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Abstract

Hairy root cultures of Armoracia lapathifolia established by infection with
Agrobacterium rhizogenes LBA 9402 present a level and isoenzyme pattern of
peroxidases (POD) comparable to nontransformed roots. Elicitation with
chitosan (10, 50, and 100 mg/L) was used in order to improve POD produc-
tion. Total POD activity increased about 170% after 48 h of treatment with
chitosan 100 mg /L. Elicitation effect on soluble and ionically cell-wall-bound
POD fractions of A. lapathifolia hairy roots was analyzed. POD activity of the
ionically cell-wall-bound protein fraction increased in the presence of
chitosan in a dose-response manner. No effect on soluble POD fractions was
observed, but the isoenzyme pattern analyzed by isoelectrofocusing showed
an increase of an acidic isoenzyme (pI = 3.4) after the elicitation treatment.
Theionically cell-wall-bound protein fraction showed only basicisoenzymes,
with an increase of an isoenzyme of pl = 8.7, after the elicitation treatment.

Index Entries: Armoracia lapathifolia; transformed root culture; peroxidase
production; chitosan; elicitation.
Introduction

Peroxidases (POD, E.C. 1.11.1.7) are ubiquitous hemoproteins that
catalyze the oxidation of a wide variety of substrates by using hydrogen
peroxide. The broad substrate specificity and polyfunctionality and avail-
ability of peroxidases from different sources permit the application of these
enzymes to various biotechnological processes.

*Author to whom all correspondence and reprint requests should be addressed.
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Plant peroxidases have wide commercial applications. They can be
applied both in industrial processes and as analytical tools. In industrial
processes, peroxidases have been used to produce food colorants, dyes for
perfume industries, biobleaching (1), and removal of toxic and carcino-
genic pollutants from industrial effluents (2-5).

The basic peroxidases are used as reagents for diagnostic test kits (6)
and markers in inmunoassay (7) and in the preparation of DNA probes (8).

Horseradish roots are the most common commercial source of peroxi-
dase, occurring as multiple isoenzymes (9). Because horseradish produc-
tion from field-grown plants may be affected by reproductive and
environmental factors, there is considerable interest in exploring in vitro
plant cultures (10) and, particularly, transformed root cultures (11,12).
Theseroots, obtained by transformation with Agrobacteriumrhizogenes, have
specific advantages like genetic and biochemical stability, fast growth in
hormone-free media under defined aseptic conditions with low cost of
implementation, and easy maintenance. These properties deserve their use
in biotechnological processes.

Inaprevious work (13), we reported the production of peroxidases by
hairy root cultures of Armoracia lapathifolia, which present an enzymatic
activity level and isoenzymes profile like roots from field-grown plants.
When the cultures were elicited by fungal homogenates, peroxidase activ-
ity was increased about 100%.

Asiswell known, elicitationis acommon strategy for increasing yields
of secondary metabolites in in vitro plant cell cultures (14,15). For that
purpose, fungal homogenates of different species have been recommended.
The results depend on the fungal species employed and also on the homo-
genate preparation (16,17).

In order to obtain a reproducible result, the use of elicitors of chemi-
cally defined composition such as chitosan is advisable (18). Chitosan
(polycationic polymer of 3-1-4-linked p-glucosamine) is the major compo-
nent of exoskeletons of insects and Crustacea and can be found in the cell
walls of many fungi.

The aim of this work is to study the effect of chitosan on peroxidase
level and isoenzyme profile in hairy root cultures of A. lapathifolia.

Material and Methods
Hairy Root Culture Initiation and Maintenance

Hairy roots were induced by infection with A. rhizogenes LBA 9402 as
described previously (13). Transformation was confirmed by polymerase
chainreaction (PCR). The hairy root cultures were maintained in hormone-
free Murashige and Skoog liquid medium (19), containing the vitamin
complex of the revised tobacco medium (20) and supplemented with 3.0%
(w/v) of sucrose (this medium will be referred to as MSRT hereafter).
Incubation was carried out on a gyratory shaker at 100 rpm, at 24 + 2°C,
under a 16-h photoperiod by using cool white fluorescent lamps at a light
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intensity of approx 1.8 W/m?. The hairy roots were subcultured every
month, in the same medium and culture conditions described.

