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Thermogenèse mitochondriale 

chez les plantes

https://openclipart.org/user-detail/j4p4n
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Tu sais que ca peut aussi 

chauffer chez nous?

10ème Congrès, 27-30 mai 2018, Pornichet

Biological thermogenesis

Substrates

ATP

ADP

Cellular work
Metabolism

Transport

Movement …

Biochemical

"currency"

CO2

O2

Q Q

During most of reactions and activities occuring in organisms, some energy is inevitably

"lost" as heat (dU=dW-dQ)

In eukaryotes, mitochondria are cellular energy-transducing organelles that can release 

important amount of heat during operation
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ETC is a major source of heat

Proton leakage is a major cause of the loss of efficiency of energy conversion

PHYSIOLOGY 26: 192–205, 2011; doi:10.1152/physiol.00046.2010

NADH -220 kJ.mol-1

2.5 ATP
-135 kJ.mol-1

85
kJ.mol-1

Approx 40 % of the energy of NADH is dissipated as heat! 

NADH => 10 H+ transferred; 4 H+ => 1 ATP (including the cost of Pi import)
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UCP is a major actor of mitochondrial thermogenesis

In brown fat tissues of animals, Uncoupling protein (UCP1) activity leads to the dissipation of the 

proton gradient, leading to massive heat production.

Biochimie 134 (2017) 77-85
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Endotherms : use internally generated metabolic 

heat to maintain body temperature. Mammals

and birds are thermoregulatory endotherms.

Ectotherms : depend on external heat sources. 

Their temperature is thus dependent of the 

temperature of their environment... 

Endotherms vs ectotherms

Plants are ectotherms, with some

exceptions… 
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Rare but impressive 

cases of 

thermogenesis in 

plant flowers

http://my.chicagobotanic.org/horticulture/behind-the-scenes/alices-big-bloom-day/
Plant Biology 11, 499–505, 2009
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The flowers or some species can be highly thermogenic: araceas, lotus, nympheas, rafflesia, cycadae

The first observations were by Jean-Baptiste de Lamarck in 1778

Thermogenic flowers

http://thenatureplace.com/tag/skunk-cabbage/

Skunk cabbage
Symplocarpus foetidus

Gouet d’Italie
Arum italicum

Rafflesia 
Rafflesia arnoldii

https://filipiknow.net/wp-content/uploads/2013/07/Rafflesia-Arnoldii-largest-flower-in-the-world.jpg
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R = 560 nmol O2.s-1.g-1

P = 0.24 W.g-1

A real fever

BBA Bioenergetics (2008) 1777, 993-1000 

R = 900 nmol O2.s-1.g-1  

P = 0.40 W.g-1

https://bioscigreenhouse.osu.edu/titan-arum-jesse-2012

23.5°C                                35°C

Symplocarpus foetidus: 

15°C / -15°C ext !

Plant Physiology, February 2008, Vol. 146, pp. 636–645
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Scents
Pheromones

Thermogenesis is related to reporduction

♂

♀

https://thomphelps.wordpress.com/2009/03/30/do-ants-dance/

http://archive.bgbm.org/bgbm/museum/expo/2003/kaefer.htm
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Plant Biochemistry, Garland Science 2008

https://greenhouse.eemb.ucsb.edu/news/518

Other visitors said Chanel smelled like 

« French cheese » or « a dead rat in a wall »

Stinking flowers

During night, convection allows diffusion 

over the canopy, attracting insects on a 

large distance
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Thermoregulation in Nelumbo nucifera

Exquisite thermoregulation in lotus flower

The flower can maintain an internal

temperature around 30°C during the night, 

offering a confortable shelter to insects. 

They remain active, and their movements

contribute to pollination. 

