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The Production of Anti-Blast Substances in Blast-infected

and UV-irradiated Rice Leaves*

Nobuaki MaTsuvyama** and Satoshi WaxkIMOTO™®*

Abstract

Anti-blast substances (S-1 and its derivatives) produced in blast-infected and UV-
irradiated rice leaves of three cultivars showing different horizontal resistance were analyz-
ed quantitatively, in order to clarify the role of these substances in disease resistance.
The production of the substance was caused not only in the inoculated leaves, but also in
UV-irradiated leaves where brown spots appeared. While, the production was not observed
in case of symptomless highly resistance and chemical damages tested. Negative correlation
was observed between the amount of the substances formed and the degree of horizontal
resistance at 7th day after inoculation. These results seem to indicate that these sub-
stances could associate secondarily with the resistance and the production relates closely
with browning of host cells in the destruction process. The final conclusion, however,
should be drawn after studies at the infection site. UV-damages were severer in aged
leaves (lower leaves) and the degree of the damages was different in each cultivar. The
amount of the anti-blast substances formed closely correlated with the degree of UV-dam-
ages. So far as tested cultivars concerned, the damages were less in horizontally weak
cultivar than that of strong cultivar. Further studies on this point with various cultivars
were required.

(Received February 12, 1987)

Key words : anti-blast substances, S-1, blast infection, UV irradiation, GLC, horizontal
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Intreduction

Formerly, the authors isolated the anti-blast substances (ABS) from rice leaves
infected with Pyricularia oryzae Cav. during the studies on Momilactones A and B%.
One of them, S-1 (C,,H,,0,, mole. wt. 304) was decided as a novel substance different
from Oryzalexin A, B and C'? with the results of HRMS, MS and GCMS analyses®?.
This substance seems to be identical with Oryzalexin D which was reported recently
by Sekido et al.'®. Endo et al.® reported that these substances may closely associate
with the blast resistance as phytoalexin. However, the authors assumed that the pro-
duction of ABS might closely relate with the destruction of host cells and could not be
recognized in symptomless highly resistant interaction. Furthermore, the author sup-
posed that the accumulation of evidence might be required before the final decission
on the role of the ABS in blast resistance. To confirm this postulation, the qualitative
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and quantitative estimations of ABS in physically, chemically damaged and blast-infected
rice leaves were conducted by gas-liquid chromatography. The abstract has been partly
reported elsewhere® and the details are contributed in present report.

Materials and Methods

Rice cultivars. Three rice cultivars which have single major gene Pi-i and are
different each other in the horizontal resistance: Inabawase (weak), Fujisaka 5 (medi-
um) and Todorokiwase (strong) were mainly used. While, cultivar Inabawase was used
for the studies on the ABS production in rice leaves which were physically and chem-
ically treated. Rice seedlings were raised with the commercial soils (Kumiai Baido) in
the plastic pots.

Physical and chemical treatments. At 7th leaf stage, the rice plants were UV-
irradiated or chemically treated. The irradiation was conducted with germcidal lamp
(10 W Toshiba lamp). Chemical treatments were conducted by spray of 0.1% 1, 1/-di-
methyl-4, 4’/-bipyridinium-dichloride (paraquat), 2, 2’-bipyridyl and 4, 4’-bipyridine
(0, generating agents) and 1% CuSO, solution with Tween 20, respectively.

Inoculation. Two isolates of Pyricularia oryzae Cav.: Naga 69-150 (compatible)
and TH 67-22 (incompatible) were spray-inoculated respectively at the stage of full
development of uppermost 5th leaves and incubated at 25 C for 17 hr in a moist cham-
ber, and then transferred to green house.

Sampling of leaves. The leaves were harvested at 48 hr after UV-irradiation
and chemical treatments. Diseased leaves were collected at 7th day after inoculation.

Extraction. One gram each of the sample leaves was chopped into 200 ml of 70%
aqueous methanol with scissors, homogenized with Physcotron homogenizer after keeping
in boiling water bath for 3 min and filtered. The filtrate was concentrated in vacuo
and finally extracted with petroleum ether!®!. Petroleum ether layer was concentrated
and transferred to tiny sharp-pointed silyl-vial. Petroleum ether was eliminated com-
pletely by N, gas blowing. The extract was re-dissolved carefully into 100 u! of petro-
leum ether in tightly sealed vial.

Gas-liquid chromatography. Five ul of the sample was promptly subjected to
GLC (Shimazu GC-7AG) with FID detector. GLC was conducted with-0OV-17 column
(1% loading on Gas Chrom Q, 100-120 mesh, silanized glass column, 150'X 0.3 cm) under
the conditions of 210 C column temperature and 30 ml/min N, gas flow rate. Since S-1
and its derivatives appear at Rt 9.9 min as a single peak under this condition®, it is
convenient to estimate the total amount of the substances. The peak area was automa-
tically integrated with Chromatopac C-R1A (Shimazu Co.). The number in tables re-
presents peak area shown as an electric signal (xV-sec).

