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Evidence for Transcriptional Regulation
of 3-1,3-Glucanase as it Relates to Induced Systemic
Resistance of Tobacco to Blue Mold
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The hybridization signal for [-1,3-glucanase (PR-N)
mRNA was detected in the lower inoculated leaves and
upper uninfected leaves of N-gene tobacco plants 3 and 12
days, respectively, after inoculation of lower leaves with
tobacco mosaic virus (TMV). The signal markedly in-
creased 1 to 2 days after challenge of upper leaves with
Peronospora tabacina, whereas only a slight increase was
apparent 3 to 4 days after mock challenge. The signal was
not apparent in mock challenged upper leaves, but it was
detected 4 days after challenge in upper leaves of plants
mock inoculated with TMYV. Plants inoculated with TMV
were highly protected against P. tabacina. These results
indicate a positive association of PR-N mRNA with in-
duced resistance to P. fabacina and the apparent sensitiza-
tion of the induced plants to rapidly produce PR-N mRNA
after challenge with P. fabacina.

Inoculation of the lower leaves of N-gene tobacco with to-
bacco mosaic virus (TMV) results in the induction of sys-
temic resistance against TMV and other pathogens (Ross
1961; Mclntyre et al. 1981; Ye et al. 1990; Pan et al. 1991)
and accumulation of pathogenesis-related proteins (PR pro-
teins) (van Loon 1975; Ye et al. 1990). PR proteins have been
suggested to function in plant defense (Carr and Klessing
1990). Four of the tobacco PR-proteins have been identified
as B-1,3-glucanases and another four as chitinases
(Kauffmann et al. 1987; Legrand et al. 1987). The association
of PR proteins with systemic induced resistance (Ye et al.
1990; Pan et al. 1991) and the observation that some purified
B-1,3-glucanases and chitinases have inhibitory activities
against some fungi in vitro (Mauch et al. 1988) support a
possible role for these proteins as plant defense compounds
against pathogens. The regulation of expression of some of
the tobacco PR proteins, has been reported to occur at the
transcriptional level in leaves inoculated with TMV and the
unchallenged leaves above (Ward et al. 1991).

In this study, we investigated the association of the tran-
scription of the (-1,3-glucanase (PR-N) gene with systemic
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induced resistance.

Tobacco (Nicotiana tabacum L. cv. Ky 14) plants contain-
ing the N-gene for resistance to TMV were used in the ex-
periments (Pan et al. 1991). Isolate 79 of Peronospora tab-
acina Adam (Tuzun and Kuc 1985) was used for challenge
inoculations (Pan et al. 1991). Purified TMV was provided by
J. Shaw, Department of Plant Pathology, University of Ken-
tucky. The plants were induced with TMV and challenged 12
days after induction with P. tabacina as described by Ye et al.
1989.

Leaf tissues were sampled by excising small areas of the
lamina with scissors, avoiding large veins. The samples were
collected at 0, 3, 6, 9, and 12 days after inoculation or mock
inoculation with TMV (three to four lower leaves) and at 0, 1,
2, 3, 4, and 5 days after challenge with P. tabacina or mock
challenge from the leaves above those inoculated or mock
inoculated with TMV (leaf position 3 to 5 from the apex).
Samples were weighed and 2 g of tissue was used for RNA
isolation as described by Schuler and Zielinski (1989).

Fifteen micrograms of the RNA samples was electropho-
resed in a 1% agarose gel containing formaldehyde and then
blotted onto a nylon membrane by capillary elution as de-
scribed in Sambrook et al. (1989). The probe used was the
full-length ¢cDNA of B-1,3-glucanase (PR-N) containing
1,053 bp, labeled with digoxigenin-dUTP by using the
“Genius 2 DNA Labeling Kit” (Boehringer Mannheim Corp.)
as per the instruction of the supplier. The probe was obtained
from X. S. Ye, Department of Plant Pathology, University of
Kentucky. The membrane was prehybridized for 24 h at 42°C
in 50% formamide, 0.5% SDS, 6x SSC (0.9 M NaCl, 0.9 M
sodium citrate), 5% Denhardt’s reagent, 100 pg ml~' denatured
herring sperm DNA. The probe was denatured by incubation
at 100°C for 5 min then added into the prehybridization solu-
tion to give a 20 ng ml™' final concentration. Hybridization
proceeded for 24 h at 42°C. The membrane was washed twice
in 2x SSC, 0.1% SDS for 10 min at room temperature, then
three times at 42°C in 0.5x SSC, 0.1% SDS for 15 min. High-
stringency conditions were used to avoid cross-hybridization
on Northern blots. The hybridized probe was immunodetected
with an alkaline phosphatase-conjugated antidigoxigenin
antibody and then visualized with the chemiluminescent sub-
strate Lumi-Phos 530 (Schaap et al. 1989) (Boehringer
Mannheim Corp.) as per the instruction of the supplier.
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Induced systemic resistance in tobacco has been shown to
increase the total B-1,3-glucanase activity and distinct iso-
forms of the enzyme (Pan et al. 1991). Ward et al. (1991)
showed that the mRNA levels of the B-1,3-glucanases PR-2,
PR-Q” and a basic glucanase increase locally and systemi-
cally in response to TMV inoculation of lower leaves, indicat-
ing that these isoforms are regulated at the transcriptional
level. However, the regulation of the isoform PR-N was not
reported in leaves inoculated with TMV and the leaves above,
and data were not presented for induced and noninduced
plants after challenge to demonstrate the sensitization phe-
nomenon at the transcriptional level. Northern blot analyses
of total RNA isolated from leaves at various times after inocu-
lation with TMV or mock inoculation, indicated an increase
in the hybridization signal for PR-N in TMV-inoculated
leaves (Fig. 1). The mRNA encoding the B-1,3-glucanase
(PR-N) was detected in inoculated leaves at 3 days after in-
oculation, and the hybridization signal continued to increase
until at least 12 days after inoculation. On mock-inoculated
plants treated with water, the hybridization signal was not
detected (results not shown).

