinase conformation using 

spectroscopy. Ultraviolet-visible absorption spectra showed kojic acid caused both the secondary 

and tertiary structure changed. Fluorescence lifetime measurements implied that kojic acid 

quenched the intrinsic fluorescence of tyrosinase via static process. A complex formed through one 

single binding site with a binding constant of 1.35×105 M-1. Thermodynamic parameters suggested 

that the binding was a spontaneous process with hydrogen bonds and van der Waals forces playing 

main role. Synchronous fluorescence spectra and three-dimensional fluorescence spectra showed 

that kojic acid induced obvious conformational changes in tyrosinase and increased the polarity of 

microenvironment. Circular dichroism revealed an increase of the content of α-helix and β-strand. 

This study will provide reliable basis concerning the inhibitory mechanism of kojic acid against ty-

rosinase, and therefore contribute to development of tyrosinase inhibitor. 
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1. INTRODUCTION 

Tyrosinase is widely distributed in organisms with an 

important role in melanin biosynthesis. Tyrosinase is 

the key enzyme for pigmentation of skin, wound 

healing, and molting process and immunity in insects

[1]. However, overproduction of melanin could cause 

considerable problems, such as melanoma. Moreover, 

tyrosinase is also involved in the unfavorable food 

browning reaction. Therefore, the tyrosinase inhibi-

tors therefore have been extensively applied in the 

field of cosmetics, food, pharmaceuticals, and agri-

culture[1]. Based on the safety apprehension, it is 

decisive to elaborate the inhibitory mechanism for the 

applications of tyrosinase inhibitors. 

 

Kojic acid, a secondary metabolite produced by As-

pergillus and Penicillum, has emerged as a cosmetic 

agent with an excellent skin lightener effect and also 

as a food preservative to prevent browning due to 

inhibitory effect on tyrosinase[2]. Kojic acid is usual-

ly served as the positive control to discover new tyro-

sinase inhibitors[1]. Previous studies only focus on 

the inhibitory effect and kinetic analysis[3,4]. How-

ever, the inhibitory mechanism and structure-activity 

relationship have been seldom explored in-depth so 

far. There is little knowledge on the modulation of the 

overall structures of tyrosinase involved in the inhibi-

tion by kojic acid. The gap between plenty of docu-

ments on inhibitory activity and lack of knowledge on 

inhibitory mechanism is striking for that well-known 

tyrosinase inhibitor, which has become an obstacle 

for development of potent lead compounds and the 

further application. It is urgent to further study the 

inhibitory mechanism of kojic acid towards to tyrosi-

nase with respect to mutual interaction and conforma-

tional changes. 

 

Given the structure of kojic acid, it was hypothesized 

that inhibition of tyrosinase activity by kojic acid re-

sulted from conformational changes due to the inter-

action. In this study, the mechanism of tyrosinase in-

hibition was systematically investigated via examin-

ing the effects of kojic acid on tyrosinase structure, as 

well as the potential binding through the multispec-

troscopic studies. Binding mechanism was proposed. 

Three-dimensional fluorescence spectra and synchro-

nous fluorescence spectra technique were performed 

to evaluate the conformational effect. This research 

provided qualitative understanding of the regulation 

of tyrosinase activity at the molecular level. The re-

sults could provide some important theoretic infor-

mation for various industrial applications of kojic 

acid as tyrosinase inhibitor. 

 

2．MATERIALS AND METHODS 

2.1. Materials 

Mushroom tyrosinase was purchased from Worthing-

ton (New Jersey, USA). Tyrosinase was dissolved 

with potassium phosphate buffer (0.05 M, pH 6.5). 

Kojic acid (purity > 98%) was purchased from Jinsui 

Bio-Technology (Shanghai, China).  

 

2.2. Ultraviolet-visible spectra measurements 

The MAPAD UV-3100PC spectrophotometer 

(Shanghai, China) was employed to measure the Ul-

traviolet-visible (UV-Vis) absorption using quartz 

cuvette with 1.0 cm path length. Scans of absorption 

spectra were collected at 25oC. Differential spectra 

were obtained by subtracting the corresponding spec-

tra from the spectra of the mixture. 

 

2.3. Fluorescence spectra measurements 

Steady state fluorescence spectra were carried out on a 

Shimadzu spectrofluorophotometer RF-6000 (Kyoto, 

Japan). All measurements were performed in a stand-

ard quartz cell of 1.0 cm path length, embedded in a 

thermostatic cell holder. Fluorescence emission spectra 

were recorded upon excitation wavelength at 280 nm. 

