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Abstract

Habituated sugar beet calli have been characterized as having a deficiency in some
tetrapyrrole containing compounds. However, peroxidases might be dissociated from the
other tetrapyrrole containing compounds. When light-cultured normal and habituated
calli were transferred to darkness their peroxidase activity reduced and increased,
respectively, indicaring that habimation could not strictty be characterizced by a deficieney
in peroxidase content but rather by a different regulation of its activity. This regulation
could be mediated through soluble effectors which act as potential peroxidase inhibitors
and/or by a differential expression of the peroxidase isvenzyme patlerns which were
present in these tissues in both light and darkness. The different peroxidase activity and
the nature of acidic and basic peroxidase isoenzymes in normal and habituated tissues
could explain the different features of both types of cultures.
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Introduction

Habituated cell lines, i.e. auxin- and/or cytokinin-non requiring strains of several species
have been characterized by deficiency in tetrapyrrole containing compounds like
chlorophylls (Kaminek et al. 1981, Crévecoeur et al. 1987, Bisbis et al. 1994),
cytochromes (Hagége er al. 1992a), catalase (Hagége ef of. 1992a,b) and peroxidases
(Kevers ef al. 1981, Penel ef al. 1984, Krsnik-Rasol 1991 and Le Dily et al. 1993).
However, there are some results indicating that the low concentration of peroxidases
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detected in habituated cell lines might be due to the presence of small soluble compounds
which mask peroxidase activity. Thus, in a fully habituated (H) cell line of sugar beet
where crude extracts developed a very low peroxidase activity, chromatography of the
same extract through Sephadex revealed a main peroxidase peak as high as in a normal
(N) auxin- and cytokinin-dependent line of the same plant (Kevers et al. 1981).
Furthermore, purified plasma membranes from H and N sugar beet cells showed quite the
same specific guaiacol-peroxidase activity and no distinction could be made between
their isoperoxidase profiles after isoelectric focusing and revelation by o-dianisidine; they
in vitro degraded indoleacetic acid (IAA) and oxidized NADH indistinctly which means
that whether H and N cells should differ by such metabolisms at their plasma membrane
level, the regulation should be mediated through soluble effectors rather than through the
amount and nature of peroxidases (Hagége et al. 1991a). Moreover, H and N calli indeed
were characterized by quantitative (Kevers ef al. 1981) and qualitative (Engelmann et a/.
1993) differences in the content of phenolic compounds which are potential peroxidase
inhibitors. The transfer of light cultured green N and white H sugar beet calli to darkness
reduced and increased respectively their peroxidase activity (Kevers ef al. 1995)
indicating that habituation can not be strictly characterized by deficiency in peroxidase
content but rather through a ditferent regulation of its activity.

Peroxidase is a well-known enzyme, extensively distributed among several subcellular
fractions of plant cells (Gaspar ef al. 1982). Each peroxidase isoenzyme group plays a
different physiological function in plant cell metabolism. Thus, acidic cell wall
peroxidases are involved in the oxidative coupling of cell wall phenols in the absence of
H;0; and at the expense of IAA and O, while soluble basic isoperoxidases of low pl are
apparently responsible in the oxidation of polarly transported IAA through the hypocotyl
(Ros Barcel6 et al. 1990, Ferrer et al. 1991).

On the other hand, the implication of basic cell wall isoperoxidases of high pl in cell
wall phenolic cross-linking and IAA catabolism is doubtful. However, the co-localization
of these strongly basic isoperoxidases in both cell walls and vacuoles seems to suggest
their participation in some type of H,O,-dependent oxidation (Perrey et al. 1989, Blom
etal. 1991, Bemal ef al. 1994, 1995),

The transfer of light cultured green N and white H sugar beet calli to darkness
produces modifications in both their peroxidase activity and isoenzyme patterns
indicating that exists in both N and H sugar beet calli, a different regulation of this
activity. ‘

The subcellular localization of peroxidase and their expression in N and H calli have
been studied in callus cultures of Beta vulgaris L. ssp. altissima i order to understand
the different features which exist in both types of cultures.

Materials and methods
Plant material: Two nonorganogenic callus cultures of Beta vulgaris L. ssp. altissima
have been used for these studies. The auxin- and cytokinin-requiring N callus is

chlorophyllous, compact and contains large cells and well differentiated tracheary
elements (Crevecoeur ef al. 1987). The auxin- and cytokinin-independent callus, so
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called fully H, appears watery, whitish, very friable and is composed of little
differentiated protoplast-like cells which separate easily, in part as a consequence of a
deficient cell wall (low lignin and cellulose content) (Le Dily et af. 1993) and also due to
high pectin esterification (Liners et al. 1994).

