
CAN YOU EXPLAIN IT?
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Fireworks exploding in the night sky release carbon dioxide, heat, and light.

2.2

A firework explosion is a fast series of chemical reactions. The fuel is powdered charcoal 
(carbon) that reacts with other chemicals, such as potassium nitrate (KNO3) resulting in an 
explosive reaction. When heat is added, the charcoal and other chemicals packed inside 
the firework casing combust, or burn and release heat. This reaction occurs very quickly, 
and releases energy in the forms of heat and light—which is the explosion we see from 
the firework. 

PREDICT How is the process of combustion in a firework similar to the way the cells in 
your body release stored energy?

Evidence Notebook As you explore this lesson, gather evidence that bonds are broken 
and new bonds are formed in the process of cellular respiration.

Cellular Respiration
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Exothermic Reaction

FIGURE 2: Activation energy is the energy needed to start a chemical 
reaction. An exothermic reaction releases more energy than it 
absorbs. Cellular respiration is an exothermic reaction.
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FIGURE 1: Glucose structure and appearance
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Glucose Ethanola  A glucose molecule 
is made of six carbon, 
12 oxygen, and six 
hydrogen atoms.

b  Glucose, a simple sugar, is one 
of the fuel sources used by 
organisms.
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Matter and Energy in Cellular Respiration

EXPLORATION 1

Fuel is any material that reacts with 
other materials to release energy to be 
used for work. There are many types 
of fuels, each with a different chemical 
structure. Some fuels, such as wood, 
peat, and charcoal, contain carbon, 
hydrogen, and oxygen atoms. Other 
fuels, such as natural gas and petroleum, 
only contain carbon and hydrogen. 
Compounds that contain only carbon  
and hydrogen are called hydrocarbons. 
Most fireworks use charcoal as a fuel.  
Most living things use a simple sugar  
called glucose as a fuel.

Energy in Living Systems 

Almost all the energy on Earth has its origin in the sun. In the process of photosynthesis, 
plants transform light energy from the sun into chemical energy in the form of glucose. 
Chemical bonds in a glucose molecule must be broken for stored energy to be released. In 
cells, a process called cellular respiration releases chemical energy from sugars and other 
carbon-based molecules to make ATP when oxygen is present. These chemical reactions 
are essential to the survival of living organisms.

All chemical reactions involve changes in energy. The reactants must absorb energy 
to break their chemical bonds. When new bonds form to make the products, energy 

is released. During a chemical reaction, 
energy is both absorbed and released.  

Activation energy is the amount of energy 
needed to start, or activate, a chemical 
reaction. Chemical reactions are classified 
by the difference between the amount 
of energy absorbed and the amount of 
energy released. When a chemical reaction 
releases more energy than it absorbs, it is 
called an exothermic reaction. The excess 
energy is often given off as heat or light. In 
contrast, when a chemical reaction absorbs 
more energy than it releases, it is called an 
endothermic reaction.

Evidence Notebook Use the 
graph in Figure 2 to explain why 
cellular respiration is an example of 
an exothermic reaction. 
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FIGURE 3: The energy humans need to survive and grow 
comes from food.
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Energy Content in Food 

Unlike a firework, which releases all of its energy at 
once, cellular respiration releases energy in small 
bursts. The fuel comes from food molecules, such as 
proteins, carbohydrates, and fats that organisms eat. 
The energy used to make these molecules is stored 
within their chemical bonds. The amount of energy 
each of these macromolecules provides is measured in 
kilocalories (Calories), where one Calorie is the amount 
of energy needed to raise the temperature of one 
kilogram of water one degree Celsius. Once ingested, 
macromolecules are broken down into simpler 
molecules, such as glucose. During cellular respiration, 
the breakdown of glucose and other carbon-based 
molecules releases energy stored in their chemical 
bonds. The stored energy is transferred to ATP and 
used to power many processes in the body. Energy in the form of heat is also released. 

EXPLAIN Select the correct terms to complete the statement about chemical energy.

The chemical energy of food molecules provides the  heat | fuel | ATP  for cellular 

respiration. Food molecules are broken down and the energy in their bonds is   

released | absorbed. This energy is transferred to  heat | fuel | ATP  and used throughout 

the body. Some energy is released as  heat | fuel | ATP.

All living things store energy because resources may not always be available. Plants 
convert glucose into starch, which is stored in the chloroplasts. Animals convert glucose 
into glycogen, which is stored in the liver and in muscle tissues. Animals also store fat in a 
type of connective tissue called adipose tissue.

