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Lipopolysaccharide from Xanthomonas campestris
Induces Defense-Related Gene Expression

in Brassica campestris
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Purified lipopolysaccharide (LPS) from Xanthomonas
campestris pv. campestris induced accumulation of tran-
seript for B-1,3-glucanase in turnip at concentrations of 1
pg/ml. The lipid A-inner core structure was required for
activity but the O-antigen had no role. We suggest that
release of LPS in planta triggers expression of at least
some defense-related genes.
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There is considerable interest in bacterial products which
are responsible for triggering defense-related gene expression
in plants during interactions with phytopathogenic bacteria
(Davis et al. 1984; Ausubel et al. 1993; Dangl et al. 1993,
Jakobek and Lindgren 1993; Palva et al. 1993). Although
emphasis has been placed on gene expression during incom-
patible interactions, defense-related genes are also activated
in compatible interactions, usually at later time points. In
some pathosystems, activation of certain genes is only seen in
the later phases of compatible interactions associated with
considerable bacterial growth (Dong et al. 1991). In the com-
patible interaction between turnip (Brassica campestris) and
Xanthomonas campestris pv. campestris, the causal agent of
black rot of crucifers, transcripts for -1,3-glucanase (BGL)
accumulate up to a maximum level at 24 h after inoculation
(Newman et al. 1994). This is a slower response than that
seen in incompatible interactions with X. campestris pvs. ar-
moraciae or raphani. Analysis of BGL transcript levels in
response to defined mutants of X. campestris pv. campestris
suggest that transcription is not triggered by the action of ex-
tracellular enzymes, other extracellular proteins or hrp gene
dependent processes (Newman et al. 1994). Rather, the levels
of transcript reflect the growth of the different bacterial
strains. Two exceptions are responses to mutants carrying le-
sions in genes involved in the biosynthesis of extracellular
polysaccharide (EPS) or which give altered lipopolysaccha-
ride (LPS); here bacterial numbers decline rapidly after inocu-
lation although transcript levels are up to 70% of those seen
in the wild type response. In this paper we report that purified
LPS from both wild type X. campestris pv. campestris strain
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8004 and the LPS-defective mutant strain 8530 can induce
BGL transcript accumulation in turnip. This raises the pos-
sibility that in plant-pathogen interactions, expression of at
least some defense-related genes occurs as a response to LPS
released either as a consequence of normal bacterial growth
or rapid bacterial death within the plant.

Two forms of LPS which partition into different phases on
hot phenol-water extractions of X. campestris pv. campestris
wild-type strain 8004 have been described (Dow et al. 1995).
Phenol-phase LPS carries an O-antigen, whereas water-phase
LPS comprises lipid A-core oligosaccharide alone. These
LPS forms (as triethylamine salts) were inoculated at 1 and
50 pg/ml into leaves of turnip cultivar Just Right. Total RNA
samples were isolated at different times after inoculation and
analyzed by Northern blotting with a ¢cDNA for turnip -1,3-
glucanase as described by Newman et al. (1994). We have
previously shown that BGL transcript does not accumulate in
response to wounding or inoculation with water or salicylic
acid (Newman et al. 1994). With 1 pg of wild-type water-
phase LPS per ml, BGL transcript accumulation was first de-
tected at 4 h after inoculation, and levels increased steadily up
to 24 h (Fig. 1). At 50 pg/ml, transcript accumulation in re-
sponse to the water-phase LPS was transient, with lower lev-
els at 24 h than at 12 h. Similar results were seen with the
phenol-phase LPS forms (not shown).

To determine which moieties in LPS were required for
BGL induction, transcript levels were investigated in response
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Fig. 1. Northern blot of total RNA extracted from turnip leaves at differ-
ent times after inoculation with purified water-phase LPS preparations
from wild type strain 8004 and /ps mutant strain 8530 and probed with
the B-1,3-glucanase cDNA clone. Lanes 1 and 2: 8530 LPS, 1 pg/ml, 12
and 24 h; lanes 3 and 4: 8530 LPS, 50 pg/ml, 12 and 24 h; lanes 5 and
6: 8004 LPS, | pg/ml, 12 and 24 h; lanes 7 and 8§: 8004 LPS, 50 pg/ml,
12 and 24 h; lanes 9 and 10: water control, 12 and 24 h; lane 11: 8004
bacteria at 107 per ml, 24 h.



