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ABSTRACT

Magnetic beads were prepared via suspension polymerization of glycidyl methacrylate (GMA) and methyl
methacrylate (MMA) in the presence of ferric ions. Following polymerization, thermal co-precipitation
of the Fe(III) ions in the beads with Fe(Il) ions under alkaline condition resulted in encapsulation of Fe304
nano-crystals within the polymer matrix. The magnetic beads were activated with glutaraldehyde, and
tyrosinase enzyme was covalently immobilized on the support via reaction of amino groups under mild
conditions. The immobilized enzyme was used for the synthesis of L-Dopa (1-3,4-dihydroxy phenylala-
nine) which is a precursor of dopamine. The immobilized enzyme was characterized by temperature,
PH, operational and storage stability experiments. Kinetic parameters, maximum velocity of the enzyme
(Vmax) and Michaelis-Menten constant (Kq,) values were determined as 1.05U/mg protein and 1.0 mM
for 50-75 wm and 2.00 U/mg protein and 4.0 mM for 75-150 wm beads fractions, respectively. Efficiency
factor and catalytic efficiency were found to be 1.39 and 0.91 for 75-150 wm beads and 0.73 and 0.75 for
50-75 pm beads fractions, respectively. The catalytic efficiency of the soluble tyrosinase was 0.37. The
amounts of immobilized protein were on the 50-75 pm and 75-150 pwm fractions were 2.7 and 2.8 mg

protein/g magnetic beads, respectively.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Naturally occurring amino acid 1-3,4-dihydroxyphenylalanine
(L-Dopa) is a precursor of dopamine and an important neural mes-
sage transmitter [1]. It has been a preferred drug for the treatment
of Parkinson’s disease since 1967 [2,3]. Decrease in concentration of
dopamine in the substantia nigra of the brain causes Parkinson dis-
ease [4,5]. Dopamine cannot be used as a drug for Parkinson disease
since it is unable to cross the blood-brain barrier whereas L-Dopa
can [6]. Therefore, the analysis of tyrosinase activity is important
for detecting melanoma cells and Parkinson disease.

Tyrosinase (EC 1.14.18.1; mushroom tyrosinase) is a multifunc-
tional copper-containing enzyme widely distributed in nature.
Mushroom tyrosinase is a tetrameric enzyme, and its molecular
size is 128 kDa. Enzyme has two distinct substrate binding sites;
one with a high affinity for aromatic compounds including pheno-
lic substrates, the other for metal-binding agents and oxygen [7].
Tyrosinase catalyzes two reactions through separate active sites:
(1) it catalyses the orthohydroxylation of monophenols, commonly
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referred as the cresolase activity and (2) it catalyses the oxidoreduc-
tion of orthodiphenols to orthoquinones commonly referred as the
catecholase activity [8-10] (Scheme 1). The first enzymatic reaction
of tyrosinase on tyrosine is proposed by Raper [11]. He proposed
oxygen consuming reaction pathway beginning with L-tyrosine,
which is oxidized via L-Dopa to dopaquinone.

In recent years it is found that tyrosinase is the rate-limiting
enzyme for melanogenesis [12]. It catalyses the hydroxylation of
L-tyrosine to L-Dopa via cresolase activity and oxidoreduction of
L-Dopa to dopaquinone via catecholase activity. To prevent con-
version of L-Dopa to dopaquinone, L-ascorbic acid is added to the
reaction medium. In the presence of ascorbic acid the dopaquinone
is reduced to L-Dopa while ascorbic acid is oxidized to dehy-
droascorbic acid [13]. Several matrices [14-17] were used for the
immobilization of enzymes. Tyrosinase was immobilized on differ-
ent matrices [18-25] and they were used for synthesis of L-Dopa
(Scheme 2).