The Process of Cellular Respiration 

Cellular respiration is an aerobic process, which means that it requires oxygen to take 
place. Some organisms can produce small amounts of ATP through anaerobic processes, 
which are processes that do not require oxygen. However, the presence of oxygen allows 
cellular respiration to produce far more ATP from each glucose molecule. 

ANNOTATE Write the inputs and outputs of cellular respiration on this diagram.

glucose

carbon dioxide

heat
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Energy and Matter

The balanced chemical equation for cellular respiration is:

C6H12O6 + 6O2 → → → 6CO2 + 6H2O + heat + ATP

APPLY How does this equation represent the law of conservation of matter— 
that matter cannot be created or destroyed?

EXPLAIN How does this equation represent the law of conservation of energy— 
that energy cannot be created or destroyed? Consider the role of photosynthesis in 
your answer.

 

Mitochondria 

In eukaryotic cells, cellular respiration takes place inside an organelle called the 
mitochondrion (plural mitochondria), shown in Figure 4. Mitochondria release the 
chemical energy required to make ATP. Both plant and animal cells contain mitochondria, 
because both plants and animals carry out cellular respiration.

FIGURE 4: Mitochondria are 
bean-shaped organelles 
that provide energy to 
the cell.

matrix

cristae

outer
membrane

intermembrane
space

mitochondrion

inner
membrane  

The mitochondrion has an inner membrane with many folds, called cristae. The 
cristae increase the surface area of the membrane. The outer membrane separates the 
mitochondrion from the rest of the cell. The space between the two membranes is called 
the intermembrane space. 

The inner membrane is embedded with proteins, which play an important part in the final 
step of cellular respiration, the electron transport chain. Inside the inner membrane is the 
matrix, a gel-like substance where the first step of cellular respiration occurs. 

Collaborate With a partner, cite evidence that supports the claim that mitochondria are 
the “powerhouses of the cell.”
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Almost all energy for living things comes from photosynthesis, either directly or indirectly. 
Producers absorb light energy from the sun and use photosynthesis to transform it to a 
usable form of energy, or food. This energy is then passed from producers to consumers. 
Although only producers carry out photosynthesis, both producers and consumers carry 
out cellular respiration. Photosynthesis stores energy from sunlight as chemical energy. In 
contrast, cellular respiration releases stored chemical energy as ATP and heat.
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Evidence Notebook Photosynthesis and cellular respiration work together as a cycle. 
Review the two chemical reactions to compare the processes. What is the relationship between 
photosynthesis and cellular respiration?

Systems and System Models

Cellular Respiration 
and Photosynthesis

ANNOTATE Use the correct terms to complete this diagram showing the reactants and 
products for each chemical reaction.

CO2 C6H12O6 H2O O2

Photosynthesis

REACTANTS

PRODUCTS

Cellular Respiration

light
energy

ATPheat

PRODUCTS

REACTANTS
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Hands-On Lab

Modeling Photosynthesis 
and Cellular Respiration

Design an experiment to determine which organisms—pond snails and Elodea—produce 
carbon dioxide and which use carbon dioxide.

P O S S I B L E  M A T E R I A L S

• indirectly vented chemical 
splash goggles, nonlatex 
apron, nonlatex gloves

• beaker, 100 mL

• bromothymol blue 
indicator in dropper bottle

• glass vials with screwcap 
lids (8)

• light bulb and power 
source

• marker

• pond snails (4)

• straw, individually wrapped• 
sodium hydroxide (NaOH) 
solution in dropper bottle

• sprigs of Elodea (4)

• tap water

• tape, labeling

S A F E T Y  I N F O R M A T I O N

• Wear indirectly vented chemical splash goggles, a nonlatex apron, and nonlatex gloves 
during the setup, hands-on, and takedown segments of the activity.

• Wash your hands with soap and water when you are finished handling plant samples.

• Use only GFI protected circuits when using electrical equipment, and keep away from 
water sources to prevent shock.

• Sodium hydroxide is corrosive. Avoid contact with the skin.

• Do not inhale through the straw while it is in the solution. If you need to take a breath, 
first remove your mouth from the straw. Do not share straws with other students.

M A K E  A  C L A I M

How does the presence of light affect the cycling of matter between organisms that carry 
out photosynthesis and cellular respiration? 

 

P L A N  T H E  I N V E S T I G A T I O N

1. In your Evidence Notebook, draw a diagram illustrating how matter cycles between 
photosynthesis and cellular respiration. Include the organisms that carry out each 
process, and the names or chemical formulas for the specific molecules exchanged.

