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Abstract Tyrosinase is used to eliminate phenolic

compounds from wastewater. Therefore, its immobi-

lization is important to enhance catalytic efficiency.

Papery materials are of particular interest for use as

support for enzyme immobilization since the porous

microstructure of fiber networks in papers can provide

a suitable reaction environment, especially in flow-

type catalytic reactions. However, immobilization of

protein onto papery structure needs chemical modifi-

cations in severe conditions. To overcome this chal-

lenge, a cellulosic paper was directly amine-

functionalized in moderate conditions and used for

tyrosinase immobilization. The support was pretreated

with HCl (0.5 N) solution and then sequentially

immersed in ethylenediamine (EDA), glutaraldehyde

solution (2% v/v) and the crude enzyme. In compar-

ison with the untreated one, the immobilized enzyme

on the EDA-treated support offered a 3.7-fold increase

in activity. The FTIR spectra as well as EDX analysis

proved the presence of amine groups in the cellulosic

paper and also covalent immobilization of tyrosinase

on the modified support. When considering the effect

of pH on the activity at 25 �C, a maximum relative

activity of 134% at pH 6 was revealed. Similarly,

evaluating the effect of temperature on the activity at

pH 7 displayed a maximum relative activity of 152%

at 35 �C. The immobilized enzyme was suitable for

use for more than four cycles to degrade a phenolic

compound at severe pH and temperature conditions.

Additionally, the immobilized enzyme was active

after treatment of the surface at different pHs and

temperatures for 105 min. The chemically modified

cellulosic paper can be used as a support for enzyme

immobilization.
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Introduction

Tyrosinase is a copper-containing enzyme with two

copper ions that catalyzes the hydroxylation of

monophenols to o-diphenols, and subsequently the

reaction proceeds to yield o-quinones in the presence

of oxygen (Apetrei and Apetrei 2015; Ismaya et al.

2011). The enzyme is considered an oxidase with two

kinds of activities: a monophenolase activity (creso-

lase) and diphenolase activity (catecholase). The

fruiting body of the edible mushroom Agaricus

bisporus, produced in large amounts for human
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consumption, is one of the available and inexpensive

resources of tyrosinase (Dinçer et al. 2012).

Tyrosinase is used for elimination of phenolic

compounds from wastewater on the industrial scale as

well as in biosensors for detecting different pollutants

(Fenoll et al. 2004; Stanca and Popescu 2004). The

most recognized performance of tyrosinase is the

formation of melanin from L-tyrosine and L-3,4-

dihydroxyphenylalanine (L-DOPA) (Labus et al.

2012). Using pure tyrosinase for phenol degradation

from wastewater streams makes it expensive for large-

scale application. Additionally, the enzyme activity is

partially lost during the purification process. There-

fore, it is acceptable to pass up the purification of the

enzyme. On the other hand, the direct use of mush-

room tissue may have disadvantages such as slowing

down the enzymatic reaction. Therefore, using immo-

bilization techniques can reduce this disadvantage

(Kampmann et al. 2014).

Immobilization of enzymes is one of the most

effective ways to enhance catalytic efficiency, which

increases the stability of enzymes and makes them

reusable (Mateo et al. 2007; Ensuncho et al. 2005;

Bayramoglu et al. 2013; Arica and Bayramoglu 2006).

The other advantages of immobilized enzymes include

easy isolation of enzymes from raw materials, increas-

ing the contact area of enzymes and substrates, and

preventing the accumulation of enzymes. There are

different methods for enzyme immobilization, the

most common being adsorption, covalent bonding and

entrapment (Datta et al. 2013; Jesionowski et al. 2014;

Mohamad et al. 2015; Brena et al. 2013).

Different supports and surfaces have been used for

enzyme immobilization including nano-particles

(Karim et al. 2015; Soozanipour et al. 2015; Meng

et al. 2014; Karim and Lee 2013; PérezLópez and

Merkoçi 2011; Wu et al. 2011; Liu et al. 2011), beads

(Dinçer et al. 2012; Labus et al.2011; Marı́n-Zamora

et al. 2007), sol gel (Kampmann et al. 2015; Munjal

and Sawhney 2002), carbon nano-tubes (Apetrei and

Apetrei 2015; Wang and Hasebe 2011) and different

surfaces (Khan et al. 2005).

