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Peroxidase isoenzymes as markers of cell de-differentiation in grapevines (Vifis vinifera)
by
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Summary: The expression, and the tissue localization and the subcellular localization of peroxidase isoenzymes were
studied during the development of mesocarp and hypodermal tissues of Vitis vinifera fruits cvs Airen and Monastrell until fruit
softening. In addition the de-differentiation process of mesocarp tissues to form callus cultures was investigated. Both grapevine
cultivars contain, as the only component of peroxidase polymorphism in the whole fruit, the peroxidase isoenzyme Bs (the sole
component of the peroxidase isoenzyme group Hpl BPrx in grapevines), which is both developmentally-regulated and tissue-spe-
cific. The establishment of cell cultures from the mesocarp of grapevine fruits is accompanied by the de novo expression of one
acidic (APrx) and one basic (Lpl BPrx) peroxidase isoenzyme group, whose particular isoenzyme composition is cultivar-specific
and dependent on subcellular location (soluble or bound to cell wall). These results suggest that, during the establishment of grape-
vine cell cultures from mesocarp tissues of grapevine fruits, there is a differential expression of the peroxidase isoenzyme groups
APrx and Lpl BPrx located in both soluble and cell wall-bound fractions. This de novo gene expression probably expresses at
molecular level the totipotency of grapevine somatic cells, which is linked to the de-differentiation process associated with the
in vitro culture.
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Introduction embryo differentiation, promoting embryogenic develop-
ment (THEVENOT et al. 1992), and thus acting as markers of
One of the unique characteristics of plant cells is  the embryogenic success.
totipotency, in which properly cultured non-dividing, dif- However, the de-differentiation process, which is
ferentiated somatic cells start dividing, producing callus linked to the expression of totipotency by grapevine so-
which eventually regenerates plants via direct organoge- matic cells, remains largely unknown in molecular and
nesis or somatic embryogenesis (SIMINIS ez al. 1993). Thus,  biochemical terms. For this reason, and due to the particu-
plant cells are characterized by high plasticity in their de-  lar properties of some peroxidase isoenzymes in promot-
velopmental pattern, being capable of regenerating the  ing embryogenic development, the aim of the present work
whole plant from a single somatic cell (RasoL 1991). This ~ was to study the expression and subcellular localization of
makes of both organogenesis and embryogenesis an unique  peroxidase isoenzymes during the de-differentiation of
tool for regenerating plants with induced systemic resist-  grapevine cell cultures in relation to their expression in
ance to microbial diseases once this will be induced in (or  the plant material source, the grape berry. This organ, which
gained by) cell cultures. This is of special importance since  is susceptible to diseases caused by oomycetes, has previ-
induced resistance is not seed transmissible, but it is trans-  ously been used successfully for the establishment of grape-
mitted to regenerants via tissue culture (Mabpamanchl and  vine cell cultures capable of being brought to a disease
Kuc 1991). resistant state (CALDERON et al. 1993 a).

We have managed to induce in grapevine cell cultures

obtained from the susceptible but agronomically impor-

tant cultivar Vitis vinifera cv. Monastrell, the particular

reactions of disease resistance to oomycetes which cannot Material and methods
be expressed by the wild-type plant (CALDERON et al. 1993 a
and 1994 b). Organogenesis and/or embryogenesis of the Plant material: The Vitis vinifera L. cultivars

