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Pathogenesis-related proteins in grapevines induced by salicylic acid and Botrytis cinerea

by

ANNE-SoPHIE RENAULT, A. DELOIRE*) and J. BIERNE
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Summary: The grapevine pathogenesis-related proteins (PRs) were studied in order to determine the spatial localization
and the temporal production of these inducible proteins. We used leaves of plants obtained from woody cuttings grown in green-
house. Elicitations were done either with salicylic acid or with strains of Botrytis cinerea. Several PRs extractable at pH 2.8 were
found to accumulate in grapevine leaves after salicylic acid treatment or Botrytis infection (SDS-PAGE, coomassie blue). Elicitation
with salicylic acid has induced one new protein at about 32 kDa. Botrytis infection has resulted in the accumulation of four major
acid-soluble proteins with apparent molecular weights of 27, 32, 34 and 38 kDa. Immunodetections using antisera raised against the
tobacco PR-2 family have shown several bands, particularly two bands at 34 and 36 kDa revealed by the anti-2a and present both
with salicylic acid and Botrytis.
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Introduction After infection grapevines synthesize several com-
pounds such as phytoalexins (resveratrol and its deriva-
Plants react to pathogens’ attacks in a number of dif- tives, the viniferins), polyphenols and glycolic acid
ferent ways. In particular, they may respond by synthesiz-  (JEANDET and Bessis 1989; Pezer 1993). The preformed
ing de novo specific products such as phytoalexins or char-  barriers and other compounds such as glycolic acid or
acteristic proteins called pathogenesis-related proteins (PR polygalacturonase inhibitors in the ripening berries are
proteins, PRs; VAN LooN et al. 1994). These PR proteins  more important in tolerant than in sensitive varieties. In
are induced by a wide range of pathogens including vi-  mature berries these natural defense mechanisms decrease
ruses, bacteria and fungi. They were discovered for the (Dusos ef al. 1993; Pezer 1993).
first time in tobacco by WHITE (1979) and were found Resveratrol is not detectable in healthy leaves of grape-
lateron in several herbaceous species: tomato, potato, bean, vines but is induced after Botrytis infection
maize, Arabidopsis, cucumber and celery, (ANToNIw and  (LiswIDOWATI ef al. 1991). This induction can also be brought
WHITE 1983; REDOLFI 1983; GRANELL et al. 1987; PARENT  about by an artificial elicitor like UV light (SCHOEPPNER
and ASSELIN, 1987; WALTER, et al. 1990. These proteins are  and KinpoL 1979; Frirzemeier and KinoL 1981). The
also produced after treatments with chemicals such as  phytoalexin production has been correlated with resistance
salicylic acid (Write 1979). PR proteins have characteris-  to Botrytis cinerea (resveratrol might inhibit the growth of
tic biochemical properties (VAN LooN et al. 1987). Extract-  fungi). Nevertheless, the observations are sometimes con-
able at low pH, they are predominantly localized in the tradictory and the ability of grapevines to resist pathogens
intercellular spaces and appear to be resistant to proteolytic  results probably from various defense mechanisms.
enzymes. It has been noticed that some PR proteins are In the present study we have shown that in Chardonnay
also involved in developmental events such as flowering, PR proteins can be induced by infection with Botrytis or
leaf senescence and somatic embryogenesis (in grapevines, elicitation with salicylic acid. Using Chardonnay we have
DELOIRE ef al. unpubl.). Although PR proteins are now well-  developed an effective biological model and have started
known in herbaceous species, they have not been really  to identify B-1,3-glucanases amongst the inducible pro-
studied in woody plants. To our knowledge, no study has  teins.
been published on grapevine PR proteins.
In fact, only a few mechanisms of resistance of grape-
vines to fungi are well-understood. These consist of pre-
formed barriers and/or induced resistances. Plant material: The Vitis vinifera variety
Cuticular waxes, the thickness and chemical compo-  Chardonnay was grown in a greenhouse at 25 + 4 °C using

nents of the skin constitute the preformed barriers and in-  a photoperiod of 16 h. Plants obtained from woody cuttings
duce a mechanical resistance. Some grapevine varieties  were used when 4-8 months old.

