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ABSTRACT

Armoracia rusticana is the commercial source of the enzyme Horseradish Peroxidase (HRP). Calcium ions play
an important role in the functional conformation of HRP. The present study assesses the effect of three calcium
salts viz., calcium chloride (CacCl,), calcium nitrate [Ca(NOs),] and calcium sulphate (CaSO,) on the guaiacol
activity of crude peroxidase extracted from the shoots and roots of in vitro grown plantlets of A. rusticana and
their growth medium. The highest activity was observed in the shoot extracts of 25 mM CaCl, treated plantlets
(1.92 U/mL) and the root extracts of 25 mM Ca(NO3), supplemented plantlets (2.84 U/mL). The crude peroxidase
activity of the medium containing 25 mM CacCl, supplement was highest (0.13 U/mL). The capacity of the shoot
and root extracts to decolourise a 10 ppm solution of methyl orange over 48 hours, was also tested. The decol-
ourisation capacity was highest in the shoot extracts from CaCl, treated plantlets (49.32%) and root extracts
from Ca(NOs), treated plantlets (29.72%0) respectively. Hence, the addition of calcium salts to growth medium
enhances both peroxidase activity and decolourisation capacity of crude extracts of A. rusticana plantlets. These
findings are of significance in enzymatic treatment for decolourisation of effluents containing dyestuffs.
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1. Introduction important for the heme environment of the enzyme and
thereby affect its activity [3,4]. The role of calcium in the
growth of plants and in the maintenance of their health
has been studied extensively. Calcium ions (Ca®*) are an
important component of plant cell walls. The Ca®* that
are present in the middle lamella between adjacent cells
hold the cell wall components together [5]. Calcium is
also known to affect cell wall permeability. Salts like
calcium chloride and calcium phosphate are known to
increase the permeability of bacterial cell walls and
animal cell membranes respectively, making them more

The herb Armoracia rusticana P. Gaertn, B. Mey. &
Scherb. is the commercial source of the enzyme perox-
idase, i.e. Horseradish peroxidase (HRP) which has sev-
eral diagnostic uses [1]. Some of the uses of HRP in
clinical diagnosis include the determination of hydrogen
peroxide (H,O,) in biological systems and the labeling of
antibodies. In recent times, the use of HRP has become
common in diverse fields including enzymatic waste wa-
ter treatment.

Peroxidases are cell-wall associated enzymes [2]. The
enzyme HRP is a ferric ion containing heme enzyme.
Calcium acts to maintain the functional conformation of
some proteins like Horseradish Peroxidase [1]. Studies
with lignin peroxidase have shown that calcium ions are
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competent to take up foreign DNA [6]. Calcium ions
have been reported to affect the in vivo activity of
peroxidases in plants [7]. Experiments by Stitcher et al.
(1981) [8] and Kwak et al. (1996) [9], and our pilot
studies (data not shown), have revealed that peroxidase
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activity increases in the presence of Ca*" in the form of
calcium chloride (CaCl,).

In the present study, plantlets of A. rusticana were
grown in vitro in media supplemented with three dif-
ferent salts of calcium, namely CaCl,, Ca(NOs), and
CaS0,, to study the effect of the calcium supplements on
the activity of crude peroxidase extracted from the shoots
and roots of these plantlets. The media in which the
plantlets were grown contained peroxidase secreted by
them (extracellular peroxidase). The peroxidase activity
of each of the media was assayed as well. The capacity
of the shoot and root extracts to decolourise an aqueous
solution of methyl orange over 48 hours was also as-
sessed.

2. Materials and Methods

2.1. Multiplication of in Vitro Cultures of A.
rusticana Plantlets

The in vitro plantlets of Armoracia rusticana were
subcultured every 4 - 6 weeks on modified Murashige
and Skoog’s (MS) medium [10] supplemented with 3%
sucrose and 0.5 mg-L™* Indole-3-acetic acid (IAA). The
explants used included leaf, petiole and node.

2.2. Preparation of Crude Enzyme Extract

A known weight (about 0.2 g) of each plant tissue was
macerated in a pre-chilled mortar and pestle with 2.0 mL
of 0.1 M phosphate buffer (pH 5.8). The macerated
suspension was cold centrifuged at 5000 rpm for 5 min.
The supernatant was collected and used as the source of
enzyme. The protein content of crude enzyme extract was
determined using the method of Lowry et al. (1951) [11].
The crude extracts prepared from shoot tissues contained
chlorophylls. The absorbance due to chlorophylls was
compensated using appropriate corrections.