2. In your Evidence Notebook, make a data table to record your observations for Steps 
3-4. For each step, record the color of the indicator solution, and write an explanation of 
what the color indicates about the presence or absence of carbon dioxide.

EXPLORATION 2

indirectly vented 
chemical splash 

goggles
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3. Place 30 mL of tap water into a small beaker. Add 7 drops of bromothymol blue (BTB) 
indicator. BTB indicator is blue when there is no carbon dioxide present in a solution. If 
your solution is not blue, add one drop of NaOH solution and stir. Add drops only until 
the solution is blue. Record your observations.

4. Insert a straw into the beaker and gently blow through the straw until the solution 
stops changing color. Record your observations.

5. In your Evidence Notebook, draw or describe an experimental design to determine 
which organism produces carbon dioxide and which organism uses carbon dioxide. For 
example, you could examine how much carbon dioxide is produced by each organism 
under light and dark conditions.

6. When planning the experimental design, you should include enough experimental 
setups so that you can observe how matter cycles in different scenarios. Be sure to have 
a control setup.

7. Show your teacher your written procedure for approval.

C A R R Y  O U T  T H E  I N V E S T I G A T I O N

1. Obtain the vials and prepare each one to fit your experimental design.

2. All vials should be filled to one-quarter inch from the top with water. Some pond 
snails breathe through gills and others through lungs. Air needs to be at the top of 
the vial so the snails with lungs can go to the top periodically for air. Use pieces of 
Elodea equal to the length of the vial. All caps should be screwed on loosely.

3. Label each vial with your name and the test conditions. Make a data table in your 
Evidence Notebook to record your daily observations. Record your observations for 
today, Day 1, and then place the vials in the areas designated by your teacher. Let 
them remain undisturbed overnight.

4. After 24 hours have elapsed, examine the vials and record your observations in your 
Evidence Notebook. 

5. Empty all vials of pond water, Elodea, and snails in the place designated by your 
teacher. Follow the cleanup procedure as instructed by your teacher. Wash your 
hands before leaving the lab.

A N A L Y Z E

1. Summarize your results for the setups that contained only plants and the setups 
that contained only animals. How did the conditions you tested affect the use and 
production of carbon dioxide by the plants? By the animals? What does this indicate 
about whether photosynthesis and/or cellular respiration occurred in each vial? 
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Evidence Notebook How is the combustion reaction of a firework similar to and different 
from the reactions shown by the living organisms in this lab? What are the inputs and outputs for 
the reaction?

2. Summarize your results for the setups that contained both plants and animals. How did 
your test conditions affect the use and production of carbon dioxide? What does this 
indicate about whether photosynthesis and/or cellular respiration occurred  
in each vial?

3. What was your control setup in this experiment? How did your observations of the 
control influence your analysis of the results?

 

D R A W  C O N C L U S I O N S

Write a conclusion that addresses each of the points below.

Claim Make a claim about which organism(s) used carbon dioxide and which organism(s) 
produced carbon dioxide. How did your test conditions affect the cycling of matter 
between plants and animals? 

Evidence Describe specific observations from your experiment to support your claim.

Reasoning Did your observations support your claim? Describe, in detail, the 
connections between the evidence you gave and the claim you are making.

 

118 Unit 2  Carbon in the Earth System

DO NOT EDIT--Changes must be made through “File info” 
CorrectionKey=CA-B



©
 H

ou
gh

to
n 

M
iff

lin
 H

ar
co

ur
t P

ub
lis

hi
ng

 C
om

pa
ny

 

Using Chemical Energy

EXPLORATION 3

One way that organisms maintain stable body conditions is through cellular respiration. 
This process releases energy to carry out cell processes and helps maintain body 
temperature. Bonds in food molecules and oxygen molecules are broken and new 
molecules form. These new molecules transfer energy in arrangements that the organism 
can use. Cellular respiration transfers chemical energy stored in the bonds of glucose and 
other molecules to ATP, which is the cell’s “energy currency.”

glucose

electrons carried in NADH

pyruvate

glycolysis

ATP ATP

H2OCO2

ATP

electrons carried
in NADH and

FADH2
electron

transport chain
Krebs cycle

mitochondrion

O2 FIGURE 6: The process 
of glycolysis occurs 
before the two main 
stages of cellular 
respiration: the Krebs 
cycle and the electron 
transport chain.

Glycolysis and the Stages of Cellular Respiration

Before cellular respiration can take place in the mitochondria, glucose must be broken 
down into compounds the mitochondria can use. This process, called glycolysis, occurs in 
the cytoplasm of the cell. Glycolysis is an anaerobic process that breaks glucose into two 
three-carbon molecules, called pyruvate. Mitochondria use the pyruvate molecules to 
fuel cellular respiration. Glycolysis also produces two NADH molecules, which are electron 
carriers, and two molecules of ATP for every one glucose molecule.

