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Abstract
Ammonium sulphate fractionated tomato proteins were used for the direct immobilization of peroxidase on bioaffinity,
Con A-cellulose support. Con A-cellulose bound peroxidase retained 77% of the original activity. The immobilized en-
zyme showed very high stability against denaturation mediated by heat, pH, organic solvents and inhibitors. Soluble and
immobilized peroxidase exhibited maximum activity at 40 °C and pH 6.0. Con A-cellulose bound peroxidase retained
44% and 51% activity against the exposure to 50% DMF and n-propanol for 1 h, respectively; however soluble enzyme
showed only 21% and 20% activity under similar exposure to organic solvents, DMF and n-propanol. Immobilized per-
oxidase retained significantly higher activity against sodium azide and sodium sulphite as compared to soluble enzyme.
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1. Introduction
Oxidoreductive enzymes such as peroxidases and

polyphenol oxidases have shown their potential in the re-
mediation of aromatic pollutants from wastewater.1,2 Due
to certain inherent limitations like susceptibility to inacti-
vation by its own product, non-reusability and instability,
soluble enzymes cannot be employed at large scale to treat
huge volume of effluents.3,4,5 In order to overcome such
limitations, enzyme immobilization is one of the best al-
ternatives to exploit the enzymes at industrial level.

Immobilized enzymes offer several advantages
such as enhanced stability, easier product recovery, pro-
tection of enzymes against denaturants, proteolysis and
reduced susceptibility to contamination.6,7 This is due to
their enhanced resistance to unfolding provided by multi-
point covalent/non-covalent attachment with the matrix.
However, most of the immobilized enzyme preparations
use commercially available enzyme or expensive sup-
ports.8,9 The high cost and low yield of immobilized en-
zymes are two major limitations in their applications at
industrial level.6 Immobilized enzyme preparations must
be obtained by a cost effective and technologically con-
venient method.

Bioaffinity-based supports have several merits over
the other known conventional methods of enzyme immo-
bilization.10 Ease of immobilization, easy regeneration of
the support, lack of chemical modification and usually ac-
companying an enhancement in stability are some of the
advantages offered by the bioaffinity based immobiliza-
tion. Besides the mentioned advantages, there is an addi-
tional benefit that enzyme gets properly oriented on
bioaffinity support.11,12

These supports have been used for the high yield
and stable immobilization of glycoenzymes/enzymes.
This procedure can be employed for the immobilization of
enzymes directly from crude homogenate or partially pu-
rified enzyme preparations.13 Affinity binding offers very
mild, controlled adsorption of biocatalysts onto the sup-
ports and is likely to be of continuing value for immobi-
lization of delicate biocatalysts.

In this study, an effort has been made to prepare
bioaffinity support by incubating cellulose with jack bean
extract; a source of concanavalin A (Con A). Con A bound
cellulose support has been used to immobilize peroxidase
directly from ammonium sulphate fractionated tomato
proteins. A comparative stability study of soluble (S-
TMP) and immobilized tomato peroxidase (I-TMP) has
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been carried out against pH, heat, water-miscible organic
solvents and some inhibitors.

2. Materials and Methods

2. 1. Materials
Bovine serum albumin was obtained from Sigma

Chemicals Co., (St. Louis, MO) USA. Cellulose was the
product of Serva Chemical Co., Heidelberg, Germany. o-
dianisidine HCl was procured from IGIB, New Delhi,
India. The chemicals and other reagents employed were of
analytical grade and were used without any further purifi-
cation. Tomato used in the study was purchased from a lo-
cal vegetable market.

2. 2. Ammonium Sulphate Fractionation 
of Tomato Proteins
Tomato (50 g) was homogenized in a blender with

100 ml of 0.1 M sodium phosphate buffer, pH 6.0. The fil-
trate was centrifuged at 10,000 g on a Remi R-24 Cooling
Centrifuge. The solution thus obtained was subjected to
salt fractionation by adding 10–90% (w/v) (NH4)2SO4.
The mixture was stirred overnight at 4 °C to obtain the
maximum precipitate. The precipitate was collected by
centrifugation at 10,000 g on a Remi R-24 Cooling
Centrifuge. The obtained precipitate was re-dissolved in
appropriate volume of 0.1 M sodium phosphate buffer, pH
6.0 and dialyzed against the same buffer.9