to LPS isolated from the LPS-defective mutant strain 8530
and subfractions derived from the wild-type LPS by mild acid
hydrolysis. Both water-phase and phenol-phase LPS from
strain 8530 have a truncated core and the phenol-phase LPS
lacks the O-antigen seen in the wild type (Dow et al. 1995).
However, these LPS forms were effective in induction of BGL
transcript accumulation, with a steady increase in levels from
4 h up to 24 h in response to both 1 and 50 ug/ml (Fig. 1).
Mild acid hydrolysis (1% acetic acid, 100°C, 3 h) of the wild
type water-phase LPS cleaves the bonds between the lipid A
moiety (which is insoluble in water) and the core oligosac-
charides (Dow et al. 1995). The lipid A was collected by cen-
trifugation, washed with water and conjugated with bovine
serum albumin (BSA) exactly as described by Matsuura et al.
(1983). No induction of BGL transcription was seen in re-
sponse to this preparation up to concentrations corresponding
to 5 ug of lipid A per ml. The solution after mild acid hy-
drolysis, containing the core oligosaccharides, was lyophi-
lized to remove acetic acid. No induction of BGL transcrip-
tion was seen in response to aqueous solutions of these core
oligosaccharides at concentrations up to 10 ug/ml. Overall
these results suggest that an intact lipid A-inner core structure
is required for the induction of BGL, but that the O-antigen
has no role. However it is also possible that other acid-labile
residues required for activity are lost during the acetic acid
treatment.

LPS from Escherichia coli or Salmonella minnesota
(Sigma) did not induce transcript accumulation at concentra-
tions up to 50 pg/ml. Lipid A from E. coli (as a BSA conju-
gate) was also ineffective at 10 pg/ml as was delipidized E.
coli LPS derived by alkaline hydrolysis (Sigma). These re-
sults are consonant with the lack of induction of BGL in tur-
nip by E. coli (Newman et al. 1994).

The role of LPS in bacterial-plant interactions is likely to
be complex. As well as providing an indispensible barrier for
the bacteria against toxic plant compounds (Nikaido and
Vaara 1985), the interaction of LPS with the plant cell may
promote pathogenesis or symbiosis (Dazzo et al. 1991) and/or
may trigger defense-related responses (see below). There are,
however, few reports of induction of specific gene products in
response to LPS application to plants. It has been known for
some time that inoculation of tobacco plants with purified
LPS or LPS-protein complexes from a number of bacteria can
prevent the hypersensitive response to incompatible bacteria
and reduce symptoms in compatible interactions (Mazzucchi
and Pupillo 1976; Graham et al. 1977; Mazzucchi et al.
1979). However nothing is known of the molecular basis of
these plant responses. LPS from Pseudomonas solanacearum
(at 400 pg/ml) induces the synthesis of new polypeptides in
tobacco (Leach et al. 1983) and LPS preparations from Pseu-
domonas syringae pv. syringae are weak, nonspecific elicitors
of phytoalexin biosynthesis in soybean hypocotyls (Barton-
Willis et al. 1984).

Extrapolation from results with purified LPS preparations
to interactions that occur in planta clearly presents many
problems. Nevertheless, the results presented here do suggest
an explanation for our previous observations on BGL tran-
script accumulation in response to mutants of Xanthomonas
campestris and other bacteria. Release of LPS may occur as a
normal process during the growth of phytopathogenic bacte-
ria in plants as has been suggested for symbiotic rhizobia

(Dazzo et al. 1991) and shown for bacteria, including Er-
winia, growing in culture (Crutchley et al. 1967; Rothfield
and Pearlman-Kothencz 1969; Mazzucchi and Pupillo 1976).
The substantial growth of most mutants of Xanthomonas
tested in our previous experiment (Newman et al. 1994) may
have resulted in release of sufficient LPS to trigger BGL tran-
script accumulation, whereas heat-killed or antibiotic-killed
bacteria or mutant strains that failed to grow in planta were
inactive. In the case of the eps and Ips mutants, we postulate
that release of LPS caused by the substantial and rapid bacte-
rial death within the plant triggers the responses seen. How-
ever a role for LPS alone in triggering BGL transcript accu-
mulation during compatible interactions must remain specu-
lative. Release of other bacterial components such as perip-
lasmic glucans and other oligosaccharides, some of which are
known to elicit different plant responses (Stefani et al. 1994),
could clearly also occur.
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