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Protein pattern changes induced by culture filtrate
of Pseudomonas syringaav. phaseolicolain bean
(Phaseolus vulgarid..) explants cultured in vitro
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Area de Genética, Facultad de Biologia, Universidad de Leén, 24071 Leo6n, Spain

(Received 29 February 2000; accepted 15 May 2000)

Abstract — Cotiledonary node explants of two bean cultivars were cultured in vitro in a medium supplemented with fil-

trate from liquid cultures of race 1 of the bean pathdgseudomonas syringg®s. phaseolicolain order to study

changes in gene expression induced by elicitors present in the filtrate. The protein patterns of explants from cultivars
Palmefia (susceptible to the pathogen race 1) and Red Mexican (resistant to race 1) cultured for 3 and 5 days in filtrate-
free and filtrate-supplemented media have been obtained by two-dimensional polyacrylamide gel electrophoresis (2-D
PAGE) and comparison made between them. On the basis of their reproducibility, 550 polypeptides were scored and 58
of them showed differences among the treatments. These differences revealed possible changes in gene expression/asso-
ciated to stress and/or presence of filtrate, and a differential response between the cultivars susceptible and resistant to
the pathogen.

Phaseolus vulgarig Pseudomonas syringgav. phaseolicola 2-D PAGE / in vitro culture / gene expression

Résumé — Modifications du patron protéique induites par le filtrat de culture dePseudomonas syringaev. pha-
seolicolachez des explants de haricotPhaseolus vngansL) cultivés in vitro. Des explants de nceuds cotylédon-
naires de 2 variétés de haricot ont été cultivés «in vitro» dans un milieu supplémenté avec un filtrat liquide provenanﬂ-)
de la race 1 du pathogéRseudomonas syringge. phaseolicolapour étudier les altérations d'expression des génes
induites par I'éliciteur présent dans le filtrat. Les dlagrammes protéiques des explants issus de : Palmefia (sensible a‘:@
race 1 du pathogéne) et de Red Mexican (résistante a la race 1) cultivés durant 3 et 5 jours dans un milieu sans et a@c
filtrat bactérien, obtenus par électrophorése bidimensionnelle (2-D PAGE), ont été comparés entre eux. On a obsenfés

550 polypeptides reproductibles, 58 d'entre eux ont montré des différences entre les différents traitements qui révelefP
des possibles changements dans I'expression des génes associés au stress et/ou a la présence du filtrat et ce entre legixu
tures résistantes et sensibles au pathogéne.

reeding

Phaseolus vulgarig¢ Pseudomonas syringgev. phaseolicola 2-D PAGE / culture in vitro / expression génétique
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1. Introduction

Halo-blight disease of bealjaseolus vulgaris
L.) caused by the bacteriulRseudomonas
syringaepv. phaseolicolais a seedborn disease
widespread in Europe, and in North and Southern
America. This plant pathogen is often the cause of
significant reductions in crop yield and quality of
beans. Resistance to halo-blight was first demon-
strated in the cultivar Mexican Red [20]. Later,
Walker and Patel [40] showed that a new race of
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after infection by a given pathogen [31], and
attempts have been made to associate these protein
changes with a resistance gene [15]. Slusarenko
and Longland [35] observed that the hypersensitive
reaction produced ifPhaseolus vulgariev. Red
Mexican after infection withPseudomonas
syringaepv. phaseolicolarace 1 (resistant reac-
tion) is associated with the appearance of polypep-
tides, some of them not detected when Red
Mexican leaves were inoculated with race 2 (sus-
ceptible reaction).