induced and de-differentiated cells appears to be the next  Airen and Monastrell were grown in the field at the Haci-
step in obtaining disease resistant plants (CALDERON ef al.  enda Nueva Viticultural Experimental Station of the
1993 a). C.R.ILA. (Murcia, Spain) and in a vineyard in Campillo
Somatic embryogenesis has been described in grape-  del Negro-Chinchilla (Albacete, Spain). Samples of fruit
vine suspension cell cultures for several cultivars (THEVENOT ~ clusters were taken at 7-day intervals, for a total of 8 sam-
et al. 1992). Recent results have shown that, as in other  pling dates within the growing season from bloom until
plant cell cultures (JOERSBO er al. 1989; CORDEWENER ef al.  veraison. Fruit clusters were transferred to the laboratory
1991; Barar et al. 1992) specific extracellular peroxidase  and samples, except those used to establish in vitro cul-
isoenzymes (EC 1.11.1.7) can modify grapevine somatic  tures, were frozen immediately at -30 °C until use.
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Peroxidase fractions in the whole
fruit: Berries (10 g) were fractioned into hypodermis
and mesocarp after removal of the skin with a scalpel. The
hypodermal and mesocarp tissues were homogenized with
a mortar and pestle at 4 °C as described by CALDERON et al.
(1993 b). The homogenate was centrifuged at 20,000 g for
15 min, and the supernatant dialyzed overnight against
50 mM Tris-HCI buffer (pH 7.5). The dialyzed extracts
constituted the soluble protein fraction used in further stud-
ies.

In vitro culture: Berries were used as starting
material. At several developmental stages, berries contain-
ing soft seeds, were washed in distilled water, and then
shaken in a 7 % (w/v) aqueous solution of Ca(Cl0), for
15 min (HAwKER et al. 1973). After 3 washes in sterile wa-
ter, the berries were cut into quarters, the seeds removed
and the quarters (five per 10 x 2 c¢m culture dish) were
placed on 5 ml of sterile autoclaved Murashige and Skoog’s
medium (MURASHIGE and SkooG 1962) supplemented with
250 mg 1" casein hydrolysate, 20 g 1" sucrose, 0.8 % (wiv)
agar (Plant cell culture tested, Sigma Chemical Co.),
1.0 uM kinetin and 0.5 pM o-naphthaleneacetic acid
(pH 5.8). Cultures were maintained in the dark at 25 °C.
For both grape cultivars, calli developed from mesocarp
tissues within 15 d and continued to grow for 1 month.
After subculture in 250 ml flasks, calli obtained from
5-8-week-old grapes were grown as white friable non-
pigmented callus for 3 years or more.

Peroxidase activity in callus cult-
ure s : Twenty-day-old grapevine calli were used for these
studies. Homogenization of grapevine calli and subcellular
fractionation of peroxidase activity was carried out as de-
scribed by Garcia-FLORENCIANO et al. (1991). Three
subcellular fractions were obtained: 1) a soluble (non-
sedimentable) fraction, 2) a membrane fraction and 3) a
cell wall fraction. Membrane and cell wall-bound
peroxidases were solubilized as reported by Garcia-
FLORENCIANO et al. (1991).

Determination of peroxidase activ-
ity : Peroxidase activity was determined with 4-methoxy-
o-naphthol, as described by FERRER et al. (1990).

Isoelectric focusing and peroxidase
stainin g: Separation of peroxidase isoenzymes by
isoelectric focusing was carried out as described by
CALDERON et al. (1990). Staining of peroxidase isoenzymes
was performed using 4-methoxy-o-naphthol (FERRER et al.
19905).

Results

Developmental and tissue-specific
expression of peroxidase isoenzymes
in grapevine fruits: Peroxidase activity is not
detectable in unripe (4-6 weeks post-anthesis) Airen and
Monastrell berries until fruit softening (Zarara et al. 1995),
suggesting that peroxidase is a developmentally regulated
enzyme in grapevine fruits. This developmental regula-
tion of peroxidase is in accordance with the described role
of this enzyme in phenolic turnover and degradation
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(CALDERON et al. 1992 a; Ros BARCELO et al. 1994), since
maximal expression of the enzyme takes place at veraison
(8 weeks post-anthesis).

In a similar way to the whole enzymatic activity, the
expression of peroxidase isoenzymes is also developmen-
tally regulated in the berry (Fig. 1). Only at softening, fruits
of both Airen (Fig. 1 A) and Monastrell (Fig. 1 B) express
the peroxidase isoenzyme Bs, the sole component of the
peroxidase isoenzyme group Hpl BPrx in grapevines
(PEDRENO et al. 1993).