Cellulose is the most common and abundant

organic polymer. Considering the importance of

sustainable development, the use of cellulosic

resources is growing quickly, and many new cellu-

lose-based materials with various functions are devel-

oping. Paper, as the main cellulosic product, is

inexpensive, flexible, easy to handle and lightweight.

In addition, the porous microstructure of fiber net-

works in papers can provide a suitable reaction

environment, especially in flow-type catalytic reac-

tions, allowing for the effective diffusion of heat and

reactants. Hence, different proteins have been immo-

bilized on modified cellulosic paper (Koga et al.

2012, 2015; Cao et al. 2015; Nery and Kubota 2016;

Zhao et al. 2016).

However, the functionalization of cellulosic mate-

rials for enzyme immobilization is challenging and

carried out in severe conditions. In this study, direct

introduction of amine groups into cellulosic paper in

ambient temperature is reported. Modified papers

were used as supports for covalent immobilization of

tyrosinase. The supports were characterized, and the

catalytic properties of the immobilized enzymes were

studied.

Experimental section

Reagents and materials

Whatman filter paper (grade 42, ashless) was used as a

cellulosic support. It is produced from high-quality

cotton linters containing 98% cellulose. Ethylenedi-

amine (EDA, 99%), propylenediamine (PDA, 98%)

and glutaraldehyde aqueous solution (GL, 25%) were

from Merck. Fresh mushrooms were purchased from

the local market. The other chemicals were analytical

grade.

Enzyme extraction and assays

To extract tyrosinase, briefly, fresh mushrooms were

cut into small pieces. Afterward, cold acetone

(-10 �C) was added to the mushroom pieces, and

the mixture was agitated for 30 min. The mixture was

centrifuged at 7000 rpm for 20 min. The sediment was

resuspended in phosphate buffer (1 M, pH 7) and

stirred for 30 min. Then, the mixture was centrifuged

at 10,000 rpm to remove mushroom pulps. The

supernatant was saturated with ammonium sulfate to

30% and subsequently centrifuged at 10,000 rpm to

remove the precipitate. The supernatant was saturated

with ammonium sulfate to 60%, and the mixture was

centrifuged at 10,000 rpm to harvest the precipitate.

The precipitate was resuspended in phosphate buffer

and stored as crude enzyme (Zynek et al. 2010).
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Tyrosinase activity was determined using fresh

1 mM L-tyrosine (as specific mono-phenolic sub-

strate) solution in phosphate buffer at pH 7 and

25 �C. Change in absorbance was recorded in 30-s

intervals using a Lambda 25 UV/Vis spectrophotome-

ter (PerkinElmer) at a wavelength of 475 nm. The

enzyme activity unit (U) is defined as the amount of

tyrosinase that converts L-tyrosine into colored prod-

ucts causing an increase in absorbance of 0.001 per

min (Dinçer et al. 2012). The protein concentration of

enzyme solutions was determined by the Bradford

method using bovine serum albumin (BSA) as stan-

dard (Bradford 1976). The activity of the crude

enzyme solution was more than 10,000 U/ml. For

kinetic study, L-DOPA (1 mM) was used as substrate

to measure tyrosinase activity.

Cellulosic support preparation and enzyme

immobilization

Briefly, the supports (0.7 cm 9 1 cm) were sequen-

tially treated at ambient temperature as follows:

pretreatment with ethanol (95% v/v) or HCl (0.5 N)

solutions, washing with distilled water, immersion

in EDA or PDA for 45 min to be amine-function-

alized, washing out with plenty of phosphate buffer

(0.1 M, pH 7) and finally immersion in 2% GL

solution (as crosslinking agent) for 3 h. For covalent

immobilization of the tyrosinase, the prepared

surfaces were individually immersed in crude

enzyme solution with an activity of 4700 U/ml

(protein concentration of 3.1 mg/ml) at 4 �C for

16 h. The enzyme-immobilized surfaces were

washed with plenty of buffer to remove the non-

covalent attached enzyme. Activity of the immobi-

lized enzyme was measured, similar to that of the

free enzyme. Substrate solution (at pH 7 and 25 �C)
was added to 0.7 cm2 of the enzyme-immobilized

surface, and changes in absorbance were recorded at

475 nm in 2-min intervals (Parkhill and Gulliver

1997). The surface showing the highest activity was

selected for further studies, and the other immobi-

lized enzyme activities relative to the highest one

were reported. To discover the effect of function-

alizing and crosslinking agents on immobilized

enzyme activity, several experiments in the absence

of corresponding chemicals were carried out and the

relative activities recorded.