Experimental conditions for obtaining N and H calli of sugar beet (Befa vulgaris L.
ssp. alfissima) and for maintaining these tissues in stock solid cultures have heen reparted
elsewhere (Kevers ef al. 1981). In order to have the same conditions until 28 d, calli were
maintained in the same medium without subculture.

Tissue homogenization, subcellular fractionation and estimation of peroxidase activity:
About 2 g fresh mass callus were frozen and dried at -80 °C and homogenized at 4 °C in
5 em® of 0.25 M saccharose, | mM magnesinm acetate and 5 mM Tris-HCI buffer,
pH 7.2. The homogenate was immediately squeezed through one layer of cellulose gauze
(0.2 mm mesh) and centrifuged at 1000 g for 15 min. Soluble and cell wall fractions were
prepared as described previously (Ros Barceld ef al. 1989). Tonically-hound cell wall
peroxidases were removed from the purified cell wall pellet according to the method of
Ros Barceld er al. (1987).

All peroxidase fractions were dialysed overnight agamst 50 mM Tris-HC1 huffer,
pH 7.2

Peroxidase activity was estimated at 25 °C with guaiacol as substrate according to
Ferrer et al. (1990), Kinetic analyses of peroxidase in N and H calli in both conditions
(light and darkness) were carried out in 1 cm’ of final reaction volume in 0.1 M Tris-
acetate buffer, pH 6.0 (only in H calli in the light the pH was changed to 5.0). Enzyme
activities were expressed in pkat which was defined as the amount of protein that
oxidized 1 pmol of substrate into product per s.

In order to determine the kinetic constants for H,O, 16 pkat of peroxidase were added
to the reaction media which contain an optimal concentration of gnaiacol and different
congcentrations of H,O; (0.25 - 3 mM, in N and H calli in the darkness; and 0.25 - 5 mM,
in N and H calli in the light). Guaiacol oxidation rate was estimated by measuring
changes in absorbance during the first minute of the reaction and apparent Km and Vm
values were calculated by Lineweaver-Burk plots.

Tsoelectric focusing and staining of peroxidase isoenzymes: Gels were performed with
Servalyt ampholytes (pH 3 - 10} according to the instructions of the manufacturer.
Peroxidase activity was revealed by using o-dianisidine and H,O, (Penel ez al. 1990).

Results and discussion

Peroxidase activity in light: Peroxidase activity in H callus was lower than in N callus in
both studied fractions (Table 1). Also cell wall peroxidase activity in H callus was lower
than in N cells. This fact can he explained if we take into account the different features in
both types of cultures (Crévecoeur ef al. 1987). The H callus shows a very poor level of
lignin and a lack of acidic peroxidase isoenzymes which are more efficient in the
oxidation of lignin precursors than strangly hasic isoperoxidases (Ferrer et al. 1992)
which are the only isoenzymes present in this tissue. Only, at 21 d of culture, the level of
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Table 1. Peroxidase activity [pkat g'(fm.)] or [%] of soluble and cell wall fractions of normal and
habituated sugar beet calli in light and darkness during cultivation.

Time Fractions Light Dark
[d} normal habituated normal habituated

[pkatg'] [%] [pkatg'] [%] [pkatg']  [%) [pkat g} [%]

IS

7 soluble  36.064 8077 33936 §7.14 18.144 7043 32000 9441

wall 7.106 1591 4088 1049 6.324 26.49 1.376 4.03
14 soluble 45976 8233 33040 8636 55216 8240 32795 87.86
wall 7952 1424 4288 1120 9.488 14.15 3.780 10.12
21 soluble  31.920 8525 37744 8490 30408 3283 44688 8341
wall 4,328 11.55  5.732 12.39 4.972 13.54 4.440 8.78
28 soluble 33824 7958 20064 8281 32.564 80.98 38248 9148
wall 7.081 1668 5397 15.37 6.168 15.23 2.584 6.18
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Fig. 1. Isoenzyme patterns (using o-dianisidine as substrate) of soluble (S) and cell wall (W) peroxidases of
nurmmal and habituated sugar beet calli in light ar different days of culture.

peroxidase in both soluble and cell wall fractions in H callus was slightly greater
coinciding with the maximun growth of the cultwe. The decrease in non-particulate
peroxidase activity after 21 d of culture coincided with the retardation of growth of this
callus and the appearance of brownish zones of necrosis described by Le Dily et al.
(1993). This low peroxidase activity could be due o phenolic compounds which are
produced during browning and could act as inhibitors of this activity (Kevers ef al. 1981).