The peroxidase isoenzyme Bs and, therefore, the
peroxidase isoenzyme group Hpl BPrx, is not only
developmentally regulated, but is also tissue specific. Thus,
in both Airen (Fig. 1 A) and Monastrell (Fig. 1 B) at sof-
tening, the basic peroxidase isoenzyme Bs is mainly asso-
ciated with hypodermal tissues.
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Fig. 1: Isoenzyme patterns of peroxidase activity present in the

mesocarp (lane a) and hypodermis (lane b) of the Vitis vinifera

cultivars Airen (A) and Monastrell (B), for 6-week post-anthesis
(1) and 8-week post-anthesis (2) fruits.

Grapevine cell cultures:BothinAiren and
Monastrell berries growth is described by a double sigmoid
curve, of which two periods of rapid growth are separated
by a period of reduced growth (Fig. 2). CooMsE (1960) and
HALE (1968) stated that during the first period of rapid
growth the berry increases in size by cell division and ex-
pansion while, in the second period, the increase in size is
due only to cell expansion. The second growth period is
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Fig. 2: Relationship between percentage of calli induction (@),
and relative growth rate (O), and the development of grapevine
fruits expressed as weeks post-anthesis.
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also characterized by tissue softening and a change in pig-
mentation (loss of green color and the development of
anthocyanin pigments in the case of the red cv. Monastrell).

Coinciding with these two periods of rapid growth of
the fruit, is the ability of fruit explants to develop callus
tissues (Fig. 2), the de-differentiation process being mainly
located in mesocarp tissues, the hypodermal tissues being
recalcitrant to de-differentiation. Callus obtained from
mesocarp tissues grown in the dark shows that a concen-
tration of 1.0 uM kinetin and 0.5 M o-naphthaleneacetic
acid are optimal for growth.

Peroxidase isoenzyme patterns in
grapevine cell cultures: Callus induction from
mesocarp tissues of Airen and Monastrell fruits and growth
of the cell culture in a Murashige and Skoog solid medium
leads to the de novo expression of one acidic (APrx) and
one basic (Lpl BPrx) peroxidase isoenzyme group in both
the cell wall-bound and soluble fractions (Figs. 3 and 4),
whose particular isoenzyme compositions are somewhat
different (see Discussion). Therefore, with the exception
of peroxidase isoenzyme Bs, which, although in lower pro-
portions, is also present in mesocarp tissues (Figs. 1 A and
1 B), all remaining peroxidase isoenzymes were de novo
expressed in cell cultures (Figs. 3 and 4).
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Fig. 3 (left) and Fig. 4 (right): Isoenzyme patterns of peroxidase

activity present in soluble (lane a), membrane (lane b) and cell

wall (lane c) fractions from calli developed from V. vinifera cv.
Airen berries (3) and cv. Monastrell berries (4).

Discussion

Peroxidase isoenzyme patterns in grapevines, as in
other plant species (PEDRENO et al. 1993), may be classi-
fied, according to the pl, into 3 principal groups: APrx,
LpI BPrx and Hpl BPrx. These peroxidase isoenzyme
groups differ in their subcellular localization. Thus, while
APrx and Lpl BPrx are exclusively located in the cell wall
and in cell wall free-spaces (CALDERON et al. 1992 b and
1994 a; PEDRERO et al. 1993), Hpl BPrx are located in both,
- cell walls and vacuoles (CALDERON et al. 1992 b; PEDRERO
et al. 1993).

