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Ultrastructural changes produced in plantlet leaves and protoplasts of Vitis vinifera
cv. Cabernet Sauvignon by eutypine, a toxin from Eutypa lata
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Summary: Eutypine is a toxin produced by Eutypa lara (Pers.: Fr.) Tul., the causal agent of dying-arm disease of the
grapevine. Ultrastructural alterations induced by eutypine in leaf cells and protoplasts isolated from plantlets of Vitis vinifera cv.
Cabernet Sauvignon, a very sensitive variety cultured in vitro, were observed for the first time by transmission electron microscopy.
Eutypine caused early cytoplasm lysis and vesiculation followed by chloroplast swelling with thylakoid dilation. The eutypine-
induced alterations of the cellular ultrastructure are similar to those previously described in vivo in the leaves of diseased grapevines.
These results confirm that eutypine, synthesized by E. lata mycelium present in the trunk or arms, is involved in symptom expres-

sion of eutypiosis in the herbaceous parts of grapevine.
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Introduction

Eutypiosis, due to the ascomycete fungus Eutypa lata
(Pers.: Fr.) Tul,, affects a number of vineyards throughout
in the world. In France, several quality Vitis vinifera
cultivars such as Cabernet-Sauvignon are very sensitive.
The parasitic fungus colonizes the trunk and arms of old
grapevines and acts from a distance causing, in particular,
foliar lesions. In June, dying arm disease symptoms in the
vineyard are clearly visible. Leaves show weak develop-
ment, yellowing, and, as soon as they unfold, small necrotic
patches appear. The disease induces ultrastructural altera-
tions of the leaf cells of the grapevine as observed by elec-
tron microscopy such as cytoplasmic lysis with plasma
membrane detachment and complete chloroplast disorgani-
zation (PHILIPPE et al. 1992).

One compound has been isolated from the culture
medium of E. lata which appears to be toxic to the grape-
vine (RenauD 1985; TEY-RULH er al. 1988). This compound,
hydroxy-4 (methyl-3 butene-3ynyl-1)-3 benzaldehyde,
named eutypine, is always present in diseased grapevines,
especially in the leaves, and is absent in healthy grape-
vines (TEY-RULH ef al. 1991).

However, an in vivo study is difficult because of the
3-10 years delay between ascospore infection of the wood
vessels and the appearance of symptoms. Moreover, symp-
tom expression varies from year to year suggesting the
dependence on eutypine synthesis for leaf damage effects.
On the other hand, environmental conditions could inter-
fere with toxic effects and lead to false observations.
Bioassays, based on the treatment of leaves from plantlets
cultured in vitro or protoplasts with eutypine, have previ-
ously been developed (FaLLor ef al. 1990; TEy-RuLH er al.

1991). They allow the application of a determined con-
centration of toxin in controlled environmental conditions.
The present study was initiated to determine the
ultrastructural alterations caused by eutypine in excised
Cabernet-Sauvignon plantlet leaves and protoplasts, and
also to compare these alterations with those observed in
leaves of severely diseased grapevines in the vineyard.

Materials and methods

Plant material and isolation of
protoplasts: Plantlets of V. vinifera cv. Cabernet
Sauvignon n“15 were cultured in vitro as described by
Mauro et al. (1988). Protoplasts were isolated from leaves
of two-month-old plantlets placed in the dark for 24 h,
prior to protoplast isolation. The leaves were cutinto | mm
slices and the cell walls digested in the enzyme-contain-
ing medium (20 ml for 150 mg of mesophyll): 0.8 M
mannitol, 1 mM CaCl,, 0.03 % pectolyase Y23, 0.2 %
caylase 345L, 25 mM MES, pH 5.6. After 19 h at 24 °C,
the tissues were dissociated by stirring (120 rpm) for
20 min. The protoplasts released were purified by filtering
through cheese cloth and washed three times at 100 g for
5 min in MURraSHIGE and Skooc medium (1962) to which
had been added 0.8 M mannitol, 58 mM sucrose, 0.4 %
polyethylene glycol and 25 mM MES (pH 6.0).

