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WHAT IS CELLULAR 
RESPIRATION? 



2 Stages of Cellular Respiration: 
 
Stage 1:  
•Glucose converted to pyruvate, makes small 
amount of ATP/NADH 
 
Stage 2:  
•O2 present, pyruvate/NADH used to make 
large amt of ATP via ETC 
•O2 not present, pyruvate converted to either 
lactate or ethanol/CO2 
 













Stage 1: Breakdown of Glucose/Glycolysis 
 
Glycolysis:  
 

•1st stage of cellular respiration, glucose is 
broken down in cytoplasm 
•As glucose is broken down, some of its H 
atoms are transferred to an e- acceptor 
called NAD+ to form an e- carrier NADH 
•Some ATP, NADH, 2 pyruvates result 
 









HOW NAD+ WORKS 
 

http://highered.mcgraw-hill.com/sites/0072507470/student_view0/chapter25/animation__how_the_nad__works.html


Stage 2: Production of ATP 
•O2 is present, pyruvate enters mitochondria 
and is converted to 2-C compound 
 
•This reaction produces 1 CO2 molecule, 1 
NADH molecule, and 1, 2-C acetyl group 
 
•Acetyl group is attached to coenzyme A 
(CoA), forming acetyl-CoA that enters the 
Krebs Cycle   
 
        more… 
 



Step 2 

• As pyruvate is being shuttled from the cytosol 
to the interior of the mitochondrion, a 
microenzyme removes one carbon and two 
oxygens from each molecule, producing Aceytl 
CoA. This two-carbon sugar actually enters the 
Krebs Cycle. 





Stage 2: Production of ATP via Krebs Cycle 
Krebs cycle: series of reactions in the 
mitochondria where 6 NADH, 2 FADH2, and  
2 ATP are made 
 
 
 
 
 
 
 
 
        more… 







Step 3 Electron Transport Chain 

• Very little energy has been produced during 
glycolysis and the Krebs Cycle  

• The electron transport chain is a network of electron-
carrying proteins located in the inner membrane of 
the mitochondrion.  

• These proteins transfer electrons from one to 
another, down the chain, much in the way a bucket 
brigade passes buckets of water.  

 



Electron Transport Chain 

• This produces water, but does not produce any ATP  

• The ATP is actually produced by a proton motive 
force. This force is a store of potential energy created 
by the gradient formed when hydrogens (protons) 
are moved across a biological membrane. 

• Therefore, the electron transport chain merely 
produces a gradient through which ATP can be made 
(this is known as chemiosmosis). The electron 
transport chain produces the remaining 32 ATP.  



Stage 3: Production of ATP via ETC 
•In aerobic respiration, e- donated by NADH 
and FADH2 pass through ETC 
•In eukaryotic cells, ETC is located in inner 
membranes of mitochondria 
•At end of ETC, H+ ions and e- combine w/ 
O molecules forming H2O 
•34 ATP made 
via ETC  
 





•O2 makes production of ATP more efficient, 
although some ATP is made w/o O2 
 
Aerobic:  
•Metabolic processes that need O2 
 
Anaerobic:  
•Metabolic processes that don’t need O2 
 



Respiration w/o Oxygen is Fermentation 
•When O2 is present, aerobic respiration 
occurs to produce ATP 
•When O2 isn’t present, fermentation occurs 
producing lactic acid in animals or in plants 
alcohol/CO2 



ANAEROBIC RESPIRATION 

Obligate anaerobes: Primitive 
bacteria (e.g. Clostridium) 
for them O2 is poisonous 
 

Facultative anaerobes: Yeasts 
(also muscle tissue) can 
withstand a lack of oxygen 
for short periods 
Can also respire aerobically 

Baker’s yeast Saccharomycese cervisiae 

© P Billiet 



Anaerobic respiration is less efficient 

• The electron transport chain needs free 
oxygen to function 

• Only a few molecules of ATP are produced  

• By reactions directly coupled to the oxidation 
of glucose in glycolysis 

Net ATP gain per molecule of glucose = 2ATP 



Electrons and protons to spare 

But what is to be done with all the spare 
electrons and protons? 

These are used to reduce: 

Pyruvate  Lactate (lactic acid) 

or  

Pyruvate (via ethanal)  Ethanol + CO2 



Facultative anaerobes must control 
themselves! 

• Much more ATP is produced in the presence of O2 (18 
times more) 

So:  

• When O2 is present:  respiration is slow (negative 
feedback control) 

• When O2 is absent: respiration is fast 

• ATP and Citrate (formed in the Kreb's Cycle) inhibit the 
enzyme that phosphorylates glucose 
(phosphofructokinase) at the beginning of glycolysis = 
THE PASTEUR EFFECT 

• A good example of allosteric inhibition 



 