Peroxidase isoenzyme groups in grapevines not only
differ in their subcellular localization but also in their re-
sponsiveness to abiotic and biotic elicitors. Thus, the
peroxidase isoenzyme group APrx, more precisely the
peroxidase isoenzyme A, is responsive to the abiotic
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elicitor UV-C in Plasmopara viticola-resistant Vitis geno-
types (ZAPATA et al. 1994), whereas the peroxidase
isoenzyme group Lpl BPrx, represented by the peroxidase
isoenzyme B3, is responsive to biotic elicitors, such as
those obtained from the soil fungus Trichoderma viride
(CALDERON et al. 1994 b). This fungus is used in the bio-
logical control of grapevine diseases (CALDERON et al. 1993
a), and its secreted products may be effectively used to
induce disease resistance in grapevines. Nevertheless, and
unlike the elicitor-inducing properties of peroxidase
isoenzyme groups APrx and Lpl BPrx, the peroxidase
isoenzyme group Hpl BPrx is a constitutive (non-induc-
ible) marker of disease resistance in the vegetative organs
(leaves and stems) of grapevines (CALDERON et al. 1992 c).

Unlike in leaves and stems, in which the Hpl BPrx
isoenzyme group is constitutive (CALDERON et al. 1992 c),
in berries of Airen and Monastrell the HpI BPrx isoenzyme
group is both tissue-specific and developmentally regu-
lated (Figs. 1 A and 1 B). In this sense, Hpl BPrx is the
only component of peroxidase polymorphism in these
grapes, and is differentially expressed at fruit softening
principally in hypodermal tissues (Figs. 1 A and 1 B).

Hpl BPrx is also present, although to a lesser extent,
in mesocarp tissues of both cultivars where, similarly to
that which occurs in hypodermal tissues, it is also
developmentally regulated (Figs. 1 A and 1 B). The estab-
lishment of cell cultures from the mesocarp tissues of Airen
and Monastrell leads to the de novo expression of the
peroxidase isoenzyme groups, APrx and Lpl BPrx (Figs. 3
and 4). These peroxidase isoenzyme groups are not present
in the explant source (Figs. 1 A and 1 B), and therefore
may be considered as markers of this de-differentiation
process. In this sense, the isoenzyme groups APrx and Lpl
BPrx may be considered as markers of the process of de-
differentiation that is linked to the expression of totipotency
by grapevine cell cultures.

The isoenzyme molecular composition of the APrx and
LpI BPrx groups in Airen and Monastrell callus cultures is
a function not only of the subcellular localization but also
of the grapevine cultivar. Thus, the APrx isoenzyme group,
in soluble fractions of the Airen cultivar, is composed
mainly of the peroxidase isoenzymes, A; and As, whereas,
in the cell wall-bound fraction, the APrx isoenzyme group
is composed of the set of A, A;, A3, Ay and Ag peroxidase
isoenzymes, the peroxidase isoenzymes A; and As being
absent (Fig. 3, lanes a and c). Likewise, in soluble frac-
tions of the Airen cultivar, the Lpl BPrx isoenzyme group
is composed mainly of the peroxidase isoenzyme B,
whereas, in the cell wall-bound fraction, the Lpl BPrx
isoenzyme group is only composed of the B4 peroxidase
isoenzyme (Fig. 3, lanes a and c).

In Monastrell callus cultures, the soluble peroxidase
isoenzyme A, (Fig. 4, lane a) appears as the equivalent of
the soluble peroxidase isoenzyme As of Airen cell cultures
(Fig. 3, lane a). In the case of the peroxidase isoenzyme
group Lpl BPrx, it is important to note that the cell wall-
bound peroxidase isoenzyme By, previously detected in
Airen cell cultures, was absent in Monastrell cell cultures
(Fig. 4, lane b). This leads to the conclusion that peroxidase
isoenzyme patterns of the soluble and the cell wall-bound
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fraction obtained from both Airen and Monastrell callus
cultures are not identical for both cultivars, although the
explant source shows identical peroxidase isoenzyme ex-
pression (Figs. 1 A and 1 B). This indicates that the
peroxidase isoenzyme groups found in the cell culture are,
to some extent, cultivar-specific.