which are tolerant to Botrytis have these preformed barri- Fungus material: The strains of Botrytis

Materials and methods

ers (Dusos et al. 1993). cinerea used were isolated from grapes of a Champagne

Correspondence to: Dr. ANNE-SOPHIE RENAULT, Université de Reims Champagne-Ardenne, Faculté des Sciences, Unité de Recherche
"Reproduction, Régéneration, Reconstruction, Rajeunissement” (UR4R), Equipe d'Ampélologie Cellulaire et Moléculaire, B.P. 1039,
F-51687 Reims Cedex 2, France. Fax: 26 05 32 79.

*) Present address: Dr. A. DeLORE, ENSA-INRA, U.FR. de Viticulture, 2 place Viala, F-34060 Montpellier Cedex 1, France.



50 ANNE-SOPHIE RENAULT, A. DELOIRE and J. BIERNE

vineyard and cultivated on a selective medium. The fun-
gus was then propagated on solid potato dextrose medium
at 25 °C in the dark with fresh subcultures every 15 d
(BoucHET unpubl.).

Induction of PR proteins: Elicitations
with Botrytis cinerea were performed on leaves inoculated
with droplets (20 ul) of a spore suspension (5x10* sp/ml)
deposited on the upper surface. Plants were then incubated
in a separated miniphytotron.

Elicitations were also performed by adding a 7.2 mM
solution of salicylic acid (two droplets of 20 ul per leaf)
after abrasion with a small disc of sandpaper. Salicylic acid
was dissolved in a potassium-phosphate buffer (adjusted
to pH 6 with KOH) and sterilized by filtration (0.22 pum;
Sartorius). Two controls were used: healthy leaves, same
size as those from elicited plants, control Ty; leaves abraded
then treated with buffer, control T.

Extraction of proteins: PR proteins were
extracted from plants 7 d after inoculation or elicitation.
Extractions were carried out at 4 °C. 4 g of fresh material
(half leaves without necrosis) were frozen in liquid nitro-
gen and ground with pestle and mortar. Citrate buffer (pH
2.8) was added on the powder in the proportion of 1.5 (v/w).
The homogenate was centrifuged at 12000 g for 10 min.
The supernatant was precipitated with 5 volumes of ac-
etone (v/v) and dried.

Electrophoresis and blotting experi-
ments: Protein concentration in extracts was quantified
by direct assay at 230 nm using Bovine Serum Albumine
(BSA) as standard. Proteins were separated on 13 % or
15 % SDS-PAGE according to LAEmMmMLI (1970) and then
stained with coomassie blue.

For immuno-revelations, proteins were blotted onto
nitrocellulose according to the procedure of THIRIET and
ALBERT (1995). Membranes were blocked in PBS-T con-
taining 1 % ovalbumine. They were then incubated for 1 h
in PBS-T with antisera diluted 1:3000 (v/v). The antisera
used were obtained from rabbits immunized against the
tobacco PR-2 family (B-1,3-glucanases; KAUFEMANN ef al.
1987; VAN LooN et al. 1994). The reactions were detected
by using a peroxydase conjugated anti-rabbit IgG revealed
with diaminobenzidine (DAB).

Results and discussion

Morphological consequences of el-
icitations: Inoculations with Botrytis cinerea have
induced necrotic lesions. The lesion size evolved with the
fungus development.

The injury by abrasion rapidly caused a necrosis (after
2 to 3 h). The addition of salicylic acid (SA) to the lesions
induced necrotic reactions the sizes of which were directly
linked to the quantity of SA deposited (results not shown).
So elicitation results from both, SA and a necrotic reac-
tion induced by the injury.

SA treatment, Botrytis cinerea in-
fection and PR proteins expression:
Changes in the protein pattern of grapevine leaves after

fungal infection or SA treatment were analysed by
electrophoresis on SDS-PAGE and coomassie staining.