Bioassays: To obtain rapid symptom expression
and in order to limit variability of the toxic response, chemi-
cally synthesized eutypine (DEFRANQ et al. 1993) was ap-
plied at various high concentrations. For the leaf bioassay,
the leaves were excised from 2-month-old plantlets, cul-
tured in vitro, between 3rd and the 5th node level. Each
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leaf was submerged in 2.5 ml of eutypine solution
(500 uM, 750 uM or 1 mM) for 48 hours at 25 °C under
100 pmol m s with a photoperiod of 16 h. The toxicity
of eutypine was estimated using a scale quantifying the
degree of necrosis (Mauro et al. 1988). For each treat-
ment, 6 leaves were incubated.

Protoplast bioassay was developed by incubating 1 ml
of protoplast suspension containing 4.5 x 10° protoplasts
in the presence of 100 or 500 UM eutypine using the con-
ditions described for plantlet leaves. The toxicity of
eutypine was determined as the percentage of dead
protoplasts estimated by observing the lack of cell fluo-
rescence after staining with fluorescein diacetate (LARKIN
1976). For each treatment, 3 experiments were performed
and approximatly 100 protoplasts were examined.

Processing for electron micro-
s copy: Leaves were placed in a Petri dish containing
1 % glutaraldehyde in 0.1 M K-phosphate buffer pH 7.2,
and the margin of the leaf was cut to facilitate fixative
penetration. After 10 min under vacuum (400 mm Hg),
samples were incubated at 4 °C for 50 min. Leaves were
fixed at 4 °C for 90 min in 3 % glutaraldehyde, 0.1 M K-
phosphate buffer, pH 7.2. Then 2 mm* fragments were cut
from each leaf near the marginal and petiolar areas, out-
side the necrotic parts. Samples were rinsed 5 times
(15 min) with 0.1 M K-phosphate buffer pH 7.2. The tis-
sues were fixed in 1 % osmium tetroxide in 0.1 M
cacodylate buffer at pH 7.3 for 90 min. They were then
washed 4 times in the cacodylate buffer for 10 min, dehy-
drated in an ethanol series followed by propylene oxide
twice for 30 min. The samples were embedded after 2 h in
a propylene oxide/epon (1/1, v/v) mixture, 12 h at room
temperature in Epon and 48 h at 60°C for epon polymeri-
sation. Thin sections were cut on a Reichter Om U,
ultramicrotome with a diamond knife, mounted on copper
grids, stained with uranyl acetate-lead citrate (REyNoLDS
1963) for 30 min at room temperature, and viewed in a
Philips EM 301 electron microscope at an accelerating
voltage of 80 kV. The protoplasts were fixed in 2.5 %
glutaraldehyde, 0.1 M K-phosphate buffer, pH 7.2, at 4 °C
for 4 h. They were washed 8 times for 15 min in the
K-phosphate buffer. Fixation, dehydration and embedding
were the same as described for plantlet leaves.

Results

Biological tests: After 24-hincubation in
the presence of 500 uM, 750 LM and I mM eutypine, leaves
from the cultured plantlets showed some necrosis located
in the marginal area which later extended to the leafstalk
(Fig. 1). The speed of symptom spread appeared to increase
with eutypine concentration. After 48 h of incubation with
750 uM or 1 mM eutypine, the whole leaf area was dis-
colored, whereas in the presence of 500 UM eutypine, less
than the half leaf was injured.

The protoplasts were treated with 100 or 500 uM
eutypine. Cell death appeared most quickly with the high-
est concentration of eutypine (Fig. 2). In the presence of

500 uM eutypine, all the cells were dead after 24 h of in-
cubation, whereas after 48 h with 100 uM eutypine mor-
tality only reached 20 %.
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Fig. 1: Development of necrosis in excised leaves treated with
eutypine; 0 (@), 500 (m), 750 (#) or 1000 uM (O). Results are
the mean of 6 experiments (SD < 1 %).
Scale of necrosis: 0: no necrosed areas, 1: end of a few serra-
tions, 2: all serrations, 3: < 1/2 leaf, 4: > 1/2 leaf, 5: the whole
leaf brown-green colored, 6: the whole leaf green-yellow colored,
7: the whole leaf yellow colored.
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Fig. 2: Development of protoplast death with time of exposure to
eutypine; O (@), 100 (m) or 500 uM (). Values represent the
mean of 3 experiments (SD < 10 %).

