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Protein Structure Warm-up

1. Which level of protein structure is formed 

solely by covalent bond?

2. Which level of protein structure is primarily 

formed by hydrogen bonds between regions 

of the carbon backbone?

3. Describe the difference between bonding in 

the secondary and tertiary structure of a 

protein.
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Energy and ATP
Chapter 8

energy

energy

energy
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Flow of energy through life
Life is built on chemical reactions.

 Transforming energy from one form to 

another.

organic molecules


ATP and organic 
molecules

organic molecules
 ATP and organic 

molecules

sun

solar energy 
ATP and organic 

molecules
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Metabolism: Chemical Reactions of Life

 Forming bonds between molecules.

 Dehydration synthesis

 Synthesis

 Anabolic

 simple → complex

 Breaking bonds between molecules.

 Hydrolysis

 Digestion

 Catabolic

 complex → simple

enzyme

enzyme
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Chemical Reactions and Energy

 Some chemical reactions require 

input of energy.

 Endergonic

 Building polymers.

 Dehydration synthesis = anabolism.

 Some chemical reactions release energy.

 Exergonic

 Digesting polymers.

 Hydrolysis = catabolism.

digesting molecules= 
LESS organization=
lower energy state

building molecules= 
MORE organization=
higher energy state

AP Biology

 The ability to do work

 Kinetic - movement

 Potential – stored energy, result of 

position or structure

 Chemical – stored in chemical bonds 

between atoms  

Energy
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 1st Law 

 energy of universe is constant

 energy can be transferred

 energy cannot be created or destroyed

 2nd Law

 Every transfer or transformation 

increases the entropy (disorder)

Thermodynamics 

AP Biology

Endergonic vs. Exergonic Reactions

Exergonic Endergonic

-G

+G

G = change in free energy = ability to do work

Free energy- system’s available energy to perform work 

AP Biology

Energy and Life

 Organisms require energy to live 

 Where does that energy come from?

 Coupling exergonic reactions (releasing 

energy) with endergonic reactions 

(needing energy).

+ + energy

+ energy+

digestion

synthesis
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(a) The structure of ATP

Phosphate groups

(b) The hydrolysis of ATP

Adenine

Ribose

Energy

Adenosine triphosphate (ATP)

Adenosine diphosphate (ADP)
Inorganic
phosphate

ATP Coupled Reactions

 The bonds between the 

phosphate groups of ATP 

can be broken by 

hydrolysis.
 Energy is released.

 Chemical change to a 

state of lower free energy.
 Energy does not directly come 

from the phosphate bonds.

 Hydrolysis → exergonic rxn.

 Energy drives endergonic 

reactions.
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(a) Glutamic acid conversion to glutamine

Glutamic acid

GGlu  3.4 kcal/mol 

Glutamine

(b) Conversion reaction coupled with ATP hydrolysis

(c) Free-energy change for coupled reaction 

Ammonia

Glutamic acid GlutaminePhosphorylated
intermediate

GGlu  3.4 kcal/mol 

GATP  −7.3 kcal/mol 
GGlu  3.4 kcal/mol 

GATP  −7.3 kcal/mol 

G  −3.9 kcal/mol Net
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The Regeneration of ATP

Renewable resource!

 Regenerated by adding a phosphate group to 

adenosine diphosphate (ADP).

The energy to phosphorylate ADP comes from 

catabolic reactions in the cell (cellular 

respiration).
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What drives reactions?

If reactions are “downhill”, why don’t 

they just happen spontaneously?

Why don’t
stable polymers
spontaneously

digest into their
monomers?

starch

Because covalent bonds are stable!
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Activation Energy
Breaking down large molecules requires an 

initial input of energy.

 Activation energy.

 Large biomolecules are stable.

 Energy needed to destabilize the bonds of a molecule.

 Must absorb energy to break bonds.
Not a match!

That’s too much 
energy to expose

living cells to!
glucose
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Reducing Activation energy
Catalysts

 Reducing the amount of energy to 

start a reaction.

 So what’s a cell got to do to reduce activation 

energy?

 Get help! … chemical help…

Pheeew…
that takes a lot

less energy!

reactant

product

uncatalyzed reaction

catalyzed reaction

NEW activation energy
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Enzymes 
Biological Catalysts 

 Proteins (and RNA)

 Facilitate chemical reactions
 Increase rate of reaction without being consumed.

 Reduce activation energy.

 Do NOT change free energy (G) released or required.

 Required for most biological reactions.

 Highly specific!

substrate

enzyme

productsactive site
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Properties of enzymes

 Reaction Specific

 Enzyme is substrate specific.

 Chemical fit between active site and 
substrate.

 Not Consumed in Reaction

 Single enzyme molecule can catalyze 
thousands of reactions per second.

 Affected by Cellular Conditions

 Temperature, pH, salinity.
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Compounds which Regulate Enzymes

 Competitive - Inhibitor and substrate “compete” 
for active site.

 Non-competitive - Inhibitor binds to site other 

than active site.

 Allosteric inhibitor binds to allosteric site.

 Causes enzyme to change shape

 Conformational change.

 Active site is no longer functional binding site

AP Biology

AP Biology allosteric inhibitor of enzyme 1

Feedback Inhibition

Regulation and coordination of production.

 Product is used by next step in pathway.

 Final product is inhibitor of earlier step.

 Allosteric inhibitor of earlier enzyme.

 Feedback inhibition.

 No unnecessary accumulation of product.

A  B  C  D  E  F  G
enzyme

1



enzyme

2



enzyme

3



enzyme

4



enzyme

5



enzyme

6
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What you should know…

 Examples of endergonic & exergonic 

rxns.

 Key role of ATP in energy coupling

 Enzymes work by ↓ activation energy

 Catalytic cycle of an enzyme that 

results un the production of a final 

product

 Factors that influence enzyme activity 


