
Aerobic Cellular Respiration 
 Glucose Oxidation 

 
 Spontaneous Combustion 
Aerobic Cellular Respiration: 3 important functions 
 2 ways to make ATP: 

Substrate level phosphorylation 
Oxidative phosphorylation 

 3 sets of enzymatically catalyzed reactions 
Glycolysis: cytosol 
 The Krebs Cycle: mitochondrial matrix 
Oxidative Phosphorylation: mitochondrial cristae 

membranes 
 Anaerobic Respiration/Fermentation 
 Regulation, alternative substrates and the interconversion 

of metabolites 

C6H12O6 + 6O2 6CO2 + 6 H2O + ENERGY 



THE FLOW OF ENERGY: 
sunlight --> photosynthesis --> 

sugars --> cell respiration --> ATP 



The ATP Cycle of Life… 



Some of the ways ATP is spent 
by living cells:  



GLUCOSE OXIDATION: Breaking covalent 
bonds and releasing energy… In order for glucose 

oxidation to take place, a reduction must also occur… 

+ +  

 An EXERGONIC process… 
Spontaneous combustion: 686 Kcals of heat! 
Aerobic cellular respiration: metabolically usable 

energy and the importance of enzymes and 
coenzymes 

C6H12O6 + 6O2  6CO2 + 6H2O +  38ATP + HEAT 

686Kcal energy 



Two ways to oxidize glucose:  

Spontaneous 
combustion 

Cellular 
respiration 



Breathing and Cell Respiration: 
Providing O2 for cell respiration 



Aerobic Cellular Respiration: The 
stepwise, enzymatically catalyzed oxidation of glucose 

occurring in the cell in the presence of oxygen to yield energy 
in the form of ATP. 

 
 
 In addition to making ATP, ACR performs 2 other metabolic functions. 
 There are two mechanisms used to convert the energy release during ACR 

into ATP production: 



1. Substrate-level phosphorylation 

 The energy released 
from breakdown of 
glucose is 
transferred directly 
to the bonds of ATP. 

 4 out of 38 ATPs 
produced per 
glucose are formed 
this way. 



2. Oxidative Phosphorylation: 

 The coenzymes NAD and FAD are used to transfer high 
energy e- taken from glucose to an electron transport 
chain where they can be used indirectly to make ATP. 

 34 out of 38 ATPs produced per glucose are formed this 
way. 



Overview of Aerobic Cell Respiration: 
3 processes occurring in 3 parts of the cell 

 Glycolysis: cytoplasm, anaerobic, 10 steps 
 Transition Step: from glycolysis to Krebs 
 Krebs Cycle: aerobic, mitochondrial matrix, 8 

steps, completes the oxidation of glucose 
 Oxidative Phosphorylation: mitochondrial 

cristae membranes 
The Electron Transport Chain 
Restoration of oxidized coenzymes 
Phosphorylation of ADP to ATP 



An overview of cellular respiration 



An overview of cellular respiration 



An overview of aerobic cellular respiration 



Energy Balance Sheet 

 Glycolysis: 
  4ATP - 2ATP = 2 ATP 
 2NADH = 4 or 6 ATP 

 Transition step: 
 2NADH = 6 ATP 

 Krebs Cycle:  
 6NADH = 18 ATP 
 2 FADH2 = 4 ATP 
 2 ATP 

 Total: 36 or 38 ATP/glucose + HEAT 
 

C6H12O6 + 6O2  6CO2 + H2O +  686Kcal energy 



STAGE 1 - GLYCOLYSIS: The 
anaerobic splitting of glucose 

into 2 - 3C sugars 



The transition into the 
mitochondria and into Stage 2 



STAGE 2 - The Krebs Cycle: 
Completing the oxidation of glucose 



A closer look at the Krebs cycle: a bit 
more than you need to know 



Energy Balance Sheet 

 Glycolysis: 
 4ATP - 2ATP = 2 ATP 
2NADH  

 Transition step: 
2NADH  
2 CO2 

 Krebs Cycle:  
6NADH and  2 FADH2  
4 CO2 
2 ATP 

 Total: 4 ATP/glucose + reduced coenzymes + Heat 
 

C6H12O6 + 6O2  6CO2 + 6H2O +  38 ATP + heat 



Two stages down, one to go… 



Electron Transport Chain: oxidizing coenzymes, 
releasing energy and reducing oxygen to form water 



STAGE 3 - Oxidative phosphorylation: 
Using an Electron Transport Chain to 

make ATP. 



The ATP synthase:  a molecular mill that uses the 
proton gradient to phosphorylate ADP 



Energy Balance Sheet 

 Glycolysis: 
 4ATP - 2ATP = 2 ATP 
2NADH = 6 ATP 

 Transition step: 
2NADH = 6 ATP 

 Krebs Cycle:  
6NADH = 18 ATP 
2 FADH2 = 4 ATP 
2 ATP 

 Total: 38 ATP/glucose + HEAT 
 

C6H12O6 + 6O2  6CO2 + 6H2O +  38 ATP + heat 



The control of cellular respiration  



Aerobic vs. Anaerobic Respiration: What 
happens when there’s no O2 around to accept 

electrons? 



Anaerobic strategy #1: Lactic 
Acid Fermentation 

 For only 2 ATP’s per molecule of glucose, 
is it really worth it? 



Anaerobic strategy #2: 
Alcoholic Fermentation 

For only 2 ATP’s per molecule of glucose, is it 
really worth it? 



Supplying the energy for metabolism:  
The interconversion of metabolites (I.e., man does 

not live by glucose alone) 
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