
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



4.1 - 4.4 

Energy flows from 

the sun and 

through all life 

on earth.



What are biofuels?

4.1  Cars that run on french-fry oil?  
Organisms and machines need energy to 
work. 



Energy Conversions

All life depends on capturing energy from 
the sun and converting it into a form 
that living organisms can use.

Two key processes

• Photosynthesis

• Cellular respiration





Take-home message 4.1

 The sun is the source of the energy that 
powers all living organisms and other 
“machines.” 

The energy from sunlight is stored in the 
chemical bonds of molecules. 



Chemical Energy



Take-home message 4.1

When these bonds are broken, energy is 
released regardless of whether the bond is 
in a molecule of food, a fossil fuel or a 
biofuel like the oil in which french fries are 
cooked.



4.4  ATP molecules are like 
free-floating rechargeable 
batteries in all living cells.



How do cells directly fuel their 
chemical reactions?

None of the light energy from the sun can 
be used directly to fuel cellular work.

 First, it must be captured in the bonds of 
a molecule called adenosine triphosphate 
(ATP).



Structure of ATP

Insert new fig 4-7



ATP Molecules

Cells cannot use light energy directly to do 
work.  

 First, the energy has to be converted into 
chemical energy in ATP molecules.



Adenosine Triphosphate

 Pop off the third phosphate group
• ATP  ADP + Phosphate group + Energy release

Release a little burst of energy!

Use this energy to drive chemical 
reactions necessary for cellular 
functioning.

• Building muscle tissue

• Repairing a wound

• Growing roots



Recycling in the Cell

ADP + Phosphate group + Energy = ATP

Insert new fig 4-8



Take-home message 4.4

 Cells temporarily store energy in the bonds of 
ATP molecules.

 This potential energy can be converted to kinetic 
energy and used to fuel life-sustaining chemical 
reactions.

 At other times, inputs of kinetic energy can be 
converted to the potential energy of the energy-
rich but unstable bonds in the ATP molecule.



4.5 - 4.11 

Photosynthesis uses 

energy from sunlight 

to make food.



4.5 Where does plant matter come 
from?  Photosynthesis: the big 
picture.

From a seed 
to a tree: 
Where does 
the mass 
come from?

Insert new fig 4-9



Photosynthetic Organisms

Insert new Figure 4-10 



Photosynthesis: The Big Picture

 Three inputs

 Two products
Insert new Figure 4-11



Take-home message 4.5

 Through photosynthesis, plants use water, 
the energy of sunlight, and carbon dioxide 
gas from the air to produce sugars and 
other organic materials.

 In the process, photosynthesizing 
organisms also produce oxygen, which 
makes all animal life possible.



4.6  Photosynthesis take place in 
the chloroplasts.

Organelles Found in Plant Cells

Insert new Figure 4-12 



A Closer Look at Chloroplasts

Insert new Figure 4-13



Take-home message 4.6

 In plants, photosynthesis occurs in 
chloroplasts, a green organelle packed in 
cells near the plants’ surfaces.



4.7 Light energy travels in waves: 
Plant pigments absorb specific 
wavelengths.

Light Energy

 A type of kinetic energy

 Made up of little energy packets called photons



Light Energy

 Different photons carry different amounts of 
energy, carried as waves.

 Length of the wave = amount of energy the 
photon contains.



Electromagnetic Spectrum

 Range of 
energy that is 
organized into 
waves of 
different 
lengths

 The shorter the 
wavelength, 
the higher the 
energy 

Insert new Figure 4-14



Visible Spectrum

Range of energy humans see as light

ROYGBIV

 Pigments = molecules that absorb light



Chlorophyll

 Plant pigment

Absorbs certain wavelengths of energy 
(photons) from the sun

Absorbed energy excites electrons



Plant Pigments

 Plant pigments can only absorb specific 
wavelengths of energy.

 Therefore, plants produce several 
different types of pigments.



Plant Pigments

Chlorophyll a

Chlorophyll b

Carotenoids



Insert new Figure 4-15a



Insert new Figure 4-15b



Take-home message 4.7

 Photosynthesis is powered by light energy, 
a type of kinetic energy made up from 
energy packets called photons.



Take-home message 4.7

 Photons hit chlorophyll and other light-
absorbing molecules near the green 
surfaces of plants. 

 These molecules capture the light energy 
and harness it to build sugar from carbon 
dioxide and water.



Electron Excitation

Conversion of electromagnetic energy into 
chemical energy of bonds between atoms

 Photons of specific wavelengths bump 
electrons up a quantum level into an 
excited state.

4.8  Photons cause electrons in 
chlorophyll to enter an excited state.



Two Potential Fates of Excited 
Electrons

1. Electron returns to resting, unexcited 
state.

2. Excited electrons are passed to other 
atoms.



Insert new Figure 4-16a



Insert new Figure 4-16b



The Passing of Electrons in Their 
Excited State

Chief way energy moves through cells

Molecules that gain electrons always carry 
greater energy than before receiving 
them.

• Can view this as passing of potential energy from 
molecule to molecule



Take-home message 4.8

When chlorophyll gets hit by photons, the 
light energy excites an electron in the 
chlorophyll molecule, increasing the 
chlorophyll’s potential energy.

 The excited electrons can be passed to 
other atoms, moving the potential energy 
through the cell.



4.9  Photosynthesis in detail: 
The energy of sunlight is 
captured as chemical energy.

FOLLOW THE ELECTRONS!



Insert new Figure 4-17



The “Photo” Part
 Sunlight
 ATP
 A high-energy electron carrier



An Electron Transport Chain

Connects the two photosystems



Product #1 of the “Photo” Portion 
of Photosynthesis: 

ATP + Oxygen (as waste)



The Second Photosystem

 Follow the electrons



Product #2 of the “Photo” Portion 
of Photosynthesis: 

NADPH



Products from the “Photo” 
Portion

ATP and NADPH

Time for the “synthesis” part!



“SYNTHESIS”

4.10  Photosynthesis in detail: 
The captured energy of 
sunlight is used to make food.



The Calvin Cycle

 Series of chemical 
reactions

 Occurs in stroma

 Enzymes are 
reCYCLEd.



The Processes in the Calvin Cycle 
Occur in Three Steps:



Take-home message 4.10

 The second part, or “synthesis” part, of 
photosynthesis is the Calvin cycle, and it 
occurs in the stroma of the chloroplast. 



Take-home message 4.10

Carbon from CO2 in the atmosphere is 
attached (fixed) to molecules in 
chloroplasts, sugars are built, and 
molecules are regenerated to be used 
again in the Calvin cycle. 

 These processes consume energy from 
ATP and NADPH (the products of the 
“photo” part of photosynthesis. 



4.12 - 4.15

Cellular respiration 

converts food 

molecules into 

ATP, a universal 

source of energy 

for living 

organisms. 



4.12 How do living organisms 
fuel their actions? Cellular 
respiration: the big picture.



Remember ATP Molecules?

Cellular currency

Currency exchange, this time from food 
molecules into ATP by cellular respiration



Cellular 
Respiration

The big picture



Three-Step 
Process

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.





Payoff from the Krebs Cycle:

 2 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