There are reports claiming that random covalent immobiliza-
tion may not promote any additional conformational stability
on immobilized enzyme activity, whereas multipoint covalent
immobilization might become more stable compared to soluble
counterpart or random immobilization. In multipoint covalent
immobilization, the active three-dimensional structure of the
enzyme could be preserved on the support via multipoint attach-
ment. Thus, the enzyme could be more stable against harsh reaction
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Scheme 1. Representation of reactions of polyphenol oxidase.

conditions such as heat, organic solvents or any other distort-
ing agents [26-34]. The immobilization of enzymes inside porous
supports may increase the enzyme stability by preventing any
intermolecular process (proteolysis, aggregation) and by prevent-
ing the enzyme from interactions with external interfaces (air,
oxygen, immiscible organic solvents, etc.) [27,28]. It should be
noted that glutaraldehyde activated supports can stabilize the
three-dimensional active conformational network of the immobi-
lized enzyme via multipoint covalent attachment under very mild
experimental conditions. In this immobilization method, the amino
groups of the enzyme can react with the aldehyde groups which
were introduced via modification of the support [35-37].

Magnetic supports have recently been used for immobilization
of enzymes [38-44]. Magnetic beads, small globular, iron oxide con-
taining particles, are available at diameter sizes of nanometers up
to hundreds of micrometers. Paramagnetic materials like Fe, O3 are
used to prevent aggregation. An iron oxide magnetite core pro-
vides the paramagnetic attraction of the particles. The covalent
immobilization of an enzyme to magnetic beads can be effective
to advance the enzyme stability. Magnetic beads have wide range
of applications in the immobilization of cells and enzymes [45],
bio-separation systems [46], immunoassays [47], and biosensors
[48]. Besides the merits of other supports, magnetic ones can be
more easily recovered from the reaction medium, cultivation media
and waste from food or fermentation industries [46]. In addition,
rotational and vibrational movements are observed in the alter-
nating magnetic fields by polymeric beads exhibiting magnetically
anisotropic properties. In a continuous fluidized bed reactor, these
magnetic phenomena could be used for preventing product film
formation around the enzyme-magnetic beads by an alternating
magnetic field. In such a system, vibrating the reaction medium
around the support could facilitate substrate transfer through the
surface of the enzyme-beads and this fact could also provide a
key for controlling immobilized enzyme activity in bioreactor. In
addition, the magnetic support could be easily separated from the
reaction medium and stabilized in a fluidized bed reactor by apply-
ing a magnetic field. The use of magnetic beads could also reduce
capital and operation costs [35,36].

In this work, magnetic beads poly(GMA-MMA) were syn-
thesized using monomers glycidyl methacrylate (GMA) and
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methyl methacrylate (MMA) (cross-linked with ethylenegly-
col dimethacrylate(EGDMA)). Epoxy groups of the magnetic
poly(GMA-MMA) beads were converted into amino groups in the
presence of ammonia during thermal precipitation of iron oxide
crystals. The aminated magnetic beads were used for the immo-
bilization of tyrosinase after activation with glutaraldehyde. The
immobilization of tyrosinase on two different size fraction of the
magnetic poly(GMA-MMA) beads was investigated. The resultant
immobilized tyrosinase was characterized and used for the batch-
wise synthesis of L-Dopa from L-tyrosine.

2. Experimental
2.1. Reagents

Tyrosinase (o-diphenol; 0O, oxidoreductase; EC 1.14.18.1
obtained from mushroom as lyophilized powder), L-tyrosine,
L-ascorbic acid, hydrochloric acid, sodium hydroxide, sodium
molybdate, and sodium nitrite were purchased from Sigma-Aldrich
Chem. Co. Glycidyl methacrylate, methyl methacrylate, ethyleneg-
lycol dimethacrylate and a-a’-azo-isobisbutyronitrile (AIBN) were
obtained from Fluka AG. Glutaraldehyde was purchased from
Merck. The monomers GMA and MMA distilled under reduced
pressure in the presence of hydroquinone and stored at 4°C.

