
Chapter 4: Energy

From the sun to you in two easy steps

Lectures by Mark Manteuffel, St. Louis Community College



Learning Objectives

Understand and be able to explain the following:

 How energy flows from the sun and through all life on 
earth

 How photosynthesis uses energy from sunlight to make 
food



Learning Objectives

Understand and be able to explain the following:

 How cellular respiration converts food molecules into 
ATP, a universal source of energy

 Alternative pathways to energy acquisition



Do Now

• Watch Video.

• Finish Graphic Organizer using your notes 

and turn in to bin.

• What products of the photo reactions are 

used for the Synthesis Reactions (Calvin 

Cycle)?

• What products of the Synthesis (Calvin 

Cycle) reactions are used for Cellular 

Respiration?



Three-Step Process:

Glycolysis: 2 ATP
Krebs Cycle: 2 ATP
Electron Transport Chain: 32 ATP

Biggest ATP
“payoff” (90%) 
occurs during the 
electron transport 
chain.



Cellular Respiration
 Requires (1) fuel and (2) oxygen

 Potential energy stored in chemical bonds of sugar, protein, and fat 
molecules

 Breaks bonds to release the high-energy electrons  captured in ATP

 Oxygen is electron magnet



A Human Example

 Eat food

 Digest it

 Absorb nutrient molecules into bloodstream

 Deliver nutrient molecules to the cells

 At this point, our cells can begin to extract 
some of the energy

• Stored in the bonds of the food molecules



Take-home message 4.12

 Living organisms extract energy through a 
process called cellular respiration in which the 
high-energy bonds of sugar and other 
energy-rich molecules are broken, releasing 
the energy that went into creating them.



Take-home message 4.12

 The cell captures the food molecules’ stored 
energy in the bonds of ATP molecules. 

 This process requires fuel molecules and 
oxygen and it yields ATP molecules, water, 
and carbon dioxide. 



4.13  The first step of cellular 
respiration: Glycolysis is the universal 
energy-releasing pathway.

Glycolysis: The universal energy-releasing 
pathway





Glycolysis

Three of the ten steps yield energy.

– Quickly harnessed to make ATP

High-energy electrons are transferred to NADH.

Net result:

Each glucose molecule broken down into two 
molecules of pyruvate

ATP molecules produced

NADH molecules store high-energy electrons



Take-home message 4.13

Glycolysis is the initial phase in the 
process by which all living organisms 
harness energy from food molecules. 

Glycolysis occurs in a cell’s cytoplasm and 
uses the energy released from breaking 
chemical bonds in food molecules to 
produce high-energy molecules, ATP and 
NADH.



4.14  The second step of 
cellular respiration: The 
Krebs cycle extracts energy 
from sugar.



The Preparatory Phase to the Krebs Cycle





Payoff from the Krebs Cycle:

 ATP

 NADH

 FADH2



Take-home message 4.14

A huge amount of additional energy can 
be harvested by cells after glycolysis. 

First, the end-product of glycolysis, 
pyruvate, is chemically modified. 

Then in the Krebs cycle, the modified 
pyruvate is broken down step-by-step.



Take-home message 4.14

 This breakdown process releases carbon 
molecules to the atmosphere as bonds are 
broken and captures some of the released 
energy in two ATP molecules and 
numerous high-energy electron carriers.



4.15 The third step
in cellular respiration: 
ATP is built in the electron 

transport chain.



Mitochondria

 Two key features of mitochondria are 
essential to their ability to harness energy 
from molecules:

• Feature 1: mitochondrial “bag-within-a-bag” 
structure

• Feature 2: electron carriers organized within the 
inner “bag”



The “Bag-within-a-Bag”



Follow the Electrons, 
as We Did in Photosynthesis

2) This proton concentration 
gradient represents a significant 
source of potential energy!



Proton Gradients
and Potential Energy

The force of the flow of H+ ions fuels the 
attachment of free-floating phosphate 

groups to ADP to produce ATP.





Take-home message 4.15

 The largest energy payoff of cellular 
respiration comes as electrons from NADH 
and FADH2 produced during glycolysis and 
the Krebs cycle move along the electron 
transport chain. 



Take-home message 4.15

 The electrons are passed from one carrier 
to another and energy is released, 
pumping protons into the intermembrane 
space. 

As the protons rush back to the inner 
mitochondrial matrix, the force of their 
flow fuels the production of large amounts 
of ATP.











4.16 - 4.17

There are 

alternative 

pathways to 

energy 

acquisition.



4.16  Beer, 
wine, and 
spirits are 
by-products 
of cellular 
metabolism 
in the 
absence of 
oxygen.







Take-home message 4.16

Oxygen deficiency limits the breakdown of 
fuel because the electron transport chain 
requires oxygen as the final acceptor of 
the electrons generated during glycolysis 
and the Krebs cycle. 



Take-home message 4.16

When oxygen is unavailable, yeast resort 
to fermentation, in which they use a 
different electron acceptor, pyruvate, 
generating ethanol in the process, the 
alcohol in beer, wine, and spirits.



4.17  Eating a 
complete diet: 
Cells can run 
on protein and 
fat as well as 
on glucose.



Take-home message 4.17

Humans and other organisms have 
metabolic machinery that allows them to 
extract energy and other valuable 
chemicals from proteins, fats, and 
carbohydrates in addition to the simple 
sugar, glucose.



Learning Objectives

Understand and be able to explain the following:

 How energy flows from the sun and through all life on 
earth

 How photosynthesis uses energy from sunlight to make 
food

 How cellular respiration converts food molecules into 
ATP, a universal source of energy

 Alternative pathways to energy acquisition


