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ABSTRACT

Tyrosinase (EC 1.14.18.1) from edible mushroom was immobilized onto agar particles activated by various concentrations of sodium
periodate solution. It was found that agar activated with 200 and 300 mM periodate solution could adsorb the highest amount of
tyrosinase. The progress of the reactions of two forms of tyrosinases (soluble tyrosinase and tyrosinase covalently bound to activated agar
particles) were linear up to 50 and 120 min, respectively. The Michaelis-Menten constant (K,,) values of free and immobilized tyrosinases
were determined as 0.8 and 0.9 mM, respectively by Lineweaver-Burk plots. The optimum temperature of the immobilized tyrosinase
increased from 25 to 35°C while the optimum pH of the immobilized form remained unchanged relative to free tyrosinase. The
immobilized tyrosinase on agar was recycled 6 times maintaining 50% of its original activity at the end of the last cycle.

Keywords: activated agar, effectiveness factor, immobilization, tyrosinase
Abbreviations: EC, Enzyme Commission number (1.14.18.1); K,,, Michaelis-Menten constant; n, effectiveness factor; V;,,,, rate of
reaction catalyzed by immobilized tyrosinase; V., rate of reaction catalyzed by free tyrosinase

INTRODUCTION

At present, biotechnology is considered to be an alternative
and useful technology to the conventional chemical tech-
nology. This could be due to the biological systems which
can bring about the conversion of complex chemicals into
more specific compounds with high efficiency and less un-
desirable product(s) under mild environmental conditions.
In biotechnological processes, the chemical transformations
are catalyzed by enzymes but their applications in industry
have been restricted for many reasons such as: high cost,
instability, availability in small amount and solubility in
water which makes the enzyme difficult to be recovered
from the reaction mixture at the end of enzymatic process
hence limiting the application of soluble enzyme in bio-
technological processes. To circumvent such obstacles, en-
zymes could be stabilized, converted into their insoluble
counterpart, recovered from the reaction mixture and reused
by different immobilization techniques but there are still
some other obstacles such as effects of mass transfer limit-
ation, rate limitation and leakage of enzymes from the sup-
ports in employing immobilized enzyme in biotechnology-
cal processes. There are many reports indicating the use of
stabilized/immobilized enzymatic transformation of sub-
strates to products (Norouzian 2003; Norouzian ef al. 2003;
Kuroiwa et al. 2005). Tyrosinase (EC 1.14.18.1) is a copper
containing enzyme with mono oxygenase activity which is
responsible for the biosynthesis of melanin and other poly-
phenolic compounds, acting at mild temperature and neutral
pH (Fenoll er al. 2002). Tyrosinase shows cresolase and
catecholase activities via separate active sites, oxidation of
L-tyrosine is brought about via chemical reducing agents
such as ascorbic acid, NADH, NH,OH. Henceforth, L-Dopa
is synthesized in the presence of ascorbic acid, tyrosinase
and L-tyrosine, in such reaction ascorbic acid gets converted
into ascorbate and this ascorbate inhibits further conversion
of L-Dopa to melanine leaving L-Dopa as a final product

and un-reacted L-tyrosine (Seetharam and Saville 2002).
Tyrosinase has attracted the attention and interest of scien-
tists in the synthesis or modification of valuable compounds
such as coumestrol, known for its estrogenic activity and L-
3,4 dihydroxyphenylalanine (L-Dopa) used for the treatment
of Parkinson’s disease (Kong et al. 2000; Sikandar and
Ikram-ul-H 2002; reviewed by Pugalenthi and Vadivel 2007).
Immobilized tyrosinase of mushroom has been employed to
synthesize L-Dopa in the presence of ascorbate which is a
route yielding the desired product while leaving out some
un-reacted L-tyrosine (Jimenez-Hamann and Saville 1996;
Carvalho et al. 2000; Seetharam and Saville 2002; Neeru et
al. 2003; Norouzian et al. 2007a). In this paper we attemp-
ted to immobilize commercially obtained tyrosinase (Sig-
ma) covalently onto activated agar particles in order to im-
prove the efficiency and stability of tyrosinase.

MATERIALS AND METHODS
Materials

Tyrosinase and glutaraldehyde were obtained from Sigma Chemi-
cal Company. L-Tyrosine, ascorbic acid and L-Dopa were pur-
chased from Merck. Agar was procured from High Media, India.
Other reagents used were of analytical grade.

Methods

Agar (10 g) was mixed in 1 L of a solution containing sodium
periodate at various concentrations (50, 100, 200 and 300 mM) at
4°C in the dark for activation as reported by Tien e al. ( 2004).
The degree of oxidation was determined by 3,5-dinitrosalysilic
acid reagent using maltose as a standard (Miller 1959).

