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A voltammetric investigation of tyrosinase activity is proposed as an alternative to the spec-
trophotometric method. Voltammetric approach provides low detection limit, high sensiti-
vity and resistivity to the solution inhomogenity, as well as enables one to simultaneously
monitor the dioxygen consumption in the reaction, which is an additional indicator of the
tyrosinase enzymatic activity.

W pracy przedstawiono metodê woltamperometryczn¹ jako alternatywn¹ do spektrofotome-
trycznej metody badania aktywno�ci tyrozynazy. Charakteryzuje j¹ niska granica oznaczal-
no�ci, wysoka czu³o�æ oraz niewra¿liwo�æ na niejednorodno�æ roztworów. Wskazano po-
nadto na mo¿liwo�æ równoczesnego pomiaru zu¿ycia tlenu wskutek reakcji jako dodat-
kowego wska�nika aktywno�ci enzymatycznej tyrozynazy.
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Tyrosinase (EC 1. 14. 18. 1; phenolase, poliphenol oxidase) is a versatile, copper-
containing enzyme present in the majority of living organisms � from microorga-
nisms to mammals [1,2]. Tyrosine appears mostly in melanocytes, the cells that pro-
duce pigments. Moreover, this enzyme is responsible for the browning of fruits and
plants, which unfavourably lowers their quality [3�5]. Its activity is often altered in
the cases of skin cancer in higher organisms.

Tyrosinase inhibitors are of therapeutic importance since they can regulate some
disturbances in pigmentation. Also in cosmetics they are used as additives in the pre-
parations for skin whitening [6,7]. Hence it appears clear that the investigations of ty-
rosinase, its inhibitors, and also research and improvement of activity determination
methods are of great importance.

In the presence of dioxygen tyrosinase catalyses two processes: hydroxylation of
monophenols to orthodiphenols and oxygenation of orthodiphenols to the respective
orthoquinones (Fig. 1). These two processes are usually examined in order to esti-
mate the tyrosinase activity and therefore tyrosine and L-DOPA are mostly used as
the substrates [8�10]. The studies on tyrosinase activity usually involve spectropho-
tometry [8,10,11]. However, the reaction mixture tends to become turbid. Moreover,
it is almost impossible to determine selectively a single reaction product. Therefore
the polarographic (or voltammetric) method [12] seems promising for the determina-
tion of tyrosinase activity.

Figure 1. The scheme of tyrosinase-catalysed reaction sequence from tyrosine to dopachrome
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Quinones can be reversibly reduced at the mercury electrode, at the potential of ca
�0.2 V, and their current responses are easy to measure, which has been already em-
ployed for the construction of the tyrosinase amperometric biosensors [13�16].

In this paper the predominance of the polarographic (voltammetric) methods of
tyrosinase activity determination over the spectrophotometric ones has been proved.

EXPERIMENTAL

Reagents

Tyrosinase (Mushroom tyrosinase; EC 1.14.18.1), Sigma Chemical What. (USA). Tyrosine, POCh �
Gliwice (PL). Sodium phosphate (Na

2
HPO

4
·2H

2
O), anal. grade, POCh Gliwice.

Sodium phosphate (NaH2PO4·2H2O), anal. grade, POCh Gliwice. Mercury (Hg), anal. grade, POCh
Gliwice.

 Apparatus

Beckman Spectrophotometer, Model DU 640B coupled with JULABO thermostat. Spectrophotometer
Specord M40 (Germany). Pulse polarograph PP�04, Unitra Telpod Cracow, equipped with the digital data
acquisition mode. Digital pH-meter CP 215, Elmetron Zabrze. Automatic micropipettes LABMATE;
10�100 µL and 20�200 µL.

 Methods

Enzymatic reaction. Enzyme and substrate (tyrosine) were dissolved in the phosphate buffer
(0.1 mol L-1 N

2
HPO

4
/NaH

2
PO

4
), pH = 6.8. Enzyme activity was determined in 2.6 mL of the reaction mix-

ture, initially containing tyrosine (concentrations ranging from 0.05 mmol L-1 to 0.15 mmol L-1); phosphate
buffer 0.1mol L-1, pH = 6.8 and 20 µL of the enzyme (tyrosinase) added as the last component. Reaction was
carried out at the fixed temperature 25°C.