FIGURE 7: Glycolysis occurs in all living organisms.

c c c c c c
c

ccccc ccc c c
ccc

ADPADP

NADHNAD+

ATPATP

glucose 2 pyruvate

c ccc
cc

c

Evidence Notebook Summarize evidence that bonds are broken and new bonds are 
formed in glycolysis.
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Krebs Cycle 

The Krebs cycle, also called the citric acid cycle, is the first set of reactions in cellular 
respiration. The function of the Krebs cycle is to complete the breakdown of glucose 
started in glycolysis and fuel the production of ATP. This is done by transferring high-
energy electrons from the carbon bonds in the pyruvate molecules to the electron 
transport chain. The two electron-transporting molecules formed in the Krebs cycle are 
NADH and FADH2.

EXPLAIN Use the correct terms to complete the statement about the Krebs cycle.

Energy in the chemical bonds of carbon-based molecules is  released | absorbed  when 

those bonds are  broken | formed. In the process, high-energy  electrons | protons  are 

transferred to molecules such as FADH2 
and  NADH | CO2 

. These molecules carry the 

high-energy electrons to the next stage of cellular respiration.

FIGURE 8: The Krebs cycle is the first stage of cellular respiration.

c
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c
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ccc

c c c  pyruvate

Coenzyme A

 CO2

NAD+

NAD+

NAD+

NADH

NADH

NADH

NADH

NAD+

 CO2

citric acid

FAD

FADH2

ATP

ADP

CoA

CoA

c

5-carbon
compound

 CO2

4-carbon
compound

Pyruvate is broken down High-
energy electrons are transferred to 
NAD+, forming NADH.

Coenzyme A is added An 
intermediate molecule is formed.

Citric acid, a six-carbon 
molecule, is formed

Citric acid is 
broken down 
CO2 is given off as 
a waste product. 
Another molecule 
of NADH is formed.

Five-carbon molecule is broken down, forming 
a four-carbon molecule NADH and ATP are 
formed. CO2 is given off as a waste product.

Four-carbon molecule 
is rearranged NADH 
and FADH2, another 
electron carrier, are 
formed. The remaining 
four-carbon molecule 
continues in the cycle.

120 Unit 2  Carbon in the Earth System

DO NOT EDIT--Changes must be made through “File info” 
CorrectionKey=CA-B



©
 H

ou
gh

to
n 

M
iff

lin
 H

ar
co

ur
t P

ub
lis

hi
ng

 C
om

pa
ny

The Electron Transport Chain

The second stage of cellular respiration is the electron transport chain. It is similar to the 
electron transport chain stage of photosynthesis. In eukaryotes, this process uses proteins 
embedded in the inner membrane of the mitochondrion. In prokaryotes, this process 
occurs in the cell membrane. The energy carried by the NADH and FADH2 molecules 
produced in the Krebs cycle is used to make ATP. Every time an electron is transferred, 
energy is released. A number of enzymes are also involved in this process.

FIGURE 9: The electron transport chain is the second stage of cellular respiration.
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The electron transport chain is summarized in the steps below.

1.  Electrons are transferred Proteins embedded in the inner membrane of the 
mitochondrion take high-energy electrons from NADH and FADH2.

2.  Hydrogen ions are transported High-energy electrons travel from protein to protein 
in the electron transport chain. Each time two electrons are passed down the chain, 
a hydrogen ion is transported across the inner membrane to the intermembrane 
space where the ions build up. Eventually, there are more hydrogen ions in the 
intermembrane space than in the matrix, which produces a gradient. 

3.  ATP is produced The flow of hydrogen ions is used to make ATP. Due to the gradient, 
hydrogen ions return to the matrix through a channel in the enzyme ATP synthase. As  
a hydrogen ion moves through the channel, ATP synthase adds phosphate groups to 
ADP to make ATP. 

4.  Water is formed Oxygen picks up the now low-energy electrons and hydrogen ions to 
form water. The water molecules are given off as a waste product.

Together, glycolysis and cellular respiration produce up to 38 ATP molecules for every 
glucose molecule.  