Chemicals

All of the media components, acetic acid, and chitosan (from crab
shells, with degree of deacetylation of 72%) were purchased from Sigma
Chemical Co. (St Louis, MO, USA).

Elicitation Assay

Elicitation was carried out with chitosan. A stock solution of 20 g/L
was prepared by dissolving chitosan in 1% acetic acid. A viscous solution
was obtained after agitation overnight. Then, it was autoclaved at 121°C for
20 min and the sterile solution was employed for the elicitation assay.

For elicitation assays, approx 100 mg fresh weight (FW) of 30—-d-old
A. lapathifolia hairy root tips were transferred to 125-mL Erlenmeyer flasks
containing 20 mL of MSRT medium and cultured as previously described.
After this time, aliquots of the stock chitosan solution were added up to
reach a final concentration of 10, 50, and 100 mg/L in the culture media.
The two controls used were prepared by adding a volume of sterile dis-
tilled water or 1% acetic acid instead of chitosan. The acetic acid volume
corresponds to the highest concentration of the elicitor agent. In each case,
the hairy roots were exposed for periods of 24 and 48 h under culture
conditions previously described.

Aftereach treatment, POD activity was estimated in whole hairy roots,
in soluble and ionically cell-wall-bound fractions of hairy roots, and also in
culture media. In addition, the isoenzyme pattern was determined in
soluble and ionically cell-wall-bound fractions.

Preparation of Enzyme Fractions

To extract the soluble PODs, a sample of 50 mg of hairy roots was
homogenized in a mortar with 1.5 mL of 50.0 mM phosphate buffer
(pH 6.0). The homogenate was centrifuged at 16,000¢ for 10 min and the
resulting supernatant kept for determination of the soluble POD activity.
The pellet was washed repeatedly with the same buffer until no POD activ-
ity was found. Ionically, cell-wall-bound PODs were released by mixing
the washed pellet with 1 mL of 50 mM phosphate buffer-1.0 M KCl
(pH 6.00) and incubated overnight at 18-20°C. Then, the homogenate was
centrifuged for 10 min at 13,000 rpm and the supernatant saved for deter-
mination of ionically cell-wall-bound POD activity.

Enzyme Assay

Peroxidase activity was measured in the soluble and ionically cell-
wall-bound fractions of hairy roots. Peroxidase activity was determined
following the oxidation of guaiacol at 470 nm, as previously described (13).
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Briefly, it employed guaiacol as the electron donor (30 mM in sodium phos-
phate buffer, pH7.4) in the presence of H O, (10 mM) as the electron accep-
tor, plus 10 puL of the corresponding enzyme extract. The final reaction
volume was 3 mL. One enzymatic unit (U) was arbitrarily defined as the
amount of enzyme that produces a change in A, of 0.021 per minute at
25°C under previously defined conditions.

Isoelectric Focusing and In Situ POD Activity Staining

Tissue extracts corresponding to soluble and ionically cell-wall-bound
POD fractions were subjected toisoenzyme analysis. Hairy roothomogenates
were previously desalted with Sephadex G-25. Their isoenzyme patterns
were analyzed by isoelectric focusing (IEF) in a polyacrylamide gel with a
pH range of 3-10 using a Bio-Rad Mini IEF system according to the
manufacturer’s instructions. The ampholyte concentration was reduced to
1% (w/v) in order to obtain a better consistency of the gels. To detect POD
activity, the gels were stained with freshly prepared o-dianisidine reagent
(0.25 mM in 50.0 mM phosphate buffer, pH 6.0). The reaction was started
by adding 50.0 uL of H,O,in 50.0 mL of the o-dianisidine solution. The color
was developed under constant agitation for 15 min. In order to stop the
reaction, the gel was washed with distilled water.