The slit widths for excitation and emission were set to 

3 nm and 5 nm, respectively. A 3 ml solution in cu-

vette containing of 0.65μM tyrosinase, within the line-

ar concentration region for fluorescence intensity (data 

not shown), was added successively with 1μl of 30 

mM kojic acid aliquot using a trace syringe for 10 

times. The addition of small volume of buffer solution 

during titration had little effect on the extent of fluo-

rescence quenching[5,6] . Fluorescence quenching was 

analyzed by Stern-Volmer equation (1)[7,8]: 

                   

   

                       (1) 

where F0 and F represent the fluorescence intensities 
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of tyrosinase without and with kojic acid, respective-

ly; The inner filter effect was corrected[7]; kq is the 

quenching rate constant; Ksv denotes the Stern-Volmer 

quenching constant; τ0 is the average lifetime of the 

unquenched fluorophore (τ0=10-8 s); and [Q] is the 

concentration of kojic acid. 

 

The equilibrium between free and bound molecules is 

described by equation (2)[9]: 

                      

 

                       (2) 

where Kb is the binding constant; and n is the number 

of binding sites. 

 

2.4. Time-resolved fluorescence lifetime measure-

ments 

Time-resolved fluorescence lifetime was examined 

with a Horiba Jobin Yvon Fluorolog-3 spectrofluo-

rometer (Longjumeau, France) using 10 mm quartz 

cuvette. The excitation wavelength and the emission 

wavelength were fixed at 280 nm and 334 nm, re-

spectively. The concentration of tyrosinase was kept 

fixed at 0.4μM, whereas the concentration of kojic 

acid varied from 0 to 60μM. The fluorescence decay 

curves were analyzed by triexponential iterative fit-

ting program. The average fluorescence lifetime átAVñ 

was calculated from the lifetimes (ti) and preexponen-

tial factors (αi) by using the following relationship 

(3): 

                                                 (3) 

 

2.5. Electrochemical measurements 

The electrochemical experiments were conducted 

through a Chenhua CHI660C electrochemical work-

station (Shanghai, China). Three-electrode electro-

chemical system was employed, including a bare 

nickel electrode as the working electrode, an Hg/

Hg2Cl2 electrode as the reference electrode, and a 

graphite rod as the counter electrode. PBB buffer 

serve as electrolyte. Tyrosinase and kojic acid solu-

tion at different concentrations was directly added 

into 20 mL electrolyte. Each measurement of cyclic 

voltammetry followed stirring for 3 min and resting 

for 2 min. The scan range was set from −0.6 to 0.6 V 

with a scan rate of 50 mV s-1. 

2.6. Thermodynamic parameters 

If temperature varies in a limited range, the thermo-

dynamic parameters, including enthalpy change (ΔH), 

entropy change (ΔS) and Gibbs free energy change 

(ΔG), could be evaluated on the basis of the equation 

(4) and equation (5)[10-12] . 

  

                              (4) 

 

                                              (5) 

where R is the gas constant; T is the experimental 

temperature in Kelvin.  

 

2.7. Synchronous and three-dimensional fluores-

cence spectra 

Synchronous fluorescence spectra were gained with a 

fixed interval (Δλ) between excitation and emission 

wavelength at 25oC. Tyrosinase (0.65μM) was titrated 

by increasing concentrations of kojic acid from 0μM 

to 200μM with increment of 10μM each time. The 

emission wavelength were recorded from 245 nm to 

385 nm (for Δλ= 15 nm) and from 200 nm to 340 nm 

(for Δλ= 60 nm), at which the spectrum could only 

show the characteristic information of Tyr and Trp 

residues of tyrosinase, respectively[13].  

 

In order to measure the three-dimensional fluores-

cence, different concentrations of kojic acid were in-

cubated with 0.65μM tyrosinase. Excitation wave-

lengths from 225 to 350 nm and emission wave-

lengths from 280 to 450 nm were scanned at 25oC.  

 

2.8. Circular dichroism spectra measurements 

Circular dichroism (CD) spectra were collected using 

an Applied Photophysics Chirascan CD spectrometer 

(Leatherhead, UK) by a 1 mm path length quartz cu-

vette, which was attached with a Peltier type tempera-

ture control system. Far-UV CD spectrum was exam-

ined at wavelength in the range from 185 nm to 250 

nm at a bandwidth of 2nm. 300μL tyrosinase (1μM) 

was incubated with 1μL various concentration of 

kojic acid (0, 1, 4μM) at for 1 minutes, and then was 

measured at 25oC. The contents for different second-

ary structures of tyrosinase were quantitatively ana-

lyzed by the online CDSSTR program with Set 4 as 

the reference set[14,15].  
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2.9. Data process 

All assays were individually repeated in triplicate. 