Collaborate In two large groups, work together to make a model of the electron transport 
chain. Present your model to the other group.
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Anaerobic Respiration 

Not all organisms rely on oxygen for cellular respiration. Life on Earth originally evolved 
in an environment that lacked oxygen. These organisms instead had to use anaerobic 
processes to get the energy they needed to survive. The evolution of cyanobacteria 
and the subsequent increase in atmospheric oxygen was key to the eventual evolution 
of single-celled organisms and multicellular organisms that used aerobic respiration. 
Organisms that use anaerobic respiration have an important role in ecosystems. They can 
live in places where most other organisms cannot, such as the deep sea or areas that are 
very hot or highly acidic. For example, some microorganisms, such as bifidobacteria, live 
in the digestive tracts of animals and help in the process of digestion. They must get their 
ATP from anaerobic processes because oxygen is not available. 

EXPLAIN How are the processes of anaerobic and aerobic respiration similar? How are 
they different?

Fermentation 

The cells in your body cannot store large amounts 
of oxygen for cellular respiration. The amount of 
oxygen that is provided by breathing is enough for 
your cells during normal activities. When you are 
doing high levels of activity, such as playing a game of 
basketball, your body cannot bring in enough oxygen 
for your cells, even though you breathe faster. How 
do your cells function without oxygen to keep cellular 
respiration going?

When oxygen is unavailable, ATP is made through the 
process of fermentation. Scientists originally thought 
fermentation was an aerobic process. However, 
experiments by French scientist Louis Pasteur in the 
1850s provided evidence that fermentation was indeed 

an anaerobic process. Fermentation includes glycolysis, which makes ATP, and other 
reactions that remove electrons from NADH. This is important because glycolysis, just like 
cellular respiration, needs the electron carrier NAD+ to pick up electrons.

The role of fermentation is simply to provide the process of glycolysis with a steady supply 
of NAD+. If you’ve ever felt your muscles “burn” during hard exercise, that is a result of 
fermentation. Lactic acid is a waste product of fermentation that builds up in muscle cells 
and causes that burning feeling. Once oxygen is available again, your cells return to using 
cellular respiration. The lactic acid is quickly broken down and removed from the cells.

Evidence Notebook Summarize the evidence that you have gathered to explain how molecules 
are rearranged and energy is transferred in the process of cellular respiration.

1. Cite evidence to support the claim that bonds are broken and new bonds are formed in each stage 
of cellular respiration.

2. Explain how energy is transferred from the bonds of food molecules to cellular processes.

FIGURE 10: During strenuous or prolonged activity, 
athletes may not be able to sustain the oxygen levels 
their bodies need.
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FIGURE 11: Runoff is captured by storm drains in urban 
areas and flows untreated into a lake, river, or ocean. 
Dumping trash, chemicals, or other wastes in storm 
drains is illegal because they can have harmful effects 
on the aquatic environment and water quality.
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Applications in Wastewater Treatment

EXPLORATION 4

Wastewater is water that contains waste from homes, industry, and sometimes from 
storm runoff. Wastewater can contain chemicals, soap, food scraps, and human waste. 
Wastewater treatment plants filter and treat water to make the water clean enough to 
return to the city water supply or a river, lake, or ocean where it becomes part of the 
water cycle again. In areas subject to unpredictable drought events and increased human 
population, wastewater treatment and recycling reduces the burden on water reservoirs.

Wastewater Treatment

Treating wastewater is critical for human and 
ecosystem health. If untreated wastewater enters 
a body of water, it can cause many problems for 
humans and ecosystems. In addition to disease-
carrying organisms, untreated wastewater carries 
nutrients, which can lead to harmful algae blooms. 
In turn, the increase in plant and algae populations 
decreases the dissolved oxygen and nutrient levels in 
the water and affects other organisms, such as fish. 
Wastewater can also contain heavy metals and other 
toxic compounds that are poisonous to humans and 
other organisms. Untreated sewage has the potential 
to pollute drinking water supplies, and close fisheries 
and other industries that depend on the water. Once 
polluted, it is difficult to completely remove pollutants from the water, or remediate the 
affected ecosystem. It is also very expensive, requiring anything from simple biological 
processes to sophisticated engineering techniques.

Engineering

Fermentation Technology

Fermentation is an anaerobic process that has been used for centuries as a 
biotechnology. Organisms including some bacteria, cyanobacteria, yeasts, algae, 
and fungi are used to develop products that humans use. There are many fields of 
industry that use fermentation in product development. For example, engineers 
and scientists have designed processes to produce biofuels as an alternative fuel 
for cars. The industrialized fermentation of penicillin has improved treatment of 
many infectious diseases on a global scale. Fermentation is used in a variety of other 
industries including food and textiles. 