2.2. Preparation of magnetic beads

Magnetic beads were prepared from GMA and MMA via suspen-
sion polymerization in the presence of a cross-linker (i.e., ethylene
dimethylmethacrylate) as reported previously [41]. Organic phase
in 20 mL toluene consists of GMA (7.5 mL), MMA (7.5 mL), EGDMA
(7.5mL; as a cross-linker) and 5.0% polyvinyl alcohol (20 mL, as
the stabilizer) and a-a-azo-isobisbutyronitrile (0.2 g) were mixed.
The continuous phase was prepared in aqueous medium contain-
ing the precursor of FeCl; for the thermal iron oxide precipitation
in the beads. Polymerization reactor was placed in a water bath
and heated to 65°C. The polymerization reaction was continued
at 70°C for 2.0h and then at 80°C for 1.0 h. The resultant beads
were filtered under suction and washed with distilled water and
ethanol.
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Scheme 2. Representation of L-Dopa synthesis.
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Scheme 3. Simple representation for preparations of magnetic beads.

In the second step, magnetic nano-particles encapsulated beads,
poly(GMA-MMA), were prepared by co-precipitation. It involves
co-precipitation of Fe3* and Fe?* by adding base, usually NaOH or
NH3-H, 0. FeCl, (5.0 g) was dissolved in purified water (100 mL) and
transferred into a reactor containing magnetic poly(GMA-MMA)
beads (15g) in NH3-H,O (50mlL, 25%, w/v). The reactor was
equipped with reflux condenser and contents were refluxed under
nitrogen atmosphere at three different sequential temperatures
(i.e., at 40, 50 and 90°C for 2 h) while continuous stirring. Finally,
the magnetic poly(GMA-MMA) beads were separated from the
reaction medium, washed in ethanol solution (50%; 250 mL) for
3 h, and then washed with purified water. The aminated magnetic
poly(GMA-MMA) beads (2 g) were transferred to phosphate buffer
(pH 7.5; 50 mL), containing 0.5 mL glutaric dialdehyde (50%, w/w).

Reaction was carried out at 25 °C under stirring for 18 h. The acti-
vated beads were washed with distilled water, acetic acid solution
(0.1 M, 100 mL) and phosphate buffer (50 mM, pH 7.5). The result-
ing activated beads were sieved and two fractions were (50-75 and
75-150 pm in diameter) used for the covalent immobilization of
tyrosinase. Simple representation for the preparation of magnetic
beads is shown in Scheme 3.

2.3. Enzyme immobilization

The magnetic beads (2 g; 75-150 and/or 50-75 p.m in diameter)
were washed with 40 mL buffer and equilibrated in 50 mM, pH 7.5
phosphate buffer for 2 h. Glutaraldehyde (5.0%, 0.5 M) was added to
the medium, after 18 h reaction period, the unbounded glutaralde-
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Scheme 4. Representation of enzyme immobilization on magnetic beads.
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hyde was removed by washing with distilled water and 1.0 M acetic
acid. The beads were equilibrated in phosphate buffer and then
transferred into the enzyme solution (20 mg tyrosinase in 20 mL
phosphate buffer). The immobilization was achieved with a stir-
ring rate of 100 rpm for 12 h at 25 °C. Then the enzyme immobilized
magnetic beads were removed from the medium and physically
bound enzyme was removed first by washing with saline solution
(40mL, 1.0M Nacl) and then with phosphate buffer (50 mM, pH
7.0). In these studies a reference support with amino groups carry-
ing magnetic beads were used as a blank support to make sure that
final washing eliminates physically bound enzyme molecules.

It was stored at 4°C in same fresh buffer until use. Schematic
representation of enzyme immobilization is shown in Scheme 4.
The amount of immobilized tyrosinase on the poly(GMA-MMA)
was determined by measuring the initial and final concentrations
of protein in the immobilization medium using the Bradford protein
determination method.