2. 3. Adsorption of Con A on Cellulose

Jack bean meal (10 g) was suspended in 100 ml of
0.1 M sodium phosphate buffer, pH 6.2. The mixture was
kept on magnetic stirrer for about 12 h at room tempera-
ture (28–30 °C) and then centrifuged at 3000 g for 30 min
and supernatant was collected. Cellulose (5.0 g) was
added to 50 ml of distilled H2O and kept overnight for
swelling. It was decanted and then mixed with jack bean
extract; the mixture was kept overnight on magnetic stir-
rer. Con A adsorbed cellulose was collected by centrifuga-
tion.12

2. 4. Immobilization of Tomato Peroxidases
(TMP) on Con A-cellulose
Con A-cellulose (5.0 g) was incubated with tomato

peroxidase (1500 U) overnight on a magnetic stirrer at
room temperature (28–30 °C). The immobilized enzyme
was collected after centrifugation at 3000 g for 20 min at
room temperature and washed thrice with 0.1 M sodium
phosphate buffer, pH 6.0. Finally the immobilized enzyme
was suspended in the assay buffer and analyzed for en-
zyme activity.

2. 5. Effect of Temperature

Activity of soluble and immobilized TMP (1.27 U)
was determined at various temperatures (20–80 °C) in 0.1
M sodium phosphate buffer, pH 6.0. The percent remain-
ing enzyme activity was calculated by taking activity at
temperature-optimum as control (100%).

In another set of experiment, tomato peroxidase
preparations were incubated at 60 °C for varying times in
0.1 M sodium phosphate buffer, pH 6.0. After each incu-
bation period the enzyme was quickly chilled in crushed
ice for 5 min. The enzyme was brought to room tempera-
ture and then the percent remaining activity was deter-
mined as described in text. The activity of enzyme without
exposure at 60 °C was considered as control (100%) for
the calculation of remaining percent activity.

2. 6. Effect of pH

Soluble and immobilized TMP (1.27 U) were taken
for determining the activity of enzyme in the buffers of
different pH. The buffers used were glycine-HCl (3.0),
sodium acetate (4.0–6.0), sodium phosphate (7.0 and 8.0)
and Tris HCl (9.0 and 10.0). The remaining percent activ-
ity was calculated by taking activity at optimum-pH as
control (100%).

2. 7. Effect of Organic Solvents

Soluble and immobilized TMP (1.27 U) were incu-
bated with 10–60% (v/v) of water-miscible organic sol-
vents; n-propanol and DMF in 0.1 M sodium phosphate
buffer, pH 6.0 at 37 °C for 1 h. Peroxidase activity was de-
termined at all the organic solvent concentrations indicat-
ed. The activity obtained without exposure to organic sol-
vent was taken as control (100%) for the calculation of re-
maining percent activity.

2. 8. Effect of Inhibitors

Soluble and immobilized TMP (1.27 U) were incu-
bated with inhibitors; sodium azide (0.01–0.1 mM) and
sodium sulphite (0.1–1.0 mM), in sodium phosphate
buffer, pH 6.0 at 37 °C. Peroxidase activity was deter-
mined at all the inhibitor concentrations indicated. The ac-
tivity obtained without exposure to inhibitor was taken as
control (100%) for the calculation of remaining percent
activity.

2. 9. Assay of Peroxidase Activity

Peroxidase activity was estimated from the change
in the optical density (λ460 nm) at 37 °C by measuring the
initial rate of oxidation of o-dianisidine HCl by H2O2 us-
ing the two substrates in saturating concentrations.14
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Appropriate aliquots of tomato peroxidase were taken in a
set of test tubes. The volume was made up to 2.8 ml with
0.1 M sodium phosphate buffer, pH 6.0, H2O2 (18 mM)
and o-dianisidine HCl (6.0 mM), 100 µl each, was added
to the tubes. The total reaction volume was 3 ml in all the
tubes. The reaction mixture was properly mixed and incu-
bated at 37 °C for 15 min. The reaction was stopped by
adding 1.0 ml 6 N HCl in each tube. The reaction volume
was again mixed and the absorbance was taken at 460 nm
against the reagent blank.

The reaction mixture with immobilized TMP was
continuously stirred for entire duration of assay. The assay
was highly reproducible with immobilized enzyme.

