ESTABLISHMENT OF AN IN VITRO SYSTEM FOR STUDIES ON THE INDUCED
RESISTANCE OF COTTON TO XANTHOMONAS CAMPESTRIS PV. MALVACEARUM'
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ABSTRACT - An in vitro system for studying the resistance response of cotton (Gossypium hirsutum
L.) to Xanthomonas campestris pv. malvacearum was investigated. Cell suspension cultures, estab-
lished from hypocotyl-derived callus of cotton cultivar 101-102B, were treated with bacterial extracellular
polysaccharides (EPS) extracted from the incompatible race 18 of X. campestris pv. malvacearum. EPS
at 600 pug/mL caused pronounced darkening of the suspension cultures, as indicative of cell death,
48 hours after incubation. Protein electrophoresis analysis of the time course of EPS-treated cells showed
differential accumulation of several protein bands after 12-24 hours. The time course of protein accumu-
lation and cell death was consistent with an elicitor-mediated hypersensitive response.

Index terms: Gossypium hirsutum, bacterial blight, extracellular polysaccharides, cell suspension culture,
hypersensitive response.

ESTABELECIMENTO DE SISTEMA IN VITRO PARA ESTUDOS DA RESISTENCIA
INDUZIDA A XANTHOMONAS CAMPESTRIS PV. MALVACEARUM EM ALGODOEIRO

RESUMO - Desenvolveu-se um sistema in vitro para estudar a resisténcia do algodoeiro (Gossypium
hirsutum L.) a Xanthomonas campestris pv. malvacearum. Foram utilizados calos originados a partir
de hipocdtilos da cultivar de algodoeiro 101-102B para estabelecer culturas de células em suspensao, as
quais foram tratadas com polissacarideos extracelulares bacterianos (EPS) extraidos da raga incompati-
vel 18 de X. campestris pv. malvacearum. O tratamento com EPS, na concentragdo de 600 pug/mL,
causou acentuado escurecimento das culturas em suspensao, indicativo de morte celular, 48 horas apos a
incubagdo. A analise temporal do perfil eletroforético de proteinas extraidas das células tratadas com
EPS mostrou um acimulo diferencial de diversas proteinas apds 12-24 horas. O acimulo de proteinas e
a morte celular ao longo do periodo estudado foram consistentes com um padrdo de resposta de
hipersensibilidade causada por elicitores.

Termos para indexa¢do: Gossypium hirsutum, bacteriose, polissacarideos extracelulares, cultura de células

em suspensao, hipersensibilidade.

INTRODUCTION

Plants possess a variety of inducible mechanisms
to restrict the growth of invading pathogens. Re-
cently, there has been a considerable interest in bac-
terial products which are responsible for trigger-
ing defense-related gene expression in plants dur-
ing interactions with pathogenic bacteria, specially
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in incompatible interactions (Ausubel et al., 1993;
Dangl et al., 1993; Palva et al., 1993; Goodman &
Novacky, 1994). Such products that may vary in their
structure and composition are recognized by a given
plant, inducing the expression of resistance genes
and causing an increase in the synthesis of defense-
related compounds. In true incompatible interac-
tions these events lead to the hypersensitive reac-
tion (Atkinson, 1993; Jakobek & Lindgren, 1993).

In some pathosystems, surface and extracellular
polysaccharides of phytopathogenic bacteria have
been shown to have a role in the determination of
pathogenicity (Chowdhury & Verma, 1990; Kao
et al., 1992; Dow et al., 1995). In the interaction
between cotton (Gossypium hirsutum L.) and
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Xanthomonas campestris pv. malvacearum, the
causal agent of bacterial blight, bacterial extracellu-
lar polysaccharides (EPS) are known to contain fac-
tors determining pathogenicity, causing water-
soaked lesions on susceptible and necrotic spots on
resistant cotton cultivars (Borkar & Verma, 1991).