Characterization analysis of cellulosic support

Identification of the chemical groups on the untreated

and treated support was performed using KBr disks on

a Fourier transform infrared (FTIR, Bruker Vector-22)

spectrometer, and absorptions were reported as wave

numbers (cm-1). A scanning electron microscope

(SEM) was used to observe surface morphologies of

the support. The instrument was used in high vacuum

mode (HV/20.0 kV) at 10009 and 4509 magnifica-

tion. Samples were cut into small pieces for surface

scanning. The surfaces were coated with 20 lm of Au.

Additionally, energy-dispersive X-ray spectroscopy

(EDX) was carried out for qualitative elemental

analysis of the surfaces.

Enzyme activity at different pHs and temperatures

To determine the effect of pH on free and immobilized

enzyme activities, individual substrate solutions at

different pHs between 4 and 8 (phosphate buffer for

pHs 6, 7 and 8 and citrate phosphate buffer for pHs 4

and 5) were prepared, and the immobilized enzyme

activities were measured at 25 �C. For temperature

effect, the activities of the immobilized enzyme at pH

7 and different temperatures from 25 to 55 �C were

measured. The same experiments were conducted

using the free enzyme.

Reusability of the immobilized enzyme

Reuse tests were done at different pHs (4, 5, 6, 7 and 8)

and 25 �C using L-tyrosine (1 mM) as substrate, and

the activities of the immobilized enzyme were mea-

sured. For each cycle, the substrate solution was

sequentially replaced with a fresh one after washing

the surface with plenty of buffer. The activity of each

cycle was calculated and reported relative to the

activity of the first cycle at pH 7. The same experi-

ments were conducted at different temperatures (25,

35, 45 and 55 �C) and pH 7.

Stability tests of the immobilized enzyme

For the pH stability test, the enzyme-harboring

samples were immersed in buffers at different pHs

(5, 6 and 8) for known periods. Then, the surfaces were

individually transferred to substrate solution (1 mM L-

tyrosine), and the corresponding activities were
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measured at pH 7 and 25 �C. To investigate temper-

ature stability, the enzyme-immobilized surfaces were

incubated at different temperatures (45, 55, 65 and

75 �C) for the specified times. Subsequently, the

activity of the immobilized enzymes in L-tyrosine was

measured at pH 7 and 25 �C.

Kinetic study

Oxygen is necessary for conversion of phenolic

substrates using tyrosinase, and the consumption of

molecular oxygen is equimolar to the di-phenolic

substrate conversion. However, the oxygen content

of aqueous solutions is sufficient for tyrosinase

activity at low substrate concentrations (Kampmann

et al. 2014; Parkhill and Gulliver 1997). In high

concentrations of substrate, oxygen deficiency can

hinder complete conversion of the substrate unless

there is a sufficient oxygen mass transfer from

ambient air to the solution that can compensate for

the lack of oxygen. Therefore, in the kinetic study, it

was assumed that at low concentrations of L-DOPA,

the enzymatic reaction was not limited by the

oxygen concentration (Kampmann et al. 2015). The

effect of substrate concentration on the enzyme

reaction rate was described with the Michaelis-

Menten kinetic model (Eq. 1):

t ¼ dS

dt
¼ tmaxS

Km þ S
ð1Þ

where tmax (U/cm
2), S (mM) and Km (mM) were the

maximum rate of the reaction, the concentration of the

substrate (L-DOPA) and the Michaelis-Menten con-

stant. To find the constant values of the model, the

activity of the immobilized enzyme was measured

using different concentrations (0.75, 1, 2, 3, 4 and

5 mM) of L-DOPA at 25 �C and pH 7. Then, a graph of

the activities versus concentrations was plotted, and

the values of Km and tmax were calculated by non-

linear fitting of the model to the experimental data.

Support loading capacity

To understand the support capacity, BSA solutions

with different concentrations (0.75, 1.5, 3, 6, 9 and

12 mg/ml) were prepared and individually immobi-

lized on the support, similar to tyrosinase immobi-

lization. At the end of the process, the protein

concentration of the solutions was determined, and

protein loaded on the support was also calculated.