In conclusion, these results suggest that, during the
establishment of grapevine cell cultures from mesocarp
tissues of grapevine berries, a differential expression of
the peroxidase isoenzymes located in soluble and cell wall-
bound fractions takes place, and that this expression is
cultivar-specific. As a result of this alteration in gene ex-
pression, the peroxidase isoenzyme groups APrx and Lpl
BPrx are de novo expressed in the culture, probably ex-
pressing at molecular level the totipotency of grapevine
somatic cells, which is linked to the de-differentiation proc-
ess associated with in vitro culture.

Acknowledgements

This work was partially supported by a grant from the CICYT
Spain (Project # 296/89). Thanks are given to A. MARTINEZ-
CutiLLas and J. CarreNo-Espin (C.R.LA., Murcia) for providing
the grape berries used in this study.

Literature cited

BapaT, S. A.; RawaL, S. K.; MascarenHas, A. F; 1992: Isozyme profiles
during ontogeny of somatic embryos in wheat (Triticum aestivum
L.). Plant Sci. 82, 235-242.

CALDERON, A. A.; Garcia-FLoRENCIANO, E.; Muroz, R.; Ros BARCELG, A.;
1992 a: Gamay grapevine peroxidase: Its role in vacuolar antho-
cyani(di)n degradation. Vitis 31, 139-147.

- -; - -; PEDRERO, M. A.; MuNoOZ, R.; Ros BARCELO, A.; 1992 b: The vacuolar
localization of grapevine peroxidase isoenzymes capable of oxidiz-
ing 4-hydroxystilbenes. Z. Naturforsch. 47c: 215-221.

- -; PeDRENO, M. A.; Ros BArCeLG, A.; Muroz, R.; 1990: Zymographic
screening of plant peroxidase isoenzymes oxidizing 4-hydroxy-
stilbenes. Electrophoresis 11, 507-508.

- -; ZaPaTA, J. M.; PEDRERO, M. A.; Mufoz, R.; Ros BARCELS, A.; 1992 c:
Levels of 4-hydroxystilbene oxidizing isoperoxidases related to con-
stitutive disease resistance in in vitro-cultured grapevine. Plant Cell
Tissue Org. Cult. 29, 63-70.

- -; - -; MuRoz, R.; Peprefio, M. A.; Ros BARCELG, A.; 1993 a: Resveratrol

production as a part of the hypersensitive-like response of grapevine
cells to an elicitor from Trichoderma viride. New Phytol. 124,
455-463.

- -} - =; = -; Ros BARCELG, A.; 1993 b: Localization of peroxidase in grapes
using nitrocellulose blotting of frozen and thawed fruits. HortScience
28, 38-40.

- -; - -; Ros BARCELOG, A.; 1994 a: Differential expression of a cell wall-
localized peroxidase isoenzyme capable of oxidizing 4-hydroxy-
stilbenes during the cell culture of grapevine (Vitis vinifera cv. Airen
and Monastrell). Plant Cell Tissue Organ Cult. 37. 121-127.

A. A. CALDERON, J. M. ZarATA and A. Ros BARCELO

- -} - -3 - -; 1994 b: Peroxidase-mediated formation of resveratrol oxidation
products during the hypersensitive-like reaction of grapevine cells
to an elicitor from Trichoderma viride. Physiol. Mol. Plant Pathol.
44, 289-299.

Coomst, B. G.; 1960: Relationship of growth and development to changes
in sugars, auxins, and gibberellins in fruits of seeded and seedless
varieties of Vitis vinifera. Plant Physiol. 35, 241-250.

CORDEWENER, J.; Boon H.; VAN DER ZaNDT, H.; VAN ENGELEN, F.; vaN KAMMEN,
A.; DE VRIES, S.; 1991: Tunicamycin-inhibited carrot somatic embryo-
genesis can be restored by secreted cationic peroxidase isoenzymes.
Planta 184, 478-486.

