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Diving Deep into Cellular Respiration

Text adapted from Khan Academy and Wyzant Resources.

It is commonly known that cellular respiration is a metabolic pathway that converts energy from
glucose into adenosine triphosphate (ATP) in living organisms, but something that is less commonly
known is just how this complex process accomplishes such a remarkable thing. While cellular respiration
is indeed a complicated phenomenon that can take scholars years of study to understand, it can be
simply broken down into three stages: glycolysis (followed by a link reaction called pyruvate oxidation),
the krebs cycle, and the electron transport chain.
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Diving Deep into Cellular Respiration

During cellular respiration, glucose is broken down into carbon dioxide and water. Along the way, ATP is
both used and produced throughout these reactions. It is not until the final stage, however, that a
significant amount of ATP is produced through the electron transport chain.

To better understand how energy is harvested from glucose in the forms of ATP and NADH/FADH,, let’s
take a deeper look at the three stages of cellular respiration:

1.

Glycolysis: During glycolysis, glucose undergoes a series of chemical transformations. This
conversion requires 2 NAD* and 2 ATP. By the end of glycolysis, there are 2 pyruvate, 2 NADH,
and 4 ATPs as products. Since glycolysis yields 4 ATP but uses 2 ATP during this process, the
total Net Gain of energy is 2 ATP.

o Pyruvate oxidation: Each pyruvate from glycolysis moves into the innermost
compartment of mitochondria, known as the mitochondrial matrix. There, it is converted
into acetyl CoA. Carbon dioxide is released and NADH is generated. Acetyl CoA is
responsible for initiating a cyclical series of reactions and creates the first compound in
the Krebs cycle.

Pause here to record data in the “Glycolysis” row of the table in your lab notebook.

2.

Krebs Cycle: The acetyl CoA made during pyruvate oxidation combines with another molecule
and goes through a cycle of reactions. Each time the Krebs cycle is completed, 1 ATP molecule
is created and 3 molecules of carbon dioxide are released. Because only 1 pyruvate is needed to
circle through the Krebs cycle and 2 pyruvate molecules were formed during glycolysis, the
Krebs cycle is repeated. Since two completions of the Krebs cycle yields 4 ATP but uses 2 ATP
during this process, the total Net Gain of energy is 2 ATP. Although the Krebs cycle doesn’t
provide much energy, it does yield several molecules of NADH and FADH,, which will be utilized
to produce more ATP in the final step of cellular respiration, the electron transport chain.

Pause here to record data in the “Krebs Cycle” row of the table in your lab notebook.

3.

Electron Transport Chain: The electron transport chain is powered by a series of proteins
embedded in the inner membrane of the mitochondrion that are responsible for the movement of
electrons. The NADH and FADH, made in other steps deposit their electrons in the electron
transport chain, turning back into their "empty" forms (NAD* and FAD). As electrons move down
the chain, energy is released and used to pump protons out of the matrix. Protons flow back into
the matrix through an enzyme called ATP synthase, making ATP. The electron transport chain
generates water (H,0) a total of 34 ATP.

The 34 ATP generated from the electron transport chain combined with 2 ATP from glycolysis and 2
ATP from the Krebs cycle means that one molecule of glucose can make a total of 38 ATP.

Record data in the “Electron Transport Chain” row of the table in your lab notebook.
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