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ABSTRACT 

 
Polyphenol oxidase enzymes (PPOs) obtained 

from Agseftali (Prunus persica L.), which was 
native peach genotypes under Igdir province eco-
logical condition in Turkey, was purified by affinity 
chromatography and then, PPOs immobilized on 
new matrix antimony doped tin oxide (SnO2:Sb) 
thin films by adsorption method for the first time. 
In here, the films were synthesized by spray pyroly-
sis technique in laboratory condition, easily. The 
immobilization of PPOs onto SnO2:Sb thin films 
was confirmed by scanning electron microscopy 
(SEM) and fourier transform infrared spectroscopy 
(FTIR). Obtained free and immobilized PPOs onto 
thin film were compared according to some enzyme 
optimization points such as optimum pH and tem-
perature. The optimum pH of the free and immobi-
lized PPOs was found as 6.0. The optimum temper-
ature of PPOs increased from 20°C to 30°C with 
immobilization on the thin film. Km values of the 
free and immobilized enzymes were obtained as 2 
mM and 1.4 mM, respectively. L-Tyrosine oxida-
tion of the enzymes enhanced with immobilization 
of PPOs onto SnO2:Sb thin films. The immobiliza-
tion on SnO2:Sb thin films aslo provided to increase 
the satibilty and life time of the PPOs because they 
could be used 3 times and retained approximately 
50% of activity following 18 repeated usage in a 15 
days. The PPOs can be thougt as an activist towards 
4-methylcatechol substrate and, the usability of the 
enzymes can be significantly increased via immobi-
lization onto SnO2:Sb thin films. 
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INTRODUCTION 
 
Enzymes are biocatalysts with high specifici-

ty, high catalytic efficiency and bio-degradability 
and, hence they can be used major application in 
industrial applications and medical sciences since 
they increase the rate of chemical reaction by low-
ering of the activation energy [1]. When the en-
zymes are immobilized by some processes, they 
have many advantages as commercial [2]. Immo-
bilzed enyzmes have high stability than free en-
zymes and, they can be easily separated from the 
reaction mixture, used repeatedly and continuously 
and so, the enzyme consumption is considerably 
reduced [3-4].  

The enzyme immobilization materials are im-
portant for industrial processes and, the industry 
needs to alternative immobilization materials. Con-
ductive metal oxides including TiO2 [5-6], SnO2 [7-
9], ZnO [10-11] and tin doped indium oxide (ITO) 
[9, 12-16] have growing interest for enzyme immo-
bilization [17-19]. In contrast to metallic or carbo-
naceous electrode materials, the high amount of 
oxygen functionalities on the metal oxide surface 
provides a protein-friendly environment [9]. 
Among the available conductive metal oxides, tin 
doped indium oxide (ITO) is the most widely used 
for the enzyme immobilizations [20], but indium is 
expensive and has limited availability in the nature 
[9]. Thus, beside the attempt to decrease the In/Sn 
molar ratio in novel types of ITOs [21], SnO2-based 
conductive oxides have presented as promising 
alternatives [22-23]. Since the SnO2 is a n-type 
semiconductor with a wide band gap energy (3.6 
eV at 300 K), it can be used for various applications 
such as solar cells, electrochemistry sensors and 
biosensor [24]. In particular, antimony-doped tin 
oxide (ATO) is a very promising alternative due to 
high surface area, nontoxicity, good biocompatibil-
ity, catalytic activity and chemical stability [24]. To 
preparation of tin oxide thin films, some techniques 
such as spray pyrolysis [25], spin coating [26], 
chemical vapor deposistion [27] etc. have been 
performed by researchers. Among them, spray 
pyrolysis is a simple and inexpensive method for 
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doped or undoped tin oxide thin film deposition 
[28]. 

Polyphenol oxidase enzymes (PPOs; tyrosi-
nase, catechol oxidase), (E.C. 1.14.18.1) are a cop-
per containing metalloenzyme and, they are notably 
found in plants, fungi and some bacterial strains 
[29-30]. PPOs execute two different activites: first 
one is to serve for the hydroxylation reaction which 
transforms monophenols to o-diphenols (monophe-
nolase activity) and, second activity is the oxidation 
reaction which transforms o-diphenols to o-
quinones (diphenolase activity). At the end of the 
second activity, reaction products are polymerized 
to brown, red, or black pigments [31]. Because of 
these properties, PPOs can find extensive applica-
tion in the field of biosensors [32], waste water 
treatment for removal of toxic compounds [33] and 
production of L-DOPA [34]. 