Two-dimensional polyacrylamide gel elec-

the pathogen emerged able to attack Red Mexican trophoresis (2-D PAGE) based on the method of

(a derivative of Mexican Red); thus, this cultivar
became the differential for races 1 and 2 being

O'Farrel [29] is currently the chosen method for the
separation of complex protein mixture from whole

resistant to race 1 but susceptible to race 2. More cells or tissues [12]. These gel patterns not only

recently, isolates oP. s.pv. phaseolicolafrom

reveal the amounts of proteins but also many of the

Africa and other bean growing areas were catego- post-translational modifications they have under-
rized into nine races on the basis of their reactions gone. With this technique it has been possible to

to eight differential cultivars following artificial

inoculation [36]. The resistant trait is associated
with a hypersensitive reaction (HR). The mecha-
nism(s) by which plants could restrict bacterial
replication and transport are not well-understood.
However, several anatomical and biochemical

changes accompany this hypersensitive defense
response [33]. Outstanding among these are an
increased synthesis and/or accumulation of a spec-
trum of proteins termed pathogenesis-related (PR)

proteins [1].

There are numerous reports in the literature of
changes in proteins in a plant after infection with a

identify, with a high degree of certainty, the prod-
ucts of a given gene [32].

Experimental models using cultured plant cells
and elicitor preparation from pathogens have
proven to be good tools for the identification and
isolation of putative defense-related genes [13, 39,
43]. The mRNA's activities for many of the
enzymes of the biosynthetic pathway of
isoflavonoid phytoalexins have been shown to
increase in elicitor-treated cell suspension cultures
of bean [5, 7]. More recently, it has been shown
that fungal elicitor-treatment of beaR. (vulgarig
cell suspension cultures induces two PR proteins

pathogen [19, 30]. In bean, PR proteins have been whose cDNAs have been sequenced [43]. On the

induced in french bearPhaseolus vulgarjsand
lima bean P. lunatu3 leaves infected with a virus
[8, 27, 34] and fungi [5, 7]. The induction of PR
proteins is not an exclusive pathogen-specific

other hand, in many studies bacterial culture
filtrates have been used as selective agents espe-
cially when the filtrate exhibits phytotoxic activity

[3, 17]. Hartman et al. [18] using cultivars Bf

response because these proteins are synthesizedulgarissusceptible and resistantRos.pv. phase-

under different stress conditions, and the elicitor-
active molecules are chemically diverse: glycans,
glycoproteins and lipids isolated from fungal and
bacterial cell walls and culture filtrates, and a vari-
ety of structurally unrelated, artificial inducers [6,

10]. In fact, exposure of bean leaves to mercuric
chloride or ethylene induces PR proteins [8, 38].
Different authors have observed protein differences

olicola observed a significative correlation
between in vitro resistance to the filtrateRok.pv.
phaseolicolaand resistance to the pathogen. The
aim of our study was to explore the changes of pro-
tein patterns in cotyledonary node explants of
Phaseolus vulgarigvs. Palmefa (susceptible to
Pseudomonas syringgev. phaseolicolarace 1)
and Red Mexican (resistant to race 1) when these

between host lines that are resistant or susceptibleexplants were cultured on a medium supplemented
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with filtrate of P. s.pv. phaseolicolarace 1 for 3 The bacterial filtrate was added to the medium cul-
and 5 days, in order to detect a differential in vitro ture (MSD-fil) after the medium had been auto-

response associated with the reaction of these culti- claved and cooled to 50 °C. Culture conditions
vars to the pathogen at the level of the whole plant. have been previously described [37]. Protein pat-
Analysis of two-dimensional protein patterns was tern analyses were conducted with 3 and 5 day old

chosen to identify specific markers of filtrate elici-
tation.

2. Materials and methods

2.1. Elicitor preparation

Isolates ofPseudomonas syringg®s. phaseoli-
colarace 1, provided by S.I.A. (Servicio de
Investigaciones Agrarias, Junta de Castilla y Leon,
Spain) and isolated in Valladolid (Spain), were
grown in King medium B [23] for 3 days at 25 °C
in an orbital shaker (250 rpm). 10 ml of this cul-
ture, turbidometrically standardized at® tultl-!
was used to inoculate 1 | of M9 medium [25].
After 10 days in an orbital shaker at 250 rpm and
18 °C, the M9 culture was centrifuged at 5000 rpm
for 20 min and the supernatant was filtrated
through a 0.45 pm-pore diameter Millipore filter.