Results and discussion

The effect of chemicals on immobilization

performance

The cellulosic support functionalization and enzyme

immobilization using different chemicals were carried

out, and corresponding relative activities were

reported (Table 1). A maximum activity of 40.8 U/

cm2 was found when the supports were pretreated with

HCl (0.5 N) and functionalized with EDA. In com-

parison with ethanol, HCl was more suitable to prepare

the support to react with amine groups of the EDA. As

shown in Table 2, using EDA and GL simultaneously

in the immobilization process caused a 3.7-fold

increase in activity compared to the untreated support.

The results proved that 27% of the maximum activity

could be referred to enzyme adsorption on the

untreated support. In addition, the relative activity of

the enzyme-free treated papers was negligible (\3%).

The results showed the appropriateness of the proce-

dure to immobilize the enzyme.

Characterization of the samples

FTIR

The FTIR spectra were taken from untreated, EDA-

functionalized and fully prepared (without enzyme)

Table 1 Enzyme

immobilization with

different chemicals and

relative activities

No. Pretreatment Functionalizing agent Relative activity (%)

1 HCl (0.5 N) Propylenediamine 93

2 HCl (0.5 N) Ethylenediamine 100

3 Ethanol Propylenediamine 63

4 Ethanol Ethylenediamine 85
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supports to determine any changes in chemical

bonding states (Fig. 1). The peaks at 3347 and

2901 cm-1 in the untreated support were significantly

weakened in that for the amine-functionalized sample.

These peaks were referred to O–H and C–H bonds.

The O–H bond was mainly related to the cellulosic

structure of the support. In Fig. 1a, the bands near 560

and 610 cm-1 correspond to the stretching vibration

of the C–Br and C–Cl bonds, respectively. The

disappearance of these bands in Fig. 1b was related

to the condensation reaction between halides and

amine groups of the EDA and formation of the –C–N–

bond that created the new band near 1075 cm-1. The

appearance of new bands at 1580 and 825 cm-1,

observed in Fig. 1b, was attributed to the bending and

wagging vibrations of N–H in amine groups. Simi-

larly, the displacement and decreasing of the band size

originally observed in Fig. 1a at 3350 cm-1, which

shifted to 3400 cm-1 in Fig. 1b, were referred to the

stretching vibration of the N-H bond in both the

primary and secondary amines. The reaction between

EDA and –C-Cl of cellulosic materials and formation

of –C–N– has been previously proved (da Silva Filho

et al. 2006). The new band at 1640 cm-1 (as shown in

Fig. 1c) was ascribed to the presence of imine (–N=C–)

in the support as the result of the reaction between

glutaraldehyde and the amine groups of the EDA-

treated sample. However, the reaction of glutaralde-

hyde with primary amine groups in both the treated

support and enzyme is well accepted (Migneault et al.

2004).

SEM and EDX analyses

The surface morphology of the support was studied

using SEM. As shown in Fig. S1, the enzyme-

immobilized support clearly had a fibrous structure

with the intertwined strands. There was no major

change in the structure after the immobilization

process, although a little destruction could have

occurred because of the pretreatment with HCl.

EDX is a qualitative analysis that identifies some of

the major elements in the supports. Therefore, this

analysis was performed for the untreated surface,

EDA-treated paper and enzyme-harboring support to

determine the elements existing in the surface (Fig. 2).

Peaks of O and C, referred to the principle elements of

cellulosic materials, were common between all

graphs. The peaks corresponding to Br and Cl seen

in Fig. 2a were related to the additives used in the

support production process. The bonds of C-Cl and

C-Br for the untreated surface were also confirmed in

the FTIR analysis. As shown in Fig. 2b, the peaks of

Br and Cl disappeared for the EDA-functionalized

support because of the condensation reaction between

the halides and amine groups, resulting in the appear-

ance of the N peak in harmony with the FTIR spectra.

Phosphor (P) and potassium (K) are in this figure was

Table 2 Effects of

ethylenediamine,

glutaraldehyde and the

enzyme on relative

activities

No. Functionalizing agent Crosslinking agent Enzyme Relative activity (%)

1 – – – \1

2 Ethylenediamine – – \1

3 – Glutaraldehyde 2% – \1

4 Ethylenediamine Glutaraldehyde 2% – \3

5 – – Crude enzyme 27

6 – Glutaraldehyde 2% Crude enzyme 51

7 Ethylenediamine – Crude enzyme 65

8 Ethylenediamine Glutaraldehyde 2% Crude enzyme 100

Tr
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itt

an
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Wavenumber / cm-1
4000 500100015002000250030003500

(b)

(c)

(a)

Fig. 1 FTIR spectra for cellulosic support a before modifica-

tion and b after chemical modifications with ethylenediamine

and c glutaraldehyde as a crosslinker
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because of washing the surface with phosphate buffer.