Evidence Notebook Synthetic biology is an emerging area of research that combines 
biology and engineering to develop or redesign systems based on biological systems. 
What are the benefits to applying natural processes, such as fermentation, in an industrial 
manufacturing process? What are the challenges?
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Hands-On Lab

Modeling Wastewater Treatment

Wastewater treatment is an important aspect of California cities. Many treatment 
processes use microbes to help remove dissolved organic matter from wastewater. There 
is usually an aerobic component, where bacteria undergo cellular respiration. In this lab, 
you will model the aerobic part of the wastewater treatment process by using yeast to 
represent bacteria and glucose to represent pollution.

M A K E  A  C L A I M

Make a claim predicting the effect that yeast will have on glucose levels. Make a  
second claim predicting the effect that adding more yeast will have on the changing 
glucose levels.

M A T E R I A L S

• indirectly vented chemical 
splash goggles, nonlatex apron, 
nonlatex gloves

• active dry yeast, 1 package

• aquarium aerator with tubing 
and aeration stone (5)

• beaker, 100 mL (5)

• beaker, 500 mL (1)

• distilled water, 500 mL

• Ehrlenmeyer Flask,  
250 mL

• glass stirring rod

• glucose, 48 g

• glucose test strips

• hot pad/plate

• markers

• scale

• table sugar, 4 g 

• tape, labeling

• thermometer, digital

S A F E T Y  I N F O R M A T I O N

• Wear indirectly vented chemical splash goggles, a nonlatex apron, and nonlatex gloves 
during the setup, hands-on, and takedown segments of the activity.

• Immediately wipe up any spilled water on the floor so it does not become a slip/fall 
hazard.

• Use caution when working with hot plates, which can cause skin burns or electric shock.

• Use caution when working with glassware, which can shatter if dropped and cut skin.

• Use only GFI protected circuits when using electrical equipment, and keep away from 
water sources to prevent shock.

• Wash your hands with soap and water immediately after completing this activity.

C A R R Y  O U T  T H E  I N V E S T I G A T I O N

Part A
1. Activate the yeast. Using a hot plate and an Ehrlenmeyer flask, heat 150 mL of distilled 

water to 40 °C. Add the contents of the packet of yeast and 4 g of table sugar. Stir. Let sit 
for 10 minutes. If the solution contains bubbles, the yeast is alive and good to use. 

indirectly vented 
chemical splash 

goggles
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2. While you wait for the yeast to activate, add 250 mL of distilled water and 24 g of 
glucose to a beaker. Then, make sure the aeration stone is connected to the tubing and 
the aerator, and insert the stone into the bottom of the beaker. Turn on the aerator.

3. In your Evidence Notebook, make a data table to record your findings.

4. Measure the amount of glucose in the water using a glucose test strip. To use the test 
strip, dip it in the glucose solution for a few seconds, then wait about three minutes. 
Compare the color of the strip to the scale on the test strip box or bag and record the 
concentration of glucose in the water.

5. Add 50 mL of the activated yeast solution to the glucose solution.

6. Measure the concentration of glucose in the beaker after five minutes.  For the first 
20 minutes, record the concentration of glucose every five minutes. After that, record 
glucose concentrations every 10 minutes until the end of class (a total of 40-60 minutes).

7. In your Evidence Notebook, set up a graph to plot your data. 

Part B
While you are waiting for measurements for Part A, begin Part B. 

1. Label the five smaller beakers A, B, C, D, and E. Repeat the setup used in Part AStep2, 
dividing the fresh glucose solution evenly across the beakers (50mL per beaker). 

2. Repeat Part A Step 3 for the five Part B beakers.

3. Add the yeast to the beakers as follows: 

 • no yeast solution to beaker A

 • 10 mL of the yeast solution to beaker B

 • 20 mL of the yeast solution to beaker C

 • 30 mL of the yeast solution to beaker D

 • 40 mL of the yeast solution to beaker E

4. Repeat Part A Step 5 for each Part B beaker, recording your results for each beaker.

5. Dispose of waste according to your teacher’s instructions.

A N A L Y Z E

After making your tables and graphing the data, answer the following questions in your 
Evidence Notebook.

1. Summarize the results in the large beaker. What will happen if the yeast percentage 
continues to increase?

2. Summarize the results in the smaller beakers. Is there a pattern in the data? What will 
happen if the yeast percentage continues to increase?

D R A W  C O N C L U S I O N S

Write a conclusion in your Evidence Notebook that addresses the points below.

Claim How do microorganisms contribute to the process of wastewater treatment?

Evidence Describe specific observations from your experiment to support your 
observations.