2.2. In vitro culture

Phaseolus vulgarid. cvs. Palmefia and Red
Mexican which are susceptible and resistant,
respectively, to the infection witRseudomonas
syringaepv. phaseolicolarace 1, were chosen for

cultures, since in a previous work [14] we have
detected polypeptide changes in cotyledonary node
explants ofPhaseolus vulgarigfter 4 days in cul-
ture, and PR proteins were detectable in primary
leaves ofP. vulgarisat about 3 days after viral
infection [27].

2.3. Two-dimensional protein electrophoresis

Total proteins were extracted from one gram of
lyophilized cotyledonary node pieces according to
Bauw et al. [4] after 3 or 5 days in culture on MSD
or MSD-fil media. Proteins were solubilized in the
O'Farrel lysis buffer until a final protein concentra-
tion of 1 mdgml~t. The method of O'Farrel [29]
with slight modifications was used to perform 2-D
PAGE. A 70 pg sample of protein was loaded for
the first dimension in a isoelectro focusing (IEF)
4-7 pH gradient gel (4% acrylamide-bisacry-
lamide; 9.5 M urea; 5% carrier ampholytes and
20% Nonidet P-40). After prefocusing the gels,
electrophoresis was carried out at 600 V for 15
hours and 800 V for 1 hour. The first-dimension
gels were equilibrated for 30 min in a 0.0625 M
Tri-HCI buffer pH 6.8 with 2.3% (w/v) SDS, 0.5%
(viv) 2-mercaptoethanol and 1% glycerol. Proteins
were separated in the second dimension by SDS-
PAGE using a 12% acrylamide running (separat-

the present study. Seeds of these cultivars wereing) gel and 5% acrylamide stacking gel (1.0 mm

surface sterilized with bleach and placed in sterile
flasks containing wet sterile cotton. After 8 days,

thick). Gels were run with cooling at 35 mA for
5—6 hours with a voltage limit of 200 V. After elec-

cotyledonary nodes were excised from seedlings astrophoresis the gels were fixed and then silver-
described by Vaquero et al. [37] and then placed on stained [26]. A silver-stained 2-D gel is shown in

the culture media. The culture media consisted of
Murashige and Skoog [28] medium with 30y
sucrose and 2 nilgj! 2,4-dichlorophenoxiacetic
acid (2,4-D) with or without 30% (v/v) bacterial
culture filtrate. These media have been named
MSD-fil, for the medium supplemented with fil-
trate, and MSD, for the filtrate-free medium.
Media were adjusted to pH 5.6 prior to adding
10 dIi! agar and autoclaved at 124 °C for 20 min.

Figure 1. An average of 550 spots were analyzed in
each 2-D gel. Gels obtained from cotyledonary
node explants cultured on MSD-fil medium were
compared to the control gels (explants cultured on
MSD) by superposing transparent films. The
reported results were obtained after observation of
at least four well defined gels of at least two
extractions for each time in culture and
culture medium tested. Only the appearance or

Plant Genetics and Breeding
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disappearance of specific polypeptides which wer
shown to be qualitatively consistent in their
expression were identified.

3. Results

In vitro toxic activity of the bacterial filtrate
from Pseudomonas syringgev. phaseolicola
racel cultures used in this work was tested prev
ously using cotyledonary node explants of cvs
Palmefa and Red Mexican that were placed o
media supplemented with 30% filtrate (MSD-fil)
and filtrate-free medium (MSD). All the explants
cultured on MSD formed callus after 1 month of
culture. The explants of Palmefa (cv. susceptibl
to the pathogef®. s.pv. phaseolicolarace 1) cul-
tured on MSD-fil medium formed calli with a dras-
tic growth reduction and brownish aspect. In con
trast, the explants of Red Mexican (cv. resistant t
the race 1 oP. s.pv. phaseolicola cultured on
MSD-fil medium presented, after 1 month in cul-
ture, a callus formation similar to those observed
when the explants were placed on the MSD medi-
um (data not shown).