2.3. Determination of Activity of Crude Enzyme
Extracts

The activity of peroxidase was estimated spectrophoto-
metrically using a JASCO V-530 spectrophotometer
based on the method described by Kim and Yoo (1996)
[12]. In this assay, the colored product, i.e. tetraguaiacol
(¢ = 26600 L-mol *-cm™), is estimated at 470 nm. The
reaction mixture (3.0 mL) contained 0.9 mL of 0.1 M

phosphate buffer (pH 6.0), 1.0 mL of 15 mM guaiacol i.e.

2-methoxy phenol (substrate), 0.1 mL of crude enzyme
extract and 1.0 mL of 3 mM hydrogen peroxide.

The activity of an enzyme is expressed as units per mL
(U/mL). One unit (U) is defined as the amount of enzyme
that can convert 1 umole of substrate into product in 1
minute. Throughout the study, the activity of peroxidase
in the crude extracts has been calculated using the
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following formula shown in Equation (1) (using guaiacol
as substrate):
_ AOD/minx RmV x df

U/ml = 1
/ &40 % EV @

where,
AOD/min = change in absorbance per minute
RmV = reaction mixture volume (mL)
df = dilution factor
&470 = molar absorptivity of tetraguaiacol at 470 nm
(mL-pmol™-cm™)
EV = enzyme extract volume (mL)

2.4. Comparison of Peroxidase Activity in Terms
of Equivalence to Standard HRP

The activity of the crude extracts has been compared to
that of standard Horseradish Peroxidase (HRP). The
standard used had an activity of 250 U/mg (HiMedia
India Ltd.). The number of equivalents of the standard
HRP/mL present in the crude extracts was calculated.
The calculation was based on the rate of reaction vs.
concentration of standard enzyme (graph not shown)
under reaction conditions identical to the ones used for
the assay of the crude extracts.

2.5. Determination of Optimum Concentration of
Calcium Chloride

In these experiments, in vitro plantlets of A. rusticana
were grown in modified (MS) liquid media supplemented
with 0, 5, 10, 25, 50 and 100 mM CaCl, for a period of
21 days in culture bottles. The temperature was main-
tained at 25°C £ 2°C with 16 hours light and 8 hours dark
photoperiod. The shaker speed was adjusted to 80 rpm.
The guaiacol activity of shoot and root extracts and that
of the medium was assayed at the end of the growth
period.

2.6. Selection of Calcium Salts as Supplements

The two salts of calcium other than CaCl, that were
selectedas supplements included calcium nitrate [Ca(NO3),]
and calcium sulphate (CaSO,). These two salts are used
as liquid fertilizer and as a soil amendment respectively.
All the three salts used viz., CaCl,-2H,0, Ca(NOs),-4H,0
and CaS0,4-2H,0 were purchased from Loba Chemie
(Mumbai).

2.7. Inoculation of Plantlets on Media
Supplemented with Different Calcium Salts

In the studies with different concentrations of CacCl,,
media supplemented with 25 mM CaCl, showed higher
peroxidase activity than the MS (P) i.e. control and with
greater consistency (shoot, root and media) than the other
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concentrations. Hence, in the studies with different
calcium salts, the final concentration of each calcium
supplement was maintained at 25 mM. Accordingly,
single rooted plantlets, weighing about 0.1 g each, were
inoculated in culture bottles containing 30 mL of liquid
medium. The media used were as given in Table 1.

2.8. Decolourisation of Methyl Orange by Shoot
and Root Extracts

The shoot and root extracts of the A. rusticana plantlets
grown in media supplemented with different calcium
salts were also tested for their ability to decolourise me-
thyl orange, a monoazo dye, at a final concentration of
10 ppm over 48 hours. This experiment would help to
assess the potential of growth medium supplements to
enhance the performance of peroxidases from A. rusti-
cana in enzymatic treatment of wastewater. The activity
of the media was very low and hence they were not used
in the decolourisation studies. The compositions of the
reaction mixtures are as shown in Table 2.