Estimation of UV-damages on various cultivars. At 5th leaf stage the seedl-
ings were UV-irradiated. The irradiation was conducted with germcidal lamp (10 W
Toshiba lamp) ca. 15 cm aparted from the top of the seedlings for 1 hr in the incubator
at 28 C. Degree of UV damages was graded and designated as 0 (no symptom) to 4
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(heavily damaged with brown spots and bronzing).

Results and Discussion

Previously, the authors reported that the degree of blast-resistance clearly increases
with the aging of rice leaves and the amount of the anti-blast substances (ABS) (S-1
and its derivatives) formed after blast-infection is higher in aged leaves where resist-
ant brown spots predominantly appeared®. These results may indicate that these sub-
stances directly play a role as a phytoalexin. However, the possibility that these sub-
stances were produced only as a result of the host-cells destruction and may associate
secondarily with the resistance®™® was remaining unsolved. As shown in Table 1, UV-
irradiation caused the production of ABS. This result indicates that the production of
S-1 and its derivatives is not infection-specific and associates with the destruction of
host cells.

In general, it has been well-documented that UV and chemical damages cause a

+11-13.15-10 - Despite of severe damages, no production was ob-

phytoalexin production
served in the leaves treated with 1, 1’-dimethyl-4, 4’-bipyridinium-dichloride (para-
quat) and CuSO,. This result may indicate the association of the browning process at

the host-cell destruction with the production of the ABS.

Table 1. Effect of physical and chemical injuries on anti-blast substances
(ABS) production

Treatment Symptom ABS formed=
UV irradiation brown spots 16.9x10°
CuSO, gray-green spots 0
paraquat yellow spots 0
2,2’ -bipyridyl none 0
4,4’ -bipyridine none 0

a) Amount of ABS produced was represented as a peak area on the GLC chromatogram.

Table 2. Production of anti-blast substances (ABS) in blast-infected leaves of rice
cultivars of which horizontal resistance are different

Cultivars® Incompatible Compatible
(Pi-1) Symptom ABS formed® Symptom ABS formed?®
Inabawase b+++ 39.5%X10° ybg+++ 98.0x10°
Fujisaka 5 NS. 0 ybg+,bg++ 75.8X10°
Todorokiwase NS. 0 bg+,b++ 45.2 X108

ybg: typical susceptible lesion, bg: intermediate type lesion, b: brown spot, NS.: no symp-
tom. +~Hf: Severity of the symptoms.
a) Inabawase (weak), Fujisaka 5 (medium) and Todorokiwase (strong in horizontal

resistance).

b) Fifth (uppermost) leaves were analyzed.
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Table 3. Correlation between UV damage and ABS production in rice cultivars of
which horizontal resistance are different

Cultivars® Degree of damages Amount of ABS formed
(Pi-1) 5th™ 4th 3rd in 4th leaves
Inabawase 0 0.94 1.77 4.4%103
Fujisaka 5 0.3 1.42 1.57 9.1x103
Todorokiwase 0.5 2.05 2.48 93.9Xx10°

After full development of 4th leaves, 376mg of ammonium sulfate was additionally
amended.
UV irradiation was conducted with the germcidal lamp (10W). Degree of UV damages
was graded and designated as 0 (no symptoms) to 4 (heavily damaged with brown
spots).

a) See the note of Table 2.

b) Uppermost leaves.

Close correlation between the production of ABS and cell destruction with browning
was also observed in leaves of three cultivars infected with incompatible isolate (TH 67-
22) (Table 2). ABS were only detected in cv. Inabawase (weak) where brown spots
appeared. While, in symptomless resistant leaves of cv. Fujisaka 5 (medium) and
Todorokiwase (strong) the substances were not detected. This negative correlation
between the amount of the substances formed and the degree of horizontal resistance
was also observed in case of the inoculation with compatible isolate (Naga 69-150).
These results indicate that the ABS may not associate with the resistance primarily,
but secondarily. However, each datum in Table 2 is the result at 7th day after inocula-
tion and a total amount in whole infected area which is larger in weak cultivar. There-
fore, the time course of the production in each cultivar and the amount of ABS at unit
infected area should be estimated before drawing the final conclusion on a role of the
anti-blast substances.

The degree of UV-damages was different with aging of leaves. Young leaves (up-
permost leaves) were tolerant to UV irradiation and aged leaves (lower leaves) were
heavily damaged showing browning and bronzing®. The amount of ABS formed related
clearly with the degree of UV-damages. These phenomena will be useful for the marker
of aging of leaves. Interesting outcome that the degree of UV-damages is different
depending upon cultivars was obviously observed. So far as the tested cultivars con-
cerned, the damages were less in horizontally weak cultivar (Table 3). These results
indicate two possibilities. The first one is that it may merely be the result based on
the difference in the sensitivity to UV irradiation of cultivars. The second is that the
leaves of horizontally weak cultivar remain in physiologically young situation (more
susceptible situation) for a while after the development. Further studies with various
cultivars will be required to clarify which postulation is probable.

The authors are grateful to Dr. M. Iwano in Hokuriku Natl. Agric. Exp. Stn. for supplying of
isolates and Drs. S. Komori, K. Matsuyama and R. Isobe of Fac. Pharmaceutical Sci., Kyushu Uni-
versity for their many advices and kind help.
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