Statistical Analysis

One-way analysis of variance (ANOVA) and Tukey’s honestly signifi-
cant difference (Tukey’s HSD) tests were performed to compare treatment
means (confidence level of 95%).

Results and Discussion

Effect of Elicitation Treatment With Chitosan on Peroxidase Activity

Figure 1A shows the effect of chitosan on POD activity in 14-d-old
A. lapathifoliahairy root cultures. Elicitation treatments with chitosan were
applied to 14-d-old cultures (at the end of the exponential growth phase).
In previous work (13), we found that peroxidase levels of hairy root cul-
tures of A. lapathifolia began to rise at this stage of culture. Total POD activ-
ity registered anincrease of about 170% after 48 h of treatment with chitosan
concentrations of 100 mg/L. Thisincrement was higher than those obtained
by elicitation of A. lapathifolia hairy roots with fungal extracts (13). Because
chitosan was added to the cultures in a solution of acetic acid, it was nec-
essary to check the effect of this reagent alone. Irrespective of the POD
fraction analyzed, we found that acetic acid produced an increase in POD
activity comparable to that produced by 10 mg/L of chitosan. No toxic
effects of acetic acid on the roots were observed during the time assayed.
The effect of acetic acid could be related to a possible destabilization of the
membrane, producing changes in ion fluxes, which would further induce
POD activity (21).
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Fig. 1. Effect of chitosan on POD activity of A. lapathifolia hairy root cultures,
after 24 and 48 h of treatment: (A) effect on the total POD activity; (B) effect on
soluble fraction; (C) effect on ionically cell-wall-bound fraction. The same letter
indicates no statistical significant difference (Tukey’s HSD; p < 0.05). Capital let-
ters corresponds to the 24-h treatment series. Lowercase letters correspond to the

48-h treatment series.
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Figure 1B,C show that the effect of the elicitation treatment on POD
activity of transformed root cultures of A. lapathifolia varied depending on
the fraction of enzymes analyzed. Figure 1B shows the activity of soluble
POD fraction after 24 and 48 h of elicitation treatment. No effect on POD
activity was observed, either after 24 or 48 h.

A different response to the elicitation treatment was obtained in the
case of the ionically cell-wall-bound fraction of POD (Fig. 1C); after 24 h of
treatment, a notable increase in POD activity was observed, reaching
approximately a fourfold increase in the case of treatment with 100 mg/L
of chitosan. After 48 h, the increase of POD activity continued and showed
aprofilesimilar to that found after 24 h of treatment: POD activity increased
in a dose-response manner, being the highest level (581.7 £ 50.81 U/g FW)
obtained with 100 mg/L of chitosan. A linear correlation was found
between POD activity of ionically cell-wall-bound fraction and the amount
of chitosan employed as the elicitor agent. The data were plotted taking the
POD level corresponding to the control of acetic acid as the level of POD
corresponding to 0 mg/L of chitosan (data not shown). A higher correla-
tion coefficient was obtained for the dataset corresponding to 48 h of elici-
tation treatment (R? = 0.9647 for 48 h and R? = 0.8641 for 24 h). The slope of
both curvesis similar and the initial POD activity value is higher for the set
corresponding to 48 h of treatment, showing that the effect of acetic acid is
more marked after 48 h of treatment. No POD activity was detected in the
culture media in any case.