For immobilization of PPOs, various materials 
such as ZnO Nanorods [35], conducting polymer 
reduced with graphene oxide metal oxide [36], 
graphite electrodes [37] were used. However, ATO 
has been only rarely employed in combination with 
biomolecules [38-39] and only a few reports exist 
for proteins [9, 40-41]. As far as we know, the 
immobilization of Agseftali PPOs on SnO2:Sb thin 
film has not been reported in the literature. The 
main aims of this study are to purificate of poly-
phenol oxidase from Agseftali (Igdir province in 
Turkey ecological condition), to prepare a new 
matrix for the immobilization and to compare its 
optimum conditions before and after immobiliza-
tion for the industrial treatments.  

 
 

EXPERIMENTAL SECTION 
 
Materials. Agseftali were picked from a na-

tive garden in the city of Igdir in Turkey and stored 
frozen at -20°C for experiments. All chemicals used 
in the study were purchased from Sigma Chemical 
Co. (St. Louis, MO) and Merck Millipore (Darm-
stadt, FRG). CNBr activated-Sepharose-4B was 
selected as a column matrix. L-tyrosine and p-
amino benzoic acid were used as a spacer arm and 
ligand, respectively. An affinity gel used in this 
study was synthesized according to the method 
Arslan et al. 2004 [42]. 

 
Enzyme purification. A 25 g frozen Agseftali 

was grounded and homogenised in 50 mM of sodi-
um acetate (pH 5.0) buffer solution which was 
containing 1% (w/v) polyethylene glycol (PEG) in 
a porcelain mortar [43]. It was filtered through 
muslin cloth (folded 4 times) and centrifuged for 30 
minutes at 10000 rpm at 4°C. Supernatant of Agsef-
tali was used as a crude enzyme extract. Cold ace-
tone, which was equal to the volume of the superna-
tant acquired, was added to the crude enzyme ex-
tract and kept in an ice bath overnight at 4°C. The 

supernatant was also centrifuged at 10000 rpm for 
30 minutes at 4°C. The precipitate of the extract 
was redissolved in a convenient volume of 50 mM 
acetate buffer (pH 5.0) solution [44]. Purified with 
the affinity column (Sepharose 4B-L-tyrosine-p-
amino benzoic acid) was synthesized by Arslan et 
al [42] and concentrated via ultrafiltration (Ultracell 
Membrane 10,000 MWCO Millipore, Amicon, 
USA). 

The protein concentration was determined ac-
cording to Bradford's method using bovine serum 
albumin as a standard [45]. Polyacrylamide gel 
electrophoresis (PAGE) of the enzyme was per-
formed according to the method of Laemmli (1970) 
(Bio-Rad Laboratories, Inc.) [46]. 

 
Determination of PPOs activity, substrate 

specificity and enzyme kinetics. PPOs activity 
was monitored spectrophotometrically at 494 nm 
for 4-methylcatechol and catechol, at 500 nm L-
tyrosine and for the other substrates [47]. The assay 
was performed with substrate solution (stock 100 
mM catechol, 100 μl). Equal volume of 3-methyl-2-
benzothiazolinone hydrazone hydrochloride hydrate 
(stock 10 mM, 100 μl) and 20 μl dimethylforma-
mide (original bottle) were diluted to 900 μl with 
50 mM acetat buffer at pH 5.0 and then, 100 μl 
enzyme solution was added to the buffer. The refer-
ence cuvette was included all the reactantas outside 
enzyme (Spectrophotometer agilent cary 60 was 
used). One unit of PPO activity was defined as the 
amount of enzyme causing 0.001 increase of ab-
sorbance per minute in 1 mL of reaction mixture. 
Specific activity of PPO was calculated by enzyme 
activity per milligram of protein [48].  

As to the activity of immobilized PPOs, it was 
calculated according to the surface area of support. 
The active units per surface area of support (A) is 
defined as: 

A(U/cm2) = Uact/Acm2 

where Uact is the activity of immobilized enzyme, 
Acm2 is the surface area of support (cm2). 

One unit of immobilized PPOs activity was 
defined as the enzyme amount of per centimeter 
causing 0.001 increase of absorbance per minute in 
1 mL of reaction mixture. 

PPOs substrate specificity was assayed by 
three substrates; 4-methylcatechol, catechol and L-
tyrosine. Activity of the enzymes were calculeted as 
a percent relative activity with respect to maximum 
activity (100%) [48]. 