For the sake of clarity, error bars were not shown. 

Origin® 8.1was used for data process. 

 

3. RESULTS AND DISCUSSION 

3.1. Ultraviolet-visible spectra for interaction be-

tween kojic acid and copper ion or tyrosinase 

It was reported that the ability to chelate copper ion 

exerts an enormous function on the tyrosinase inhibi-

tion[4]. The direct interaction of kojic acid with the 

copper ion was revealed by the UV-Vis spectra of 

kojic acid treated with gradually increasing concen-

trations of copper ion (Figure 1A). The peak at 217 

nm and 269 nm for kojic acid shifted to 223 nm and 

309 nm, respectively. The characteristic red shift sug-

gested the formation of chelate between copper ion 

and kojic acid[4,16,17]. Isosbestic points mirrored 

the existence of free and bound forms of kojic acid in 

equilibrium (Figure 1A). The chelation between kojic 

acid and copper ion in the enzyme was also investi-

gated (Figure 1B). In contrast to a bathochromic shift 

for copper ions in solution, no significant wavelength 

shift was observed after incubation with tyrosinase 

(Figure 1B). Therefore, the inhibitory mechanism of 

kojic acid differed from those of simple copper chela-

tors[4,18].  

 

UV-Vis absorption spectroscopy is also an effective 

method to examine the formation of complex as well 

as the structural alteration[15,17]. The UV-Vis ab-

sorption spectra of tyrosinase in the absence and 

presence of kojic acid were shown in Fig. 1B. The 

increased intensity of the differential spectrum for 

tyrosinase suggested binding of kojic acid to tyrosi-

nase as well as changes in conformation of the pro-

tein skeleton[5,20]. Transformation of secondary 

structure made the polypeptide strand more extended 

and induced global conformational change. Further-

more, the weak absorption bands around 280 nm 

seemed to slightly shift towards shorter wavelength 

upon addition of kojic acid, demonstrating that the 

interaction of kojic acid with tyrosinase decreased the 

hydrophobicity of the microenvironment surrounding 

Trp residues. 

Figure 1. Ultraviolet-visible spectra of kojic acid. (A) Absorption spectrum for kojic acid (0.02 mM) upon addi-

tion of various concentration of copper ion. Kojic acid was incubated with 0.02, 0.04, 0.06, 0.08, and 0.10 mM 

CuSO4. Dash-dot line a to e − 0.02 mM kojic acid with 0.02, 0.04, 0.06, 0.08, and 0.10 mM CuSO4; Gray line f 

− 0.02 mM kojic aicd; Dashed line g − 0.10 mM CuSO4. (B) Absorption spectrum for kojic acid (0.02 mM) up-

on addition of tyrosinase (90 nM). Differential absorption spectra were obtained by deducting the corresponding 

spectra from the spectrum of the mixture. Dash-dot-dot line h − 90 nM tyrosinase; Black line i − 90 nM tyrosi-

nase with 0.02 mM kojic aicd; Short dashed line j − differential absorption spectra by deducting tyrosinase; 

Short dash-dot line k − differential absorption spectra by deducting kojic acid.  
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3.2. Fluorescence quenching of interaction between 

kojic acid and tyrosinase 

Tyrosinase at a fixed concentration was titrated by gradual 

addition of kojic acid (Figure 2). It was apparent that suc-

cessive addition of kojic acid led to a regular decrease in 

the fluorescence intensity of tyrosinase without discernable 

shift of the maximum peak wavelength. Approximately 

60% of the fluorescence was quenched when the concen-

tration of kojic acid reached 100 μM.  

Figure 2: Intrinsic fluorescence changes in the presence of 

various kojic acid concentrations. Tyrosinase at concentra-

tion of 0.65 μM was titrated by kojic acid and then incubat-

ed for 30 seconds before measurement. Solid lines a to k − 

emission spectra of 0.65 μM tyrosinase titrated by 0, 10, 

20, 30, 40, 50, 60, 70, 80, 90, 100 μM kojic acid at 298 

Kelvin; Dahsed line l − potassium phosphate buffer solu-

tion; Dash-dot line m − emission spectrum of 200 μM kojic 

acid alone.  