2.4. Determination of tyrosinase activity

The activity of tyrosinase was determined for both soluble
and immobilized enzyme. For the soluble enzyme activity, 2 mL
enzyme solution (0.01 M) was added to L-tyrosine solutions with
L-ascorbate prepared in the concentration range of 0.5-2.5 mM.
The activity of soluble tyrosinase was determined spectrophomet-
rically. Calibration curve for L-Dopa production was derived using
a L-Dopa concentration range between 10-3 and 10-6 M. For the
immobilized tyrosinase activity, three different amounts of mag-
netic beads were used (5, 10, 20 mg) to determine the optimum
amount of magnetic beads in the reaction medium. 10 mg enzyme
immobilized beads was found to be suitable for enzymatic assay
and 1 h was required to get optimum value of the L-Dopa concen-
tration. After stirring for 1h, 1.0 mL HCl was added to terminate
enzymatic reaction and then 1.0 mL NaOH was added to neutralize
the medium. Finally, Na;MoO4 and NaNO, mixture (1 mL, 15%, w/v)
was added and a yellow complex was obtained. Since formation of
L-Dopa complex is time dependent, substantial L-Dopa concentra-
tions were determined after 1 h spectroscopically at 460 nm.

2.5. Protein determination

Bradford’s method was used for the protein determination of
enzyme and the washing solutions [49]. Briefly, a 25 mL phos-
phoric acid, 12.5mL ethanol and 25 mg Coomassie Brilliant Blue
(G-dye), were mixed to prepare Bradford’s reagent. The mixture
was diluted to 50 mL by distilled water. A solution of Bradford’s
reagent was prepared with four volumes of distilled water. Dif-
ferent concentrations of 1.0 mL bovine serum albumin (BSA) were
prepared for the protein calibration curve. Diluted Bradford’s
reagent (2.0 mL) was added to different concentration of BSA solu-
tions. The absorbance values of these solutions were measured at
595 nm.

2.6. Optimum pH and temperature experiments

The effect of pH was determined by changing reaction medium
pH between 3.0 and 8.0 at a constant L-tyrosine concentration
(0.01 M) for both soluble and immobilized enzyme matrices. The
effect of temperature was determined by changing the reaction
medium temperature between 20 and 60 °C at constant L-tyrosine
concentration. In all experiments the enzyme activity determi-
nation was performed as described above, and relative enzyme
activity was calculated by assigning the maximum value of activity
as 100%.

2.7. Storage and operational stability experiments

The activities of free and immobilized tyrosinase after storage
in phosphate buffer (50 mM, pH 7.0) at 4°C were measured for 3
months in a batch operation mode with the experimental condi-
tions given above.

Operational stability of the immobilized enzyme was studied in
a batch system by repetitive uses of the same immobilized enzyme
preparation in 50 successive measurements in the same day. In all
experiments, relative enzyme activity was calculated by assigning
the maximum value of activity as 100%.

3. Results and discussion
3.1. Characterization of magnetic beads

Formation of iron oxide in the polymer structure was achieved
in two steps: (1) Ferric ions containing poly(GMA-MMA) beads
were prepared from monomers via suspension polymerization in
the presence of Fe3* jons. (2) Classical thermal precipitation reac-
tion was carried out in NH3 aqueous solution containing Fe2* ions
for the formation of iron oxide crystals within the beads. The beads
were sieved. Two different fractions with 50-75 and 75-150 pm
sizes were produced and used in further reactions. By the BET
method, the specific surface areas for both fractions of the magnetic
beads were measured as 23.7 and 21.6 m?/g. Using HCl-pyridine
method, the amounts of available epoxy groups on the magnetic
beads surface were determined as 1.19 and 1.12 mmol/g. GMA was
used initially to incorporate epoxy groups on the polymer sur-
face for further modification of the beads. The value obtained
for epoxy groups was lower than that of the theoretical value
(2.59 mmol/g) since some of the epoxy groups remain inside the
magnetic beads and are not accessible for subsequent reactions or
analytical determinations. When use of support material in enzyme
immobilization is contemplated, the water content is very impor-
tant. The equilibrium-swelling ratio of the poly(GMA-MMA) beads
was determined to be 1.39% on weight basis. This is a moderate
swelling ratio and suitable for use as support material for immobi-
lization of different enzymes.