The kinetic parameters of PPOs were obtained 
by measuring the rate of at various substrate con-
centrations ranging from 0.5 to 10 mM in the stand-
ard reaction mixture (at optimum conditions). The 
Michaelis Menten constant (Km) and maximum 
velocity (Vmax) parameters were determined from 
Lineweaver Burk plots [49]. 

 
SnO2:Sb thin films preparation. To prepare 
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the thin film gel, 8.370 g SnCl2.2H2O and 0.278 g 
SbCl3 were added to 120 mL and 20 mL absolute 
ethanol in different vessels, respectively. These 
vessels were stirred separately on a magnetic stirrer 
for an hour at 80°C. Afterwards, the two solutions 
were mixed in one vessel and stirred for an hour 
again at 80°C. Finally, the clear homogenous gel 
was obtained [50]. 

Microscopic glasses (10 mm × 10 mm × 1 
mm) were used as substrates. The substrates were 
cleaned an ultrasonic cleaner and then dried. The 
obtained gel solution was sprayed onto 270°C pre-
heated substre using a perfume atomizer [51]. The 
substrate-nozzle distances were kept at 60 cm dur-
ing all experiments. Finally, all films were annealed 
in a furnace for an hour at 500°C. 

 
Immobilization of PPO onto SnO2:Sb thin 

films by adsorption method. Immobilization of 
Agseftali PPOs onto SnO2:Sb thin films was 
achieved by exposing the thin layers to the enzyme 
solutions. After overnight exposure of the thin films 
to the enzyme solution at 4°C, the samples were 
rinsed 3 times with pH 5.0 acetate buffer (50 mM) 
to remove any unbound proteins. The efficiency of 
immobilization was evaluated in terms of immobi-
lization yield as shown below: 

Immobilization yield (%) = (A - B) / A × 100  
where A is the activity of PPOs added to the initial 
immobilization solution and, B is the total activity 
of the residual PPOs in the immobilization and 
washing solution after the immobilization proce-
dure [52]. 

 
Characterization of enzyme immobilization 

on thin film surface. The surface morphology of 
the thin films before and after PPOs immobilization 
were analysed using scanning electron microscopy 
(SEM) (ZEISS, EVO LS10) and Fourier transform 
infrared (FT-IR) spectra, which is (Perkin Elmer) in 
the range of 650 4000 cm-1 at room temperature.  

 
Optimum pH and pH stability of enzymes. 

The effect of pH on free and immobilized PPOs 
activity were examined using 50 mM glycine-HCI 
(pH 2.0 and pH 3.0), 50 mM sodium acetate (pH 
4.0 and pH 5.0), 50 mM phosphate (pH 6.0 and pH 
7.0) and 50 mM Tris-HCI (pH 8.0 and pH 9.0) 
buffers (under optimum conditions). The maximum 
activity was accepted as 100%, and the relative 
activities were calculated by comparing with it [48]. 
The pH stability of the free and immobilized PPOs 
activity were determined by incubating the protein 
in the above-mentioned buffers at 4°C for 24 hours. 
The percentage residual enzyme activities were 
calculated through comparison with non-incubated 
enzyme [48]. 

 
Optimum temperature and thermal stabil-

ity of enzymes. The optimum temperatures were 

determined various temperatures in the range of 0
70°C, in the presence of suitable substrate. The 
results were expressed as the percentage of relative 
activity [48]. The thermal stabilities were measured 
by incubating the free and immobilized PPOs at 
various temperatures between 20°C and 70°C in a 
water bath for 15, 30, 45 and 60 minutes, then sam-
ples were rapidly cooled to the room temperature. 
The percentage residual enzyme activities were 
calculated through comparison with non-incubated 
enzymes [42].  

 
Storage stability and reusability of immobi-

lized PPOs. The storage stability at 4°C of the 
immobilized PPOs was investigated over a period 
of 15 days [53]. Immobilized PPOs based on re-
peated use were investigated by measuring the 
enzyme activity after each successive run. After 
each reaction with the substrate, the immobilized 
PPOs were washed with a phosphate buffer (50 
mM, pH 6.0) and put into fresh substrate to restart 
the reaction [54]. 
 