Host responses to pathogens are very complex
and difficult to interpret due to the spatial and tem-
poral heterogeneity of defense responses in the in-
fected tissues, as well as in the cells surrounding
diseased tissues (Graham & Graham, 1991). Defense
reactions that result from pathogen attack depend
on the timing and location of these individual de-
fense responses (Dixon & Harrison, 1990). In order
to facilitate biochemical and physiological studies
on induced defense reactions of plants to patho-
genic organisms, several workers have successfully
used cell suspension cultures instead of whole plants
and replaced pathogens by their isolated compounds
responsible for inducing defense responses (Ebel
etal., 1984; Edwards etal., 1985; Dalkin etal., 1990;
Lange etal., 1994; Wojtaszek et al., 1995; Walkes &
O’Garro, 1996).

The present investigation was undertaken to
study whether cotton cell suspension cultures com-
bined with bacterial EPS isolated from an incompat-
ible race of X. campestris pv. malvacearum could
reproduce the hypersensitive reaction observed in
whole plants infected with the pathogen, as well as
to analyze the protein accumulation as a defense-
related parameter induced in this system.

MATERIAL AND METHODS

Plant material and bacterial isolate

The plant material used in this study was excised from
a cotton cultivar 101-102B (G. hirsutum), which carried
the genes B,B; for resistance to X. campestris pv.
malvacearum. The bacterial isolate 8759 of race 18 (col-
lected in the state of Parana, Brazil), that is incompatible
to cotton cultivar 101-102B, was used for EPS extraction.

Callus induction

Sulfuric acid-delinted seeds were surface sterilized and
germinated at 28°C in the dark. Hypocotyl segments, ap-
proximately 1 cm long, from 5 day-old seedlings were cul-
tured on solid medium containing MS salts (Murashige &
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Skoog, 1962) supplemented with 10 mg/L thiamine-HCI,
1.0 mg/L pyridoxine-HCI, 1.0 mg/L nicotinic acid,
100 mg/L myo-inositol, 0.1 mg/L kinetin, 0.1 mg/L 2,4-D
and 3 g/L Phytagel. The pH was adjusted to 5.8 prior to
autoclaving. A filter-sterilized (0.22 um nitrocellulose fil-
ter) glucose solution to make a 30 g/L final concentration
was added to the medium. Cultures were kept at 28°C,
under a 16 hour photoperiod (30 LE m™2s'!) provided by
cool white fluorescent lamps.

Suspension culture

Suspension cultures were established on liquid medium
containing MS basal salts supplemented with 0.5 mg/L
thiamine-HCl, 0.5 mg/L pyridoxine-HCI, 0.5 mg/L nico-
tinic acid, 100 mg/L myo-inositol, 0.5 mg/L 2,4-D and
60 g/L glucose. The pH was adjusted to 5.5 and the me-
dium was filter-sterilized through a 0.22 wm nitrocellulose
filter. Thirty-day-old callus was transferred to 250 mL
culture flasks containing 20 mL of liquid medium. Flasks
were kept without shaking for approximately one week.
After this period, the liquid medium including single cells
or small cell aggregates were collected and transferred to a
culture flask containing 30 mL of fresh liquid medium and
placed on a gyratory shaker at 110 rpm. Cells were sub-
cultured monthly at a ratio of 1:6 (cell suspension
culture:fresh medium).

Growth measurements and estimation of cell viabil-
ity

In order to determine the cell growth rate, suspension
cultures were monitored by measuring the fresh weight of
cells drained by centrifugation, according to Mills & Lee
(1996). Measurements were made at 5-day interval. Cell
viability was monitored by staining with fluorescein
diacetate (FDA) according to Widholm (1972). Aliquots
of 100 uL of cell suspension were withdrawn at each sam-
pling period and the percentage of viable cells was esti-
mated from a total of 500 cells. The values corresponded
to the mean of three replicates.