The absorbance was recorded at the start of the reac-
tion and after 48 hours. Controls devoid of enzyme ex-
tract were maintained to account for decolourisation due
to the bleaching action of hydrogen peroxide. Hydrogen
peroxide is a widely used commercial bleaching agent.
Also, a set of reaction mixtures containing 10 ppm me-
thyl orange and the Fenton reagent [13] was maintained
as positive control for decolourisation. Decrease in the
absorbance was measured and the percentage decolouri-
sation was calculated using the following formula shown
in Equation (2):

Table 1. Growth media composition.

Sr. No. Medium and supplement
1 Modified MS medium
2 Modified MS medium + 25 mM CaCl,
3 Modified MS medium + 25 mM Ca(NOs),
4 Modified MS medium + 25 mM CaSO,

Table 2. Components of reaction mixture for methyl orange
decolourisation study.

Reaction mixture components Shoot Root
0.1 mg-L™* phosphate buffer (pH 6.0) 1.46 mL 1.76 mL
Crude enzyme extract 0.5mL 0.2 mL
Dilution factor 1 1
30 mg-L™* methyl orange 1.0mL 1.0mL
300 mmol-L* hydrogen peroxide 0.04 mL 0.04 mL
Total volume of reaction mixture 3.0mL 3.0mL
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Decolourisation % =

A=A 100 )
Ai

where,
A, = initial absorbance
A = final absorbance

2.9. Statistical Analysis of Data

The reported values are mean = SD (n = 3). All the sta-
tistical analysis of the data obtained from the studies de-
scribed above, were performed using SPSS version 19.
The results of the analysis were obtained for p < 0.05. In
cases where ANOVA has been performed, multiple
comparisons were made using Duncan’s Multiple Range
Test (DMRT). The *“shoot” series has been assigned
groups represented by the lower case letters a, b and ¢
(where, a > b > ¢). The “root” series has been assigned
groups represented by the upper case letters A, B and C
(where, A > B > C). The “media” series has been as-
signed groups represented by upper case letters X, Y and
Z (where, X >Y > Z).

The means (within a single series, i.e. shoot, root or
media) that have been assigned the same letter(s) are not
significantly different from each other at p < 0.05.

3. Results

3.1. Determination of Optimum Concentration of
Calcium Chloride

As seen in Figure 1, among the treatments, the highest
activity of shoot peroxidase is seen at 25 mM CaCl,
(2.76 U/mL) and 25 mM (1.87 U/mL) CaCl,. The
activity at 10, 25, 50 and 100 mM CacCl, is significantly
higher than in the control set 0 mM i.e. MS (P). Among
the treated samples the maximum activity of the medium
was seen at 25 mM CaCl, (0.43 U/mL) followed by 10
mM (0.41 U/mL) and 50 mM (0.39 U/mL). The activity

H Shoot

A A Root
A i|: :|: B Medium

2.50 ~
2.00
1.50
1.00

0.50

Mean Guaiacol activity (U/mL)

0.00

0 5 10 25 50 100

Concentration of Calcium chloride (mM)

Figure 1. Comparison of activity of crude peroxidase from
shoot, root extracts and medium at different concentrations
of calcium chloride.
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at 10, 25 and 50 mM is significantly higher than that of
the MS (P) control.

The 25 mM CacCl, treatment shows consistently higher
peroxidase activity across shoots, roots and media than
other concentrations. Hence, 25 mM was selected as the
concentration to work with other calcium salts as well.

3.2. Effect of Calcium Salt Supplement on Crude
Peroxidase Activity

The activity of crude peroxidase from the shoots, roots
and media of plantlets grown with different calcium salts
is shown in Figure 2. Among the shoot extracts, the
highest activity is found in the shoots that received 25
mM CaCl, treatment (1.92 U/mL) which is significantly
higher than the control and other treatments. The activity
of crude peroxidase from the roots of plantlets grown in
presence of 25 mM Ca(NOy), is significantly higher
(2.84 U/mL) than the control set as well as that of roots
from other treatments. The activity of medium supple-
mented with 25 mM CaCl, is significantly higher (0.13
U/mL) than the activity of the control set media and that
of the media from other treatments. However, the activity
of the media was generally low and hence the media
were not used for subsequent decolourisation studies.

