


Lectures by

John F. Allen

School of Biological and Chemical Sciences, Queen Mary, University of London

Cell Biology and Developmental Genetics

1

jfallen.org



Cell Biology and Developmental Genetics

Lectures by John F.  Allen



Cell Biology and Developmental Genetics

Lectures by John F.  Allen

Slides and supplementary information: 

jfallen.org/lectures

http://jfallen.org/lectures/
http://jfallen.org/lectures/


Cell Biology and Developmental Genetics

Lectures by John F.  Allen

Slides and supplementary information: 

jfallen.org/lectures

http://jfallen.org/lectures/
http://jfallen.org/lectures/


Cell Biology and Developmental Genetics
Lectures by John F.  Allen



Cell Biology and Developmental Genetics
Lectures by John F.  Allen

Endosymbiosis and the origin of bioenergetic organelles. Some history



Cell Biology and Developmental Genetics
Lectures by John F.  Allen

Endosymbiosis and the origin of bioenergetic organelles. Some history

Endosymbiosis and the origin of bioenergetic organelles.  



Cell Biology and Developmental Genetics
Lectures by John F.  Allen

Endosymbiosis and the origin of bioenergetic organelles. Some history

Endosymbiosis and the origin of bioenergetic organelles.  
A modern view



Cell Biology and Developmental Genetics
Lectures by John F.  Allen

Endosymbiosis and the origin of bioenergetic organelles. Some history

Endosymbiosis and the origin of bioenergetic organelles.  
A modern view

Mitochondria as we know them and don't know them



Cell Biology and Developmental Genetics
Lectures by John F.  Allen

Endosymbiosis and the origin of bioenergetic organelles. Some history

Endosymbiosis and the origin of bioenergetic organelles.  
A modern view

Mitochondria as we know them and don't know them

Why do chloroplasts and mitochondria have genomes?



Cell Biology and Developmental Genetics
Lectures by John F.  Allen

Endosymbiosis and the origin of bioenergetic organelles. Some history

Endosymbiosis and the origin of bioenergetic organelles.  
A modern view

Mitochondria as we know them and don't know them

Why do chloroplasts and mitochondria have genomes?

Co-location for Redox Regulation



Cell Biology and Developmental Genetics
Lectures by John F.  Allen

Endosymbiosis and the origin of bioenergetic organelles. Some history

Endosymbiosis and the origin of bioenergetic organelles.  
A modern view

Mitochondria as we know them and don't know them

Why do chloroplasts and mitochondria have genomes?

Co-location for Redox Regulation

Mitochondria, ageing, and sex – energy versus fidelity  



Lecture 5

 Co-location for redox regulation



Problem
Why Do Mitochondria and Chloroplasts Have Their Own 

Genetic Systems?

Hypothesis



Co-location for Redox Regulation - CoRR

Problem
Why Do Mitochondria and Chloroplasts Have Their Own 

Genetic Systems?

Hypothesis



Co-location for Redox Regulation - CoRR

Vectorial electron and proton transfer exerts regulatory control over 
expression of genes encoding proteins directly involved in, or affecting, 

redox poise.

Problem
Why Do Mitochondria and Chloroplasts Have Their Own 

Genetic Systems?

Hypothesis



Co-location for Redox Regulation - CoRR

Vectorial electron and proton transfer exerts regulatory control over 
expression of genes encoding proteins directly involved in, or affecting, 

redox poise.

This regulatory coupling requires co-location of such genes with their gene 
products; is indispensable; and operated continuously throughout the 

transition from prokaryote to eukaryotic organelle.

Problem
Why Do Mitochondria and Chloroplasts Have Their Own 

Genetic Systems?

Hypothesis



Co-location for Redox Regulation - CoRR

Vectorial electron and proton transfer exerts regulatory control over 
expression of genes encoding proteins directly involved in, or affecting, 

redox poise.

This regulatory coupling requires co-location of such genes with their gene 
products; is indispensable; and operated continuously throughout the 

transition from prokaryote to eukaryotic organelle.

Organelles “make their own decisions” on the basis of environmental 
changes affecting redox state.

Problem
Why Do Mitochondria and Chloroplasts Have Their Own 

Genetic Systems?

Hypothesis



Allen, J. F. (1993) J. Theor. Biol. 165, 609-631

Allen, J. F. (2003) Phil. Trans. R. Soc. B458, 19-38

Co-location for Redox Regulation - CoRR

Vectorial electron and proton transfer exerts regulatory control over 
expression of genes encoding proteins directly involved in, or affecting, 

redox poise.

This regulatory coupling requires co-location of such genes with their gene 
products; is indispensable; and operated continuously throughout the 

transition from prokaryote to eukaryotic organelle.

Organelles “make their own decisions” on the basis of environmental 
changes affecting redox state.

Problem
Why Do Mitochondria and Chloroplasts Have Their Own 

Genetic Systems?

Hypothesis





Co-location for Redox Regulation - CoRR 



Co-location for Redox Regulation - CoRR 
Prediction: Explanation of previous knowledge

Distribution of genes for components of oxidative 
phosphorylation between mitochondria and the cell nucleus



Co-location for Redox Regulation - CoRR 
Prediction: Explanation of previous knowledge

Distribution of genes for components of oxidative 
phosphorylation between mitochondria and the cell nucleus

Prediction: Experimental results

Redox control of mitochondrial and chloroplast gene 
expression



Co-location for Redox Regulation - CoRR 
Prediction: Explanation of previous knowledge

Distribution of genes for components of oxidative 
phosphorylation between mitochondria and the cell nucleus

Prediction: Experimental results

Redox control of mitochondrial and chloroplast gene 
expression

Prediction: Experimental results

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



Co-location for Redox Regulation - CoRR

Prediction

Experimental results

Redox control of mitochondrial and chloroplast gene 
expression





















+ ferricyanide
+ ascorbate

+ dithiothreitol
+ dithionite

+ duroquinol

+ rotenone, malonate.,dicumarol
+ cyanide, SHAM

pyruvate, malate
control

Allen, C. A. et al 

Redox Report 1, 119-123

35S-methionine labelling of newly synthesised proteins in pea leaf mitochondria









D + ascorbate

D + dithiothreitol
D + dithionite

D, anaerobic
L + DCMU

L + DBMIB

D + duroquinol

D + ferricyanide

Dark (D)

Light (L)

35S-methionine labelling of newly synthesised proteins in pea leaf thylakoids

Allen, C. A. et al 

Redox Report 1, 119-123



D + ascorbate

D + dithiothreitol

D + dithionite

D, anaerobic
L + DCMU

L + DBMIB
D + duroquinol

D + ferricyanide

Dark (D)

Light (L)

Allen, C. A. et al 

Redox Report 1, 119-123

35S-methionine labelling of newly synthesised proteins in pea leaf chloroplast stroma
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CSK
• Chloroplast Sensor Kinase
• A Histidine sensor kinase 

homologous with Hik2 of 
cyanobacteria

• A Redox Sensor
• Sujith Puthiyaveetil
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