Spectrophotometric measurement. The gradual dopachrome formation in time was monitored with
spectrophotometer at the wavelength of 475 nm. The absorbance was measured for 10 min to let its values be
better stabilised.

Polarographic measurements. A two-electrode arrangement with calomel electrode as a reference
and HMDE or MD�DME as an indicatory was employed to electrochemical measurements obeying the
following techniques: DPP, DPV, NPP and NPV. Electrodes were shielded from external fields. The mercury
drop duration time was precisely controlled. Every sample was diluted twice with the phosphate buffer.

Experimental parameters:
� pulse amplitude in DPP and DPV ∆E = 20 mV
� pulse duration t

p
 = 40 ms

� pulse base potential in NPP and NPV U
R
 = 0.00 V

� starting potential U
o
 = 0.00 V

� temperature T = 293 K
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MD�DME properties:
� drop duration t1 = 3 s
� mercury pressure h = 24 cm
� mercury flow rate m = 1.45 mg Hg s-1

� scan rate v = 0.0026 Vs-1

HMDE properties:
� scan rate v = 0.025 Vs-1

� mercury drop area S = 0.0326 cm2

Potential values are referred to the SCE.

RESULTS AND DISCUSSION

Change in the spectrum due to reaction progress. Due to the enzymatic reac-
tion progress the maximum absorption appears in the range from 450 to 500 nm.
Tyrosinase converts tyrosine to orthoquinone, which finally transforms to dopachrome
whose concentration gradually increases and in consequence its absorbance rises within
the aforementioned range. In fact the wavelength of 475 nm was assigned to the
maximun absorbance.

Figure 2. Spectra of the reaction mixture at various stages of the reaction progress: a) no enzyme added;
b) after 1 min; c) after 3 min; d) after 5 min; e) after 6 min; f) after 8 min; g) after 10 min

It was observed (Fig. 2) that the higher the orthoquinone concentration in the
solution, the more absorbance peak shifts to the larger wavelengths. However, the
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absorbance peak is rather wide and its shift can not arouse any errors although the
absorbance was measured at the selected wavelength. More alarming obstacle is the
tendency of reaction mixture to become turbid due to the precipitates formed. There-
fore, spectrophotometrical measurements have to be performed immediately after the
sample is prepared. Thus it is recommended to prepare the samples just before investi-
gation.

In contrast to spectrophotometry the polarographic approach allows one to elimi-
nate the unwanted influence of the sample turbidity.

In enzymology the polarographic methods are relatively less common than spectro-
scopic ones. Therefore a detailed description of their advantages in the investigation
of tyrosinase activity is presented.

Polarographic curves registered before and after enzymatic reaction. Before
the enzymatic reaction was initialised the background NP polarograms were recor-
ded (Fig. 3). In order to eliminate the two-step oxygen reduction � curve (a) the solu-
tion was deoxygenated � curve (b) and electroinactivity of the enzymatic reaction
substrate (tyrosine) and possible trace pollutions was confirmed � curve (c).

Figure 3. NP polarograms recorded in the studied solution before enzymatic reaction: a) 0.1 mol L-1 phos-
phate buffer (pH = 6.8); before removal of oxygen: b) 0.1 mol L-1 phosphate buffer (pH = 6.8);
after removal of oxygen: c) 0.1 mol L-1 phosphate buffer (pH = 6.8); after removal of oxygen;
tyrosine concentration: CTYR = 0.075 mmol L-1

After the enzymatic reaction is completed the NP polarographic responses change
their shapes are altered (Fig. 4). Without deoxygenation of the solution the two-step
oxygen reduction is still well pronounced � curve (a), yet its second wave is of smaller
height than the respective curve in Figure 3. Moreover, even if the solution was deoxy-
genated, the first oxygen wave was still apparent. In fact this wave refers to the reduc-
tion of quinone, which is formed in the enzymatic reaction.
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Figure 4. NP polarograms recorded in the studied solution 10 min after the enzymatic reaction was initialised
a) before removal of oxygen; b) after removal of oxygen. Tyrosine concentration: C

