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ATP / ADP – Energy Currency of the Cell  
How does the ATP molecule capture, store, and release energy? 

!
 A sporting goods store might accept a $100 bill for the purchase of a bicycle, but the corner store will not take a $100 bill 
when you buy a package of gum. That is why people often carry smaller denominations in their wallets—it makes 
everyday transactions easier. The same concept is true for the energy transactions in cells. Cells need energy (their 
“currency”) to take care of everyday functions, and they need it in many denominations. As humans we eat food for 
energy, but food molecules provide too much energy for our cells to use all at once. Also the catabolic reactions that 
release free energy for metabolic activities from food would have to be directly coupled with every anabolic process which 
would not be an efficient process with all the specialized cells an organelles that eukaryotes have.  For quick and efficient 
cellular transactions, your cells store energy in the small molecule of ATP. This is analogous to a $1 bill for your cells’ 
daily activities. 
!

 Adenosine Triphosphate (ATP): 
 
 
 
 
 
 
 
 
 
 
 
 
!

1. The diagram of ATP in Model 1 has three parts. Use your knowledge of biomolecules to label the molecule 
with an “adenine” section, a “ribose sugar” section, and a “phosphate groups” section.  
 
a. What is meant by the “tri-” in the name adenosine triphosphate?  

 
 
 
               b. What would the structure of adenosine diphosphate (ADP) might look like.  
                   Draw and describe your conclusions. 
 
 
 
 
 
               c.  A cell utilizes ATP by hydrolyzing it with water to release free energy to do 3 kinds of work. 
                     List and describe the three kinds of work that the cell does. (Text page 149). 
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Hydrolysis of ATP: 

 
3. Model 2 illustrates a chemical reaction. Write the reaction as an equation, using the name or abbreviation of 

each of the two reactants and each of the three products.  
  ______________________________  !   _____________________________________ 
4.  What is the actual value of -∆G for this reaction?  ____________ .  Place the actual value in kJ/mole in place 

of the word energy in your reaction above.  kJ/mole = kilojoule per mole.  Joule is an energy term and mole 
is a quantity term.  kJ/mole is very much like Calories per serving that tell you how much energy is in a 
certain quantity of food. Text$page$150. 

!
!!!!!!!!5.!!!Consider the structural formulas of ATP, ADP, and phosphate in figure above carefully. What happens to the  
             atoms from the water molecule during the hydrolysis of ATP?  Where have we seen this before?!
 
 
       6.  The word hydrolysis has two roots, hydro and lysis. Describe how this term relates to the chemical reaction      
            illustrated in above. 
 
 

7. a. Does the hydrolysis of ATP result in a net output, or a net input of energy?  

!
!!!!!!!!!!!!b.!Is!this!reaction!a!exergonic!or!endergonic!reaction?!
 
          c.  Complete the Energy Diagram below and label according for the reaction above:   
                

 
          d.  Does the free energy to power the cell functions come from breaking the phosphoester'bond!in!ATP?!!!!!!!
!!!!!!!!!!!!!!!!!Text!page!150,!2nd!paragraph,!1st!column 

 

1. Free energy of the reactants 
2. Free energy of the products 
3. ∆G   
4. Activated complex  
5. Activation Energy (forward reaction) 
6. Add a dotted line in in the diagram for what 

a catalyst would change this diagram. 
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     e.  Why does this hydrolysis release so much energy?                                                                                                                      
Text Page 150, 3rd paragraph 

 
 
 
8. The reaction in on page 2 is reversible. 

a. Write a reaction for the process that is the reverse of reaction on page 2.  

!
          ______________________________  !   _______________________________!
!
!

b. This reaction is called phosphorylation. Explain why this name is appropriate for the reaction above.  

!
!
             c. Would you expect this reaction to be endergonic or exergonic? Explain your reasoning. 
                     Text page 151, 1st paragraph 
 
 
The ATP Cycle: 

 

 
 

9. Label the two large arrows in Model 3 with either “hydrolysis” or  “phosphorylation.”  

     10. When ATP is hydrolyzed, free energy is available.  
a. According to diagram above, what does that energy get used for?  

!
!

b. Name at least two other cellular processes that could be fueled by the hydrolysis of ATP that are not listed 
in above.  Text pages 149 – 151. 

 
 
      11. After it is used, an ADP molecule is recycled back into ATP. What cellular, exergonic processes supply the                
             energy needed for the phosphorylation of ADP? 
 
 
 

!
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12. In the initial paragraph on page 1 an analogy was made between money and cellular energy.  
a. What part(s) of the ATP cycle are analogous to earning money?  

!
!

b What part(s) of the ATP cycle are analogous to spending money?  

!
 
              c. What would be analogous to saving money in the context of ATP? 
 
 

It is estimated that more than 2 × 1026 molecules of ATP are hydrolyzed in the human body daily. If each molecule 
was used only once you would need approximately 160 kg (350 lbs) of ATP daily. The repeated use of ATP 
molecules through the ATP cycle saves the body a huge amount of resources and energy. 

ATP is synthesized in two ways: 

• Substrate-level phosphorylation—Energy released during a reaction, such as the breakdown of sugar 
molecules, is used directly to synthesize ATP. A small amount of energy is generated through this process. 

• Electron transfer (oxidative phosphorylation)—Energy from the movement of electrons from one molecule 
to another, via electron carriers, is used to synthesize ATP. Most cellular ATP is synthesized by electron 
transfer in the mitochondria. 

 
13.!!Dinitrophenol!(DNP)!is!an!“uncoupler,”!which!means!it!interferes!with!the!flow!of!electrons!during!electron!

transfer.!Fifty!years!ago,!DNP!was!given!as!a!drug!to!help!patients!lose!weight.!
a.$Why!would!taking!DNP!make!someone!lose!weight?!!

!
!
!
!
$$$$$$$$$$$$$$$$b.$Why!would!taking!DNP!be!dangerous?!
!
!
!
!
!
!!!!!!!!14.!!Describe!the!2!examples!of!how!ATP!drives!transport!and!mechanical!work.!
!!!!!!!!!!!!!!!!!Text!page!151,!figure! 
 

 