 
RESULTS AND DISCUSSION 

 
Enzyme purification. PPOs from the Agsef-

tali were successfully purified 85.15-fold (Table 1) 
by the Sepharose 4B-L-tyrosine-p-amino benzoic 
acid affinity column. The amount of proteins was 
determined spectrophotometrically at 280 nm and, 
PPOs activity was analyzed for all fractions (Fig. 
1). The peak with the highest protein content and 
maximum PPOs activity were separated and col-
lected for further studies. Using the same affinity 
column, PPOs have previously been purified from 
Morus alba L. [42], Boletus erythropus [55], Lac-
tarius piperatus L. [56], Ocimum basilicum L. [57] 
and Pyrus elaegrifolia [58] with purification of 
between 11.5-fold and 74-fold. 

Polyacry-lamide gel (8%) was prepared for 
native and sodium dodecylsulphate gel electropho-
resis. The purity of the PPOs after purification was 
analysed by native PAGE (Fig. 2A) and SDS
PAGE (Fig. 2B). As shown in Fig. 2A, one promi-
nent band could be observed when one side of the 
native gel was stained with Coomassie Brilliant 
Blue R-250. When the other side of the native gel 
was stained with L-DOPA (24 mM L-3,4-
dihydroxyphenylalanine; L-DOPA), the activity 
was observed within the same protein band, verify-
ing that the purified protein was the one with PPOs 
activity.  

The electrophoretic pattern of the protein from 
SDS PAGE revealed that the purified PPOs con-
tained two dominant bands with molecular weights 
of 41.11 and 48.16 kDa. These results have sug-
gested that the protein has at least two subunits of 
different molecular weights (Fig. 2B). The graph of 
Rf vs. log Mw is shown in Fig. 2C. Similar native 



© by PSP  Volume 27  No. 7/2018 pages 4844-4856        Fresenius Environmental Bulletin 

4847 

gel and SDS gel profiles have previously been re-
ported for the Malpighia glabara L. PPO [59]. The 
molecular weight of PPOs obtained from SDS 

PAGE has been reported to be 32.5 kDa for chest-
nut PPOs [60] and 40.0 kDa for Lactarius piperatus 
PPOs [56]. 

FIGURE 1 
Purification of Agseftali (Prunus persica L.) PPO by affinity chromatography using 

4B-L-tyrosine-p-amino benzoic acid. 
 

 
A   B 

 
C 

FIGURE 2 
Native and SDS-gel electrophoresis of PPO from Agseftali (Prunus persica L.). A) Native electrophoresis 
of purified Agseftali (Prunus persica L.) PPO. a) Gel stained with 24 mM L-DOPA, b) Gel stained with 
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Coomassie Brillant Blue R-250. B) SDS-PAGE of purified Agseftali (Prunus persica L.) PPO. Gel was 
stained with silver. a) Crude extract, b) Acetone precitation, c) Prufied PPO, d) Molecular weight marker. 

2C) Standart Rf vs. log Mw graph of PPO using the SDS-PAGE result 
TABLE 1 

Summary of purification of the polyphenol oxidase from Agseftali (Prunus persica L.) 

Purification steps 
Total 

activity 
Protein 

(mg/mL) 
Total 

protein (mg) 
Specific activity 
(U/mg protein) 

Yield (%) Purification fold 

Crude Extract 224000 3.74 187 1197.86 100.00 1 
Acetone Precipitation 97200 0.49 4.9 19836.73 43.39 16.56 
Affinity chromatography 8160 0.02 0.08 102000.00 3.64 85.15 

 

  
A       B 

FIGURE 3 
SEM images of A) SnO2: Sb thin film surface B) PPO immobilized SnO2: Sb thin film 

 

 
FIGURE 4 

FTIR spectra of a) SnO2:Sb thin film and b) PPO immobilized SnO2:Sb thin film 
 

Immobilization of polyphenol oxidase en-
zyme. Agseftali PPOs were immobilized on 
SnO2:Sb thin films as 23.75% immobilization yield 
(As described in section 2.5). The surface structure 
of the thin films before and after immobilization 
were examined using a scanning electron micro-
scope (SEM) with a magnification of 5000x. The 
surface morphologies of the thin films are com-

pletely different than after immobilization ones. 
The images have revelaed that the thin films is 
granular structure (Fig. 3A), and after immobiliza-
tion, the granular structure of the thin films have 
disappeared and formed as spherical-like structure 
(Fig. 3B). 

