
Ch 9 - Cellular Respiration

Follow along in text; pages will be displayed



The Summary Equation
C₆H₁₂O₆ + 6O₂ → 6CO₂ + 6H₂O + energy (ATP) 

In words, glucose is oxidized in the presence of oxygen to yield carbon dioxide, 
water, and energy.

And the reason this all happens is that electrons are picked off in a step-by-step 
manner throughout cellular respiration and transferred all the way down to the 

electron transport chain, with oxygen as the final electron acceptor. This is where 
most ATP is made! This is why we have to take in oxygen constantly.

No oxygen = No ATP = No live



Summary
● Cellular respiration is when glucose is oxidized (broken down) yielding ATP.
● Three steps

● Glycolysis: In cytosol. Glucose is oxidized to form two molecules of (3C) pyruvate 
yielding 2 ATP and 2 NADH (and H₂O as a waste product). Lots of phosphorylated 
intermediates (substrates with a phosphate attached). This makes them less stable to 
be broken down easier.

● Citric acid cycle: In matrix of mitochondria. Each pyruvate is converted to an 
Acetyl Coenzyme A (Acetyl CoA) right before the cycle begins. This Acetyl CoA 
enters into the cycle. CO₂ is given off as a waste product. NADHs and an FADH₂ 
are produced by NADs taking electrons from the substrates (oxidizing them). One 
ATP generated.

● Electron transport chain: In inner mitochondrial membrane. Electrons from NADHs 
and FADH₂ are passed down a series of electron carriers (O₂ being last), a H proton 
gradient is established and many ATPs are made.   

● REMEMBER, each step in throughout CR is catalyzed by a specific enzyme!



Redox Reactions
Pages 164-165. Redox reactions are key throughout cellular respiration. They occur 
when electrons are removed from one molecule (in the form of hydrogen atoms) and 
stuck onto a different molecule. The relocation of electrons releases energy stored in 
organic molecules and this energy is ultimately used to make ATP!

● When a molecule loses an electron (in the form of a hydrogen), it has been 
oxidized. When a molecule gains an electron, it has been reduced. Remember 
OILRIG = Oxidation Is Losing electrons and Reduction Is Gaining electrons.

● When we say an electron is being transferred we mean the entire hydrogen 
atom. It’s just that the electrons are what drive energy release because they 
participate in bonding.

● For example, NAD+ can accept an electron to become NADH (it has now been 
reduced). If NADH loses an electron, it becomes NAD+ (oxidized now). The 
electrons come from the breakdown of substrates (which are being oxidized!) 



Glycolysis
● Pages 168-169. 
● Happens without O₂.
● Two ATPs are consumed when some substrates are phosphorylated. Then the 

energy payoff steps occur where 4 ATPs are made (when phosphates are 
removed from substrates and added to ADP; this is called substrate-level 
phosphorylation). So net gain of 2 ATPs in glycolysis. 

● Also produced are electron carriers when NAD+ is reduced to NADH. NAD+ 
steals an electron from an intermediate (oxidizing it further).

● So we end up with glucose split apart into the two pyruvates with a little bit of 
energy produced and a couple electron carriers made.

● Now let’s go into the mitochondria!



Citric Acid Cycle
● Pages 170-171.
● Right upon entering the mitochondria, an intermediate is made from each 3-

carbon pyruvate, called Acetyl Coenzyme A (Acetyl CoA). A CO₂ is lost at this 
step making Acetyl CoA a 2-carbon molecule (see the gray spheres on page 
170). A NADH is made here too. 

● Now Acetyl CoA will be further oxidized in the citric acid cycle.
● As you can see, a bunch of intermediates are formed just like in glycolysis. 

These intermediates are being oxidized, producing NADHs.  
● You can also see that at one of the beginning intermediates, a molecule of water 

is produced as a waste product as well as another CO₂.
● Only 1 ATP is made and that is from GTP, common in animal tissues. 
● So now that we’ve generated some electron carriers (NADH and FADH₂), we 

can enter into the inner mitochondrial membrane and generate lots of ATP!



Electron Transport Chain
● Pages 172-176. Occurs in inner mitochondrial membrane.
● Remember, in prokaryotes, this occurs in the plasma (cell) membrane (recall the endosymbiont 

theory?).
● NADHs and FADH₂s are oxidized now in this chain, letting off electrons that are passed “downhill” to 

more electronegative (electron stealing) neighbors. Oxygen is the final electron acceptor (being so 
electronegative). 

● Chemiosmosis means that a H+ gradient had been established and ATP can be made through that 
process.

● The exergonic flow of electrons down the chain actually generates a H+ gradient by pumping H+ out 
of the mitochondrial matrix into the intermembrane space (between the inner membranes) (page 175).

● The only route back the H+ can take is through ATP synthase, the rotor-like enzyme that converts 
ADP to ATP using the power of the H+ as they come rocketing back into the mitochondrial 
membrane (oxidative phosphorylation = ATP made from ADP from energy stored during the redox 
reactions down the chain; adding an inorganic phosphate instead of one picked off a substrate). Of 
course, there are many ATP synthase molecules throughout the inner membrane (not just one like is 
shown).

● Water is produced as a waste product at the end of the chain when O₂ combines with hydrogen.



How many ATPs?
In terms of the electron transport chain, it is debatable exactly how many ATPs are 
made here. This is due to several issues, like it is debatable how many H+ must 
enter through the membrane to generate a certain amount of ATP or the fact that 
the mitochondrial membrane is impermeable to NADH and depending on how much 
energy it takes to shuttle it in might change the amount of ATP generated, etc.  

So, the IMPORTANT thing here is just that MOST ATP is made in the presence of 
oxygen during the electron transport chain with ATP synthase (as opposed to a 
little ATP being made in the previous two processes). 

Another interesting fact is that for every glucose molecule oxidized in CR, only 34% 
of its available energy makes ATP. The rest is lost as heat. So, we have 34% 
efficiency when breaking down glucose. In comparison, a combustion engine is only 
about 25% efficient! Go life! 



ATP Production Without Oxygen
● Anaerobic respiration occurs in some prokaryotes that live in low or no oxygen 

environments (salt marshes or mud flats) use a molecule other than oxygen as 
their final electron acceptor, like sulfate, to generate ATP.

● Fermentation is done without oxygen OR the electron transport chain. Remember, 
glycolysis occurs without requiring any oxygen. 
○ Alcoholic fermentation (can occur is some bacteria) occurs when pyruvate is converted 

to ethanol
○ In lactic acid fermentation, the end product is lactate (can occur in some fungi or in 

bacteria as well as in muscle tissue to generate a little ATP).  



And Lastly, Other Nutrients...
● Remember that other nutrients that we consume such as other carbohydrates, 

fats, and proteins can all enter into CR in different places and be catabolized 
like glucose to generate ATP too. For example, a glycerol molecule made from 
the catabolism of fat is converted to glyceraldehyde-3-phosphate, one of the 
intermediates of glycolysis. Or amino acids from the catabolism of proteins we 
eat can be converted to intermediates of glycolysis. 

● And finally, not all of the energy we consume is oxidized to ATP (cells need 
substances too, not just energy). Some substances made during CR can be 
diverted for anabolic purposes. 

 