 

To explain the probable mechanism for quenching, the flu-

orescence quenching at three temperatures was carried out, 

including 288, 298, and 310 Kelvin (Figure 3A). The Stern

-Volmer plot displayed a good linear relationship under the 

concentration range, suggesting that only a single quench-

ing type occurred[7,12,19]. The kq values at different tem-

peratures appeared much larger than the maximum diffu-

sion collision quenching rate constant (2×1010 M-1s-1) 

(Table 1)[7,9,21]. In addition, the corresponding Ksv values, 

which decreased with the rising temperature, were inverse-

ly correlated with temperature. Therefore, it was confirmed 

that quenching of tyrosinase by kojic acid might be mainly 

governed by a static quenching procedure[7,9,21]. It was 

concluded that a specific interaction most likely took place 

and a ground-state complex without fluorescence was pos-

sibly formed. 

 

Figure 3B showed the resulting double-logarithm curves. 

The Kb value was calculated to be 1.35×105 M-1 at 298 K 

(Table 1), suggesting that kojic acid exhibited relatively 

strong binding affinity toward tyrosinase. The values of n 

was approximately close to 1, and thus indicated the pres-

ence of just a single binding site on tyrosinase[12,23].  

Table 1: Quenching constants and thermodynamic parameters for the interaction between kojic acid and tyrosinase 

T (K) Ksv (×104 M‾1) kq (×1010 M‾1s‾1) Kb (×105 M‾1) n ΔH (kJ mol‾1) ΔS (J mol‾1 K‾1) ΔG (kJ mol‾1) 

288 4.54 45.42 1.35 1.11 

-40.04 -60.31 

-22.70 

298 3.36 33.61 0.70 1.08 -22.10 

310 2.56 25.56 0.41 1.06 -21.38 

Figure 3: Fluorescence quenching effect of kojic acid on tyrosinase at different temperatures. (A) Stern-Volmer plots for the 

quenching at different temperatures. Open square (□) − 288 Kelvin; Open circle (○) − 298 Kelvin; Open triangle (△) − 

310 Kelvin; [Kojic acid] − concentration of kojic acid; F0 − fluorescence intensities of tyrosinase without kojic acid; F − 
fluorescence intensities of tyrosinase with kojic acid; lg − logarithm. (B) Double-logarithm plots for the quenching at differ-
ent temperatures.  

https://d.docs.live.net/7fc491eef678c8ad/Articles/10607/Main%20Document.docx#_ENREF_8#_ENREF_8


Wenbin Liu W et al. 

——————————————————————————————————————————————————–

WWW.SIFTDESK.ORG 370 Vol-4 Issue-2 

SIFT DESK  

3.3. Fluorescence lifetimes 

The type of quenching mechanism could be directly 

identified by fluorescence lifetime[7,12]. The fluores-

cence decay of tyrosinase in the presence of different 

concentrations of kojic acid exhibited triexponential 

profiles with good fitting (Figure 4). Evidently, the 

fluorescence decay patterns scarcely changed after 

the addition of kojic acid. The average lifetime de-

creased slightly from 1.64 ns to 1.62 ns (Table 2), 

which could be considered null in the range of exper-

imental error. These results further indicated that the 

quenching was really a static mode because a non-

fluorescent complex was formed. 

Figure 4: Representative time-resolved fluorescence 

decay profiles of tyrosinase at various molar ratios of 

kojic acid. Tyrosinase at concentration of 0.4 μM was 

incubated by kojic acid (0, 15, 60 μM) for 30 seconds 

before measurement. Open square (□) a − 0.4 μM 

tyrosinase; Open circle (○) b − 0.4 μM tyrosinase 

with 15 μM kojic acid; Open triangle (△) c − 0.4 μM 

tyrosinase with 60 μM kojic acid. 

 

3.4. Electrochemistry 

Cyclic voltammetry could provide additional infor-

mation on interaction mode[24]. The cyclic voltam-

mogram of kojic acid in absence and presence of ty-

rosinase were monitored by keeping the concentra-

tion of tyrosinase constant while varying the concen-

tration of kojic acid (Figure 5). The increment in in-

tensities of the currents for increasing concentrations 

of kojic acid in presence of tyrosinase was lower than 

that in absence of tyrosinase, which was suggestive 

of the reduction of equilibrium concentration of free 

kojic acid in solution[25]. Thus, it could be conclud-

ed that a non-electroactive complex formed to block 

the electron transfer between kojic acid and electrode

[24].  

