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| Role of the heterotrimeric G protein in defense response of
rice
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Heterotimeric G proteins involved in various system of signal transduction in plants, such as
defense response. Heterotrimeric G proteins consist of three subunits («, 3 and 7 ). A number
of studies using activators and inhibitors of heterotrimeric G protein plants have suggested that
heterotrimeric G protein are involved in defense signaling. However, direct evidence for the
involvement is still lacking. To gain insights into the role of the heterotrimeric G protein in
defense response, we used rice dwarfl (dl) mutants lacking a single-copy G « gene and addressed
its role in disease resistance.

Four dI mutants (CM248, CM723, CM 1232, CM1361) with Kinmaze (WT) background
were used in this study. Northen blot analysis showed that very low level of dI transcript were
present in the three alleles, CM 723, CM1232 , CM1361; and CM248 contained transcripts of two
distinct size compared that wild type. Involvement of G protein @ subunit in defense response
was examined by infection of leaf sheaths with an incompatible race 031 of the rice blast fungus. In
wild type more than 90% infected cells exhibited HR (hypersensitive response) and in all 4/ mutants
reduced number of infected cells showed HR. Therefore, we examined whether G « mRNA in leaves
was induced by an incompatible rice blast. Results showed that G « mRNA was induced at 24
hours after infection with an incompatible race 031. We next examined expression of defense
related genes (PRI, PBZI) in leaves after infection with an incompatible race 031. Activation of
| PR gene in leaves of the mutants was delayed for 24-48 hr relative to the wild type. These results
clearly indicated that d/ mutations caused reduced resistance to an incompatible of rice blast. To
examine whether the heterotrimeric G protein also involved in defense responses to bacterial
pathogens of rice, four d/ mutants were infected with a compatible race of bacterial blight,
Xanthomonas oryzae pv. oryzae,. Results of experiment indicated that in all 4/ mutants, resistance
was reduced. Together, this results indicated that the heterotrimeric G protein plays an important
role in disease resistance of rice.

We next examined whether heterotrimeric G protein is also involved in responses to
sphingoipid elicitors. We first examined whether G «a mRNA was induced by a sphingolipid
elicitor in rice cell cultures. Results showed that G« mRNA was induced at 2 hours after
sphingolipid elicitor treatment . We next measured the H,O, levels in rice suspension cultures
generated from embryo-derived calli of four d/ mutants. At 2 and 4 hours after the elicitor
treatment , an increase in H,0, levels relative to those prior to the treatment was greatly diminished
in each of four d1 cell cultures compared to those in the wild-type cell cultures. In wild type, PBZI
expression was first detected at 4 hours after the elicitor treatment, peaking at 6 hours and gradually
decreasing




from 6 to 12 hours. In contrast, in the d/ mutant cell cultures, PBZI expression was not detected at
any times examined. These results indicated that PBZI expression in d/ cell cultures was
completely suppressed. :

We next examined whether OsRacl also involved in sphingolipid signaling. To test this, we
examined H,0, production and PBZI expression after sphingolipid treatment in wild type rice cell
cultures expressing the constitutively active OsRac1-G19V and dominant-negative OsRac1-T24N.
Sphingolipid-induced H,0, production was strongly enhanced in rice cultures expressing the
constitutively active OsRacl, whereas it was completely suppressed in cell cultures expressing the
dominant-negative OsRacl. Expression of PBZI was greatly enhanced by the constitutively active
OsRacl, while its expression was completely suppressed by the dominant-negative OsRacl. These
results clearly indicate that the small GTPase OsRacl is also an important intermediate in
sphingolipid signaling in rice cell cultures.

To determine relative positions of the heterotrimeric G protein and OsRacl in signaling
pathway of rice, we generated transgenic lines derived from CM1361 mutant expressing the
constitutively active OsRacl. We next examined H,O, production and PBZI expression induced
by the sphingolipid elicitor in three independent transgenic cell cultures. Levels of H,O, |
production in the transgenic cell cultures expressing the constitutively active OsRacl were restored
to a level close to that wild type cell culture expressing the constitutively active OsRacl. In
contrast, strong PBZI induction observed in wild type expressing the constitutively active OsRacl
was not detected in all three transgenic cell cultures examined although its expression was
constitutively induced in the absence of the elicitor. Interestingly, induction of endogenous
OsRacl expression, which was detected by a gene-specific probe in the wild type cell cultures, was
suppressed in the dI cell cultures.

~ To see if the introduction of the constitutively active OsRac] restores disease resistance of d!
mutants, we examined resistance to rice blast and bacterial blight in transgenic d/ plants expressing
the constitutively active OsRacl. The results of the experiments indicated that transgenic d! plants
expressing the constitutively active OsRacl were fully resistant to an incompatible rice blast. For
bacterial blight infection, the transgenic d/ plants were also resistant to bacterial blight.

We next examined whether d/ mutations influence cell death caused by sphingolipid elicitor
in rice cells culture. At the low sphingolipid concentration used for H,0, production and PBZI
induction, we did not detect cell death in wild type or d/ cell cultures. However, in transgenic wild
type cell cultures expressing the constitutively active form OsRacl, we found clear induction of cell
death. In contrast, in the transgenic d1 cell cultures expressing the constitutively active OsRacl,
cell death induction was greatly reduced. These results indicate that the heterotrimeric G proteins
plays an important role in cell detah induced by sphingolipid elicitors in the presence of OsRacl1.

We next examined whether or not heterotrimeric G proteins were also involved in N-
acetylchitooligosaccharide elicitor signaling. We measured H,O, production and PBZI expression
in four dI mutants cell culture after treatment with N-acetylchitooligosaccharide elicitor. Results
of the experiments indicated that there were no difference in levels of H,0, production and PBZI
expression between the mutants and wild type. These results suggest the existence of different
signaling pathways for sphingolipid and N-acetylchitooligosaccharide elicitors in cultures rice cells.

Results of this study indicated the role of the heterotrimeric G protein in disease resistance of
rice. Thus, we proposed models for defense signaling of rice in which the heterotrimeric G protein
functions upstream of the small GTPase OsRacl in the early steps of signaling.
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