The presence of magnetite nano-particles in the polymeric
structure was investigated with an electron spin resonance (ESR)
(EL 9, Varian, USA). As presented in Fig. 1 the formation of nano-
particles in the beads was confirmed. The intensity of the magnetite
peak against magnetic field (Gauss) is also presented in figure. It
should be noted that the bare poly(GMA-MMA) beads cannot be
magnetized under this condition. The application of an external
magnetic field may generate an internal magnetic field in the beads
which will add to or subtract from the external field, that is, the
local magnetic field generated by the electronic magnetic moment
will add vectorially to the external magnetic field (Hext) to give an
effective field (Hegr) [50]:

Heff = Hext + Hlocal (1)

As shown in Fig. 1, magnetic poly(GMA-MMA) beads have a relative
intensity of 2.8 x 10~3. This value shows that polymeric structure
has a local magnetic field since magnetite nano-particles were
formed during thermal precipitation reaction. The g factor given in
Fig. 1 can be considered as a quantity characteristic of the molecules
in which the unpaired electrons are located, and it can be calculated
from the following equation:

g hv
= 7
where h is the Planck constant (6.63 x 10-27 erg s); B is the univer-

sal constant (9.27 x 10~21 erg/Gs); vis the frequency (9.80 x 10° Hz)
and H; is resonance of magnetic field (Gs).

(2)
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Fig. 1. Electron spin resonance (ESR) spectrum of mp (GMA-MMA) beads at room
temperature.

The measurement of the g factor for an unknown signal can be
a valuable aid in the identification of a signal. In the literature the
g factor for Fe(Ill) is the range of 1.4-3.1 for low spin and 2.0-9.7
for high spin complexes [51]. In this study, the g factor was found
to be 3.25 for poly(GMA-MMA) beads. As seen in ESR spectrum
and from H; value, 2155 Gs magnetic field was found sufficient to
excite all of the dipole moments presentin 1.0 g of poly(GMA-MMA)
beads. In the literature, this value was found to vary from 1000
to 20,000 Gs for various applications, showing that the magnetic
beads presented in this study will need less magnetic intensity. The
value of this magnetic field is a function of the flow velocity, particle
size and magnetic susceptibility of the beads. Hence, the magnetic
beads can be easily separated within few seconds by a conventional
permanent magnet. When the applied magnetic force is removed
the magnetic beads can be easily dispersed by simple shaking. The
beads have a spherical form and rough surface due to pores formed
during polymerization. The enzyme should be immobilized both
on the external surface of the beads and within the pore space near
the surface providing a large surface area for the immobilization
of tyrosinase. The porous surface properties of the magnetic beads
would favor higher immobilization capacity for the enzyme due to
increase in the surface area. The enzyme should be immobilized
both on the external surface of the magnetic beads and within the
pore space near the surface providing a large surface area for the
immobilization of tyrosinase. Increasing the porosity of the support
provides more area for enzymatic reaction.

The FTIR spectra of magnetic beads have the characteristic vibra-
tions of both GMA and MMA. The methylene vibration exists at
2957 cm~!, and the peak at 1735 cm~"! represents the ester group
for both MMA and GMA. The epoxide group gives a band 971 cm1.

Table 1
Properties of the soluble and immobilized tyrosinase on the magnetic beads.

The characteristic band at 600 cm~! indicates that Fe30,4 molecules
are successfully formed within the structure of poly(GMA-MMA)
beads [41].

3.2. Enzyme loading on the magnetic beads

The covalent immobilization of commercially important
enzyme, tyrosinase, was studied via glutaraldehyde coupling using
two different size fractions of magnetic beads. According to the data
obtained using Bradford method, the amounts of immobilized pro-
tein were found as 2.7 and 2.8 mg protein/g magnetic beads for
50-75 and 75-150 pm fractions, respectively (Table 1).