 

3.5. Thermodynamic parameters and interaction 

forces 

Attention was focused on the acting force to interpret 

the binding mode (Figure 6 and Table 1). ΔG values 

were all negative, indicating that the spontaneity of 

the binding process[12,26]. The negative sign for ΔH 

revealed that the binding process was an exothermic 

reaction[26,27]. Based on the thermodynamic criteri-

on[11], the negative ΔH and ΔS values meant that 

both hydrogen bond and van der Waals force played a 

main role in the binding process. In case of kojic ac-

id, hydroxyl groups were easy to form intermolecular 

hydrogen bonds with the polar side chains of residues 

in the binding pocket[28]. The property of electronic 

configuration of kojic acid was advantage for van der 

Waals force to take part in the interaction[13].  

 

 

Table 2: Fluorescence lifetime of tyrosinase as a function of concentration of kojic acid.  

  t1 (ns) t2 (ns) t3 (ns) α1 α2 α3 
tAV 
(ns) 

χ2 

Tyrosinase 2.18 0.53 5.37 0.38 0.52 0.10 1.64 1.129 

Tyrosinase + kojic acid ( 3 μΜ) 2.12 0.53 5.24 0.38 0.52 0.10 1.61 1.107 

Tyrosinase + kojic acid (15 μΜ) 2.22 0.55 5.44 0.38 0.53 0.09 1.63 1.083 

Tyrosinase + kojic acid (30 μΜ) 2.18 0.53 5.37 0.38 0.53 0.09 1.61 1.072 

Tyrosinase + kojic acid (60 μΜ) 2.13 0.52 5.30 0.39 0.51 0.10 1.61 1.058 

Tyrosinase + kojic acid (90 μΜ) 2.19 0.53 5.38 0.38 0.52 0.09 1.62 1.080 

javascript:void(0);
javascript:void(0);
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Figure 6: Van’t Hoff plot. T − experimental tempera-

ture (Kelvin); lg − logarithm; Kb − binding constant  

 

3.6. Conformational changes of tyrosinase upon 

binding of kojic acid 

The synchronous fluorescence for Δλ at 60 nm 

showed changes on the peak shape and a noticeable 

red shift of spectral peak from 340 nm to 351 nm up-

on gradual addition of kojic acid (Figure 7A). The 

red shift suggested that binding of kojic acid exposed 

the Trp residues more to the solvent, and thus in-

creased the hydrophilicity surrounding the Trp resi-

dues[10,28]. This finding corroborated the results 

obtained from UV-Vis absorption experiment. Com-

paratively, the synchronous fluorescence for Δλ at 15 

nm exhibited only very slightly red shift (Figure 7B), 

reflecting that kojic acid had little effect on the mi-

croenvironment around Tyr residues. Dramatic de-

crease in intensities was observed in both synchro-

nous fluorescence spectra. The degree of quenching 

for Δλ at 60 nm was higher than that at 15 nm, imply-

ing that kojic acid was probably located closer to Trp 

residue compared to Tyr residue[29]. The microenvi-

ronmental alterations of the Trp residues indicated 

that structure changes occurred after the interaction 

with kojic acid. 

Figure 5: Cyclic voltammograms of kojic acid with tyrosinase. (A) Various concentrations of kojic acid in the 
absence of tyrosinase. The scan rate was 50 mVs-1. Solid lines a to f − 0, 10, 20, 30, 40, 50 μM kojic acid. (B) 
Various concentrations of kojic acid in the presence of 1 μM tyrosinase. 

Figure 7: Synchronous fluorescence spectrum of tyrosinase titrated by kojic acid. (A) Interval between excitation and emis-
sion wavelength (Δλ) = 60 nm. Solid lines a to u − synchronous fluorescence spectrum of 0.65 μM tyrosinase titrated 0, 10, 20, 
30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200 μM kojic acid at 298 Kelvin. (B) Δλ = 15 nm.  
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The modulation in the three dimensional fluorescence 

spectra upon kojic acid corresponded to the presence 

of binding in terms of the decrease of fluorescence 

intensity (Figure 8). The typical Rayleigh scattering 

peak (peak C) and the second-order scattering peak 

(peak D) seemed to be seldom affected[23,26]. Peak 

A was characterized by the spectral feature of both 

the intrinsic Trp and Tyr residues[23,26]. Peak B with 

the excitation wavelength around 230 nm essentially 

exhibited the fluorescence property of the polypep-

tide backbone structure of tyrosinase[23,26]. Kojic 

acid resulted in a decrement of fluorescence intensity 

for both peaks, with a more serious degree for peak B 

(Table 3). Moreover, the fluorescence quenching for 

peak A was accompanied with red shift of the maxi-

mum emission wavelength. It was drawn a conclu-

sion that the environment around both residues be-

came more polar[30,31]. The significant decrease of 

Strokes shift for peak A corroborated the abovemen-

tioned red shift. Thus it could be conjectured that in-

teraction with kojic acid caused a major disturbance 

of the peptide backbone and improved the polarity of 

the microenvironment via exposing the hydrophobic 

regions[23,26].  