One unit (1.0 U) of peroxidase activity is defined as
the amount of enzyme protein that catalyzes the oxidation
of 1.0 µmol of o-dianisidine HCl per min at 37 °C into
colored product (εm at 460 nm = 30,000 M–1cm–1).

2. 10. Protein Estimation

Proteins were estimated by the procedure described
by Lowry et al.15 Bovine serum albumin was used as stan-
dard.

2. 11. Data Analysis

Each value represents the mean for three independ-
ent experiments performed in duplicates, with average
standard deviation, < 5%.

3. Results

3. 1. Bioaffinity Based Immobilization 
of TMP on Con A-cellulose

Con A-cellulose matrix was selected as a bioaffinity
media for the direct immobilization of glycoenzymes
from ammonium sulphate fractionated tomato proteins. In
view of the glycoproteinic nature of tomato peroxidases,
these enzymes could be directly immobilized on Con A-
cellulose support from ammonium sulphate fractionated
proteins or from the crude homogenate of tomato. Con A-

cellulose adsorbed 687 U peroxidase/g of the matrix
(Table 1).

Immobilized peroxidase preparation retained signif-
icantly very high activity as it is evident from high effec-
tiveness factor, η 0.77.

3. 2. Effect of Temperature

Fig. 1 demonstrates the temperature-activity profiles
of soluble and immobilized enzymes. S-TMP and I-TMP
showed maximum activity at 40 °C. However, the immo-
bilized enzyme retained greater fraction of catalytic activ-
ity at higher temperatures as compared to the soluble en-
zyme.

Table 1: TMP immobilized on Con A cellulose support Activity bound/g Con A-cellulose support
Amount of Amount of (U) Activity

enzyme loaded enzyme activity yield
(X) in washes Theoretical Actual Effectiveness factor (B/A x 100)

(Y) (X-Y=A) (ηη) (%)
(U) (U) (A) (B) (B/A)

1500 608 892 687 0.77 77%

Figure 1: Temperature-activity profiles of soluble and immobilized
peroxidase. Soluble and immobilized peroxidase (1.27 U) activity
was determined in 0.1 M sodium phosphate buffer, pH 6.0 at vari-
ous temperatures (20–80 °C). Activity expressed at 40 °C was tak-
en as control (100%) for the calculation of remaining percent activ-
ity. Symbols indicate, the S-TMP (�) and I-TMP (�).

Soluble and immobilized tomato peroxidase prepa-
rations were incubated at 60 °C for various time intervals.
Soluble enzyme lost over 70% of its initial activity after 2
h exposure, whereas immobilized enzyme retained about
58% of the original activity under identical exposure to
heat (Fig. 2).

The effectiveness factor (η) value of the immobilized preparation represents the ratio of actual and theoretical activity of the immobilized enzyme.
Each value represents the mean for three-independent experiments performed in duplicates, with average standard deviation, < 5%.
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3. 3. Effect of pH

Immobilized tomato peroxidase showed broadening
in pH-activity profiles indicating a marked increase in sta-
bility. The pH-optimum was the same for both soluble and
immobilized TMP preparations, pH 6.0 (Fig. 3).

3. 4. Effect of Water Miscible Organic
Solvents
Incubation of soluble and immobilized peroxidase

with increasing concentrations of DMF (10–60%, v/v) re-
sulted in decreased activity. Soluble enzyme lost nearly
79% of its activity; however, immobilized enzyme re-
tained over 44% enzyme activity even after exposure to
50% (v/v) DMF for 1 h.

Table 2 demonstrates the effect of increasing con-
centration of n-propanol (10–60%, v/v) on the activity of
soluble and immobilized TMP. The activity of soluble en-
zyme was decreased to 80% upon exposure to 50% 
n-propanol, while immobilized enzyme retained more
than 50% activity under similar exposure.

3. 5. Effect of Inhibitors

Incubation of soluble and immobilized peroxidase
with increasing concentrations of sodium azide (0.01–0.1
mM) resulted in decreasing activity of enzyme. Soluble
enzyme lost 91% of the initial activity, whereas immobi-
lized preparation retained slightly higher activity (21%)
after exposure to 0.1 mM sodium azide for 1 h at 37 °C
(Table 3).

