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The “Z-scheme” of photosynthesis. After Hill and Bendall 1960



A molecular phylogenetic map of the photosynthetic membrane
Diagram by Jon Nield, Queen Mary, University of London
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Leaf variegation in Mirabilis jalapa, the four-
o’clock plant. Flowers can form on any branch 
(variegated, green, or white), and these flowers 
can be used in crosses.
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A model explaining the results of the 
Mirabilis jalapa crosses in regard to 
autonomous chloroplast inheritance. 
The large, dark spheres are nuclei. 
The smaller bodies are chloroplasts, 
either green or white. Each egg cell is 
assumed to contain many chloroplasts, 
and each pollen cell is assumed to 
contain no chloroplasts. The first two 
crosses exhibit strict maternal 
inheritance. If the maternal branch is 
variegated, three types of zygotes can 
result, depending on whether the egg 
cell contains only white, only green, or 
both green and white chloroplasts. In 
the last case, the resulting zygote can 
produce both green and white tissue, 
so a variegated plant results.



‘Christmas-Rose’ leaf SEM cross-section; Science Photo Library (SPL)



a chloroplast

‘Christmas-Rose’ leaf SEM cross-section; Science Photo Library (SPL)
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Bioenergetic organelle



Bioenergetic organelle Allen JF (1993) Control of Gene Expression by Redox Potential and the Requirement for 
Chloroplast and Mitochondrial Genomes. Journal of Theoretical Biology 165: 609-631
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mitochondria?

Proposed solution (hypothesis): The location has an 
advantage, since energy conversion, in order to be both 
safe and efficient, requires a set of proteins whose genes 
reside with them, in the same compartment of the cell. 

CoRR - Co-Location for Redox* Regulation.

CoRR applies equally to chloroplasts and mitochondria  

*Redox reactions are chemical reaction in which an electron is transferred from one molecule 
to another - the basis of biological energy conversion.

Why chloroplasts and mitochondria have 
genomes
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Co-location for Redox Regulation - CoRR

Prediction

Experimental results

Redox regulatory control of chloroplast and mitochondrial 
gene expression
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35S-methionine labelling of newly synthesised proteins in pea leaf thylakoids

Allen, C. A. et al 

Redox Report 1, 119-123
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35S-methionine labelling of newly synthesised proteins in pea leaf chloroplast stroma



Co-location for Redox Regulation - CoRR

Prediction

Experimental results

Redox regulatory control of chloroplast and mitochondrial 
transcription
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Co-location for Redox Regulation - CoRR

Prediction

Experimental results

Persistence of “bacterial” redox signalling components in 
chloroplasts and mitochondria







His 715

Redox sensor.     Histidine-containing phosphotransfer domain of ArcB from E. coli

   Kato, M., Mizuno, T., Shimizu, T. and Hakoshima, T. (1999)    2aob.pdb



Asp54

Nitrogen response regulator NtrC

Structure of a transiently phosphorylated “switch” in bacterial signal transduction
Kern, D. et al. (1999) Nature 402, 894

1dc7.pdb

Phospho-NtrC: 1dc8.pdb



Cell 133, 1043–1054, 
June 13, 2008

Rewiring the 
Specificity of Two-
Component
Signal 
Transduction 
Systems

Jeffrey M. Skerker,
Barrett S. Perchuk,
Albert Siryaporn,
Emma A. Lubin,
Orr Ashenberg, 
Mark Goulian,
Michael T. Laub





CSK
• Chloroplast Sensor Kinase
• A Histidine sensor kinase 
homologous with Hik2 of 
cyanobacteria

• A Redox Sensor
• Sujith Puthiyaveetil
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Puthiyaveetil S and Allen JF (2008) 
Transients in chloroplast gene transcription 

Biochemical and  Biophysical Research Communications. 368: 871-874
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Allen JF (2003) The function of genomes in bioenergetic organelles
Philosophical Transactions of the Royal Society of London Series B-Biological Sciences 358: 19-37



Puthiyaveetil S and Allen JF (2009) 
Chloroplast two-component systems: evolution of the link between photosynthesis and gene expression 

Proceedings of the Royal Society B-Biological Sciences. In press
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