On the other hand, the highest level of soluble peroxidase in N callus was found at
14 d coinciding with the beginning of expunential growth phase,
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Soluble and cell wall peroxidase fractions showed only slight differences in the
zymographic pattern of N callus during growth culture.

Peroxidase isoenzyie patterns of cell wall fractions in N callus were similar at 7 and
28 d old of culture. However, at 14 and 21 d, there was a loss of one strongly basic
isoenzyme that corresponded with a fall in the percentage of total cell wall activity.
Soluble peroxidase fractions of N and 1T calli showed two strongly basic isoperoxidases
whereas acidic isoperoxidases were only present in N callus cultures (Fig. 1).

The co-localization of basic isoperoxidases of high pl in soluble (bound to the
tonoplast membrane) and cell wall-bound fractions has been already deseribed by Ferrer
et al. (1992) and Bemal et a/. (1993) in lupin hypocotyls and Capsicum annuum leaves,
respectively, as well as a differential reactivity of cell wall localized isoenzymes in both
oxidase and peroxidase reactions by using coniferyl alcohol, NADH and IAA as
substrates. Thus, acidic isoperoxidases are much more important in coniferyl alcohol
oxidation in the presence of H,O, and in both IAA and NADH oxidation in its absence
than basic isoperoxidases of high pI (Ferrer et al. 1992).

In fact, we have found an efficiency (Kcat/Km ratio) of H,O; as substrate slightly
greater in N than H callus in light. This difference is markedly higher in dark (Table 2); it
can be ascribed to the zymographic patterns (Fig. 1) since only N callus shows the
presence of an acidic isoenzyme group which is more efficient in the oxidation of
substrates in the presence of H,0,.

Table 2. Km, Keat and efficiency in the oxidation of H,0: by Beta vuigaris calli (normal or habituated)
peroxidases.

Km Keat Kcat/Km
[mM] [mot kat' ']
Light normal 0.290 1.021 3.520
habituated 0.520 1.800 3.461
Dark normal 0.185 1.017 5.497
habituated 0.590 0.760 1.288

Peroxidase activity in darkness: Changes in physiological and biochemical parameters
have frequently been shown to take place during the transition of both N and H calli from
light to darkness (Kevers et al. 1995). Thus, Kevers ef al. (1995) have found that the
transfer of light-cultured green N and white H sugar beet calli tn darkness reduced the
growth of N callus and improved growth and delayed necrosis in the H callus. Moreover,
a significant increase of total peroxidase activity, which did not occur in N callus, was
induced by darkness in the H callus. We have found changes in soluble and cell wall-
bound peroxidase activity and in their isoenzyme patters (Table 1 and Fig. 2) after the
transition of N and H calli from light to darkness. In fact, during the whole growth
process, peroxidase activity (expressed in percentage) in soluble fraction of H callus is
always higher than in N ones. These results are in accordance with the above statement,
and could be explained by the lack of necrosis and browning of the H callus due to
reduced stress in darkness (Kevers ef af. 1995). This avoids the appearance of phenolic
compounds that could act as inhibitors of peroxidase activity.
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As shown several times (Hagége et al. 1991b, Le Dily et al. 1993, Kevers et al. 1995)
the N callus, under usual light conditions, presented a typical growth curve with
exponential and stationary phases. Transfer of the N callus to darkness induced a long lag
period before regrowth. This feature observed in the N callus during the dark growth
process could be explained if we take into account its isoenzyme patterns progress. Thus,
as can be seen in Fig. 2, during the time of culture there i3 a differential expression of an
isoperoxidase group in soluble fractions which show a pl near to neutral pH. These
isoenzymes could be responsible for the decrease of growth because they can play a role
as TAA-oxidases and modulate the auxin levels in the culture. These results could explain
the retardation of growth until 21 d due to the presence of this iscenzyme group and its
increase from 21 d which is in agreement with the disappearance of neutral
1soperoxidases it the soluble fraction.
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- ; — -
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— — — —— — —— L} -_—
=) w 3 wW S w =] w
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Fig, 2. Isoenzyme patterns of soluble (S) and cell wall (W) peroxidases of normal and habituated sugar beet
calli in darkncas at diffcrent days of culture.