3.3. Kinetic parameters of soluble and immobilized enzyme

Mechanisms that influence the interactions between biological
substrates and enzymes are essential to engineer biomolecular pro-
cesses. During the last few decades, considerable research efforts
have been directed to understand the mechanisms of enzyme func-
tions [51]. Enzymatic assay mentioned in Section 2.4 was applied
to both soluble and immobilized enzyme matrices with preset con-
centrations of L-tyrosine. Vmax and Ky, values were determined
from Lineweaver-Burk plot at 25°C and pH 7.0. The parameters
were given in Table 1. As seen in this table, the Vihax values for
50-75 and 75-150 wm magnetic beads were found as 2.9 x 103
and 5.6 x 10~3 (mol/(minmg (bead)). As regards to the amount
of immobilized protein from Bradford method Vi3« values can be
calculated as 1.05 and 2.00 in terms of pumol/(min mg (protein)) for
50-75 and 75-150 pm fractions. Increase in the bead size (i.e., from
50-75 to 75-150 pm fraction) resulted in an enhanced enzyme
activity. The enzyme immobilized magnetic beads of 75-150 pum
fraction shows better response than other matrix. Also, Ky, val-
ues which show the affinity towards substrate decreased for both
matrices compared to the one for soluble enzyme. For 50-75 um
magnetic beads there exists a substrate diffusion limitation since as
the bead size decreases the pore size on the beads also decreases.
Thus, enzyme could not match with required amounts of its sub-
strate due to substrate diffusional limitations causing a decrease
in Vimax. Moreover, the conformations of the enzyme have changed
due to immobilization since after immobilization; enzyme seems
to have a true higher affinity for the substrate with 50-75 pum
magnetic beads, though not a higher activity. For 75-150 wm frac-
tion magnetic beads it seems like the affinity is for the substrate
is low, but whenever the enzyme-substrate come together they
produce the product. This is resulted in high Viax for 75-150 pum
fraction. Thus, 75-150 um fraction magnetic beads reveal more
reasonable V. and Ky, values than that of the soluble enzyme
and the enzyme immobilized on the 50-75 pwm bead fractions.
Similar findings were reported in the literature [52]. 75-150 wm
fraction magnetic beads immobilized enzyme system provided an
efficiency factor () of 1.39 for the immobilized tyrosinase and n
was found as 0.73 for 50-75 wm beads fractions. The ratio of Vinax
to Ki, defines the catalytic efficiency (k;,) of an enzyme-substrate
pair. Catalytic efficiency of the soluble tyrosinase was calculated
as 0.37. This value is 0.75 for 50-75 and 0.91 for 75-150 pm
fractions. The catalytic efficiency of the 75-150 and 50-75 pm

Form of enzyme Km (mM) Vimax (emol/(min mg Enzyme loading (mg Efficiency factor Catalytic efficiency
(protein)) enzyme/g beads) (Vimmobilized / Ufree) (Vinax/Km)

Free enzyme 3.9 1.43 - - 0.37

Immobilized enzyme on 50-75 pwm fraction 14 1.05 2.7 0.73 0.75

Immobilized enzyme on 75-150 wm fraction 2.2 2.00 2.8 1.39 0.91
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beads matrices.

fractions increased 2.46- and 2.02-fold, respectively upon immo-
bilization.

3.4. Effect of pH

Asshownin Fig. 2, magnetic bead matrices have enzymatic activ-
ity in a wide pH range. As the pH increased relative activity also
increased at low pH values. At higher pH, relative enzyme activi-
ties were decreased for both immobilized matrices. While soluble
enzyme presented maximum activity at pH 7 with a sharp drop at
more acidic and basic pH values, immobilized enzymes presented a
better pH activity profile, with a values over 80% between pH 4 and
8.As an advantage, immobilized enzyme matrices reveal enzymatic
activity ina wider pH range than that of soluble enzyme matrix. This
makes the new biocatalysts more suitable for use.

