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Preliminary Notes 

Ribonucleic acid as an index of the metabol ic  act ivi ty of pea leaves 

In studies of metabolic changes in developing pea leaves ( P i s u m  sat ivum var. Laxton's  
Progress), it was observed that  the levels of certain energy-producing mechanisms 
changed considerably as the leaves aged. Thus chloroplasts isolated from pea leaves 
of different chronological ages showed marked differences in their capacity for photo- 
synthetic phosphorylation. Similar changes occurred in the capacity of isolated leaf 
mitochondria for oxidative phosphorylation. 

Leaves were selected from 6- to i6-day-old pea plants grown in a greenhouse on 
soil contained in flats. The measurements of photosynthetic phosphorylation and 
oxidative phosphorylation were based on the methods of ARNON et al. I and SMILLIE 2 
respectively. 

Table I shows that  when photosynthetic phosphorylation was expressed per leaf, 
the activity increased until the 9th day of the plant age and then declined. In these 
leaves, chlorophyll synthesis was usually completed by the 8th day and leaf expansion 
by  the 9 t h - I l t h  day. Similar developmental changes were also observed for oxidative 
phosphorylation by pea-leaf mitochondria. Such a rise and fall in both the photo- 
synthetic and oxidative phosphorylation activities was observed when the results were 
expressed not only per leaf, but also as per leaf fresh weight, leaf dry weight, cell 
count, DNA or chlorophyll content. 

TABLE I 
PHOTOSYNTHETIC PHOSPHORYLATION ACTIVITIES OF PICA LEAVES OF DIFFERENT AGES 

Age o] Total photoSynthetic phospttorylation 
pea plants activity o[ lea] chloroplasts 

(~ys) (ag Pl~l~/) 

6 2 .0  

7 43 .0 
9 93.0 

12 67.6 
16 28.6 

The pat tern of the rise and fall, and the stage in the leaf development when 
maximum activity was reached, varied according to the basis on which the activities 
were expressed. For instance, when expressed on a leaf fresh-weight basis, the photo- 
synthetic phosphorylation activity of the leaf chloroplasts rose during greening to 
a level which was maintained for 2-3 days. I t  then rapidly decreased. If expressed 
on a chlorophyll basis, the peak of activity was reached sooner and the ensuing 
decline in activity began almost immediately. 

When the photosynthetic phosphorylation activities were expressed on a RNA 
basis, there was an initial increase in the activity during greening to a level which 

A b b r e v i a t i o n s :  R N A ,  r i b o n u c l e i c  a c i d ;  D N A ,  d e o x y r i b o n u c l e i c  a c i d .  
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was more  or less ma in t a ined  th roughou t  the  subsequent  deve lopment  of the  leaf 
(Table I I ) .  Oxida t ive  phosphory la t ion ,  when expressed on the R N A  basis,  showed a 
s imilar  t rend.  There  was an increase dur ing  the  ve ry  ear ly  s tages of leaf deve lopment ,  
dur ing which intense pro te in  synthesis  was p r o b a b l y  t ak ing  place. Thereaf te r  the  leaf 
capac i ty  for ox ida t ive  phosphory la t ion  a p p r o x i m a t e l y  followed the R N A  level. 
Excep t  for the  very  ear ly  s tage of the  leaf deve lopment ,  the  R N A  content  of the  leaf 
was indica t ive  of the  act iv i t ies  of the  ma jo r  pho tosyn the t i c  and  resp i ra to ry  energy-  
p roduc ing  mechanisms  of the  leaf. In  a number  of p lan t  t issues these energy mecha-  
nisms have  been re la ted  to the  levels of o ther  physiological  ac t iv i t ies  such as photo-  
synthesis  3, respi ra t ion  4, 5, pro te in  synthesis  6 and cell division ~. Hence the leaf R N A  
appears  to be a reasonable  indica t ion  of the  level of metabol ic  ac t i v i t y  of leaves a t  
different s tages of development .  A correspondence be tween R N A  and metabo l ic  
ac t i v i t y  has been observed  for t issues from a wide range of organisms s. 

TABLE II  

PHOTOSYNTHETIC AND OXIDATIVE PHOSPHORYLATION ACTIVITIES OF PEA LEAVES AS 

A FUNCTION OF THE LEAF RIBONUCLEIC ACID 

Age o[ Photosynthetic Age o[ Oxidative 
pea p lan t s  phosphorylation activity pea plants pho sphorylation activity 

(days) (t*g P/h/t~g RNA-P) (days) (#g P/h/#g RNA-P) 

6 0.8 5-6 0.8 
7 -8 5 .8 7 2.6 
9 11.2 8 2.8 

io 11.8 9 2.7 
12 11.6 12 3.0 
13 11.8 
16 12.8 

The  observed  lack of corre la t ion be tween pho tosyn the t i c  phosphory la t ion  act iv-  
i t y  and  chlorophyl l  conten t  is no tewor thy .  Since i t  is cu s tomary  to express  ra tes  of 
pho tosyn the t i c  phosphory la t ion  b y  isola ted chloroplas ts  on a uni t  chlorophyl l  basis  1, 
i t  is i m p o r t a n t  to define the  a p p r o x i m a t e  physiological  s ta te  of the  leaf ma te r i a l  used 
in such exper iments .  

Deta i l s  of this  s t u d y  wil l  be publ i shed  la ter .  
This  inves t iga t ion  was suppor t ed  b y  the Na t iona l  Research  Council  of Canada.  
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