Enzyme immobilization

Tyrosinase solution with the specific activity of 7.07 (units/mg of
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protein) was used to couple onto agar (1 g) activated with 50, 100,
200 and 300 mM periodate solutions at 4°C using a magnetic stir-
rer overnight. Uncoupled tyrosinase solution was recovered by fil-
tration. Tyrosinase coupled to modified agar was cross-linked with
2% (v/v) glutaraldehyde solution prepared in phosphate buffer pH
7.0, at 4°C for 4 hrs. The cross-linked tyrosinase with agar was
again recovered from the glutaraldehyde solution by filtration and
washed with cold de-ionized water several times in order to wash
out glutaraldehyde solution.

Assay of tyrosinase activity

Tyrosinase activity was determined colorimetrically from the
amount of L-Dopa produced by tyrosinase action on tyrosine in the
presence of ascorbic acid and molecular oxygen as reported by
Munjal and Sawhney (2002). The reaction mixture contained 1 ml
of 2.5 mM tyrosine and ascorbic acid in 0.05 M phosphate buffer
pH 7.0 to which 0.1 ml (0.1 g of immobilized tyrosinase) of appro-
priately diluted tyrosinase solution was added. The reaction mix-
ture was incubated at 25°C for 25 min. To the above solution, 1 ml
of the following reagents were added: 2 M HCI, 2 M NaOH, 15%
(w/v) sodium nitrite and finally 15% (w/v) sodium molybdate.
Absorbance was recorded at A4 oy after 1 h against a blank which
contained inactivated tyrosinase (tyrosinase solution was inacti-
vated by keeping the screw capped tube containing appropriately
diluted enzyme solution in boiling water bath for 5 min). Units of
enzyme activity were defined as the amount of enzyme that pro-
duces 1 uM of L-Dopa in one minute under the above assay condi-
tions, employing L-tyrosine as a substrate. The protein content of
tyrosinase was measured by Lowry’s method (Lowry et al 1951),
using bovine serum albumin as standard. Desorption of tyrosinase
from the activated agar particles was measured as follows: after an
appropriate time of reaction catalyzed by tyrosinase immobilized
on activated agar particles, the immobilized tyrosinase was sepa-
rated from the reaction mixture. A fraction of the reaction mixture
was immediately assayed as mentioned above and the remaining
solutions were further incubated at 25°C for 30, 60, 90, 120 min
and 24 hrs. Then aliquots were taken to assay the variations in the
content of L-Dopa produced by immobilized tyrosinase. Each
assay was conducted in duplicate.

Statistics

Data obtained for each set of experiments were computed using
Microsoft Excel. The analyses of R?, variance, co-variance, sum
square, t-test, f-test and standard deviation were performed by the
same program. Each set of experiment was performed in duplicate
and subsequently repeated.

RESULTS AND DISCUSSION

Different concentrations of periodate solutions at the range

of 50, 100, 200 and 300 mM were employed to activate agar.

A known amount of the enzyme was used to be immobi-
lized onto agar activated with different concentrations of
periodate solutions. It was found that maximum amount of
tyrosinase was bound to agar activated by 200 mM perio-
date solution. Tien et al. (2004) activated alginate to im-
mobilize catalase, by increasing the degree of oxidation of
alginate, the concentration of catalase used to be immobi-
lized onto alginate was also increased, reaching a plateau.
We observed a somewhat similar trend in immobilizing
tyrosinase onto activated agar (Fig. 1) The reactions that
progressed the catalysis of L-tyrosine in the presence of as-
corbic acid leading to the formation of L-Dopa by free and
immobilized tyrosinase over time were also studied. It was
found that the formation of L-Dopa by free tyrosinase and
tyrosinase coupled to activated agar particles was linear up
to 50 and 120 min (Figs. 2, 3). The K, values of free and
immobilized tyrosinase on agar particles were also studied
by the Lineweaver-Burk plot (Fig. 4). The K., values from
these plots were determined to be 0.8 mM and 0.9 mM for
free tyrosinase and tyrosinase immobilized onto agar parti-
cles, respectively (Table 1). Hiilya and Ayten (2002) found
the K,,, value of tyrosinase of quince immobilized onto alu-
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Fig. 1 Covalent binding of tyrosinase to activated agar with different
concentrations of periodate solution.
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Fig. 2 Linearity of immobilized tyrosinase onto activated agar particles
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Fig. 3 Linearity of free tyrosinase catalyzed L-tyrosine to L-Dopa.
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Fig. 4 Line-weaver Burk plot of tyrosinase in free, immobilized onto
activated agar.

mina was lower than that of free enzyme; but our finding
shows that there is not much difference between the K,,
values of the both forms of tyrosinase. Enzyme immobiliza-
tion means restriction of the mobility of the enzyme which
can affect the mobility of the solutes. These phenomena can
be referred to as mass-transfer effect and can be led to a re-
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Table 1 Kinetic parameters of tyrosinase.