FerRrReR, M. A.; CALDERON, A. A.; Muroz, R.; Ros BARCELG, A.; 1990:
4-Methoxy-0-naphthol as a specific substrate for kinetic, zymo-
graphic and cytochemical studies on plant peroxidase activities.
Phytochem. Anal. 1, 63-69.

Garcia-FLoRENCIANO, E.; CALDERON, A. A.; PEDRERO, M. A. ; MuNoz, R.;
Ros BARCELG, A.; 1991: The vacuolar localization of basic
isoperoxidases in grapevine suspension cell cultures and its signifi-
cance in indole-3-acetic acid catabolism. Plant Growth Regul. 10,
125-138.

HALE, C. R.; 1968: Growth and senescence of the grape berry. Austral. J.
Agricult. Res. 19, 939-945.

HAWKER, J. S.; DownToN, W. J. S.; WiskicH, D.; MuLLins, M. G.; 1973: Cal-
lus and cell culture from grape berries. HortScience 8, 398-399.

JoERSBO, M.; ANDERSEN, J. M.; OkkELs, F. T.; RajacopraL, R.; 1989:
Isoperoxidases as markers of somatic embryogenesis in carrot cell
suspension cultures. Physiol. Plant. 76, 10-16.

Mabamancr, N. R.; Kue, T.; 1991: Induced systemic resistance in plants.
In: CoLg, G. T.; HocH, H. C. (Eds.): The Fungal Spore and Disease
Initiation in Plants and Animals, 347-362. Plenum Publishing Cor-
poration.

MurasHiGE, T.; Skoog, F.; 1962: A revised medium for rapid growth
bioassay with tobacco tissue cultures. Physiol. Plant. 15, 473-497.

PEDRERO, M. A.; BERNAL, M. A.; CALDERON, A. A.; FERRER, M. A.; LOPEZ-
SERRANO, M.; MERINO DE CACERES, F.; Muroz, R.; Ros BARCELG, A.;
1993: A general pattern for peroxidase isoenzyme localization and
function in Vitaceae, Solanaceae and Leguminoseae. In: WELINDER,
K. G.; Rasmussen, S. K.; PeneL, C.; GrepriN, H. (Eds.): Plant
Peroxidases: Biochemistry and Physiology, 307-314. Université de
Geneve, Genéve.

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

Ros BARCELO, A.; ZAPATA, J. M.; CALDERON, A.A.; 1994: Towards a role for
the vacuolar grapevine basic peroxidase isoenzyme Bs in anthocyanin
turnover and degradation. Plant Peroxidase Newslett. 4, 35-39.

Smvints, C. I; KaneLwis, A. K.; RoueLakis-ANGELAKIS, K. A.; 1993: Differ-
ences in protein synthesis and peroxidase isoenzymes between re-
calcitrant and regenerating protoplasts. Physiol. Plant. 87, 263-270.

THEVENOT, P. C.; MaEs, O.; JoueNNE, T.; Mauro, M. C.; BouLay, M.; DELOIRE,
A.; GUERN, J.; 1992: Extracellular protein patterns of grapevine cell
suspensions in embryogenic and non-embryogenic situations. Plant
Sci. 86, 137-145.

ZAPATA, J. M.; CALDERON, A. A.; PEDRENO, M., A.; MuRoz, R.; Ros BARCELG,
A.; 1993: Control by UV-C of peroxidase isoenzymes in axillary bud
cultures of Viris species differing in fungal resistance to Plasmopara
viticola. Biol. Plant. 36, 133-138.

<=y~ =)= -5 - - - -; 1995 Restricted genetic expression of the enzymatic
polymorphism of peroxidase in grapevines (Vitis vinifera).
Agrochimica 39, 34-42.

Received May 23, 1995



	34-4-207_Seite_1
	34-4-207_Seite_2
	34-4-207_Seite_3
	34-4-207_Seite_4