In the morning they are more competitive

than those who spent the night in colder

conditions.

http://fictiongothique.centerblog.net/7.html
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Something special with plant mitochondria?
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P. López-García et al. / Journal of Theoretical Biology 0 0 0 

(2017) 1–14 

A two billion year common story

Opistokhontes

Sharing the same

mitochondrial 

origin

Plantes

LUCA
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Journal of Theoretical Biology 434 (2017) 20–33 

� Bioenergetics: OXPHOS

� Metabolism: TCA, AA, ROS, lipids…

� Signalling: ROS, Ca, apoptosis…

https://www.thoughtco.com/animal-cells-vs-plant-cells-373375

Major functions are conserved
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Specificities of plant mitochondria

https://annabelromero.com/opuntiavisual/2016/10/31/cellular-portraits

• Large mitochondrial genome (H = 16.6 kb, Plant 184-11,000 kb!)

• Editing of RNA

• High rate oxidation of exogenous NAD(P)H, malate, glycine

• Supplementary dehydrogenases and oxidase

• Folic and lipoic acid biosynthesis

• No or little fatty acid degradation (=> in peroxysomes)

• High dynamics but lower mitochondrial network

• Moving on actin microfilaments (mammals = MT)
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Additional ETC components

NAD(P)H

NAD(P)H

NAD(P)H alternative dehydrogenases (NDin, NDout)

Type II NAD(P)H ubiquinone oxidoreductases

Insensitive to rotenone

Do not contribute to proton gradient

H2O0,5 O2

2 H+

AOX

Alternative oxydase (AOX)

Ubiquinol oxidase

Insensitive to cyanide, by-passing complex III & IV

Does not contribute to proton gradient

Energetically inefficient systems, but providing a great metabolic flexibility
16
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ATP production

Preventing oxidative stress

Maintaining carbon metabolism

without energy coupling

Illustration of flexibility of mitochondrial functioning
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Photo Graham Mcgeorge, National Geographic

Importance of energy dissipation in plants

Fat

Metabolism & Work

Heat

Food

UCP

Most of energy dissipation is dedicated to 

maintainance of body temperature. It can also

be used to burn excess calory intake.

Major regulatory role of UCP1.

Sugars
Heat

Metabolism & Work

CO2

NDalt AOX 

UCP

Plants are able to transduce solar energy, but cannot escape 

environment, and thus must manage highly variable energy

fluxes. Mitochondrial energy dissipation involves several non-

phosphorylating systems (NDalt, AOX) and UCP.
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Starch

Lipids
Organic acids THERMOGENESIS

Mitochondrial 

respiration

100 % AOX

A great equipment for thermogenesis in dedicated flowers
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Plant Physiology, February 2008, Vol. 146, pp. 636–645

Expression of AOX and UCP in thermogenic tissues

mRNA

Western blot 

mitochondries
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Mitochondria of plants are well equipped for thermogenesis, but 

plants are definitely ectotherms…

http://www.prevention-incendie-foret.com/dangers-incendie/glossaire-du-feu
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You know who

started that?

Cannot be one of us!

A still open question…

Besides the rare cases of thermogenic flowers, could mitochondrial 

heat production have a role in plant cold tolerance?
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Plants could warm a little in cold conditions…

In the 90's, it was suggested that AOX pathway could contribute to some warming

of tissues of plants exposed to chilling conditions

The hypothesis was rapidly rejected…
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Isolated intact pea seed mitochondria

We could demonstrate that isolated pea seed

mitochondria could oxidize exogenous NADH 

and produce ATP efficiently at - 3.5 °C

Below 0°C oxidative phosphorylation

24
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Could it involve mitochondrial heating?

It would be easier with some internal heat!

-3.5 °C
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January 25, 2018

Whether or not all these ideas are correct, the distribution and heat generation of mitochondria within cells should 

be taken much more seriously. Chrétien and colleagues bring this important subject back to centre stage, which is 

exactly where it should be.

A mitochondrial temperature of 50°C in our cells! 
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Time to revisit mitochondrial heating in plant tissues 

� We have provided evidence that isolated pea seed mitochondria could function at very low temperature (-

3.5°C), and that pea seeds could germinate on ice.

=> Mitochondrial local heat production could possibly explain this capacity

� The development of intracellular themosensors has revealed that mitochondria could be up to 

10°C hotter than 37°C in mammalian cells

=> Their temperature can be higher than that of the cytoplasm

We are currently exploring whether plant 

mitochondria could use heat production in the cold to 

maintain their temperature at a higher level
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«Merci pour votre attention
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