Effect of increasing concentrations of sodium sul-
phite (0.1–1.0 mM) on the activity of soluble and immobi-

Figure 2: Thermal denaturation of soluble and immobilized perox-
idase. Soluble and immobilized peroxidase preparations (1.27 U)
were incubated at 60 °C for various times in 0.1 M sodium phos-
phate buffer, pH 6.0. Aliquots were removed at indicated time inter-
vals and chilled quickly in crushed ice for 5 min. The enzyme activ-
ity was determined after bringing enzyme preparations at 37 °C.
Un-incubated samples were taken as control (100%) for the calcu-
lation of remaining percent activity. For symbols please refer to
legend of figure 1.

Figure 3: pH-activity profiles of soluble and immobilized peroxi-
dase. Soluble and immobilized peroxidase (1.27 U) activity was
measured in the buffers of varying pH (3.0–10.0). The molarity of
each buffer was 0.1 M. The activity at pH 6.0 for both preparations
was taken as control (100%) for the calculation of remaining per-
cent activity. For symbols please refer to legend of figure 1.

Table 2: Effect of water miscible organic solvents on soluble and immobilized peroxidase

Organic Remaining activity (%)
solvent DMF n-propanol
(%, v/v) S-TMP I-TMP S-TMP I-TMP

10 45 65 54 79
20 38 61 43 74
30 32 56 37 68
40 26 49 29 60
50 21 44 20 51
60 15 37 11 42

Soluble and immobilized TMP preparations (1.27 U) were incubated with increasing concentrations of
DMF/n-propanol (10–60%, v/v) in 0.1 M sodium phosphate buffer; pH 6.0 at 37 °C for 1 h and enzyme ac-
tivity was determined as described in text. The activity of soluble and immobilized peroxidase without ex-
posure to organic solvent was considered as control (100%) for the calculation of remaining activity. Each
value represents the mean for three independent experiments performed in duplicates with average standard
deviation, <5%.
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lized peroxidase was observed. The soluble enzyme lost
nearly 92% of activity while the immobilized enzyme re-
tained 39% of its initial activity in the presence of 1.0 mM
sodium sulphite for 1 h at 37 °C (Table 3).

4. Discussion

The present study aimed to work out an inexpensive,
simple and high yield procedure for the immobilization of
tomato peroxidase that would be of extreme interest in the
remediation of several types of aromatic compounds pres-
ent in polluted water or industrial effluents.16 Partially pu-
rified peroxidase was adsorbed on Con A-cellulose sup-
port, retaining 77% of the original activity (Table 1). It in-
dicated that the major peroxidases from tomato are glyco-
sylated. This bioaffinity-based procedure provides higher
mechanical and operational stability to the enzyme10,17

while retaining the basic biochemical activity of the free
enzyme, thus making it more stable to withstand the han-
dling procedures. In this technique enzyme is immobi-
lized directly from crude homogenate. Thus, the cost of
enzyme purification is avoided.12,18,19

Native peroxidase is quite stable to inactivation,
however immobilization provides additional stability to
denaturation mediated by different physical and chemical
agents. Several earlier workers have also shown that the
enzymes immobilized on bioaffinity support exhibited en-
hanced stability to heat inactivation.13 Tomato peroxidase
bound to Con A-cellulose exhibited high stability against
denaturation induced by heat (Fig. 1,2). However, such
enzyme preparations could be useful at relatively high
temperatures, which is an important factor for industrial
applications.12

Industrial effluents and municipal wastewater con-
tain organic solvents together with other aromatic pollu-
tants. The presence of organic solvents can influence the

structure of enzymes, exploited for the treatment of waste-
water.17 Therefore; it is of utmost importance to investi-
gate the role of some water-miscible organic solvents on
the activity of immobilized enzymes. I-TMP showed re-
markably very high stabilization as compared to S-TMP
against exposure to DMF and n-propanol (Table 2). It
goes in agreement with studies of other workers that im-
mobilization of enzymes by multipoint attachment pro-
tects them from denaturation mediated by water-miscible
organic solvents.18,20,21 Magri et al.22 have also reported
that immobilized soybean seed coat peroxidase showed
full activity over the organic solvent concentrations range
(5–70% v/v) assayed whereas the free enzyme was almost
inactive in 50% (v/v) of the solvents. More recently in our
laboratory it has been shown that bitter gourd peroxidase
immobilized on protein support was quite resistant to de-
naturation induced by various water-miscible organic sol-
vents.12 Thus bioaffnity based adsorption is the simplest
method for enzyme immobilization and is especially suit-
able for preparing immobilized enzymes for use in organ-
ic solvents due to less desorption of the adsorbed enzymes
in an organic environment.23

