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4.6  Cellular Respiration

What do the following things have in common: heavy breathing during exercise, bread dough rising, and 
alcohol in wine and beer? They are all related to how cells obtain energy. 

All cells need ATP, which provides the energy required for many essential cellular processes. In order 
to obtain ATP, cells break down glucose and other organic molecules. The aerobic, or oxygen-using, 
breakdown of glucose is known as cellular respiration. Cellular respiration takes place in the cell 
cytoplasm and in organelles called mitochondria.

The equation for cellular respiration is: 

C6H12O6 + 6 O2 + about 38 molecules of ADP → 6 CO2 + 6 H2O + about 38 molecules of ATP 

Glucose, oxygen, and ADP go in; carbon dioxide, water, and ATP come out. This equation summarizes the 
process of cellular respiration. The many chemical reactions that occur from the beginning to the end of 
cellular respiration can be divided into three steps: glycolysis, the Krebs cycle, and electron transport.

Glycolysis 

The first step in breaking down glucose is glycolysis (which literally means “sugar splitting”). Glycolysis 
takes place in the cell cytoplasm. During glycolysis, the six-carbon glucose molecule is split into two 
molecules of pyruvic acid, each of which contains three carbon atoms. Two molecules of ATP are 
produced in the process. 

FIGURE 4.20

(a) Cellular respiration takes place 
in three steps: glycolysis, the Krebs 
cycle, and electron transport. 
Glycolysis occurs in the cytoplasm. 
The Krebs cycle and electron 
transport occur in the mitochondria. 
(b) This is an electron microscope 
photo of a mitochondrion. 
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The Krebs Cycle and Electron Transport 

The Krebs cycle and electron transport occur in the mitochondria. Before entering the Krebs cycle, 
the pyruvic acid produced during glycolysis is converted into acetic acid and bound to a molecule of 
coenzyme A. This entire complex is called acetyl-CoA. During the Krebs cycle, acetyl-CoA is broken down 
into carbon dioxide. Two molecules of ATP are produced from those two pyruvic acid molecules as well 
molecules called NADH and FADH2. The NADH and FADH2 molecules are significant in that they are able 
to hold high energy electrons used for the next step of electron transport.

During electron transport, high energy electrons carried by NADH and FADH2 are sent down electron 
transport chains (Figure 4.21). As electrons are passed from one carrier in the transport chain to the next, 
their energy is used to pump hydrogen ions (H+) across a membrane inside the mitochondrion. At the 
end of the electron transport chain, the low energy electron needs to be moved away from the system. 
Recall that oxygen has a strong affinity for electrons. The oxygen, O2, found in the mitochondria is thus 
there to capture those low energy electrons. In doing so the oxygen also combines with hydrogen ions to 
form water. 

What then happens to the concentration of oxygen, O2, within the mitochondria? That oxygen is 
constantly being consumed as it transforms into water. This means that oxygen is always being depleted 
within the mitochondria. This results in an oxygen, O2, concentration gradient that causes more oxygen 
to diffuse into the mitochondria. In turn, this is why oxygen is always diffusing into the cell from the 
blood stream, which got that oxygen from the lungs. This is what all the oxygen we breathe is for—it is 
needed to catch those electrons at the end of electron transport chains. Keep breathing and you’ll keep 
producing ATP from the electron transport chains and you’ll have the energy to stay alive.

The concentration gradient of 
hydrogen ions across the inner 
mitochondrial membrane is then 
used to make ATP. As hydrogen 
ions diffuse back across the inner 
mitochondrial membrane (down 
their concentration gradient), they 
pass through a protein complex 
called ATP synthase and turn ADP 
into ATP. This process generates 
most of the ATP harvested during 
cellular respiration.

 

FIGURE 4.21
As electrons move down electron transport chains, hydrogen ions are pumped across the membrane 
inside mitochondria. When the hydrogen ions move back across the membrane, they generate ATP. 
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Fermentation 

In certain cells, glycolysis is sometimes followed by an anaerobic (non–oxygen-using) process known 
as fermentation instead of the aerobic process just described. Fermentation yields no ATP, but it does 
regenerate the molecules necessary to keep glycolysis going. In this way, cells can continue to obtain ATP 
through glycolysis. 

Alcoholic fermentation is an anaerobic process used by yeast. It takes place in the cytoplasm of yeast cells. 
In alcoholic fermentation, the pyruvic acid from glycolysis is broken down into ethanol and carbon dioxide. 
Alcoholic fermentation is essential both to making wine and to baking bread. Yeast cells ferment the sugar in 
grape juice to turn it into wine. The same process makes bread rise—yeast cells ferment the sugars in bread 
dough, releasing tiny bubbles of carbon dioxide gas. (And, yes, fermentation also produces ethanol in bread 
dough, but it evaporates during baking. This is why you don’t have to be 21 to purchase dinner rolls.) 

Lactic acid fermentation is an anaerobic process that occurs in some animal cells as well as in certain 
species of bacteria and fungi. It takes place in the cytoplasm of these cells. In lactic acid fermentation, the 
pyruvic acid from glycolysis is broken down to lactic acid. In animal muscle cells, lactic acid fermentation 
occurs during strenuous exercise, when the oxygen supply—despite heavy breathing—can’t quite meet 
the demand. By regenerating the molecules required for glycolysis, lactic acid fermentation allows muscle 
cells to continue to make ATP without oxygen. The lactic acid produced during strenuous exercise causes a 
burning sensation in the muscles. Red blood cells, which lack mitochondria, rely on lactic acid fermentation 
for all their ATP. Finally, lactic acid fermentation by certain species of bacteria and fungi is used to make 
cheese and yogurt. 

TABLE 4.1 comparing cellular respiration and fermentation.
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READING CHECK

1. About 38 molecules of ATP are obtained from 1 glucose molecule. Of these 38, how many come 
from glycolysis, the Krebs cycle, and electron transport? 

2. How are the chemical reactions for photosynthesis and cellular respiration similar? How are they 
different? 

CHECK YOUR ANSWERS 

1. Of the approximately 38 ATP molecules, 2 come from glycolysis, 2 from the Krebs cycle, and about 34 
from electron transport. 

2. The reactions are similar in that the products of one are the reactants of the other, and vice versa. 
They are different in that photosynthesis takes energy and small molecules to build a larger molecule 
(glucose), whereas cellular respiration takes a large molecule and breaks it down into smaller molecules, 
releasing energy in the process. 

You can review how cellular respiration happens here:

https://www.youtube.com/watch?v=00jbG_cfGuQ

https://www.youtube.com/watch?v=00jbG_cfGuQ

