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Abstrae l .  Salicylic, p-eoumaric,  and ferulic acids were detected in the acetone-insoluble cell 
fraction, presumably  protein, extracted from the brown discoloured tissues of rice (Oryza sativa L.) 
leaves infected with Pyricu[aria oryzae CAr. but  not  from heal thy leaves. I t  is proposed tha t  
these phenolic acids are oxidized in ciw) in bla.ut diseaued rice leaves, and forms a protein-quinone 
complex. 

Phenolic compounds and their related oxidases have been associated with 
the defense mechanisms of plants because of their general accumulation 
near the wounded and infected tissues and that  phenols and their oxidation 
products are highly toxic to pathogens. A marked post-infectional change 
in the phenolic compounds and its oxidases have been observed in many 
host-parasite relationships (URITAN: 1961, FARKAS and KIR~Lu 1962, 
0RUICKSEA~CK and PERR:N 1964, RUBIN and ARTSIKnOVSKAYA 1964). The 
lesions caused by Pyricularia oryzae CAr. on ~ice leaves are brown in colour 
and are presumably containing melanoid pigments (OKV 1964, SUZUKI 
1965). Evidently during infection, phenolic compounds are oxidized by 
peroxidase of rice plants since, rice plants do not contain any polyphenol 
oxidase (SR:DHAR 1972). Formation of melanoid pigments due to polymeriz- 
ation of quinones has long been known (THoMsoN 1964). 

The brown pigments of aged hurley tobacco was found to contain a protein- 
phenol complex consisting of caffeic and quinic acids, both constituents 
of chlorogenic acid (WRIGHT et al. 1960, 1964). The oxidation products of 
phenolic compounds easily polymerize or react on amino group-containing 
compounds in the infected cells such as proteins and amino acids to produce 
a melanin-like coagulated substance (URITA~: 1961, KOSUGE 1969). Caffeic 
acid, a hydrolysis product of chlorogenic acid, was shown to be associated 
with acetone insoluble cell fraction, presumably protein, in the necrotic 
tissues of tobacco leaves infected with tobacco streak virus but  not from 
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healthy leaves (HAMPTON 1970). In  light of the above evidences the brown 
pigment formed around the blast lesions in rice leaves is investigated. 

Materials and Methods 

Prechi l led  leaf  t i ssues  f rom b o t h  h e a l t h y  a n d  d iseased  (lesions a n d  s u r r o u n d i n g  t i ssues)  rice 
cu l t iva r  P e t a  were homogen ized  in ace tone  a t  --  15 ~ C, filtered, a n d  t he  res idue  was  w a s h e d  w i t h  
add i t iona l  cold acetone.  T he  res idue  was  t r ans fe r r ed  to a cellulose e x t r a c t i o n  t h i m b l e  a n d  ex-  
t r a c t ed  for 8 h wi th  ace tone  in a soxh le t  ex t r ac to r ,  fol lowed b y  th ree  success ive  w a s h e s  w i t h  
a n y h y d r o u s  d ie thy l  e ther .  The  r e s u l t a n t  ace tone  powders  were whi te  w h e n  h e a l t h y  t i s sues  were 
used  a n d  a bi t  b rown  w h e n  d iseased  t i s sues  were used .  The  ace tone  powder s  were h y d r o l y z e d  b y  
re f luxing  in 2 h r HC1 for a per iod o f  24 h. T h e  h y d r o l y s a t e s  were t h e n  e x t r a c t e d  w i th  equa l  v o l u m e s  
o f  a n y h y d r o u s  d ie thy l  e t he r  for t h ree  t imes ,  the  c o m b i n e d  e the r  f rac t ions  were e v a p o r a t e d  to 
d r y n e s s  u n d e r  r educed  pressure  a t  45 ~ C a n d  t he  res idue  was  dissolved in sma l l  q u a n t i t y  of  95 per  
c en t  e thy l  alcohol  (HA.~PTON 1970). 

The  phenol ic  c o m p o u n d s  were sepa ra ted  a scend ing ly  b y  t h in  l ayer  c h r o m a t o g r a p h y .  Glass  
p l a t e s  o f  20 • 20 c m  coa ted  w i t h  0.25 m m  t h i cknes s  o f  silica gel - G ,  were s p o t t e d  w i th  50 lzl 
o f  these  e x t r a c t s  a n d  a u t h e n t i c  s amp l e s  o f  phenol ic  c o m p o u n d s  a n d  deve loped  in va r ious  so lven t s  
(BLocK et al. I958, HARBOR.'~E 1961, RANDERATH 1966). The  phenol ic  c o m p o u n d s  were loca ted  b y  
obse rv ing  t he  f luorescence u n d e r  shor t  wave  u l t rav io le t  l a m p  a n d  b y  s p r a y i n g  e i ther  w i th  one  
per  c en t  ferric chlor ide solut ion,  a so lu t ion  of  0.5 per  cen t  d iazot ized sulfani l ic  ac id  in 10 per  c en t  
s o d i u m  c a r b o n a t e  solut ion or w i t h  0.1 ~r p o t a s s i u m  p e r m a n g a n a t e  in s o d i u m  ca rbona t e  so lu t ion  
(RA~DERATK 1966). 