Isolation of bacterial extracellular polysaccharides
(EPS)

Bacterial cultures were kept on nutrient medium con-
taining 0.5 g/ CaNOs, 0.5 g/L FeSOy, 2 g/L K,HPO,,
20 g/L sucrose, 5 g/L peptone and 20 g/L agar. A single
colony was inoculated in a 2-liter culture flask containing
500 mL of liquid medium composed of 1.32 g/L
(NH4),S04, 80 mg/L MgS0Oy, 8 mg/L ZnSOy, 2.3 g/L
K,HPOy, 12 g/L sucrose, 2.5 g/L casaminoacid and 1 g/L
yeast extract, and incubated at 22°C for 14 days on a
gyratory shaker at 150 rpm. Partially purified EPS solu-
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tions were obtained following the procedure of EI-Banoby
& Rudolph (1979), lyophilized, and stored at -20°C until
further use.

EPS treatment of suspension cultured cells

Partially purified bacterial EPS were dissolved in lig-
uid MS medium (2 mg/mL for stock solution), pH was
adjusted to 5.5 and the solution was filter-sterilized through
a 0.45 um filter (Millipore). Cell suspension cultures at
log phase of growth (15 days after subculture) were treated
with EPS at 600 pg/mL final concentration. Control flasks
contained liquid medium only.

Total protein extraction

Cell suspension samples were collected at 0, 6, 12, 18,
24 and 30 hours after EPS treatment, drained and frozen in
liquid nitrogen. Cell-free culture media were stored at -20°C.
A portion of each cell sample was accurately weighed and
ground to a fine powder in pre-chilled pestle and mortar,
and the resulting powder was extracted with four volumes
of extraction buffer containing 62 mM Tris-HCI (pH 6.8),
14 mM B-mercaptoethanol, 2% sodium dodecyl sulfate
(SDS) and 10% glycerol. The extracts were denatured by
heating at 100°C for 3 min and centrifuged at 10,000 x g for
10 min at room temperature. For extraction of proteins
from culture media, samples were lyophilized and dis-
solved in equal volume with extraction buffer and proteins
were extracted as described above.

Polyacrylamide gel electrophoresis and densitomet-
ric analyses

Proteins were separated by polyacrylamide gel elec-
trophoresis performed in 12.5% discontinuous slab gels
containing SDS (Laemmli, 1970). The gels were cross-
linked with 0.3% N,N’methylenebisacrylamide at pH 8.8,
and stacking gel was made with 3.75% polyacrylamide at
pH 6.8. Gels were stained with Coomassie Brilliant Blue
R-250. Densitometric analyses of the gels were performed
using a Bio-Rad video densitometer model 620 (BioRad
Laboratories, Richmond, CA).

RESULTS AND DISCUSSION

For the establishment of cotton cultivar
101-102B cell suspension culture, the stationary
step on liquid medium was crucial to obtain the ini-
tial inoculum. Calli subjected to shaking immedi-
ately after transference to liquid culture produced
brown pigments, due to phenolic compounds oxida-
tion, and died after few days. On the other hand, calli
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kept without shaking for approximately one week re-
leased single cells or small cell aggregates into the
medium (Fig. 1A). Such cells were utilized as initial
inoculum for the establishment of suspension cul-
ture. Cultures originated from this inoculum were
constituted of a relatively homogeneous cell popu-
lation (Fig. 1B) showing a linear growth rate for ap-
proximately 25 days after transferring to fresh me-
dium. During this period fresh weight increased 5 to
7-fold (Fig. 2).

When cell suspension cultures were subjected
to increasing doses of bacterial EPS, the cell vi-
ability, determined by FDA staining, was drastically
reduced at concentration of 600 pg/mL EPS
(Fig. 3). No significative decline in cell viability was

FIG. 1. Establishment of cotton cell suspension cul-
tures. (A) Stationary liquid culture, after
1 week. Bar = 1 cm. (B) Established cell sus-
pension culture. Bar = 100 pm.
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detected up to concentrations of 1,000 ug/mL. There-
fore, the subsequent investigations were conducted
using EPS at 600 ug/mL. At this EPS concentration,
pronounced darkening of cell suspension cultures,
indicating cell death (i.e. hypersensitive reaction),
was observed after 48 hours. Keppler et al. (1988)
reported that reduced plasma membrane permeabil-
ity to fluorescein was associated with hypersensi-
tive reaction in tobacco cell suspension cultures in-
fected with incompatible Pseudomonas syringae pv.
syringae.