The FTIR spectras of the samples have been 
measured in the range of 650 4000 cm-1 and, they 
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are shown in Figs. 4a and 4b. The peaks at 762, 878 
-1 in Figs. 4a and 4b are assigned to 

the Sn-O-Sn, Sn-OH and SnO2 lattice stretching 
vibrations, respectively [61]. In addition, the varia-
ble peaks between the 1558 and 2167 cm-1 wave-
numbers correspond to the -OH groups of residual 
water and alcohol [62]. When Fig. 4a is compared 
with Fig. 4b, the broad band at 1558 cm-1 has dis-
appeared and, sharp bands has appeared at 1555 

and 1653 cm-1. In Fig. 4b, the peaks at 1653 and 
1555 cm-1 are assigned to the amide I band, which 
is associated with the C=O stretching vibration due 
to addition of protein molecules, and the amide II 
band resulted from N-H and C-N stretching of the 
protein backbone, respectively [63]. The broad peak 
at 2914 cm-1 can be attributed to the C-H stretching 
vibrations [1]. 

 

 
FIGURE 5 

Schematic representation A) Microscopic glasses B) SnO2:Sb thin film C) PPO immobilized  
SnO2:Sb thin film 
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FIGURE 6 
A) Effects of pH on the activity A) free and B) immobilized PPO B) The pH stability of A) free and B) 

immobilized PPO. 
The peak broadening and shifting of the spec-

trum of SnO2:Sb thin film with PPOs indicate that 
the internal environment is changed by the adsorp-
tion between PPOs and SnO2:Sb thin films. Electro-
static, hydrophobic/hydrophilic and van der Waals 
forces interactions may be included in the attach-
ment of protein to surfaces [64]. A schematic of the 
immobilization of PPOs is shown in Fig. 5. 

 
Substrate specificity and enzyme kinetics. 

The free and immobilized PPOs were tested on 
different phenolic substrates such as 4-
methylcatechol, catechol, L-tyrosine. The analyses 
were performed at pH 6.0 and 20°C for free en-
zyme, and at pH 6.0 and 30°C for immobilized 
enzyme.The highest activities were observed in the 
presence of 4-methylcatechol for free and immobi-
lized enzymes (Table 2). The naturally occurring 
amino acid, 1-3,4-dihydroxy phenylalanine (L-
DOPA) are a precursor of dopamine, which is a 

ease. L-DOPA can be produced from L-tyrosine 
using tyrosinase [65]. Therefore, the analysis of the 
tyrosinase activity of PPOs is important. In this 
study, we found that the relative L-tyrosine oxida-
tion was enhanced by the immobilization proce-
dure. 

  
TABLE 2 

Substrate specificities of the free and immobi-
lized PPO of Agseftali (Prunus persica L.) 

Substrate 

Free PPO 
Relative 
activity  

(%) 

Immobilized 
PPO  

Relative 
activity  

(%) 
4-Methylcatechol 100.00 100.00 
Catechol 75.70 79.72 
L-Tyrosine 26.16 56.42 

 
The substrate saturation curve for 4-

methylcatechol suggests that the free and immobi-
lized PPOs follow the simple Michaelis Menten 
kinetics. Km and Vmax values for each activity of 
PPO were determined from the linear regression 
analysis of 1/V versus 1/[S]. The Km values of the 
free and immobilized enzymes are 2 mM and 1.4 
mM, respectively. When the Vmax value the free 
enzymes is 100,000 U/mg protein, for immobilized 
enzymes, the Vmax values are 27.78 U/cm2 and 
14285.71 U/mg protein when calculated per square 
centimetre protein. 

 
Effects of pH and temperature on PPOs ac-

tivity and stability. The effect of pH on the free 
and immobilized PPOs activities were examined at 
different pH values between 2.0 and 9.0 with 4-

methylcatechol as a substrate, using the 50 mM 
buffer system as described above. The PPOs activi-
ty of both the free and immobilized PPOs has been 
found to be the highest at pH 6.0 (Fig. 6A). The 
immobilized PPOs are retain greater activity at an 
acidic pH when compared to the soluble enzymes. 
This result is matched with the result of a study 
which investigated the immobilization of Solanum 
tuberosum PPOs on Celite 545 [66]. 

In addition, as shown in Fig. 6B, the behaviour 
of the immobilized enzymes were different from 
that of the free enzyme after incubation at various 
pH values between 3.0 and 8.0 for 24 hours. De-
spite there is no change in optimum pH values, 
when the enzymes have immobilized on the thin 
film, they have exhibited a much higher pH re-
sistance than the free enzymes, especially in acidic 
conditions. 

