
Cellular Respiration
Core & AHL (or SL Option C!)

http://www.youtube.com/watch?v=3aZrkdzrd04
http://www.youtube.com/watch?v=VCpNk92uswY
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• What is ATP?

– The molecule ATP (Adenosine Triphosphate) is the 
universal energy carrier for the cell.

• Why is ATP a universal energy carrier?

– ATP can release a small, specific amount of energy 
quickly on demand.



What does ATP Look like?



But really?





How do we get the energy to “recharge” 
our ATP?

• It is supplied by the controlled breakdown of 
glucose (or fats and proteins) during cellular 
respiration.



http://www.biologyinmotion.com/atp/

http://www.biologyinmotion.com/atp/
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Make your own Mitochondria 



Oxidation & Reduction
(Redox)

• In order to understand what is going on in 
Cellular Respiration, you must understand the 
chemical processes of Oxidation and 
Reduction









Follow the Carbons!

Follow the 
Carbon!







How do Redox reactions release energy?
• When an electron is added to a molecule the process is 

referred to as reduction. 

– A reduced molecule contains more energy than it does in 
an unreduced state. 

• Oxidation is the reverse of reduction. It involves the removal 
of an electron (or hydrogen). 

– When a molecule is oxidized it releases energy.

• Usually the processes of oxidation and reduction are coupled 
in reactions called Oxidation-Reduction (Redox) reactions. 



(Also hydrolysis)
(Also condensation)



Oxidation / Reduction (Redox) 
Examples

Oxidized / reducing agent…

Nice Resource – good explanation!

http://www.chemistry.co.nz/redox_new.htm

http://www.chemistry.co.nz/redox_new.htm


Back to Work
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Nicotinamide adenine 
dinucleotide (NAD) is 
a coenzyme found in all living cells.
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In each step of cellular 
respiration, as the reactants are 
oxidized, the electrons lost are 
picked up by electron (hydrogen) 
carriers called dehydrogenases.
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(Substrate level Phosphorylation)
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Overall Equation for Glycolysis

Glucose + 2NAD+
 2 Pyruvate + 2 NADH+H  + 2 ATP

OR

C6H12O6 + 2NAD+
 2 (CH3COCOOH) + 2 NADH+H  + 2 ATP

**What is oxidized?  Reduced?  Ox. Agent?  Reducing Agent?





Aerobic vs. Anaerobic Respiration
• What happens to the Pyruvate?

– If the cell has oxygen, the pyruvate will continue through 
Aerobic Respiration

– If the cell has no oxygen, the pyruvate will go through 
Anaerobic Respiration (fermentation).

When might your body be “low” on Oxygen?
Try it yourself!

• Anaerobic Respiration (fermentation):
– Happens in the cytoplasm
– Lactic Acid fermentation happens in animal cells

• And some bacteria & fungi: this type of bacteria that converts lactose into lactic acid in yogurt, giving it its sour 
taste

– Alcoholic fermentation happens in yeast and plant cells
– The end-products are toxic!
– NO ATP is produced, the reaction only happens to get rid 

of pyruvate and regain oxidized NAD+







Bread, Beer, & Wine

• What do these have to do with fermentation?



Overall Equation for Anaerobic 
Respiration

Lactic Acid Fermentation

Pyruvate + 2 NADH+H  Lactic Acid+ 2NAD+

OR

Alcoholic Fermentation
Pyruvate + 2 NADH+H  Ethanol + CO2 + 2NAD+ 

**What is oxidized?  Reduced?  Ox. Agent?  Reducing Agent?



















Overall Equation for Link Reaction

Pyruvate + NAD+
 Acetyl CoenzymeA + NADH+H  + CO2

**What is oxidized?  Reduced?  Ox. Agent?  Reducing Agent?



















Cellular Respiration of Proteins
• Excess proteins in our diets cannot be stored like glycogen or fats can, 

and must be broken down by the body.

• Proteases break the peptide bonds of proteins back down to amino 
acids

• Deaminases break the amino group off the amino acids, releasing 
ammonia. This toxic ammonia is converted to urea, and is excreted in 
urine.

• The remainder of the amino acid (mostly of carbon, hydrogen, and 
oxygen), and can be rearranged in cells to enter cellular respiration 
either as pyruvate, as acetyl CoA, or directly into the Krebs cycle.

• Result: Still ~32-38 or so ATPs, but from proteins, not glucose!













rearrangement

Substrate Level 
Phosphorylation





http://highered.mheducation.com/sites/0072507470/student_view0/chapter25/animation__ho
w_the_krebs_cycle_works__quiz_1_.html
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https://www.youtube.com/watch?v=PjdPTY1wHdQ
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Cellular Respiration Song

• http://www.youtube.com/watch?v=3aZrkdzrd04

“Oxidate it or love it” / “Electron to the next one” 
(Stanford)

• http://www.youtube.com/watch?v=VCpNk92us
wY

Kickstarting his group, the Rhymbosomes: 

(http://therhymebosome.wordpress.com/2012/02/29/oxidate-it-or-love-it-electron-to-the-next-one-lyrics/)

• http://www.youtube.com/watch?v=PjdPTY1wHdQ

• http://www.iubmb-nicholson.org/swf/ATPSynthase.swf

• http://www.stolaf.edu/people/giannini/flashanimat/metabolism/
atpsyn1.swf
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On a microscopic Level, what is a cell 
using energy for?

• https://www.youtube.com/watch?v=wJyUtbn
0O5Y
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