Reasoning Explain how the observations you cited support your claim. You may also use 
evidence from the text to support your observations. 
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2. While you wait for the yeast to activate, add 250 mL of distilled water and 24 g of 
glucose to a beaker. Then, make sure the aeration stone is connected to the tubing and 
the aerator, and insert the stone into the bottom of the beaker. Turn on the aerator.

3. In your Evidence Notebook, make a data table to record your findings.

4. Measure the amount of glucose in the water using a glucose test strip. To use the test 
strip, dip it in the glucose solution for a few seconds, then wait about three minutes. 
Compare the color of the strip to the scale on the test strip box or bag and record the 
concentration of glucose in the water.

5. Add 50 mL of the activated yeast solution to the glucose solution.

6. Measure the concentration of glucose in the beaker after five minutes.  For the first 
20 minutes, record the concentration of glucose every five minutes. After that, record 
glucose concentrations every 10 minutes until the end of class (a total of 40-60 minutes).

7. In your Evidence Notebook, set up a graph to plot your data. 

Part B
While you are waiting for measurements for Part A, begin Part B. 

1. Label the five smaller beakers A, B, C, D, and E. Repeat the setup used in Part A Step 2, 
dividing the fresh glucose solution evenly across the beakers (50 mL per beaker). 

2. Repeat Part A Step 3 for the five Part B beakers.

3. Add the yeast to the beakers as follows: 

 • no yeast solution to beaker A

 • 10 mL of the yeast solution to beaker B

 • 20 mL of the yeast solution to beaker C

 • 30 mL of the yeast solution to beaker D

 • 40 mL of the yeast solution to beaker E

4. Repeat Part A Step 5 for each Part B beaker, recording your results for each beaker.

5. Dispose of waste according to your teacher’s instructions.

A N A L Y Z E

After making your tables and graphing the data, answer the following questions in your 
Evidence Notebook.

1. Summarize the results in the large beaker. 

2. Summarize the results in the smaller beakers. Is there a pattern in the data? What will 
happen if the yeast percentage continues to increase?

D R A W  C O N C L U S I O N S

Write a conclusion in your Evidence Notebook that addresses the points below.

Claim How do microorganisms contribute to the process of wastewater treatment?

Evidence Describe specific observations from your experiment to support your 
observations.

Reasoning Explain how the observations you cited support your claim. You may also use 
evidence from the text to support your observations. 
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      RESPIRATION IN YEAST

MODEL CARBON 
MOVEMENT

Go online to choose one 
of these other  paths.

FIGURE 14: Nutrition labels contain information about 
the nutrients in your food.

Food and Energy

Have you ever heard the saying, “You are what you 
eat”? In many ways, this is true! Living things are made 
up of different types of organic, or carbon-based, 
molecules. When we eat food, our digestive system 
breaks down the food into smaller molecules that can 
be used by the body. When digestion is complete, 
nutrients are absorbed by the body and transported 
by the circulatory system and lymphatic system to all 
the cells. 

Once food enters the body, it can be broken down 
further to harness energy and form new types of 
molecules. For example, sugar molecules contain the 
elements necessary to produce many other types of 
organic molecules. These elements can be rearranged 
and combined with other elements through chemical 
reactions to form new products such as proteins, fats, 
and DNA.

The information on a food label can help you make 
good choices and compare the values of different 
foods. The label shown in Figure 14 is for cereal.

Serving size and number  This measurement varies 
from one product to another. In this case, one serving 
equals 3/4 of a cup of cereal.

Calories  The numbers listed on the label are for one 
serving only. If you eat your cereal with milk, you will 
have a different number of Calories.

Nutrients to limit  Americans usually consume too 
much saturated fat, trans fat, cholesterol, and sodium. 
Trans fat is a type of fat that can cause cell damage. A 
diet high in these nutrients is linked to obesity, which 
affects more and more Americans of all ages. Too much 
sodium can raise blood pressure by causing the body 
to retain water.

Nutrients to target  People need to consume enough 
fiber, vitamins, and other nutrients each day. Notice 
that this product is low in Vitamin A and Vitamin C, but 
high in iron.

The guidelines for what makes up a healthy diet 
have changed over time based on new evidence 
or new understandings of existing evidence from 
ongoing research. For example, you may have seen a 
balanced diet described as a food pyramid, which has 
carbohydrates at the base of the pyramid, and fats, oils, 
and sweetened foods at the top of the pyramid. More 
recently, a plate with four main sections for vegetables, 
proteins, grains, and fruits has been used as a model of 
a balanced diet. 