In order to analyze the early changes induced by
the bacterial filtrate in the protein pattern of cotyle-
donary node explants of cvs. Palmefia and Red
Mexican, soluble proteins were extracted from
explants cultured in vitro for 3 or 5 days and were
analyzed using 2-D PAGE. For each cultivar, the
gels corresponding to explants cultured for 3 and
5 days on MSD-fil medium were compared against
the gels obtained from cultured explants on
medium without filtrate (MSD) during the same
period of time. Protein patterns of explants cul-
tured for 5 days on medium with filtrate were also
compared against explants cultured for 3 days on
the same medium. All explants analyzed (after 3 or
5 days in culture) did not shown any visible signs
of toxicity.

Using high quality gels, as that showed in

A.l. Gonzélez et al.

39¥d-50aS

Figure 1. A typical 2-D gel obtained after separation by iso-
electric focusing and SDS-PAGE and silver-staining of seven-
ty micrograms of total protein extract obtained from
lyophilized cotyledonary node explants.

of each treatment. On the basis of their repro-
ducibility 550 spots were scored. The comparative
studies revealed a set of 58 differences among
polypeptides (Tab. I): 37 of them were observed in
explants of Palmefa, 30 of them were found in
explants of Red Mexican, and nine were common
to both cultivars. All polypeptides were character-
ized by their isoelectric point and molecular
weight.

Figure 2 diagrammatically shows all the changes
in protein patterns detected in explants of cvs.
Palmena and Red Mexican after 3 (Fig. 2A) and
5 (Fig. 2B) days in culture, as well as the changes
in protein patterns observed when explants cul-
tured for 5 days on the medium with filtrate are
compared to explants cultured for 3 days on the
same medium (Fig. 2C). After 3 days of culture
(Fig. 2A), 16 changes were found in explants of
the cv. Palmefa: seven polypeptides were only
seen in explants cultured on MSD-fil, while the fil-
trate induced the loss of nine polypeptides. In the
same conditions explants of the cv. Red Mexican

Figurel, a map of all spots appearing on the gels showed ten changes: four polypeptides appeared
was drawn for each period of time in culture, and and six polypeptides disappeared in explants cul-
the culture medium tested. To eliminate poorly tured in presence of filtrate with respect to those
reproducible spots and some artifacts, we discard- explants cultured on the filtrate-free medium. Only
ed all spots that did not appear in at least four gels three of these polypeptides presented the same
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Table I. Polypeptides which showed a differential expression.

Protein Palmena Red Mexican Protein Palmefia Red Mexican
number kDa pl kDa pl number kDa pl kDa pl
1 64.8 6.5 30 33.3 4.9
2 59.4 6.6 31 32.8 5.3 32.8 5.3
3 59.4 5.2 32 32.3 5.9
4 59.4 5.1 33 31.3 5.9
5 58.2 55 34 31.3 5.8
6 57.1 5.7 35 29.5 5.1 29.5 5.1
7 57.1 5.6 36 27.4 5.9
8 57.1 4.8 37 27.0 6.4
9 56.0 6.1 38 27.0 5.8
10 55.6 6.6 39 26.9 6.2
11 52.8 6.0 40 26.3 6.3
12 52.8 5.9 41 24.8 6.0 24.8 6.0
13 50.8 6.0 50.8 6.0 42 24.8 4.4
14 50.8 4.7 43 245 6.3
15 50.8 4.6 44 245 4.8
16 48.9 5.4 45 23.8 6.2
17 48.9 5.3 46 235 6.0
18 48.0 5.4 47 23.2 5.5
19 48.0 5.3 48 22.9 5.0
20 447 6.1 49 22.2 6.0 22.2 6.0
21 44 .4 5.3 44 .4 5.3 50 21.4 6.6 21.4 6.6
22 42.4 6.4 42.4 6.4 51 20.8 6.4
23 41.7 6.4 52 20.5 5.6 20.5 5.6
24 39.7 6.3 53 19.4 6.0
25 39.7 51 54 18.7 6.4
26 36.9 5.4 55 18.7 5.7
27 34.3 6.0 56 18.7 5.3
28 33.8 6.5 57 15.6 6.0
29 33.3 5.0 58 14.2 4.6