When the soluble and ionically cell-wall-bound fraction of PODs were
analyzed, a differential response to elicitation was found. Soluble fractions
did not respond to the treatment with chitosan. Ionically cell-wall-bound
POD levels increased markedly as a consequence of the elicitation treat-
ment. This phenomenon could be related to the possible role of cell-wall-
bound POD isoenzymes. They are considered as the main candidates to
catalyzed reactions involved in defense mechanisms (22,23). For instance,
it has been shown that fungal elicitors in cell suspensions of spruce (24)
induce this fraction. Also, the ionically bound fraction increased signifi-
cantly in bean seedlings inoculated with pathogenic Rhizoctonia spp. (25).
These data suggest that cell-wall fractions might have a role in secondary
wall biosynthesis and lignification, both mechanisms possibly directed to
protect against the invasion of pathogens. Chitosan possesses a oligosac-
charide structure present in many fungal cell walls and it is known to
trigger plant defense responses, including the production of phytoalexins
and structural components, protease inhibitors, and pathogenesis-related
proteins like chitinases and PODs (26).

Effect of Elicitation on Isoenzyme Pattern

To analyze which POD isoenzymes were affected by the elicitation
treatment, samples were analyzed by IEF. We analyzed samples corre-
sponding to the treatment with 100.0 mg/L of chitosan after 48 h. These
samples were selected because the effect of elicitation could be clearly
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Fig. 2. Isoelectrofocusing pattern of soluble and ionically cell-wall-bound POD
isoenzymes of hairy root cultures of A. lapathifolia after 48 h of elicitation: (a) water
control; (b) acetic acid control; (c) 100 mg/L chitosan.

observed on the levels of POD detected for each enzyme fraction. Equiva-
lent weight samples were applied to polyacrylamide gels and stained for
POD activity. Figure 2 shows the isoenzyme pattern corresponding to
soluble and ionically cell-wall-bound fractions. In the case of the soluble
fraction, basicand acidicisoenzymes were detected, with amarked increase
in an acidic isoenzyme (pI approx 3.4). In the case of ionically cell-wall-
bound fraction, only basic isoenzymes were detected. (The isoenzymes of
this fraction coincided with one of the basicisoenzymes found in the soluble
fraction of pI approx 8.7.) It is shown that there is an increase of an isoen-
zyme of pl approx 8.7 in the case of treatment with 100 mg/L of chitosan.
The same effect was observed for the control of acetic acid. The changes in
POD levels observed in this fraction might be caused by variations on the
basicisoenzyme levels. However, the treatment with chitosan produced an
increase in POD activity of ionically cell-wall-bound POD fraction more
marked than that produced by only acetic acid alone. Consequently, amore
intense isoenzyme band would be expected for chitosan treatment, but it
cannot be easily observed on the gel at the first sight.

Isoelectric focusing provides a rapid means for characterizing POD
isoenzymes and following their behavior under different physiological and
environmental conditions. Soluble and ionically cell-wall-bound fractions
displayed distinctive sets of POD isoenzymes. Acidicand basicisoenzymes
were found in the soluble fraction. In the case of the ionically cell-wall-
bound fraction, only basic isoenzymes were found. A similar distribution
of POD isoenzymes was found in horseradish tumor and teratoma tissue
(27). An acidic isoenzyme, which was found only in the soluble fraction
(pI aprox 3.4) showed an increase after elicitation treatment as well as a
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basicisoenzyme of the cell-wall-bound fraction (plapprox8.7). Anincrease
in the intensity of a basic isoenzyme of pl approx 8.6 was also observed in
A. lapathifolia hairy roots elicited with fungal extracts (13). Acidic POD
isoenzymes have been related to rigidification of cell walls (28,29). How-
ever, basic isoenzymes are also capable of catalyzing reactions, leading to
reinforcement of cell walls (29). Itis possible that both isoenzymes increase,
after the elicitation treatment, and could be involved in reactions tending
to limit pathogen invasion (e.g., stiffening of cell walls).

We can conclude that the elicitation with chitosan increases POD
activities in hairy root cultures of A. lapathifolia and also affects isoenzymes
patterns by increasing the basic ones. It is evident that the use of chitosan
is particularly attractive for commercial analytical applications, taking into
account that the basic isoenzymes are widely employed for such purpose
specifically for diagnostic test kits.
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