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Métabolisme 
 

Energétique 
Respiration, effet Warburg, glycolyse 



C6H12O6 (s) + 6 O2 (g) → 6 CO2 (g) + 6 H2O (l) 
 

ΔG = −2880 kJ per mol of C6H12O6 

 

Cell respiration: glucose combustion 



Exercice: chaleur produite par la respiration 

Calculer la puissance dégagée par un individu au repos 

• 12-20 resp. / min, 0.8 L / resp., soit 10 L/ /min ou  0.16 L/sec 
• Air inspiré 21% O2 0% CO2  - expiré  17% O2  4% CO2 

 
 2.5e-4 mol/sec CO2 ou O2 (soit 400mL/min) 
 120 W 
~Puissance thermique dégagée  
au repos par un individu 

 
 



Table 1. Basal Metabolic Rates (BMR) 

Organ 
Power consumed 

at rest (W) 

Oxygen 

consumption 

(mL/min) 

Percent of BMR 

Liver & spleen 23 67 27 

Brain 16 47 19 

Skeletal muscle 15 45 18 

Kidney 9 26 10 

Heart 6 17 7 

Other 16 48 19 

Totals 85 W 250 mL/min 100% 

https://courses.lumenlearning.com/physics/chapter/7-8-
work-energy-and-power-in-humans/ 



Activity 
Energy consumption in 

watts 

Oxygen consumption in 

liters O2/min 

Sleeping 83 0.24 

Sitting at rest 120 0.34 

Standing relaxed 125 0.36 

Sitting in class 210 0.60 

Walking (5 km/h) 280 0.80 

Cycling (13–18 km/h) 400 1.14 

Shivering 425 1.21 

Playing tennis 440 1.26 

Swimming breaststroke 475 1.36 

Ice skating (14.5 km/h) 545 1.56 

Climbing stairs 

(116/min) 
685 1.96 

Cycling (21 km/h) 700 2.00 

Running cross-country 740 2.12 

Playing basketball 800 2.28 

Cycling, professional 

racer 
1855 5.30 

Sprinting 2415 6.90 

Table 2. Energy and 

Oxygen Consumption 

Rates (Power) 

https://courses.lumenlearning.com/physi
cs/chapter/7-8-work-energy-and-power-
in-humans/ 



https://www.khanacademy.org/science/biology/cellular-respiration-and-
fermentation/oxidative-phosphorylation/a/oxidative-phosphorylation-etc 

Stage 
Direct 

products (net) 

Ultimate ATP 

yield (net) 

Glycolysis 2 ATP 2 ATP 

2 NADH 3-5 ATP 

Pyruvate 
oxidation 

2 NADH 5 ATP 

Citric acid cycle 2 ATP/GTP 2 ATP 

6 NADH 15 ATP 

2 FADH_22​start 
subscript, 2, end 
subscript 

3 ATP 

Total 30-32 ATP 

1: Glycolysis ("splitting of sugar"): This step happens in the 

cytoplasm. 

One Glucose (C6H12O6) is broken down to 2 molecules of 

pyruvic acid. Results in the production of 2 ATPs for every 

glucose. (page 113 of your book goes into painful detail about 

this process, but all YOU need to know is that glucose is split 

into to 2 molecules of pyruvate!) 

2: Transition Reaction: Pyruvic Acid is shuttled into the 

mitochondria, where it is converyed to a molecule called Acetyl 

CoA for further breakdown. 

3: The Krebs Cycle, or Citric Acid Cycle: Occurs in 

the mitochondrial matrix, the liquid-y part of the 

mitochondria. 

In the presence of Oxygen gas (O2), all the hydrogens (H2) are 

stripped off the Acetyl CoA, two by two, to extract the electrons 

for making ATP, until there are no hydrogens left - and all that 

is left of the sugar is CO2 - a waste product - and H2O (exhale). 

The Krebs cycle results in the production of only ~4 ATPs, but 

produces a lot of NADH, which will go on to the next 

step... Hans Krebs won the Nobel Prize in 1953 for his 

discovery of the Citric Acid Cycle. 

4: The Electron Transport Chain and Chemiosmosis ("the 

big ATP payoff"). Occurs in the christae of the 

mirochondria, the folded membranes inside the chloroplast. 

Electrons from Hydrogen are carried by NADH and passed 

down an electron transport chain to result in the production of 

ATP. Results in the production of ~32 ATPs for every 

glucose. Peter Mitchell won the Nobel Prize in 1978 for his 

work on energy production in mitochondria, called 

the Chemiosmotic Theory. 

Cell respiration: details of oxydative phosphorylation 
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Hydrolysis of ATP to ADP 

- 50-70 kJ /mol 
per ATP 



Rendement de la respiration 

30-32 ATP / mol glucose 
-50 à -70 kJ/mol pour ATP  ADP 
1500 kJ/mol à 2240 kJ/mol  sur les 2880 kJ/mol de la combustion du glucose 
 
 Soit de 50-80% de “rendement” 
 
Comparaison rendement moteur thermique (puissance mecanique / puissance combustible):  
 
  

36 % pour un moteur à essence à allumage 
commandé et 42 % pour un moteur 
Diesel à rampe commune haute pression 

(attention: quasi 100% transformé in-fine en thermique dans le corps humain) 



25% of all energy consumed by the body is used to maintain electrical potentials in all 
living cells.  
 
This bioelectrical energy ultimately becomes mostly thermal energy, but some is utilized to 
power chemical processes such as in the kidneys and liver, and in fat production. 

What if all this energy used for ? 



Glucose + 2 NAD+ + 2 Pi + 2 ADP → 2 pyruvate + 2 

NADH + 2 ATP + 2 H+ + 2 H2O + heat 

Pyruvate− + NADH 

+ H+ ↔ Lactate− + NAD+ 

Another metabolic route: glycolysis 

Pas besoin d’oxygène; seules 2 ATP / mol glucose ; produit de l’acide lactique  
(pH baisse, cf papier exposé)  

https://en.wikipedia.org/wiki/Pyruvate


Differentiated tissue and cancer tumors / embryonic proliferative tissue have different metabolisms  





Conséquence: les tumeurs consomment énormément de glucose pour 
alimenter leur métabolisme inefficace 

 
 
 
 

Phénomène mis à profit pour l’imagerie PET 
(positron emission tomography) 

Yellow: high glucose uptake, 
characteristic of tumor 



Conclusion 

La source même de l’énergie nécessaire aux 
fonctionnements de ces organes est autre dans le 
cancer  implication sur la contractilité, la 
bioélectricité ? 