Language Arts Connection Research  
current nutritional guidelines using scientific and 

government sources. Consider the following when  
conducting your research:

• What is a balanced diet? How can it be modeled?
• How have nutritional guidelines changed over time?
• How is diet related to cellular processes? How does 

the energy content in nutrients such as carbohydrates, 
fats, and proteins affect dietary choices?

Use your research to develop an informational pamphlet to 
share with your peers. 

Language Arts
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FIGURE 15: Fireworks undergo a combustion reaction.

A firework explosion is an exothermic reaction. The reactants are a fuel and an oxidizing 
agent. The products of the reaction include carbon dioxide, heat, and light. When the 
bonds in the reactant molecules break apart, the energy in the bonds is released as 
heat and light, and cause an explosion. One way to represent the chemical reaction in a 
firework is 

6KNO3 
+ C7H4O + 2S → K2CO3 

 + K2SO4 + K2S + 4CO2 
 + 2CO + 2H2O + 3N2 

+ heat + light

In contrast, cellular respiration is a slower process, with energy being released over a 
series of several steps. This makes it possible to capture and store the energy as ATP, 
which is then available for use whenever cells of the body need it to carry out cellular 
activities.

C6H12O6 + 6O2 → → → 6CO2 + 6H2O + heat + ATP 

Evidence Notebook Refer to your notes in your Evidence Notebook to explain how 
cellular respiration is similar to the combustion reaction in a firework. Using this information, 
answer the following questions:

1. Make a claim about similarities and differences between the two processes. What are the 
main reactants and products of each? How are these reactants and products similar?

2. Compare the process by which energy is released in the firework to that of cellular 
respiration. Where does the energy come from? How are bonds broken and rearranged? 
Use evidence and reasoning to support your claim.

Lesson Self-Check

EVALUATE

CAN YOU EXPLAIN IT?
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Check Your Understanding

 1. How does carbon flow between photosynthesis 
and cellular respiration?

 a. Photosynthesis produces carbon dioxide 
from glucose made by the process of cellular 
respiration.

 b. Cellular respiration produces carbon 
dioxide from glucose made by the process of 
photosynthesis.

 c. Photosynthesis produces carbon dioxide 
from ATP made by the process of cellular 
respiration.

 d. Cellular respiration produces carbon 
dioxide from ATP made by the process of 
photosynthesis.

 2. Which of the following items are the main inputs, 
or reactants, in cellular respiration? Select all 
correct answers.

 a. pyruvate

 b. glucose 

 c. carbon dioxide

 d. oxygen

 3. Which of the following items are the main outputs, 
or products, of cellular respiration? Select all 
correct answers.

 a. water

 b. energy

 c. oxygen

 d. carbon dioxide

 4. Before cellular respiration, glucose must be broken 
down by the process of

 a. photosynthesis.

 b. glycolysis. 

 c. electron transport.

 d. fermentation.

 5. Cellular respiration is a three-part process. Number 
the processes in the correct order.

 a. electron transport chain

 b. Krebs cycle

 c. glycolysis

 6. Which processes provide evidence for the 
claim that energy is transferred during cellular 
respiration? Select all correct answers.

 a. the electron transport chain

 b. carbon dioxide is released 

 c. hydrogen ions move down the concentration 
gradient across the inner membrane

 d. transfer of electron carriers such as 
NADH and FADH2

 e. water is formed

 7. Is oxygen always necessary for the production of 
ATP in your cells? 

 a. Yes, ATP is only produced during the electron 
transport chain, which requires oxygen.

 b. No, ATP is only formed during 
anaerobic processes.

 c. Yes, cellular respiration is aerobic and it 
produces ATP.

 d. No, ATP is also formed during 
glycolysis, which can continue without 
oxygen for a limited time period.

 8. Which of the following groups of organisms use 
cellular respiration in mitochondria to produce 
ATP for their energy needs?

 a. plants only

 b. eukaryotes

 c. animals only

 d. prokaryotes

 

CHECKPOINTS

Name Date 
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 MAKE YOUR OWN STUDY GUIDE

In your Evidence Notebook, design a study guide that supports the main idea from this lesson:

Cellular respiration is a process that breaks down food molecules to release energy to fuel 
cell processes in living organisms.

Remember to include the following information in your study guide:
• Use examples that model main ideas.
• Record explanations for the phenomena you investigated.
• Use evidence to support your explanations. Your support can include drawings, data, graphs, 

laboratory conclusions, and other evidence recorded throughout the lesson.

Consider how bonds are broken, molecules are rearranged, and energy is transferred during the process 
of cellular respiration.

 9. How do you know that energy and matter are conserved during the process of 
cellular respiration? Explain.

 10. How are photosynthesis and cellular respiration related?
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