The PR-N mRNA was first detected 4 days after challenge
in the upper leaves of noninduced plants (Fig. 2A), and was
not detected in unchallenged upper leaves of noninduced
plants (results not shown).

With leaves above those inoculated with TMV, the B-1,3-
glucanase isoform PR-N increased markedly 2 days after
challenge with P. tabacina (Pan et al. 1991). In our study the
mRNA for the enzyme was evident at the time of challenge
(12 days after induction) in upper leaves of induced plants
(Fig. 2B) and it markedly increased 1 to 2 days after chal-
lenge and continued to increase until 4 to 5 days after chal-
lenge. A slight increase in B-1,3-glucanase mRNA was first
detected 3 days after mock challenge of induced plants (Fig.
2C).

Previous reports have demonstrated that resistance induced
to P. tabacina by TMV was first clearly evident 3 to 6 days
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Fig. 1. Effects of tobacco mosaic virus inoculation on transcript levels of
the B-1,3-glucanase (PR-N) gene. RNA from inoculated leaves was
isolated at 0, 3, 6, 9, and 12 days after inoculation, electrophoresed
through denaturing gel, transferred to nylon membranes, and then hy-
bridized with a PR-N cDNA probe labeled with digoxigenin-dUTP.
Exposure time was 30 min.
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after induction (Ye et al. 1989; Pan et al. 1991). The protec-
tion data obtained from the plants from which the samples for
RNA where collected showed that the plants inoculated with
TMYV were much more resistant to P. tabacina than the non-
induced plants (88% protection based on the area of lesions).

The mechanisms involved in the induction of systemic re-
sistance are still not known. Some reports support a role for
the PR proteins, in plant resistance, including the hydrolytic
enzymes glucanases and chitinases (Mauch et al. 1988; Carr
and Klessing 1990; Ye et al. 1990; Pan et al. 1991). The iso-
form pattern of B-1,3-glucanase in age-dependent resistance
(Wyatt et al. 1991) and in induced tobacco plants (Pan et al.
1991; Ye et al. 1992) indicate a association of the B-1,3-
glucanase proteins, PR-N and PR-O, with resistance to P
tabacina, a fungus containing B-1,3-glucans but not chitin in
its cell wall. Our results indicate an increase in the PR-N
mRNA in the TMV-inoculated leaves and in uninfected leaves
of induced plants. After challenge, PR-N mRNA increases
sooner in challenged leaves of induced as compared to nonin-
duced plants. These data provide evidence that the induction
of PR-N isoform in leaves inoculated with TMV and leaves
distant from those inoculated with TMV is regulated at the
transcriptional level as was observed before with other gluca-
nase isoforms (Ward et al. 1991). It also supports other results
from our laboratory, with Western blot and enzyme activity
analyses, that leaves of induced plants are sensitized to react
rapidly after inoculation with P. tabacina (Tuzun et al. 1989;
Pan et al. 1991).

The existence of a translocated factor which triggers the
activation of resistance mechanisms in plant defense is ac-
cepted as one of the initial steps in induced systemic resis-
tance, although the identity of this factor is still unknown.
The early systemic activation of the PR-N gene in induced
tobacco plants that we observed in our experiments further

Fig. 2. Effects of induced systemic resistance against Peronospora tab-
acina on transcript levels of the P-1,3-glucanase (PR-N) gene. RNA
from leaves above those mock inoculated with tobacco mosaic mosaic
virus (A) or inoculated with TMV (B,C), was isolated at 0 to 5 days after
challenge (A,B) or mock challenge (C), with P. tabacina. Isolated RNA
was electrophoresed through denaturing gels, transferred to nylon mem-
branes, and then hybrized with a PR-N ¢cDNA probe labeled with di-
goxigenin-dUTP. Exposure time for A and B was 60 min and C was 90
min. The transcript for PR-N was not detected in unchallenged leaves of
noninduced plants.



supports the hypothesis that a signal for induced systemic
resistance moves in the plant and either directly or indirectly
activates resistance mechanisms which include increased
transcription of the gene for the PR-N protein. The mecha-
nism(s) underlying the apparent sensitization of the induced
plant to respond to challenge at the transcriptional level may
be a critical factor in induced systemic resistance.

To help determine if PR-N has a role in induced systemic
resistance, the B-1,3-glucanase (PR-N) cDNA was introduced
in the sense and antisense orientations in tobacco plants,
which have been regenerated and are being tested for their
resistance to P. tabacina using plants induced and not induced
with TMV.
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