characteristics in the two cultivars studied (# 31, compared to explants cultured on the MSD medi-
35 and 50). um. From all the changes observed only three
showed the same characteristics in both cultivars
A large number of changes was detected in the (# 21, 41 and 49). When comparison among
protein patterns after 5 days of culture (Fig. 2B). In explants cultured for 3 and 5 days on MSD-fil
this case, explants of Palmefia showed 18 changesmedium was realized (Fig. 2C) there were eight
nine of them were newly observed proteins in and seven polypeptides changed in explants of
explants cultured on the MSD-fil medium, while  Palmefia and Red Mexican, respectively. All these
other nine polypeptides were not observed. In polypeptides were present in 3 day old cultured
explants of Red Mexican 14 changes were explants on the medium with filtrate, but disap-
observed: six present and eight absent were seen inpeared after 5 days in culture. None of these spots
explants cultured on the MSD-fil medium when showed the same characteristics in both cultivars.

Plant Genetics and Breeding
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A) 3 days
Red Mexican

Palmefia

38 57 58

345
1318 42

B) 5 days

Palmeiia Red Mexican

2 10 20
26 27 28
32 43 45
14 15 39
44 46 52

6 7 12 22
2347 53 54

29 30 48

C) 5 days vs. 3 days

Palmefia Red Mexican

3 4 10 11 12 33 34

37 40 51

17 18 19

Figure 2. Changes in protein patterns of cotyledonary node
explants of cultivars Palmefia and Red Mexican after 3 days
(A) and 5 days (B) in in vitro culture on medium supplement-
ed with P. syringaepv. phaseolicolabacterial filtrate when
compared against explants cultured on the control medium;
and changes in protein pattern when explants cultured for
5 days on filtrate-supplemented medium are compared against
explants cultured for 3 days on the same medium (C). Bold
figures indicate not observed proteins and italic figures indi-
cate newly observed proteins. Molecular weight and pl of the
proteins are indicated in Table I.

4. Discussion

All the observed reproductible proteic changes
shown in Table | have been classified into four
major groups for a better comprehension (Fig. 3).

Group I: Polypeptide changes associated to

stress. Some polypeptides were observed in cotyle-

A.l. Gonzélez et al.

donary node explants of Palmefia and Red
Mexican after 3 days in culture irrespective of the
culture medium tested (whether supplemented with
filtrate (MSD-fil) or not (MSD)), but they were
undetectable in explants after 5 days in culture.
These are probably polypeptides that were affected
by exposure of explants to the stress produced by
in vitro culture. It is known that the in vitro condi-
tion is itself a stress condition since excised
explants are generally used and the explants are
always cultured under artificial conditions, and
also that gene expression can change in response to
phytohormones and/or wounding [11, 14]. It has
been described that pathogenesis-related proteins
are expressed in response to physical, chemical and
stress factors including plant-hormones such as
those frequently used in in vitro tissue culture [2,
16, 21]. In this work, excised explants are used and
the two media utilized (MSD and MSD-fil) con-
tained 2,4-D to induce cell division.

Group II: Polypeptide changes associated to
stress and filtrate. Some polypeptides were
observed in explants cultured on the medium with
filtrate both at 3 and 5 days, but they were also pre-
sent in explants cultured on the filtrate-free medi-
um only at 3 days (subgroup 1lb) or 5 days (sub-
group lla). This response would be expected if the
filtrate induced an earlier appearance (lla) or main-
tained the gene expression for more time (llb).
Changes in gene expression, including the induc-
tion of PR proteins, can be induced in cultured
bean plant cells by fungal elicitors [13, 43]. A
polypeptide observed in explants of cv. Red
Mexican (64.8 kDa-6.5 pl, lla) has a molecular
mass similar to a polypeptide (64.9 kDa-6.4 pl)
isolated from fungal elicitor-treated bean cells,
which was firstly identified as cinnamyl-alcohol
dehydrogenase (CAD) one enzyme specific to the
synthesis of lignin [41], although later, due to the
extensive sequence similarity of this bean CAD
with a maize malic enzyme, was considered a bean
oxidize malate [42]. In the group llb, a protein
detected in Red Mexican has a molecular size
(33.3 kDa) and isoelectric point (5.0 pl) very simi-
lar to those of a glycine-rich cell wall protein in
bean (33.4 kDa-5.0 pl) named GRP 1.8, which is
expressed in young hypocotyls and excision-
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culture days
3 S filtrate