In order to investigate whether differential ac-
cumulation of protein occurred within the cells or
it was secreted to medium, electrophoresis analy-
sis was performed separately in both drained cells
and culture medium. Analysis by sodium dodecyl
sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) of total protein extracted from cot-
ton cell suspension cultures treated with EPS
showed an accumulation of several polypeptide
bands, with approximately 54, 45, 39, 36, 28, 19
and 18.5 Kda (Fig. 4A). Although these bands were
also detected in the control cells, densitometric scan-
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FIG. 2. Growth pattern of cotton cultivar 101-102B
cell suspension culture.
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ning of the gels showed at least 3-fold accumulation
after 24 hours. Moreover, most of those polypeptide
bands could be detected as soon as 12 hours after
EPS treatment (Fig. 4B). Noteworthily, the 19 Kda
band showed over 15-fold accumulation. There was
also a quantitative difference in the protein secreted
into the culture medium. SDS-PAGE analysis showed
a decreasing pattern in the concentration of two
bands (approximately 36 and 49 Kda) after EPS treat-
ment (Fig. 5). Insoluble compounds, constituted of a
mixture of complex carbohydrates and glycoproteins,
had been detected from elicitor-treated cells in other
systems (Frittensky et al., 1985; Lesney, 1989;
Wojtaszek et al., 1995).

The differential accumulation of soluble proteins
in plants infected by viruses, fungi and bacteria has
been previously reported (Campbell & Ellis, 1992;
Popp et al., 1997). Pathogenesis-related-proteins
(PR-proteins) were reported in more than 20 di-
cotyledonous plants. A relationship between the ac-
cumulation of PR-proteins and disecase resistance
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FIG. 3. Effect of increasing doses of bacterial extra-
cellular polysaccharides (EPS) on cell viabil-
ity of cotton cultivar 101-102B cell suspen-

sion cultures after 48 hours.
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FIG. 4. Sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) of total protein
extracted from cotton cell suspension cul-
tures. (A) Time course of extracellular
polysaccharides (EPS) treatment
(600 pg/mL) is shown on the right lanes and
of control cultures (mock-inoculated with
fresh liquid medium only) are on the left.
Numbers on the top indicate time of treat-
ment in hours. (B) Densitometric scan of
SDS-PAGE of total protein profile after
12 hours. Arrows indicate protein bands dif-
ferentially accumulated by EPS treatment.

was suggested (Nasser et al., 1988; Li et al., 1990).
Recently, Liu etal. (1995) reported the accumulation
of PR-proteins in cotton seedlings associated with
resistance to Verticillium wilt. The results of this
research showed that the differential accumulation
of some proteins in EPS-treated cell suspension cul-
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FIG.5. SDS-PAGE of total protein present in the

cell suspension culture medium. Number on
the top of each lane indicates time of treat-
ment in hours. Arrows indicate protein bands
differentially accumulated in cultures
treated with EPS (600 pg/mL).

tures was associated with hypersensitive reaction
(Fig. 4). Although more detailed studies related to
the functions of such proteins are needed, these data
suggest a relationship between the differential accu-
mulation of proteins and resistance of cotton culti-
var 101-102B to bacterial blight.

The results demonstrate the possibility of using
cotton cell suspension cultures in combination with
bacterial EPS as an in vitro system for inducing the
expression of cotton genes related to the hypersen-
sitive reaction. Further investigations aiming to
identify genes that may be differentially activated
in cotton cells following EPS treatment would be
worthwhile. Nevertheless, this system may also be
useful for the overall understanding of molecular
events in the incompatible interaction of cotton to
X. campestris pv. malvacearum.

CONCLUSIONS
1. The protocol established in this study produces

high quality cell suspension culture of the cotton
cultivar 101-102B.
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2. Cell suspension cultures of cotton treated with
extracellular polysaccharides (EPS) from an incom-
patible race of X. campestris pv. malvacearum re-
produces the hypersensitive reaction observed in
whole plant-pathogen interaction.

3. In this system, extracellular polysaccharides
(EPS) from an incompatible race of X. campestris pv.
malvacearum induces differential accumulation of
proteins.
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