Ultrastructure of untreated meso-
phyll cells and protoplasts: Grapevine
mesophyll cells (Fig. 3-a) present a conventional struc-
ture. The cytoplasm appears in a relatively thin layer. Near
a large vacuole, the nucleus can be observed. Chloroplasts
(5.4 um long, 2.5 um wide), peripherally situated, are sur-
rounded by the typical envelope composed of two mem-
branes; they contain a tight lamellar network and some
plastoglobuli in their stroma. Mitochondria often appear
proximal to the chloroplasts. Similar good preservation of
structure was obtained with protoplasts (Fig. 4-a).

Ultrastructure of mesophyll cells
after eutypine treatment: Because of the
small difference on the scale quantifying necrosis between
1 mM and 750 UM eutypine concentration, we chose to
study the ultrastructural effects of toxin on plantlet leaves
with 750 uM eutypine. Cell ultrastructural modifications
were observed in marginal area where necrosis appeares
first, and petiolar areas of leaves after a 6 or 24 h period of
incubation.
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The protoplast bioassay constitutes an efficient sys-
tem to characterize a gradation of ultrastructural damage:
early cytoplasm vesiculization and a slight swelling of
chloroplasts, then lack of cytoplasm electron-density, and
finally alterations of all organelles and breakage of the
plasma membrane. The observed alterations are not re-
stricted to the action of eutypine because other toxins can
lead to similar disorganization. For example, treatment with
cercosporin caused cytoplasmic vesiculization in beet
leaves (STEINKAMP ef al. 1979) and tabtoxin induced
ultrastructural modifications in tobacco leaf chloroplasts
(DurBiN 1971).

The ultrastructural alterations of leaf cells of plantlets
caused in vitro by eutypine can be compared at those ob-
served on leaves of grapevines affected by eutypiosis. In-
deed, such comparisons have been made by other authors.
For example, STENnKaMP ef al. (1981) showed by compar-
ing the ultrastructural effects of cercosporin, a toxin pro-
duced by Cercospora beticola, on Beta vulgaris leaves,
with the fungus-induced damages, that cercosporin was
involved in causing some disease symptoms even if others
appeared only in infected plants. In our study, the
ultrastructural alterations caused by eutypine under con-
trolled conditions were similar to those noted by PHiLIPPE
et al. (1992) on leaves from grapevines affected by
eutypiosis. Indeed, in situ, in the cells of slightly affected
leaves, the enlarged chloroplasts (x 2.6) showed dilated
thylakoids and contained large starch grains. In severely
affected leaves, the cells were completely disorganized,
with vesiculization of endomembrane systems and cyto-
plasm lysis. In vitro, in eutypine-treated plantlet leaves,
lysis and vacuolisation of cytoplasm, and chloroplast swell-
ing (x 1.6) with thylakoid spacing were observed early,
followed by alteration of organelles and breaks in the
plasma membrane. However, in the in vifro tissues the ac-
cumulation of starch grains into the chloroplasts was not
observed probably because the photosynthetic activity of
the in vitro excised leaves has been demonstrated to be
very low. The similarity of ultrastructural alterations ob-
served in diseased leaves and in eutypine-treated plantlet
leaves and protoplasts confirms that eutypine is responsi-
ble for the ultrastructural damages observed in eutypiosis-
affected leaves.

Ultrastructural effects observed with eutypine treat-
ment can be correlated with biochemical events described
in our laboratory. TEY-RuLH (1988) noted rapid electrolyte
leakage, particulary of potassium, probably involved in
osmotic processes, after fungus filtrate had acted on ex-
cised plantlet leaves. Thus, eutypine could act by altering
the selective permeability of the plasma membrane even
if plasmalemma breakage appears to be a terminal event.