@ v

Group |
(@ [ |
PALMENA  Protein  RED MEXICAN
number
kDa pl (Table 1) kDa pl
11 52.8 6.0
48.9 5.4 16
48.9 5.3 17
48.0 5.3 19
33 31.3 5.9
34 31.3 5.8
37 27.0 6.4
40 26.3 6.3
51 20.8 6.4
culturedays
filtrate
YES
Group lla
F B IRS
PALMENA protein - RED) MEXICAN
number
kDa pl (Table 1) kDa pl
1 64.8 6.5
58.2 5.5 5
50.8 6.0 13
29.5 5.1 35 29.5 5.1
24.8 4.4 42
52 20.5 5.6
55 18.7 5.7
- - - = _cultTre(Eys_ - - =
3 5 filtrate
YES
Group lla ‘ﬁ
@‘ NOC
PALMENA protein - pER MEXICAN
number
kDa pl (Table 1) kDa pi
50.8 4.7 14
50.8 4.6 15
44.4 5.3 21 44.4 5.3
29 33.3 5.0
30 33.3 4.9
26.9 6.2 39
24.8 6.0 41 24.8 6.0
24.5 4.8 44
23.5 6.0 46
48 22.9 5.0
22.2 6.0 49 22.2 6.0
20.5 5.8 52
culturedays
filtrate
e v
Group IV
e
PALMENA protein  pER MEXICAN
number
kDa pl (Table 1) kDa pl
59.4 5.2 3
59.4 5.1 4
48.0 5.4 18

culture days
filtrate

e
Group llla
@ | |

PALMERNA protein - RED) MEXICAN
number

kDa pl (Table 1) kDa pl
8 57.1 4.8
9 56.0 6.1
13 50.8 6.0

42.4 6.4 22

39.7 6.3 24

39.7 5.1 25

32.8 5.3 31 32.8 5.3

27.4 5.9 36

27.0 5.8 38

21.4 6.6

50 21.4 6.
56 18.7 5
15.6 6.0 57
14.2 4.6 58

culture days
3 S filtrate

Group IIIb \:Ej

PALMENA protein - RED MEXICAN
number
kDa pl (Table 1) kDa pl

59.4 6.6 2
55.6 6.6 10
12 52.8 5.9
culture days
3 5 filtrate
L e
Group lllc =

PALMENA protein - RED MEXICAN
number

kDa pl (Table 1) kDa pl
6 57.1 5.7
7 57.1 5.6

44.7 6.1 20

22 42.4 6.4
23 41.7 6.4

36.9 5.4 26

34.3 6.0 27

33.8 6.5 28

32.3 5.9 32

24.5 6.3 43

23.8 6.2 45
47 23.2 5.5
53 19.4 6.0

54 18.7 6.4

Figure 3. Classification of polypep-
tides that showed a differential
expression along the different
in vitro culture conditions used (three
and five days of culture in filtrate-
supplemented or filtrate-free media).
Dotted ovals indicate polypeptide
presence in the corresponding 2-D
PAGE gel.
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wounding transiently induced in old hypocotyl tis- In conclusion, our results show that the crude
sue [22]. Nevertheless, relationships between the filtrate of Pseudomonas syringg®s. phaseolicola
proteins described by different authors are hard to race 1 assayed on in vitro cultured cotyledonary
establish because of the difficulty in comparing the node explants of bean enables us to detect a differ-
patterns from gel electrophoresis of crude total ential response between Palmefia and Red
extracts obtained in different laboratories. Mexican, cultivars susceptible and resistant to the
race 1 ofPseudomonas syringg®s. phaseolicola

Group llI: Polypeptides inhibited by filtrate. respectively.