Forms of tyrosinase K

Vi n

Soluble
Immobilized onto agar particles

0.8 mM £ 0.07
0.9 mM +0.12

1(U/mV/min) + 0.14 -
0.6(U/ml/min) £ 0.17

duced reaction rate and consequently to decrease efficiency
as compared with soluble enzyme. For Michaelis-Menten
enzyme kinetics, the extent of mass transfer control is usu-
ally expressed by the efficiency coefficient or effectiveness
factor (1) (Tischer and Kassche 1999).

imm

V

free

1’]:

where V,,,, and V., are the rates of the reaction catalyzed
by the same enzyme concentration with immobilized and
free tyrosinase under identical conditions. The effectiveness
factors for tyrosinase immobilized onto activated agar parti-
cles was determined to be 0.6 (n<1) indicating diffusional
limitation imposed onto the reaction process leading to the
formation of L-Dopa by tyrosinase immobilized onto acti-
vated agar particles. However, the enzymatic synthesis of L-
Dopa by immobilized tyrosinase is controlled by mass
transfer limitation i.e. the availability of the substrate to the
active site of the enzyme is somewhat affected by immobi-
lized tyrosinase onto agar particles. Desorption of tyrosi-
nase from the activated agar matrix was also studied.
Desorption of tyrosinase from activated agar could not be
detected by further incubating the reaction mixtures at room
temperature. Therefore, desorption of tyrosinase immobi-
lized onto activated agar particles could not contribute to
the overall reactions catalyzed by immobilized tyrosinase as
there are strong evidence in the literature (Bieniarz et al.
1998; Norouzian et al. 1999; Yakup 2000; Torres-Bacete
2000; Wang et al. 2001) indicating that the covalent attach-
ment of the enzyme to the activated supports would be
strong and the desorption of the enzyme from the activated
supports might be negligible although inactivation of the
enzyme during the immobilization process was observed.
Furthermore, the optimum conditions like temperature and
pH for the immobilized tyrosinase onto activated agar cata-
lyzed L-tyrosine reaction leading to the synthesis of L-Dopa
in the presence of ascorbate were studied. It was found that
the optimum pH of the immobilized tyrosinase onto agar
remained the same as the free form i.e. 6.8 while that of
temperature of the immobilized form increased from 25 to
35°C indicating that the immobilized tyrosinase needs more
activation energy to catalyze the targeted reaction (Figs. 5,
6). Finally the operational stability of the developed bio-
catalyst was studied in terms of the number of recycles per-
formed. Fig. 7 shows the recycling of the immobilized tyro-
sinase where at the end of the 6™ cycle 50% of the original
enzyme activity was retained (duration of each cycle was 5
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Fig. 5 Optima temperatures of free and immobilized tyrosinase onto acti-
vated agar.
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Fig. 7 Recycling of tyrosinase immobilized onto activated agar.

hours). Enzyme immobilization/stabilization is the state of
art in biotechnological process development, since the solu-
ble enzymes behave differently from their immobilized/sta-
bilized counterparts, therefore choices of supports and
methods are important which should not much affect the
kinetic properties of the immobilized/stabilized enzymes. In
this regard, tyrosinase has been immobilized onto different
supports/matrices according to its application. Its applica-
tion ranges from the synthesis of drugs to the monitoring of
the environment contaminated with phenolic compound by
constructing biosensors (Pialis et al. 1996; Espin et al.
2001; Carvalho et al. 2000; Krastanov 2000; Ho et al. 2003;
Ensuncho et al. 2005). Several workers have endeavored to
immobilize tyrosinase through entrapments in alginate,
polyacryalamide and gelatin gels/beads. Although enzymes
entrapped in either natural or synthetic polymers providing
friendly environment to the biocatalyst but the yields of en-
trapment varied for different matrixes (Munjal and Sawh-
ney 2002). Seetharam and Saville (2002) modified sodium
and calcium aluminosilicates by 1% glutaraldehyde solution
prepared in phosphate buffer pH 7.0 to immobilize tyrosi-
nase. The uptake of the enzyme was comparable by the two
supports. However, the operational stability of the enzyme
on both sodium and calcium aluminosilicates were deter-
mined to be 48 and 40 hours respectively. Tyrosinase has
been conjugated to Fuller’s earth and then entrapped in ge-
latin gels. This technique has also improved the stability of
the enzyme on reusing such biocatalyst (Neeru et al. 2003).
To improve the operational stability and maintain somehow
the catalytic properties of the immobilized/stabilized en-
zymes as compared to their soluble counterparts, enzymes
can be crystallized and then cross linked in order to prepare
cross linked enzyme crystals. Recently Norouzian et al.
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(2007b) crystallized tyrosinase along with bovine serum
albumin and then cross-linked such crystal by glutaralde-
hyde solution. The developed biocatalyst was stable over
the consequent uses and upon the storage. Most of the re-
ports are concerned with the improvement of the tyrosinase
stability. During the process of immobilization particularly
through covalent attachment of the enzyme to the supports,
the loss of enzyme sometimes reaches to above 50% of its
original activity but the bond formed between the enzyme-
supports or enzyme-arm-support is strong and the leaching
of enzyme can occur during the subsequent operations. In
this way we have developed a biocatalyst that kinetically
behaves fairly similar to its soluble counterpart with the
afore-mentioned kinetic characteristics.
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