As seen in Figure 3 the extracts made from of shoots of
A. rusticana plantlets grown with 25 mM CaCl, have the
highest number of standard HRP equivalent units (0.82)
per milliliter. This is significantly higher than the number
of equivalents in the extracts made from the shoots of
control plantlets or those of the other treatments. The
extracts made from the roots of A. rusticanaplantlets
grown in medium supplemented with 25 mM Ca(NO3),
showed significantly higher number of standard HRP
equivalent units (1.22) per milliliter, than the control roots
or the roots that were given other calcium supplements.
The medium of A. rusticana plantlets with 25 mM CaCl,

4.00 - H Shoot

3.50 Root

3.00 - B Medium
2.50

2.00 c
1.50
1.00
0.50
0.00

Mean Guaiacol activity
(U/mL)

MS (P) MS +25mM MS+25mM MS+ 25 mM

control CaCl2 Ca(NO3)2 CaSO4

Treatments

Figure 2. Comparison of peroxidase activity of crude ex-
tracts from shoots, root and medium of A. rusticana plan-
tlets grown in media supplemented with different calcium
salts.

OPEN ACCESS

M Shoot
1.60 - A
2 2 140 - Root
£< 120 - Media
5 2
2 100 - a
=1 ab B
2 un 0.80 B
Ec B bc
S o c
22 060 - I I
€2
3 3 0.40 -
S o
0.20 - v i v v
0.00 -
MS (P) control MS+25mM MS+25mM MS+25mM
CaCl2 Ca(NO03)2 Caso4
Treatments

Figure 3. Comparison of number of equivalent units of
standard HRP in shoot and root extracts and medium of A.
rusticana plantlets grown in medium supplemented with
different salts of calcium.

supplement shows significantly higher number of stan-
dard HRP equivalent units (0.07) per milliliter than the
control or other treatments.

3.3. Effect of Presence of Calcium Salt
Supplement in Plant Growth Medium on
Decolourising Capacity of Extracts

As seen from Figure 4, the shoot extracts from plantlets
grown in medium supplemented with 25 mM CaCl,
show the highest capacity for decolourisation (49.32%)
of 10 ppm methyl orange over 48 hours. The crude pe-
roxidase from the roots of plantlets grown in medium
supplemented with Ca(NOs), show the highest decolou-
risation (29.72%) over 48 hours which is significantly
higher than decolourisation capacities of extracts from
roots grown with other supplements or MS control. An
enzyme control that was devoid of any enzyme extract
was also maintained in order to account for the decolou-
risation that may occur due to the bleaching action of
hydrogen peroxide. The bleaching effect however was
very small as compared to the decolourisation obtained
in the enzyme treated sets. The positive control treated
with the Fenton process showed 96.51% decolourisation
over 48 hours.

4. Discussion

A pilot study (data not shown) was conducted to test the
effect of various growth media supplements on the pe-
roxidase activity from plantlets of A. rusticana (intracel-
lular peroxidase) and that of the medium (extracellular
peroxidase). The plantlets treated with calcium chloride
(CaCly) and their growth medium showed significantly
higher peroxidase activity as compared to untreated plan-
tlets. This led to questions regarding the concentration of
CaCl, at which the enhancement of peroxidase activity
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Figure 4. Comparison of decolourisation of 10 ppm methyl
orange over 48 hours using crude peroxidase extracts from
shoots and roots of A. rusticana plantlets grown with dif-
ferent calcium salts.

was consistently observed and whether or not other salts
of calcium could produce a similar effect.

It is known that CaCl, increases permeability of
bacterial cell walls [6]. In plants too, calcium ions (Ca®*)
play a role in modifying the permeability of cell wall.
Studies have shown that lower concentrations of Ca** can
increase the permeability of cell walls while higher
concentrations can make the cell walls rigid and less
plastic [14]. This effect is indicated in Figure 1 which
shows the peroxidase activity of medium (which contains
extracellular or secreted peroxidase) at different concen-
trations of CaCl,. It appears that the secretion of
peroxidase into medium increases up to and is highest at
25 mM CaCl,. Above this concentration, the activity is
lower (though not significantly), presumably due to
reduction in permeability resulting in decreased secretion
of peroxidase. The enhanced release of peroxidase by
cell cultures of spinach in the presence of 1 mM CaCl,
has been reported earlier [8]. Since consistently high
peroxidase activity was seen with calcium chloride at 25
mM, this concentration was selected for further experi-
ments involving two more salts of calcium (as supple-
ments); viz., calcium nitrate [Ca(NQOs),] and calcium
sulphate [CaSQO,].