Finally, the modification of both cell wall-bound peroxidase activity and isoenzyme
patterns during the transition from light to darkness in N callus is very little as compared
with that occurred in H ones (Table 1 and Fig. 2). In fact, the decrease of cell wall
peroxidase activity in H callus is due to a disappearance and low intensity of some cell
wall isoperoxidases during the dark-growth progress. These results can also be seen in a
different efficiency in guaiacol oxidation when H,O; is used as a substrate which is
markedly greater in N callus that in H one (Table 2). Thus, H tissues showed a deficiency
of lignin as well as lower cellulose content (Crévecoeur ¢f al. 1987) because these calli
had not got acidic isoperoxidases which are directly involved in the hignification process.

In conclusion, the transfer of light cultured N and H calli to darkness produces
modifications in both their peroxidase activity and peroxidase isoenzyme patterns
indicating that habituation cannot be strictly characterized by a deficiency in peroxidase
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content but rather by a different regulation of its activity and a differential expression of
peroxidase isoenzymes in these types of cultures in both conditions (light and darkness).

References

Bemal, M A, Pedrefio, M A, Calderén, A.A., Muififioz, R., Ros Barcelé, A., Merino de Caceres, F.: The
subcellular localization of isoperoxidases in Capsicum armium leaves and their different expression in
vegetative and flowered plants. - Ann. Bot. 72: 415-421, 1993.

Bernal, M A, Calderon, A A., Pedrefio, M.A., Ferrer, M.A., Merino de Caceres, F., Ros Barceld, A.:
Purification of a basic peroxidase isoenzyme from Capsicum fruits and the immunoinhibition of its
capsaicin oxidation capacity by antibodies raised against horseradish peroxidase. - Z. Lebensm. Unter.
Forsch. 199: 240-242, 1994,

Bemal, M.A., Calderén, AA., Ferrer, MA., Merino de Caceres, F., Ros Barceld, A.: Oxidation of
capsaicin and capsaicin phenolic precursors by the basic peroxidase isoenzyme B from hot pepper. - J.
Agr. Food Chem, 43: 352-355, 1005,

Bisbis, B., Dujardin, E., Kevers, C., Hagége, D., Gaspar, T.: Chlorophylls and carotenoids in a fully
nonorganogenic callus of Beta vuilgaris. - Biol. Plant. 36; 443449, 1994,

Blom, T.J M., Sierra, M., van Viict, T.B., Franke-van Dijk, M.E L, de Koning, P., van Iren, F., Verpoorte,
R., Libbenga, K.R.: Uptake and accumulation of ajmalicine into isolated vacuoles of cultured cells of
Catharanthus roseus (L.) G. Don. and its conversion into serpentine. - Planta 183: 170-177, 1991.

Crévecoeur, M., Kevers, C., Greppin, H, Gaspar, T.. A comparative biochemical and cvtological
charactorization of normal and habituatad sugar et calli, - Biol. Plant. 29, 1-6, 1987,

Engelmann, 1., Macheix, J., Gaspar, T.; Phenolic compounds in hormone dependent and independent sugar
beet callus lines compared to donor plants. - Saussurea 24; 15-21, 1993,

Ferrer, M.A., Calderin, A.A | Mufioz, R, Rog Barceld, A * 4-Methoxy-a-naphthol as a specific substrate
for kinetic, zymographic and cytochemical studies on plant peroxidase activities. - Phytochem. Anal. 1
63-69, 1990.

Ferrer, MA, Pedrefio, M.A., Mufioz, R, Ros Barceld, A, Soluble peroxidase gradients in lupin
hypocotyls and the control of the level of polarly transported indole-3yl-acetic acid. - I. Plant Growth
Regul. 10: 139-146, 1991.

Ferrer, M.A., Pedrefio, M.A., Ros Barceld, A., Mufioz, R.: The cell wall localization of two strongly basic
isoperoxidases in etiolated Lupinus albus hypocotyls and its significance in coniferyl alcohol oxidation
and indole-3-acetic acid catabolism. - J. Plant Physiol. 139: 611-616, 1992,

Gaspar, T., Penel, C., Thorpe, T., Greppin, H.: Peroxidases 1970-1980. A Survey of their Biochemical and
Physiclogical Roles in Higher Plants. - Univ. Geneva, Centre de Botanique Publ., Geneva 1982.