Results and Discussion 

Three spots giving positive reactions to the reagents tested were detected 
in the chromatograms spotted with the hydrolysate from the diseased leaf 

TABLE 1 

RF VALU~U OF P ~ O L r C  CO~POU~DS p re sen t  in t he  h y d r o l y s a t e s  f rom diseased  leaf  t i s sue  
as  c o m p a r e d  to t h a t  of  k n o w n  c o m p o u n d s .  

Solvents  

Bonzene-dioxante-acotie acid 
(90 : 25 : 4) 

Benzene  -methanol -ace t i c  ac id  
(45 : 8 : 4) 

Bu tano l -ace t i c  ac id -wate r  
(4 : 1 : 5, uppe r  layer} 

I sopropanol  - a m m o n i a - w a t e r  
( 8 : 1 : 1 )  

: rolune-acet ic  ac id-wate r  
(4 : 1 : 5, u p p e r  layer)  

Bu tano l -py r id ine - sa td .  
aq.  NaC1 (1 : 1 : 2) 

R f  va lues  

A u t h e n t i c  s amp le s  Spot  No. 

0.490 0.521 0.648 

0.507 0.589 0.679 

0.746 0.781 0.783 

0.531 0.500 0.565 

0.000 0.074 0.135 

0.821 0.792 0.846 

1 2 3 

0.483 0.513 0"650 

0.513 0.594 0.688 

0.767 0.798 0.785 

0.531 0.500 0.563 

0.000 0.074 0.136 

0.821 0.793 0 .848  

p - c o u m a r i c  Ferul ic  Salicylic 
ac id  ac id  ac id  
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tissues but not from the healthy leaf tissues. The floureseence under ultra- 
violet light of spot no. 1, 2 and 3 appeared as faint violet, green and violet 
in acid conditions, while, in alkaline conditions they appeared as violet, 
bluish green and bright blue respectively. The flourescence under ulatraviolet 
light and Rf values (Table 1) of spot no. 1 was identical to authentic sample 
of p-coumaric acid, spot no.2 to ferulic acid and spot no. 3 to salicylic acid. 

The browning of plant tissues in response to infection and injury has long 
been known to be the result of the oxidation of phenolic compounds by its 
oxidases, the system of which is accelerated under pathological stress con- 
ditions. Phenols may form reversible complexes with protein by hydrogen 
bonding, whereas quinones form stable covalent linkages (LooMIs 1969). 
The in vitro formation of a complex between the quinone of chlorogenic 
acid and protein (bovine albumin fraction V), which yielded caffeie acid 
upon hydrolysis has been shown (HAMPT0~ 1970). Detection of three 
phenolic compounds in the acid hydrolysates of acetone insoluble cell com- 
ponent from the diseased tissue and their absence in the similar fraction 
from the healthy tissues indicate the in vivo oxidation of salicylic, p-coumaric, 
and ferulic acids in rice plants infected with the blast disease and the for- 
mation of a complex between the quinone and the acetone insoluble cell 
fraction. Since this complex is degraded by acid hydrolysis, it is probably 
a protein-quinone complex. This gives evidence to show that  the phenolic 
oxidation is enhanced in rice leaves infected with the blast disease resulting 
in the brown pigment around the lesions. In rice cultivars, resistant to blast 
disease the tissue browning is more intensified and takes much more faster 
in the infected tissue than in the susceptible varieties. Hence, the time and 
rate at which the oxidation of phenolics is triggered in the host-parasite 
relationship would determine the resistance or susceptibility of the rice 
cultivars to the blast disease. 
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K y s e l i n a  salicilovh, kyse l ina  p - k u m a r o v ~  a kyse l ina  ferulodgt by ly  d e t e g o v h n y  v bun~Sn6 
frakei  n e r o z p u s t n ~  v ace tonu ,  p~evgt~n~ bf lkovinn~,  e x t r a h o v a n 6  z hn~d5 zba rven4  tkgtn~ listt2 
r ~ e  (Oryza sativa L.) a to pouze  z listfl infikovan)~ch Pyricularia oryzae CAv. a nikoli  ze z d r a v ~ e h  
listfl. D's se p~edpokl~dat ,  ~e t y t o  fekolov5 kyse l iny  j sou  in rive ox idov~ny  v n a p a d e n ~ c h  l is tech 
a tvo~i k o m p l e x  ch i nonu  s bf lkovinou.  