Shoots of plantlets supplemented with 25 mM CacCl,
showed significantly higher peroxidase activity than the
shoots of control and those grown with other calcium
supplements. An earlier report in sweet potato [9] has
also shown an increase in intracellularperoxidase on
treatment with CaCl,. The extracts from shoots of CaCl,
treated plantlets showed significantly higher number of
equivalents of standard Horseradish Peroxidase (HRP)
units per milliliter than the shoots of control and those
grown with other calcium supplements.

The roots of all calcium treated plantlets showed
higher peroxidase activity than the control, indicating
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some enhancement by the addition of calcium. However,
the roots of plantlets supplemented with 25 mM
Ca(NO:s), showed significantly higher peroxidase activity
than the roots of control plantlets and plantlets treated
with CaCl, or CaSO,. This suggests that the higher
concentration of nitrate ions (gNO; in the Ca(NOs),
treated set may have contributed to an additional increase
in peroxidase activity in these roots. The peroxidase
activity in roots of tomato plants treated with Ca(NOs3),
has been reported to be significantly higher than in roots
of untreated plants [15]. Similarly, the peroxidase
activity in the roots of transgenic tobacco plants was
found to increase with an increasing concentration of
NO; in the growth medium [16]. The root extracts of A.
rusticanaplantlets treated with Ca(NOs),, in the present
study showed the highest number of equivalents of
standard Horseradish Peroxidase (HRP) units per mil-
liliter. It is likely that the presence of many isoenzymes
of peroxidase in the plant parts of A. rusticana [1]
justifies the observation that different plant parts showed
enhanced peroxidase activity in the presence of different
calcium salts.

The media of plantlets treated with 25 mM CacCl,
showed significantly higher peroxidase activity com-
pared to the control and other treatments. This is proba-
bly due to the cell wall permeability enhancing property
of CaCl,. The media of CaCl, treated plantlets showed
significantly higher number of equivalents of standard
Horseradish Peroxidase (HRP) units per milliliter than
the plantlets given another or no calcium supplement.

Based on the observation that the activity of per-
oxidase from A. rusticanashoot and root increased on
addition of CaCl, and Ca(NOs), in the growth media
respectively, the effect of these calcium salts on the dye
decolourisation capacity of peroxidase was studied.
Studies were conducted using 10 ppm of the mono-azo
dye methyl orange over a period of 48 hours. Pilot
studies have shown that the root and shoot extracts of A.
rusticana plantlets could bring about appreciable de-
colourisation of methyl orange in 48 hours (data not
shown). This observation could have important appli-
cation in enzymatic treatment of wastewater containing
dyestuff. The bleaching of the dye due to hydrogen
peroxide has been accounted for in the studies by using
suitable control sets. The positive control for de-
colourisation was the treatment of 10 ppm methyl orange
using the Fenton reagent. The Fenton process is a widely
used advanced oxidation process for the mineralization
of azo dyes [17]. The drawbacks of this method however,
are the requirement of highly acidic conditions, the
introduction of soluble ions and the need to regenerate
Fe?*/Fe** at the end of each cycle [18]. Azo dyes are
widely used in the textile and leather industry due to their
high tinctorial strength. However, their stability hinders
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their degradation and has led to their classification as
recalcitrant pollutants [19]. Enzymatic treatment of
industrial effluents is steadily gaining importance due to
its efficiency and environment-friendliness [19].