We investigated the effect of temperature on 
the activity of the free and immobilized PPOs with-
in the 0 70°C temperature ranges. The optimum 
temperatures for the free and immobilized PPOs 
were found as 20°C and 30°C, respectively (Fig. 
7A). A dramatic decrease in relative activity sug-
gests that the free PPOs were sensitive above 20°C 
temperatures. However, the immobilized enzymes 
have showed broadening in temperature-activity 
profile when compared to the unimmobilized en-
zymes (Fig. 7A). Unlike the soluble enzymes, the 
immobilized enzymes retain significantly higher 
enzyme activity at higher temperatures. The immo-
bilized PPOs have relatively more tolerance to 
temperatures between 30 70°C (Fig. 7A). These 
results have indicated that the usability of the PPOs 
at temperatures above 20°C can be improved by the 
immobilization. The binding of the enzymes to a 
matrix can make it more resistant to the denaturing 
effect of heat. 

The activities of the free and immobilized 
PPOs were retained after a 60 minutes incubation 
between 20 and 40°C (data does not shown here). 
The thermal stability of the immobilized PPOs is 
more superior than the free PPOs between 50 and 
70°C (Fig. 7B). At 70°C, the free PPOs have com-
pletely lost its initial activity, whereas the immobi-
lized PPOs have retained approximately 20%, 19% 
and 16% of its initial activity after 30, 45 and 60 
minute incubations, respectively. The higher ther-
mal stability of immobilized PPOs can be attributed 
to the stabilisation of the enzymes via the preven-
tion of conformational denaturation at high temper-
atures. These results are good aggrement with 
Forde et al. [67] and Xu et al. [68], who reported 
that the immobilization process induced a 10 15% 
greater activity within the tested temperature range. 
It has been reported that immobilized enzymes may 
have a higher thermal stability, which is connected 
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to the reduction of its conformational flexibility 
[69]. 

 
Storage stability and reusability of the im-

mobilized PPO. Storage stability is one of the most 
important parameters for enzyme immobilization. 
The activity of the immobilized PPOs was deter-
mined following storage in a phosphate buffer (50 
mM, pH 6.0) at 4°C every day for a period of 15 
days (Fig. 8A). The results have showed that the 
immobilized PPOs have retained 59.13% of its 
initial activity after being stored for 15 days. The 

redisponibility of an enzymes are especially critical 
for industrial applications. The reusability of the 
immobilized enzymes have been displayed in Fig. 
8B. We observed that the enzyme maintained 
80.56% of its initial activity after each subsequent 
use, and had lost approximately 50% of its activity 
after being used 18 times. This results have implied 
that reusility in this study is higher than results 
reported for the potato PPOs immobilization on the 
tentacle carrier. The activity of the immobilized 
potato PPOs on the tentacle carrier reduced to 55% 
after six repeated tests [70]. 
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A) Effects of temparature on the activity A) of free and B) immobilized PPO. B) Thermal stability of free 
(straight line) and immobilized PPO (dotted line). 
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FIGURE 8 
A) The storage stability profile of immobilized PPO B) Reusability of immobilized PPO 

 
 
CONCLUSIONS 

 
In this study, Agseftali (Prunus persica L.) 

PPOs were purified and immobilized onto new 
matrix SnO2:Sb thin film, and both the free and 
immobilized enzymes were characterized for indus-
trial applications. This study mainly aimed to pre-
pare a new matrix for the immobilization of PPOs. 
Agseftali PPOs were successfully immobilized onto 
SnO2:Sb thin film formed by the spray pyrolysis 
and, these results have been confirmed by SEM and 
FTIR analyzes. The immobilization process signifi-

cantly was enhanced the thermal stability and pH 
stability at an acidic pH. We were able to success-
fully reuse the immobilized PPO 18 times, and 
59.13% of its initial activity was retained over a 
period of 15 days. The relative L-DOPA formation 
via L-tyrosine oxidation was also increased by the 
immobilization procedure. According to the results 
the SnO2:Sb thin films can be used as immobiliza-
tion matrix for PPO in the production of L-Dopa. In 
addition, biosensor applications have become im-
portant nowadays. We predict that PPOs biosensors 
can be used in applications because they are 
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SnO2:Sb thin film semiconductors [9]. The results 
from this kind SnO2:Sb thin films demonstrate that 
the immobilized enzyme may be a good candidate 
for industrial and biotechnological applications for 
PPOs. 
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