Sodium azide and sodium sulphite are potent in-
hibitors of peroxidases.24 Peroxidase in the presence of
sodium azide and H2O2 mediates one electron oxidation of
azide ions forming azidyl free radicals, which bind cova-
lently to the heme moiety thus inhibiting the enzyme ac-
tivity.25 Therefore we investigated the effect of these in-
hibitors on the activity of both soluble and immobilized
tomato peroxidases. I-TMP exhibited high stability at
higher concentration of inhibitors as compared to its solu-
ble counterpart (Table 3).

Con A-cellulose bound TMP has pronounced stabil-
ity against various denaturants. Earlier reports described
that the immobilization of glycoenzymes on Con A sup-
port resulted in the stabilization of enzymes against sever-
al forms of denaturation.11 However, Con A-cellulose ad-

Soluble and immobilized TMP preparations (1.27 U) were incubated with increasing concentrations of
sodium azide (0.01–0.10 mM)/sodium sulphite (0.1–1.0 mM) in 0.1 M sodium phosphate buffer, pH 6.0 at
37 °C for 1 h and enzyme activity was determined as described in the text. Each value represents the mean
for three independent experiments performed in duplicates with average standard deviation, <5%.

Table 3: Effect of inhibitors on soluble and immobilized peroxidase

Sodium Remaining activity Sodium Remaining activity
azide (%) sulphite (%)
(mM) S-TMP I-TMP (mM) S-TMP I-TMP
0.01 63 80 0.1 69 86
0.02 58 72 0.2 63 83
0.03 51 71 0.3 55 79
0.04 43 65 0.4 47 74
0.05 37 58 0.5 39 69
0.06 30 50 0.6 31 63
0.07 23 41 0.7 22 57
0.08 18 33 0.8 18 50
0.09 13 27 0.9 11 45
0.10 9 21 1.0 8 39
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sorbed enzyme has only non-covalent forces between sup-
port and enzyme molecules and sometimes it leads to des-
orption of enzyme or Con A or both from the support.
Cross-linking of bioaffinity adsorbed enzyme could be
done by using bifunctional or polyfunctional reagents to
prevent the dissociation/desorption of enzyme or Con A-
glycoenzyme complex from the cellulose support.26

5. Conclusions

Thus, adsorption procedures are significantly useful
in the immobilization of enzymes directly from the crude
homogenate and thus avoiding the high cost of enzyme
purification. Moreover, this procedure emphasized the im-
mobilization of TMP directly from the crude homogenate
or ammonium sulphate precipitated proteins. It has further
reduced the cost of immobilized enzyme preparation.
Immobilized tomato peroxidase preparations with high
stability against various physical/chemical denaturing
agents could be exploited for the development of bioreac-
tors for the treatment of phenolic and other aromatic pol-
lutants present in wastewater derived from various agri-
cultural and industrial activities.
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Povzetek
Z uporabo iz paradi`nika pridobljenih proteinov smo raziskovali direktno imobilizacijo preoksidaze s (konkanavalin A)
Con A-celulozo. Izkazalo se je, da peroksidaza, vezana na Con A-celulozo obdr`i 77 % svoje prvotne aktivnosti. Imobi-
liziran encim ka`e veliko stabilnost napram denaturaciji s toploto, spremembo pH medija, organskimi topili in inhibitor-
ji. Topna in imobilizirana peroksidaza ka`e najve~jo aktivnost pri 40 °C in pH = 6.0. Po enourni izpostavljenosti 50 %
DMF in n-propanolu peroksidaza vezana na con A-celulozo ka`e {e 44 % oz. 51 % prvotne aktivnosti, v ~istih topilih pa
aktivnost pade na 21 % in 20 %. Imobilizirana peroksidaza ima ka`e vi{jo aktivnost napram natrijevemu azidu in natri-
jevemu sulfitu kot topni encim.