Hagége, D., Penel, C., Creévecoeur, M., Kevers, C., Gaspar, T., Boucaud, J., Greppin, H.:
Plasmamembrane peroxidases from the auxin- and cytokinin-independent sugar beet callus. - Arch. mt.
Physiol. Biochim. Biophys. 99: 2, 1991a.

Hagege, D., Kevers, C., Crévecoeur, M., Tollier, M.T., Monties, B., Gaspar, T.: Peroxidases, growth and
differentiation of habituated sugar beet cells. - In: Lobarszewski, J., Greppin, H., Penel, C., Gaspar, T.
(ed.). Biochernical, Molecular and Physiological Aspects of Plant Peroxidases. Pp. 281-290. University
of Lublin, Lublin and University of Geneva, Geneva 1991h.

Hagége, D., Werck-Reichhart, D., Schmitt, P., Gaspar, T.. Deficiency in tetrapyrole containing
compounds in a non-organogenic habituated sugar beet cell line. - Plant Physiol. Biochem. 30: 649-654,
19923,

Hagége, D., Kevers, C., Salabert, P., Gaspar, T.: Protective systems against activated oxygen species
compared in normal and fully habituated nonorganogenic sugar best calluses. - /n Vitro Cell Dev. Biol.
28: 143-147, 1992b,

167



M.A. BERNAL & al.

Kaminek, M., Hadagova, V., Lustinec, J.: Plastids and the origin of cytokinin autonomy in tobacco tissue
cultures. - In: Guem, J., Péaud-Le Noél, C. (ed.): Metabolism and Molecular Activities of Cytokinins.
Pp. 242-251. Springer-Verlag, Berlin 1981.

Kevers, C., Coumans, M., De Greef, W, Hofinger, M., Gaspar, T.: Habituation in sugar beet callus: auxin
content, auxin protectors, peroxidase pattern and inhibitors. - Physiol. Plant. 51 281-286, 1981,

Kevers, C., Bisbis, B., Le Dily, F., Billard, J.P., Huault, C., Gaspar, T.: Darkness improves growth and
delays necrosis in a nonchlorophyllous habituated sugar beet callus: biochemical changes. - 7n Firro Cell
Dev. Biol. 31: 122-126, 1995.

Krsnik-Rasol, M.: Peroxidase as a developmental marker in plant tissue culture. - Int. J. Dev. Biol, 35; 259-
263, 1991

Le Dily, F., Billard, J.P., Gaspar, T., Huault, C.: Disturbed nitrogen metabolism associated with the
hyperhydric status of fully habituated callus of sugar beet. - Physiol. Plant. 88: 129-134, 1993,

Liners, F., Gaspar, T., van Cutsem, P.: Acetyl- and methyl-esterification of pectins of friable and compact
sugar beet calli: consequences for intercellular adhesion. - Planta 192: 545-556, 1994,

Penel, C., Sticher, L., Kevers, C., Gaspar, T, Greppin, H.: Calcium-controlied peroxidase secretion by
sugar beet ceils: effoct of ionophores in relation to organogenesis. - Biochem. Physiol. Pflanz. 179: 173-
180, 1984,

Penel, C., Bernardini, N., Greppin, H.: Production and characterization of monoclonal antibodies to a
cationic peroxidase from spinach leaves. - Plant Sci. 67: 7-19, 1990.

Perrey, R., Hauser, M.T., Wink, M.: Cellular and subcellular localization of peroxidase iscenzymes in
plants and cell suspension cultures from Lupinus polyphyllus. - Z. Naturforsch. 44¢: 931-936, 1989.
Ros Barcelo, A., Mufioz, R., Sabater, F.: Lupin peroxidases. I. Isolation and characterization of cell wall-

bound isoperoxidase activity. - Physiol. Plant. 71: 448-454, 1987,

Ros Barcelo, A., Mufioz, R., Sabater, F.: Subcellular location of basic and acidic soluble isoperoxidases i
Lupinus. - Plant Sci. 63: 31-38, 1989,

Ros Barcelo, A, Pedrefio, M.A., Ferrer, M A, Sabater, F., Mufioz, R.; Indole-3-methanol is the main
product of the oadation of ndale-3-acetic acid catalyzed by two cytosolic basic isoperoxidases from
Lupinus. - Planta 181: 448450, 1990,

168



