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In troduc t ion  

The research p rog ram unde r took  to examine  and develop the concep t  
that  the aging process  (senescence) in plant  s torage organs is an oxidative 
phenomenon .  

Plant  storage organs (fruit, tubers)  were selected as test sys tems since: 
a) they funct ion as independen t  organs and, therefore,  free of metabol ic  

interact ions with other  plant  parts; 
b) they  display un i formi ty  in ana tom y  and metabol ism,  and therefore, the 

aging process as reflected in t issue masses  can be s tudied as cellular 
aging, and 

c) the onset  of senescence  in these tissues can be strictly regulated. 
To suppor t  the  hypothes is  that  senescence  is an oxidat ive process  it is 

necessary  to show the format ion and the activity of active oxygen  forms, 
because  molecular  oxygen  has low kinetic activity and does not  readily 
react with metabolites.  In contrast  active oxygen  species, including H202, 
HO~, or t tO. ,  are singlet c o m p o u n d s  and can at tack cellular const i tuents  
(16). H202 was selected as a likely oxidant  leading to senescence because  
the c o m p o u n d  is relatively stable (15) and its utilization depends  most ly  on 
the activity of enzymes  (peroxidases) (15, 31). These condit ions are com- 
patible with the concept  that  senescence  in storage organs is a regulated 
p h e n o m e n o n  depend ing  on the de novo  synthesis  of enzymes  (10) and 
hormonal  act ion (28). 

The following sections present  the evidence in suppor t  of the above 
hypothesis ,  and, forecast  some of the possible future work. 

B a c k g r o u n d  work  

A. Relat ion o f  H202 to the onse t  o f  s e n e s c e n c e  

a) The onset  of fruit senescence  is normal ly  accompan ied  by  a pro- 
nounced  increase in H202 (1, 11). Condi t ions  favoring the format ion  of the 
peroxides,  e.g. applicat ion of H202 substrates,  st imulate senescence,  and 
conversely,  inhibit ion in the synthesis  of H202 leads to the deferal of fruit 
senescence (1). Similarly, inhibit ion of peroxidase  and, thereby,  the utiliza- 
tion of H202 also resulted in a cor responding  inhibition of fruit senescence  
(32). Ident ical  results were obtained also in senescing leaves (24). 

b) C o m p o u n d s  which  accelerate senescence  processes  in storage 
organs (e.g. ethylene) have been shown to st imulate the format ion of H202 
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(1, 3, 4), suggest ing that  their  act ion consist,  in part, of the activation of 
oxygen,  as shown in the format ion of H202. 

c) High concent ra t ions  of 02 augmen t  the act ion of ethylene,  or other  
senescence  factors (3, 4, 20, 26, 27). These data is consis tant  with stimula- 
tory  effect of O2 on H202 forming enzymes  (30). It  thus appears  that  
senescence  p romot ing  factors act, in part, by s t imulat ing the metabol ic  
activation of oxygen.  

d) This concept  is applied in practice to the regulat ion of senescence.  
Storage at low oxygen  concentra t ions  is used to defer the onset  of se- 
nescence  in plant  storage organs. In contrast,  h igh 02 concent ra t ions  are 
employed  to accelerate fruit senescence  (5, 7) and can overcome  the 
natural  resistance to senescence  in non-senescing fruit mutan t s  (12). 

B. T h e  m e t a b o l i c  e f f e c t s  of H202 

a) The increase in the level of H202 leads to a significant decline in 
sulfhydryl  group (19) and apparent ly  to the oxidat ion of other  reducing  
functional  groups.  Decline in sulfhydryl  group in turn, marked ly  acceler- 
ates the onset  of fruit senescence (6). 

b) H202 may  also be involved in hormonal  turnover.  Indole  acetic acid 
(IAA) is a senescence  inhibitor in fruit (8) whereas  the IAA oxidat ion 
p roduc ts  are senescence  promoters  (5, 9). H202 is utilized by peroxidase,  to 
oxidize IAA (2, 31) and thereby,  depreciate the act ion of a senescence  
re tardant  (IAA) and s imul taneously  result in the format ion of a senescence  
promoter ,  and thus  p romot ion  of senescence.  

c) H202 is implicated in the biosynthesis  of e thylene (11, 21) a potent  
accelerator  of senescence  in plants. 

d) The increase in H202 in senescing fruit is (1) accompan ied  by  a 
similar increase in lipid peroxides  (11). The latter may  represent  the 
oxidat ion of m e m b r a n e o u s  sys tem by t-I202 and the loss of cellular organi- 
zation. 

The outl ined results show that  senescence  processes  in plant  storage 
organs are accompanied ,  and influenced, by  the format ion of H202. The 
peroxide is the p roduc t  of the metabolic  activation of oxygen,  as regulated 
by the action of e thylene and other factors. Pre l iminary  results also show 
some of the metabol ic  effects initiated by the oxidative act ion of H202. 

The free radical theory  of aging has been previously proposed  in 
mammal i an  systems (13, 14, 17, 18, 22, 23, 25, 29). The work  at Rutgers  
supports  the concept  as it applies to plant  systems, and indicates clear 
advantages  of utilizing plant  test systems to further  test  and develop the 
concept.  

Fu tu re  w o r k  

To establish the concept  that  senescence in plants is an oxidative 
p h e n o m e n o n  it is required to show that  the onset  of the process  is 
accompanied  by the increase in the relative abundance  of oxygen  in the 
cellular matr ix  and that  H202 is the oxygen  species funct ioning as the 
active species in oxidation. 

It is also required to identify defined metabol ic  sys tems which  can 
undergo  a change  in funct ion by changes  in the redox state, and can lead 
to the onset  of senescence.  
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F i n a l l y ,  i t  i s  n e c e s s a r y  to  i d e n t i f y  t h e  p a t h w a y  (s) l e a d i n g  to  t h e  a c t i v a -  
t i o n  o f  m o l e c u l a r  o x y g e n  ( f o r m a t i o n  o f  H202,  o r  o t h e r  a c t i v e  o x y g e n  
s p e c i e s )  a n d  e s t a b l i s h  h o w  t h e y  a r e  r e g u l a t e d .  
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