TYR
 = 0.075

mmol L-1

Figure 5. NP polarograms recorded before (a) and after (b) the enzymatic reaction, without the preliminary
oxygen removal. Tyrosine concentration: CTYR = 0.075 mmol L-1

According to Figure 5 it is possible to measure the oxygen consumption degree in
the studied reaction, which is not possible with the spectrophotometrical method. In
order to determine the tyrosinase activity the quinone reduction NP polarographic
wave height should be considered. However, DPP technique provides one with more
precise results, since the NP waves are replaced with easily measurable peaks of
a maximum at the potential about �0.2V. DP current responses are of smaller magni-
tude in comparison to those recorded with NP technique, which may be of some im-
portance at low enzyme activity. Since the quinone reduction is reversible, the de-
crease is of one order of magnitude can be compensated with the appropriately impro-
ved sensitivity.
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Figure 6 exhibits exemplary DP cathodic voltammograms for different initial sub-
strate concentrations and the same enzyme activity. To provide satisfactory sensitivity
a sufficiently high concentration of the substrate is required.

Figure 6. DP voltammogramms for the increasing initial substrate concentration: a) 0.05 mmol L-1,
b) 0.055 mmol L-1, c) 0.06 mmol L-1, d) 0.075 mmol L-1, e) 0.09 mmol L-1

From Figure 7 it is evident that this concentration in the reaction mixture should not
be lower than 0.06 mmol L-1. It seems to correspond to the detection limit of the
formed quinone for the method used.

Figure 7. The dependence of quinone reduction NP currents on the initial substrate concentration (condi-
tions as in Figure 5)
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Statistical Analysis

In order to estimate the precision and accuracy of the proposed method for deter-
mination of the tyrosinase activity an exemplary enzyme solution was examined. The
DPV and DPP measurements were performed for five identical samples, and the mea-
surements were repeated after 24 h. The negative influence of the long storage time of
the samples on the analysis results was observed (a gradual decrease of the peak height)
as a consequence of sequent chemical reactions in the mixture. The quality of determi-
nations was also worsened especially for DPV (at HMDE). For DPP (at MD�DME)
the accuracy and precision did not change significantly in time and equaled to 8% and
3%, respectively (for the peak height) and 10% and 4% (for the peak area). The
statistical data treatment for HMDE is presented in Table 1 (HMDE introduces the
largest variability into the results). The accepted confidence level was α = 0.95.

Table 1. Statistical analysis of the results from voltammetric and spectroscopic measurements

Method 

voltammetry (HMDE) spectroscopy 

peak high, µA peak area absorbance 
Parameter 

a b a b a 

n 4* 5 4* 5 4 

x 0.1630 0.0954 0.0308 0.022 0.5709 

s 0.0088 0.0080 0.0008 0.0053 0.0637 

t*s 0.0279 0.0223 0.0026 0.0148 0.2026 

sr, % 5.36 8.41 2.67 23.84 11.15 

(t*s)r, % 17.08 23.36 8.50 66.18 35.49 

CTYR, mmolL-1 0.07 0.5 

a � determined immediately, b � determined after 24 h, n � number of samples, x � mean value of measured
signal, s � standard deviation, t*s � confidence interval, s

r
 � relative standard deviation, (t*s)

r
 � relative

confidence interval, 4* � one strongly differing point was removed, C
TYR

 � tyrosine (substrate) concentra-
tion.

The determination requires the voltammetric and spectrophotometric ana-lysis to
be performed just after the enzymatic reaction is initialized (after 24 h the ma-ximum
absorbance changes even by 100%). Hence, the usage of MD-DME together with
DPP seems to be an optimum choice providing one with the satisfactory precision and
accuracy despite a slight decrease in time of the measured current response.
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CONCLUSIONS

The tyrosinase activity in the reaction with tyrosine as a substrate can be estima-
ted polarographically (voltammetrically). Accuracy, sensivity and detection limit impro-
ved in comparison to the usually used spectrophotometric method. In addition, the
problems with the turbidity of the solution can be eliminated. There is a necessity to
deoxygenate the reaction mixture before the measurement, which lengthens the time
of analysis but makes possible to measure the oxygen consumption during enzymatic
reaction at the same time. The oxygen consumption can be an additional indicator of
the tyrosinase activity.
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