3.5. Effect of temperature

The influences of temperature on the activity of magnetic beads
were given in Fig. 3. Relative enzyme activity was calculated by
assigning the maximum activity value as 100%. The temperature
profile of the immobilized tyrosinase was broader at high tem-
perature compared to the soluble enzyme. At low temperatures,
the catalytic activity of both types of the magnetic bead matri-
ces increased with the rise of the temperature at first and after a
maximum (at 40 °C for each matrices), decreased at a higher tem-
perature. For soluble enzyme the optimal temperature was found
to be 30°C and there exist sharp increase and decrease before and
after 30 °C. As it was evident from the data, the immobilized enzyme
reveals a better heat-resistance than soluble enzyme. The immobi-
lization procedure could protect the enzyme active conformation
from distortion or damage by heat exchange. One of the main rea-
sons for enzyme immobilization is the anticipated increase in its
stability to various deactivating factors due to restricted confor-
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Fig. 3. Effect of temperature on soluble enzyme, 50-75 and 75-150 wm fraction

magnetic bead matrices.
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mational mobility of the molecules after immobilization [53,54].
Therefore, the immobilized enzyme could work in harsh envi-
ronmental conditions with lower activity loss compared to the
soluble counterpart. Since human body temperature is around
37°C, 75-150 pm fraction magnetic beads which have maximum
activity at 40°C present more reliable results than 50-75 wm frac-
tion magnetic beads.

3.6. Storage and operational stability

The main problem in using enzymes on productive scale is their
stability. Stability of immobilized enzyme is an important parame-
ter since enzymes can easily be denatured. Concerning the stability
good storage and operational stability parameters are essential.
At the 90th day, the immobilized enzyme matrix for 75-150 pm
fraction magnetic beads shows 5% activity whereas this is 20% for
50-75 pm fraction magnetic beads as shown in Fig. 4. There exists
a decrease in the activity by 50% after 35 days and then, due to
the conformation and stability changes activity decreases sharply.
It is clear that the activity of the soluble enzyme decreases faster in
nearly 4 weeks, than the immobilized tyrosinase on magnetic beads
under the same storage conditions. In operational stability exper-
iments, there exists a remarkable increase in the concentration of
the L-Dopa (Fig. 5). The matrices enhance the enzymatic activity
causing an increase in the production of L-Dopa as shown in Fig. 5.
Thus, magnetic beads with immobilized enzyme continuously pro-
duce L-Dopa.

4. Conclusion

L-Dopa is the immediate precursor of the natural neurotrans-
mitter, dopamine, and is widely used as medication for Parkinson’s
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disease to improve the symptoms due to decreased dopamine
levels. To synthesize L-Dopa, poly(GMA-MMA) beads were pre-
pared from GMA and MMA via suspension polymerization and
tyrosinase was covalently immobilized on the magnetic beads. The
poly(GMA-MMA) beads have numerous advantages such as prepar-
ing the reactive beads without any activation steps. They can be
used for enzyme immobilization under mild experimental condi-
tions. They have high enzyme binding capacity due to the highly
porous surface structure. They can form the desired amount of
epoxy on the beads’ surface by changing the monomer ratio in the
initial polymerization mixture. Kinetic parameters (Vmax, Km) were
determined for the 50-75 and 75-150 pm fractions of the magnetic
beads. Vimax is 1.05 for 50-75 and 2.00 pmol/(min mg (protein))
for 75-150 pm fractions. Ki, values are 1 and 4 mM, respectively.
Catalytic efficiency is 0.75 for 50-75 pm and 0.91 for 75-150 pm
fractions whereas it is 0.37 for the soluble enzyme. Thus, the
catalytic efficiency increased at least twice upon immobilization.
Temperature, pH, operational and storage stability, experiments
were performed to characterize immobilized enzyme matrices.
Hence, an alternative route for synthesizing L-Dopa was achieved.
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