Figure 2c representsPhosphor major elements ofPhos-

phor enzyme-immobilized support. The presence of

sulfur (S) and copper (Cu) in Fig. 2c was attributed

toPhosphor tyrosinase structure, which contains both

elements. Tyrosinase has two atoms of copper (Cu) in

the center, specifically (Donato et al. 2012). The

existence of copper and sulfur on the surface obvi-

ously proves the succes of the immobilization process.

Based on the results from FTIR and EDX analyses,

the scheme of enzyme immobilization on the support

is proposed in Fig. 3.

Effects of pH and temperature on enzyme activity

As a substantial parameter, pH influences the enzymatic

activity and stability (Apetrei and Apetrei 2015). The

effect of pH on the activity of immobilized and free

enzymes was investigated. As displayed in Fig. 4a, the

immobilized enzyme offered the maximum relative

activity of 134% at pH 6, while that for the free enzyme

was found at pH 7. During the immobilization process,

amino groupswere added to the surface,which probably

interacted with enzyme functional groups around the

active site causing conformational changes in the

enzyme structure. As a result, the optimum pH shifted

to 6.

Moreover, free enzyme activity at pH 4 was

negligible in contrast with that of the immobilized

enzyme with a relative activity of 32%. The lowest

activity of free and immobilized tyrosinase was related

to pH 4.0, which could be associated with the net

positive charge of the enzyme at this condition since

the pH value at the isoelectric point (pI) of tyrosinase

is about 4.7 (Rijiravanich et al. 2006).

To investigate temperature effects, the activities

weremeasured at different temperatures (Fig. 4b). The

immobilized enzyme showed the maximum relative

activities of 152% (62.0 U/cm2) at 35 �C, while that

for the free enzyme was 128%. Higher temperature

Fig. 2 EDX analysis of the cellulosic support a before treatment, b after chemical treatment with ethylenediamine creating an N peak

and c enzyme immobilized surface with Cu and S peaks confirming enzyme existence on the surface

Fig. 3 Functionalization and immobilization processes. a Functionalization of cellulose with amine groups; N was connected to the

carbon atom in the structure of the support. b Crosslinking with glutaraldehyde. c Tyrosinase immobilization (Ha stands for halides)
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strongly caused decreasing of the activities. In har-

monywith the results provided by the other researchers

(Labus et al. 2011; Khan et al. 2005; Munjal and

Sawhney 2002), immobilization made enzymes more

stable in comparison with free enzymes.

Enzyme reusability

The experiments were individually done in four cycles

at different pHs, and the activity of each cycle relative

to that for the first cycle at pH 7 was reported (Fig. S2).

The maximum relative activity of 128% was seen for

the first cycle of the experiment at pH 6. Also, a sharp

decrease in activity occurred for the experiment at pH

4, and the enzyme was only active for three cycles at

this condition. In the case of temperature effect

examination (Fig. S3), the process was carried out

similarly to the method described above at different

temperatures and pH 7, and the activity of each cycle

relative to that of the first cycle at 25 �C was

considered as 100% activity. The highest relative

activity of 141% was found in the first cycle of the

experiment at 35 �C. For higher temperatures, the

relative activities decreased intensely as a result of

enzyme denaturation. Relative activity losses during

the second cycles and the next ones were due to

enzyme inactivation as well as deposition of the

reaction product (ortho-quinone) on the surfaces.

Stability of the immobilized enzyme

A lower degree of enzyme autolysis, increase in the

conformational rigidity of enzyme structure and

limited susceptibility to drastic conformational

changes can be achieved by protein immobilization,

which increases the enzyme stability (Jiang et al.

2005; Homaei et al. 2010).

In order to assess the stability of the immobilized

enzyme, the sample was incubated at various pHs, and

then the activity of the immobilized enzyme was

measured (Fig. 5a). After incubation of the supports

for 45 min, the immobilized enzyme was stable with

relative activities of more than 85%, but the activities

decreased after incubation of more than 75 min.