The interaction of kojic acid with the secondary 

structure of tyrosinase was revealed by circular di-

chroism (Figure 9). Upon addition of kojic acid at 

increasing molar ratio, an increment of ellipticity was 

found for both two negative bands at 208 nm and 220 

nm, indicating a slight gain of a-helix[22,23,31]. The 

proportions of different secondary structure composi-

tions of tyrosinase were quantitatively estimated 

(Table 4) [12]. The content of a-helix increased from 

30% in free tyrosinase to 36% at a molar ratio for 

kojic acid to tyrosinase of 4:1, while the content of b-

strand increased from 17% to 21%. Some significant 

decrease was also observed for the content of b-turn 

and random coil. This results suggested that increase 

in the b-strand would lead to partial extending of pol-

ypeptide backbone and thus the conformation of tyro-

sinase became looser[32]. On the basis of the spec-

troscopic results above, it could be drawn a conclu-

sion that the occupancy of active site by kojic acid 

could lead to destabilization of the native confor-

mation of tyrosinase, followed by disruption of its 

biological activities[32,33].  

 

 

Figure 8: Three-dimensional fluorescence spectra of tyrosinase at different kojic acid concentrations. (A) Tyrosinase alone. 

peak A − intrinsic Trp and Tyr residues peak; peak B − polypeptide backbone peak; peak C − Rayleigh scattering peak; peak 

D − second-order scattering peak; [tyrosinase] = 0.65 μM; temperature = 298 Kelvin. (B) Tyrosinase with 0.08 mM kojic 

acid. (C) Tyrosinase with 0.16 mM kojic acid. (D) Tyrosinase with 0.32 mM kojic acid. 

Table 3: Characteristic parameters for three-dimensional fluorescence spectra of tyrosinase in presence of kojic acid.  

 peak A   peak B 

kojic 
acid 
(mM) 

peak position 
λex/λem (nm/
nm) 

fluorescence 
signal 

(F0- F) / F0 
(%) 

Stokes 
Δλ a 
(nm) 

 
peak posi-
tion λex/λem 

(nm/nm) 

fluores-
cence signal 

(F0- F) / F0 
(%) 

Stokes 
Δλ a 
(nm) 

   0 280/333 2507 0 53  228/334 4256 0 106 

0.08 286/333 2078 17.11 47  228/339 2321 45.47 111 

0.16 291/337 1383 44.83 46  230/337 1375 67.69 107 

0.32 294/336  649 74.11 42  233/346  556 86.94 113 

a  Stokes Δλ=λem - λex. 
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Figure 9: Circular dichroism spectra of tyrosinase at 

different kojic aicd concentrations at 298 K. The con-

centration of tyrosinase was kept fixed at 1 μM, the 

molar ratios of kojic acid to tyrosinase were 0:1, 1:1 

and 4:1. Dot line a − 1 μM tyrosinase; Dash-dot line 

b − 1 μM tyrosinase with 1 μM kojic acid; Black line 

c − 1 μM tyrosinase with 4 μM kojic acid. 

 

4. CONCLUSIONS 

The inhibitory mechanism of kojic acid on tyrosinase 

was disclosed by an integrated study on spectroscopy 

in this study for the first time. Kojic acid had a single 

class of binding sites on tyrosinase. A complex spon-

taneously formed between kojic acid and tyrosinase 

through static process. The binding constant was 

1.35×105 M-1. The interaction caused global confor-

mational changes of tyrosinase and thus increased the 

microenvironmental polarity. These experimental 

observations interpreted that kojic acid might inhibit 

the oxidation of L-DOPA via inducing conformation-

al changes after binding to tyrosinase. The results 

obtained in this study provided a fresh insight into 

the relationship between activity and structure for 

tyrosinase regarding molecular recognition. It has a 

great significance in further design of safe and effec-

tive tyrosinase inhibitors. 
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