A comparison between electrophoretic patterns of pro-
tein extracts from Botrytis inoculated and healthy leaves
shows clear differences (Fig. 1). Proteins with apparent
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Fig. 1: Electrophoresis of acidosoluble proteins of healthy (T ),

Botrytis inoculated leaves (B) and in vitro-Botrytis mycelium

(Tm). Arrows indicate the main alterations in the pattern of pro-
teins as a result of infection.

molecular weights of 27, 32, 34 and 38 kDa accumulate in
infected leaves (lane B). These proteins, extractable at pH
2.8, are induced by the interaction grapevine-Botrytis. In
fact, they are revealed neither in healthy plants (lane Ty)
nor in the mycelium of fungus growth in vitro (lane T,,).
They are clearly produced after a pathogen infection and
can therefore be called PR proteins (VAN LooN et al. 1994).

Elicitation with SA does not show the same el-
ectrophoretic pattern as with Botrytis. After coomassie blue
staining only one new band of weak intensity is revealed
at the apparent molecular weight of 32 kDa (Fig. 2).
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Fig. 2: Electrophoresis of acidosoluble proteins of healthy leaves

(Ty ), abraded leaves with buffer (T;) and abraded leaves with

salicylic acid (SA). Arrow indicates the main alteration in the
pattern of proteins as the result of elicitation.
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Immunodetections performed with tobacco PRs
antisera have shown positive cross-reactions with PRs of
many species (FriTig, pers. comm). That is why the pre-
liminary identifications of the grapevine PRs were per-
formed by immuno-detections with these antisera.

Immunodetection of PR-2 proteins:
We used antisera against two tabacco PR-2 proteins: PR-
2a which is an acidic protein (pI=4.1) and PR-2e which is
a basic protein (pI>7) as we can see in the table (VAN LooN
et al. 1994).

Table

Tobacco PR-2 family (B-1,3-glucanase)

Member Molecular Isoelectric
Weight (kDa) point (pl)
a (I) 31 4.1
b (IT) 33 4.6
c (I 35 4.7
d (II1) 35 53
e 33 >7

The use of the anti-2a serum (acidic group) reveals
several bands for B. cinerea and SA elicitations (Fig. 3 a).
In both cases a double band at 34 and 36 kDa is present
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Fig. 3: Western blot analysis of acidosoluble leaf proteins. Ty,

healthy leaves ; T;, buffer added on abraded leaves; SA,

salicylic acid solution added on abraded leaves; B, leaves

inoculated with Botrytis spore suspension. a - antiserum anti-2a;
b - antiserum anti-2e.

however with a stronger intensity for B. cinerea elicitation.
The confrontation with the pathogen induces three supple-
mentary bands of weaker intensity at 28, 32 and 33 kDa.

The utilization of the anti-2e antiserum shows new
bands only in the case of elicitation by B. cinerea at an
apparent molecular weight of 27 and 32 kDa (Fig. 3 b).
Furthermore, one basic protein PR-2e is present at signifi-
cant background level on blots of controls (T, and T;) and
elicited leaves (SA and B) at the apparent molecular weight
of 34 kDa: it is a constitutive type.

Thus, some of the PR proteins induced by Botrytis in-
fection and SA treatment cross-react with antisera against
tobacco PR-2 family (B-1,3-glucanases).

Conclusion

We have demonstrated that in Chardonnay an
elicitation by salicylic acid or B. cinerea resulted in the
synthesis of several PR proteins. Elicitation by SA, that
induces only some of these PRs, copies partially Botrytis
infection. Some of them are immunodetected by the anti-
PR-2 antisera and are likely B-1-3-glucanases. Identifica-
tion tests of the other PRs are to be done. Recently we
have shown that an antichitinase antiserum (anti-PR-3b)
revealed the band at 27 kDa induced after Botrytis infec-
tion (unpubl.). It is supposed that in grapevines, like in
herbaceous species, glucanases and chitinases are involved
in defense mechanisms.

We now need to answer several questions. First, we
are going to study the ability of these PRs to inhibit the
Botrytis development by in vitro and in vivo tests. Investi-
gations on Systemic Acquired Resistance (SAR) are also
in progress. Furthermore, homologous and heterologous
probes will be used to compare the PR gene transcription
in mRNA with the PR mRNA traduction in proteins.
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