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Chapter 4 

How Cells Work   
 
4.1 Cellular Transport 
4.2 Cell Communication
4.3 ATP and Chemical Reactions 
4.4 Enzymes
4.5 Photosynthesis
4.6 Cellular Respiration

4.3  ATP and Chemical Reactions in Cells

At any moment, countless chemical reactions are occurring in cells. These reactions sustain life by 
allowing cells to carry out such essential functions as building proteins or transporting molecules across 
membranes. But what determines exactly which chemical reactions occur?

In order for any chemical reaction to occur, it must obey the laws of thermodynamics. According to these 
laws, energy is always conserved, which means that energy cannot be created nor destroyed. Energy, 
however, spontaneously transfers from where it is concentrated to where it is more dilute. Consider a 
campfire. Within that campfire energy is rather concentrated near the burning wood. Next, this energy 
travels from the campfire to its colder surroundings. So, although energy is conserved, energy also tends 
to disperse, which means it can be transferred.

There are two kinds of chemical reactions: exothermic reactions release energy, and endothermic 
reactions absorb energy. Because of the laws of thermodynamics, exothermic reactions are able to 
happen all by themselves. How so? Exothermic reactions release energy and as the energy is released, it 
can spread outward, which is a spontaneous process. By contrast, endothermic reactions require energy 
to be pulled inward from some external source. This is a concentration of energy against a gradient, 
which, according to the laws of thermodynamics can happen, but won’t happen spontaneously (on its 
own). For a cell to function properly, it requires numerous endothermic reactions. This is to say, the cell 
requires an external source of energy. Otherwise the cell ceases to function and it will die. In cells, a most 
common source of external energy is found in the remarkable molecule adenosine triphosphate, or ATP. 

ATP provides energy for cellular processes. It consists of an adenosine molecule and three phosphate 
groups. Cells obtain energy from ATP when one of its phosphate groups is removed, leaving adenosine 
diphosphate, or ADP (Figure 4.11). 

FIGURE 4.11

Energy is obtained from ATP 
when one of its phosphate 
groups is removed, leaving 
ADP. 

https://www.conceptualacademy.com/sites/default/files/student-files/CB0401.pdf
https://www.conceptualacademy.com/sites/default/files/student-files/CB0402.pdf
https://www.conceptualacademy.com/sites/default/files/student-files/CB0404.pdf
https://www.conceptualacademy.com/sites/default/files/student-files/CB0405.pdf
https://www.conceptualacademy.com/sites/default/files/student-files/CB0406.pdf


© Conceptual Biology by Jennifer Yeh

FIGURE 4.13 

The sodium-potassium pump 
moves sodium ions out of 
cells and potassium ions into 
cells. One molecule of ATP 
allows the movement of three 
sodium ions out and two 
potassium ions in. 

This process is fairly easy to explain. Each phosphate group carries negative charges. Negative charges 
repel other negative charges. Thus, when that third phosphate group is removed, it doesn’t just float away. 
Rather, it accelerates away as if it had been shot from a loaded spring gun. As a result, potential energy (the 
energy of position) is transformed into kinetic energy (the energy of motion). Cells are very good at making 
use of this released kinetic energy.  This means that a cell goes through a significant amount of ATP just to 
survive. Each second, to stay alive, your body runs through about 125 moles of ATP.  This adds up to over 50 
kilograms (110 pounds) of ATP per day, which is one of the most amazing facts of biology.

The cell eventually turns ADP back into ATP by adding a phosphate group during cellular respiration, a 
process discussed later in this chapter. As you can see in Figure 4.12, ATP is like a rechargeable battery that 
can be repeatedly used up and recharged. 

An example of a biological process that requires exactly one molecule of ATP for each cycle is the sodium-
potassium pump. The sodium-potassium pump uses active transport to maintain a low concentration of 
sodium ions (Na+) and a high concentration of potassium ions (K+) inside animal cells. It does this by using 
ATP to pump sodium ions out and to pump potassium ions in. Maintaining appropriate ion concentrations 
helps to regulate water flowing into and out of the cell and is also critical for such processes as the neuron 
firing and muscle contraction. 

How does the pump work? The sodium-potassium pump is a transport protein in the cell membrane (Figure 
4.13). It behaves like a swinging door, shuffling ions into and out of the cell. In its default state, the protein 
is open to the inside of the cell. There, it binds three sodium ions. An ATP reaction, in which a molecule of 
ATP transfers a phosphate group to the protein, causes the protein to shift and open to the outside of the 
cell. The sodium ions are released, and two potassium ions are bound, causing the phosphate group to be 
released from the transport protein. The loss of the phosphate group causes the protein to shift back to its 
original position and to release the potassium ions inside the cell. Amazingly, more than a third of all the ATP 
consumed by animals (including humans) is used to run this pump. 

FIGURE 4.12

Cells obtain energy from ATP 
when one of its phosphate groups 
is removed, leaving ADP. ADP is 
eventually turned back into ATP 
through the addition of a phosphate 
group during cellular respiration. 



© Conceptual Biology by Jennifer Yeh

READING CHECK 

1. Each “pump” of the sodium-potassium pump moves three sodium ions out and two potassium 
ions in. If you have five molecules of ATP, how many sodium and potassium ions can be transferred 
from one side of the cell membrane to the other? 

2. If ATP were temporarily unavailable, what would happen to a sodium potassium pump that was 
just about to release sodium ions outside the cell? 

CHECK YOUR ANSWERS 

1. Fifteen sodium ions can be moved out of the cell, and ten potassium ions can be moved into the cell. 

2. The sodium-potassium pump would release the sodium ions, bind potassium ions, shift, release the 
potassium ions inside the cell, and bind more sodium ions. (None of these activities requires ATP.) At this 
point, the pump would be stuck, since ATP is required for it to proceed to the next step: shifting to open 
to the cell’s exterior. 

To learn more about ATP, check out this fun video:

https://www.youtube.com/watch?v=23ZzI6WZS28&vl=en

https://www.youtube.com/watch?v=23ZzI6WZS28&vl=en