When the shoot and root extracts of A. rusticana plan-
tlets treated with calcium salts were used for decolourisa-
tion of methyl orange, higher decolourisation was ex-
pected due to higher peroxidase activity. Shoot extracts
of A. rusticana plantlets treated with 25 mM CaCl,
showed significantly higher decolourisation than control
or other treatments. The root extracts of the plantlets
treated with 25 mM Ca(NO;), showed significantly
higher decolourisation than the control or other treat-
ments. The root extracts of plantlets treated with CaCl,
and CaSQ, also showed significantly higher decolourisa-
tion than the control. This observation suggests that in-
corporating a calcium supplement in the growth medium
improves the dye decolourisation capacity of crude root
peroxidases from A. rusticana. This effect may be due to
the role of calcium in maintaining the functional confor-
mation and regulating the catalytic properties of perox-
idases [20]. The decolourisation experiments with the
medium were inconclusive since the medium showed
low activity and supported bacterial growth. Hence, the
potential of extracellular peroxidase from the untreated
and calcium treated plantlets could not be assessed for
the decolourisation of methyl orange.

The addition of calcium to the growth medium of in
vitro cultures of Armoracia rusticana enhanced the ac-
tivity of peroxidase. Quantitative and qualitative varia-
tions in peroxidases are observed in response to stress
conditions. Peroxidase activity is also known to depend
on calcium. Calcium ions act as secondary messengers
within cells. The concentration of intracellular calcium
also changes in response to various stimuli [21]. Changes
in the concentration and/or availability of Ca** could
therefore lead to changes in the activity of peroxidases.
The activation and inactivation of peroxidases in the
presence and absence of calcium (as 5 mM CaCl,) re-
spectively, have been reported in Raphinus sativus [22].

Structural studies on the enzyme horseradish perox-
idase C (HRP C) have shown that it contains two types of
metal centers, the heme group and two atoms of calcium.
Both these metal centers are necessary for the structural
and functional integrity of the enzyme. The calcium
atoms are positioned proximally and distally in relation
to the heme group and are connected to the heme-binding
region by hydrogen bonds. The removal of calcium ad-
versely affects the activity and the thermal stability of the
enzyme, and modifies the heme environment [1]. It has
been demonstrated that in the presence of calcium, the
free-energy during unfolding of native HRP C is much
greater than in the absence of calcium. This shows that
calcium enhances the stability of the enzyme [23]. The
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presence of calcium is also essential for the proper fold-
ing of HRP C [24].

The addition of calcium salts to the growth medium of
A. rusticana plantlets may work in two separate ways to
enhance the activity of intra and extracellular peroxidases.
The uptake of Ca*" by plant tissues may enhance the
activity of intracellular peroxidase by activation of
peroxidases by Ca?*. This effect is often observed on
only some isoforms of peroxidase present in a given
tissue [18]. A. rusticana plantlets contain several
isoenzymes of HRP, fifteen of which have been isolated
from the root alone [1]. The presence of many isoen-
zymes of peroxidase in the plant parts of Armoracia
rusticana may justify why different plant parts showed
enhanced peroxidase activity in the presence of different
calcium salts since different isoforms (isoenzymes) may
differ in the concentration of Ca*" required for their
activation. It was found that, calcium chloride provides
the highest concentration of Ca*" in terms of the
percentage of the molecular mass that calcium contri-
butes (27.2%) as compared to calcium nitrate (16.9%)
and calcium sulphate (23.2%). Also, CaCl, has a higher
solubility in water than CaSO, and therefore provides
more easily available Ca?* than does CaSO,. It is also
likely that the increased peroxidase activity of the shoot
extracts and root extracts of calcium treated plantlets
resulted from better stability of peroxidase, due to the
presence of calcium. It has been suggested that the
enhancing effect of calcium on the activity of HRP is due
to its influence on the conformation of the heme binding
site [25]. The relatively higher concentration of Ca®* in
the tissues of treated plantlets may have been able to
maintain the functional conformation of the heme region
of the peroxidases present in those tissues, thereby
enhancing peroxidase activity. It is possible that different
isoenzymes of horseradish peroxidase, present in dif-
ferent tissues require different concentrations of Ca?* to
show such enhancement of activity.

The effect of Ca®* on the permeability of cell walls is
known [5]. In the case of extracellular peroxidase activity,
it is likely that the additional calcium in the medium
modified the permeability of the cell wall allowing more
secretion of peroxidases (associated with cell walls). As
expected, this effect was observed in the media of the
plantlets treated with CaCl,, which is known to increase
cell wall permeability [6].

Since it is also likely that the anions in the calcium
salts also influence peroxidase activity, further investiga-
tion in that area is needed.
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