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Patterns of electron transfer in isolated mesophyll chloroplasts of maize (Zea muys L.) were studied in the 
presence of the physiological substrates, oxaloacetate, 3-phosphoglycerate and pyruvate. Flash-induced 
absorbance changes due to the electrochromic pigment band-shift (P-518) were used to estimate relative 
electron flow rates through the cyclic and non-cyclic pathways of electron transport. Further information on 
the redox state of electron carriers and the activity of coupled electron flow was obtained from measurements 
of fluorescence induction and of actinic-light-induced fluorescence changes. The results demonstrate the 
importance of correct redox poising for optimal rates of photosynthesis and are discussed in relation to the 
operation and regulation of photosynthesis in the C, system. 

Introduction 

The pathway of photosynthetic carbon assimila- 
tion in C, plants such as maize has been elucidated 
through studies both of enzyme localisation [l-4] 
and of the photosynthetic capacities of isolated 
mesophyll protoplasts and chloroplasts and bun- 
dle sheath strands [5-81. The cytoplasm of the 
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mesophyll cells is the site of carboxylation of 
phosphoenolpyruvate and the resulting oxaloace- 
tate is reduced to malate in the mesophyll chloro- 
plasts. Malate is then transferred to the bundle 
sheath where it is decarboxylated to yield CO,, 
NADPH and pyruvate. The pyruvate returns to 
the mesophyll chloroplast and is phosphorylated 
to regenerate phosphoenolpyruvate, completing the 

cycle. Since the bundle sheath chloroplast is defi- 
cient in PS II activity [4,7-l l] and malate de- 

carboxylation generates only half of the NADPH 
requirement for 3-phosphoglycerate reduction, up 

to half of the 3-phosphoglycerate formed in the 
Benson-Calvin cycle must be exported from the 

bundle sheath to the mesophyll chloroplast for 
conversion to triose phosphate and then returned 
to the bundle sheath, forming a subsidiary cycle. 

When the energetic requirements of this path- 
way are considered, it is evident that the fixation 
of one molecule of CO, into triose phosphate 
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Patterns of electron transfer in isolated mesophyll chloroplasts of maize (Zea mays L.) were studied in the 
presence of the physiological substrates, oxaloacetate, 3-phosphoglycerate and pyruvate. Flash-induced 
absorbance changes due to the electrochromic pigment band-shift (P-518) were used to estimate relative 
electron flow rates through the cyclic and non-cyclic pathways of electron transport. Further information on 
the redox state of electron carriers and the activity of coupled electron flow was obtained from measurements 
of fluorescence induction and of actinic-light-induced fluorescence changes. The results demonstrate the 
importance of correct redox poising for optimal rates of photosynthesis and are discussed in relation to the 
operation and regulation of photosynthesis in the C 4 system. 

Introduction 

The pa thway  of  pho tosyn the t i c  ca rbon  assimila-  
t ion in C 4 p lan t s  such as maize  has been e luc ida ted  
th rough  studies bo th  of  enzyme local isa t ion [1-4]  
and  of the pho tosyn the t i c  capaci t ies  of  i sola ted  
mesophyl l  p ro top las t s  and  ch loroplas t s  and  bun-  
dle  sheath s t rands  [5-8].  The  cy top lasm of  the 
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mesophyl l  cells is the site of  ca rboxy la t ion  of 
p h o s p h o e n o l p y r u v a t e  and  the resul t ing oxaloace-  
ta te  is reduced  to mala te  in the mesophyl l  chloro-  
plasts .  Ma la t e  is then t ransfer red  to the bund le  
sheath  where it is deca rboxy la t ed  to yield C O  2, 
N A D P H  and  pyruvate .  The  pyruva te  re turns  to 
the  mesophyl l  ch loroplas t  and  is phosphory l a t ed  
to regenerate  p h o s p h o e n o l p y r u v a t e ,  comple t ing  the 
cycle. Since the bund le  sheath ch lorop las t  is defi-  
c ient  in PS II  act ivi ty  [4,7-11] and  mala te  de-  
ca rboxy la t ion  generates  only  half  of  the N A D P H  
requi rement  for 3 -phosphoglycera te  reduct ion,  up 
to half  of  the 3 -phosphoglycera te  formed in the 
Benson-Calv in  cycle mus t  be expor ted  f rom the 
bund le  sheath to the mesophyl l  ch lorop las t  for 
convers ion  to tr iose phospha te  and then re turned  
to the bund le  sheath,  forming a subs id iary  cycle. 

W h e n  the energet ic  requi rements  of  this pa th-  
way  are considered,  it is evident  that  the f ixat ion 
of  one molecule  of  CO 2 into triose phospha te  