In conclusion, eutypine produced serious symptoms
on the leaves of Cabernet Sauvignon in controlled envi-
ronmental conditions. Furthermore, this toxin affected the
cytoplasm early, then produced a disorganization of
chloroplasts and finally induced breakage of the plasma
membrane. These observations demonstrate the toxic role
of eutypine on the leaf cells of the grapevine. On the other
hand, the notable similarities between fungus-induced
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changes in leaves of diseased plants and eutypine-induced
changes on excised plantlet leaves and on isolated
protoplasts shows that eutypine is involved in foliar symp-
tom expression. Our scheme to explain the action from a
distance of Eutypa lata is that eutypine, synthetized by
mycelium present in trunk or arms, is transported into the
herbaceous parts and causes the characteristic symptoms
of dying-arm disease. In order to develop ways to act against
eutypiosis, the study of the mechanism of action of eutypine
is now in progress.

Acknowledgements

This work is supported in part by EEC program “Lutte contre
I’eutypiose”, n° 8001-CT-91.205, section DG VI FII/3. We wish
to thank Dr. WINTERTON for reviewing the English manuscript
and Dr. Moisanp for use of the electron microscope in the
“Centre de Pharmacologie et de Toxicologie Fondamentales” in
Toulouse.

References

DErrANQ, E.; ZEsIGER, T.; TaBaccHi, R.; 1993: The synthesis of natural
acetylenic compounds from Eurvpa lata (Pers: F.) Tul. Helvet. Chim.
Act. 765, 425-430.

Dursin, R. D.; 1971: Chlorosis-inducing pseudomonas toxins: their mecha-
nism of action and structure. In: Akar, S., OucHi, S. (Eds.): Morpho-
logical and Biological Events in Plant-Parasite Interaction, 369-382.
Phytopathology Society, Tokyo, Japan.

FarvLor, J.; TEY-RuLH, P.; CoutouLy, P.; Roustan, J. P.; PHILIPPE, [; TABACCHI,
R; 1990: Cultures in vitro, étude de 1’ eutypiose et stratégie de création
de somaclones de vigne tolérants. Cinquantenaire de la culture in
vitro. INRA Ed., Paris. 51, 151-159.

LArkIn, P. J.; 1976: Purification and viability determination of plant
protoplasts. Planta 128, 213-216.

Mauro, M. C.; VaiLLanT, V.; Tey-RuLy, P.; MatHIEU, Y.; FALLOT, J.;. 1988:
In vitro study of the relashionship between Vitis vinifera and Eutypa
lata (Pers.: Fr.) Tul. I. Demonstration of toxic compounds secreted
by the fungus. Amer. J. Enol. and Viticult. 39, 200-204.

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

PuiLipeg, 1; FaLLor, J.; PETITPREZ, M.; DARGENT, R.; 1992: Effets de
I"eutypiose sur des feuilles de Vitis vinifera cv. Cabernet Sauvignon.
Etude cytologique. Vitis 31, 45-53.

Renaup, J. M.; 1985: Isolement et identification des métabolites secondaires
et phytotoxiques d’Eutypa armeniacae. These Univ. Neuchatel,
Suisse.

ReynoLps, B. S.; 1963: The use of lead citrate at high pH as electron opaque
stain in electron microscopy. J. Cell. Biol. 17, 208-212.

STEINKAMP, M. P.; MARTIN, S. S.; HoererT, L. L.; RuepeL, E. G.; 1979:
Ultrastructure of lesions produced by Cercospora beticola in leaves
of Beta vulgaris. Physiol. Plant. Pathol. 15, 13-26.

- -3 - = - -5 - = 1981: Ultrastructure of lesions produced in leaves of Beta
vilgaris by cercosporin, a toxin produced from Cercospora beticola.
Phytopathology 71, 1272-1281.

Tey-RuLH, P.; 1988: Métabolites toxiques sécrétés in virro par Eutvpa lata
(Pers.: Fr.) Tul. 1, parasite de la vigne. Isolement et activité biologique.
Theése Doctorat INP, Toulouse 111, France.

- -; PuiLippE, I; RENAUD, J. M.; Tsourras, G.; DE ANGELS, P.; FaLLor, T.;
TasaccHr, R; 1991: Eutypine, a phytotoxin produced by Eutypa lata
the causal agent of dying arm disease of grapevine. Phytochemistry
30, 471-473.

Received March 31, 1994



	33-4-185_Seite_01
	33-4-185_Seite_02
	33-4-185_Seite_03
	33-4-185_Seite_04