Thermal stability tests were done by incubating the

surfaces at different temperatures (Fig. 5b), and

subsequently the activities of the immobilized enzyme

were determined. Keeping the surfaces at 45 and

55 �C for 30 min caused a loss of 50–60% in the

relative activities. For incubating at higher tempera-

tures and longer times, the losses in activity were more

than 75%. In comparison with pH effects, temperature

had severe impacts on the activity of the immobilized

enzyme. An immobilized enzyme with a higher

stability and a broad range of temperature profiles

could be an appropriate candidate for practical appli-

cations (Homaei et al. 2010). However, the results

showed that the immobilized enzyme was partially

stable against the loss of enzymatic activity and
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Fig. 4 The effect of pH and temperature on enzyme activities.

a pH effects: free and immobilized enzyme activities were

determined at ambient temperature using L-tyrosine (1 mM) as

substrate. b Temperature effects: free and immobilized enzyme

activities were determined at pH 7 using L-tyrosine (1 mM) as

substrate
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catalytic efficiency during applications at the different

conditions.

Kinetic study of the reaction

The kinetic studies for both immobilized and free

enzymes were carried out using different concentra-

tions of L-DOPA. In addition, non-linear fitting of the

Michaelis-Menten model to the experimental data was

performed (Fig. 6). The constant values, tmax and Km,

were 2505 (U/cm2) and 7.66 (mM) for immobilized

enzymes, while the corresponding values for free

enzymes were 62,000 (U/ml) and 1.1 (mM), respec-

tively. The increment of the Km value after the

immobilization process shows lower affinity of the

immobilized enzyme to its substrates in comparison

with the free one as an intrinsic specification of

enzyme immobilization processes. The discrepancy

between the affinities of the free and immobilized

enzymes to their substrates are owing to enzyme

structural changes during immobilization (Bayra-

moglu et al. 2013), diffusional restrictions and the

introduction of steric hindrance formed by the support

toward the active site causing the lack of adequate

enzyme flexibility for binding of the natural ligands

during catalysis.

Loading capacity of the cellulosic support

Loading capacity of the carriers is an important

parameter for practical applications. The results

clearly showed that loading of protein on the support

increased by increasing the protein concentration in

solution. At the initial BSA concentration of 8 mg/ml,

35% of the protein was immobilized on the carrier,

proving high affinity of the treated support to BSA.

The carrier probably had high affinity to the other

proteins. However, during the immobilization process

adsorption and chemical bonding occurred simultane-

ously (Fig. 7).
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Fig. 5 The effect of pH and temperature on enzyme stability.

a pH effects: the immobilized enzyme was retained in buffer at

different pHs for specified periods, and the enzyme activity was

measured using L-tyrosine (1 mM) at pH 7 and ambient

temperature. b Temperature effects: the immobilized enzyme

was incubated in buffer at different temperatures for specified

periods, and the enzyme activity was measured using L-tyrosine

(1 mM) at pH 7 and ambient temperature
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Fig. 6 Changes in the reaction rate as a function of substrate

(L-DOPA) concentration at pH 7 and ambient temperature using

0.2 cm2 of enzyme-immobilized support. Data are represented

as mean values ± SD of triplicate experiments
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Conclusions

Cellulosic paper was used as a support for immobi-

lization of tyrosinase in a simple method. The amine

groups were directly introduced into the cellulosic

paper by treatment of the support using EDA.

Tyrosinase was immobilized on the amine-function-

alized surface by using glutaraldehyde as a crosslink-

ing agent. EDX and FTIR characterization techniques

confirmed the presence of amine groups in the support

as a result of the condensation reaction between

halides in the support structures and amine groups of

the EDA. The covalent immobilization of tyrosinase

on the modified support was also proved. Features of

immobilized enzyme were studied from various

aspects. The maximum activity of immobilized

enzyme was 62.0 U/cm2 at pH 7 and 35 �C, while in
the same experiment at pH 7 and 25 �C, the immo-

bilized enzyme activity was 40.8 U/cm2. The immo-

bilized enzyme was stable at different pHs and

temperature conditions, and it could be reused for

more than four cycles. The reaction rate of L-DOPA

conversion was described using the Michaelis-Menten

kinetic model, and the corresponding constants, tmax

and Km, were 2505 (U/cm2) and 7.66 (mM). The

treated support had high affinity to immobilize BSA.

The chemically modified cellulosic paper can be used

as a support for enzyme immobilization.
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