These polypeptides are present in explants cultured
on the filtrate-free medium either at 3 days (sub-  Acknowledgements.We thank Professor M. Pérez
group |||a) or 5 days (subgroup |||C) but they are de Ia.Vega fQI’ helpful discussions concerning this man-
not observed at all when the explants were cultured UScript. This work was supported by a Spanish
on the filtrate-supplemented medium. This group C:-C.Y.T.research g[allnt (I?IO 90-1034) and a doctoral
also includes two polypeptides observed in grant to A.l. Gonzalez from Excma Diputacion
o ) Provincial de Ledn (Spain).
explants of Palmefia, and one observed in explants
of Red Mexican which were detected after 3 days
both on the filtrate-supplemented and filtrate-free
medium, but disappeared after 5 days on media
with filtrate (Illb).

Group 1V: Polypeptides induced by filtrate in cv. [1] Antoniw J.F., Ritter C.E., Pierpoint W.S.,
Palmefia. A reduced number of polypeptides (three van Loon L.C., Comparison of three pathogenesis-relat-
polypeptides) were only evident in explants of the ed proteins from plants of two cultivars of tobacco
susceptible cv. Palmefia after 3 days of culture on 'nfected with TMV, J. Gen. Virol. 47 (1980) 79-87.
the medium supplemented with filtrate (MSD-fil). [2] Antoniw J.F., Kueh J.S.H., Walkey D.G.A.,
The filtrate ofPseudomonas syringge. phaseoli- White R.F., The presence of pathogenesis-related pro-
cola has been used Successfu”y in in vitro culture teins in callus of Xanthi-nc tObaCCO, Phytopath Z. 101
as a selective agent given its phytotoxic activity (1981) 179-184.

[3]. In our case, the phytotoxic activity present in [3] Bajaj Y.P.S., Saettler A.W., Effect of halo toxin-
the filtrate would be the reason for the differential containing filtrates oPseudomonas phaseolicaa the
response detected in the cvs. Palmefia and Reddrowth of bean callus tissue, Phytopathol. 60 (1970)
Mexican, which are susceptible and resistant 1065-1067.

respectively, to the infection with the race 1Pos. [4] Bauw G., Deloose M., Inze D., Vanmontagu M.,
pv. phaseolicola.Current ideas suggest that the Vandekerckhove J., Alterations in the phenotype of
timing and extension of phytoalexin accumulation Plant-cells studied by NHterminal amino acid
may lead to compatibityor ncompatiiy inthe Secere Meyss o pracys Seeronotes Tom e
interaction between the host and virulent or aviru-  "ANSANE € (1%87) 8064810

lent races of pathogen [9]. Slusarenko and

Longland [35] infecting Red Mexican plants with [5] Bell J.N., Dixon R.A., Bailey J.A., Rowell P.M.,
virulent (race 2) and avirulents (race 1) race®.of Lamb C.J., Differential induction of chalcone synthase

s.pv. phaseolicolaobserved that the mRNA activi- ~MRNA activity at the onset of phytoalexin accumulation
in compatible and incompatible plant-pathogen interac-

ties for some polypeptides decrease rapidly during yi,ns proc. Nat. Acad. Sci. USA 81 (1984) 3384-3388.
the HR but decrease more slowly in the susceptible

reaction. In our case, the induced polypeptides are  [6] Chang P.F.L., Xu Y., Narasimhan M.L., Cheah
only observed in the susceptible cultivar K.T., Durzo M.P., Damsz B., Kononowicz A.K., Abad

o . . L., Hasegawa P.M., Bressan R.A., Induction of
(Palmefa). This could be due to the fact that in cv. pathogen resistance and pathogenesis-related genes in

Red Mexican the response to filtrate was induced topacco by a heat-stablrichodermamycelial extract

earlier or the polypeptide(s) had a more rapid and plant signal messengers, Physiol. Plant. 100 (1997)
turnover. 341-352.
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