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Overview of

Cellular Respiration

KEY CONCEPT The overall process of cellular respiration converts sugar into ATP using oxygen.

@ MAIN IDEAS VOCABULARY
« Cellular respiration makes ATP by cellular respiration, p.13  Review

breaking down sugars.

« Cellular respiration is like a mirror
image of photosynthesis.

CALIFORNIA
STANDARDS

[lig Students know the role of
the mitochondria in making
stored chemical-bond energy
available to cells by completing
the breakdown of glucose to car-
bon dioxide.

[6d Students know how water,
carbon, and nitrogen cycle
between abiotic resources and
organic matter in the ecosystem
and how oxygen cycles through
photosynthesis and respiration.
Review Life Science

[Fad Students know that mito-
chondria liberate energy for the
work that cells do and that chloro-
plasts capture sunlight energy for
photosynthesis.

animal cell

FIGURE 4.10 Mitochondria. found
in both plant and animal cells. pro-
duce ATP through cellular respira-

tion.
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Connect The term cellular respiration may lead you to form a mental picture of
cells breathing. This image is not correct, but it is useful to remember. Your cells
need the oxygen that you take in when you breathe. That oxygen helps your body
release the energy in sugars and other carbon-based molecules. Indirectly, your
breathing is connected to the ATP that your cells need for everything you do.

Q MAIN IDEA
Cellular respiration makes ATP by breaking
down sugars.

Plants use photosynthesis to make their own food. Animals eat other organ-
isms as food. But food is not a direct source of energy. Instead, plants, animals,

- and other eukaryotes break down molecules from food to produce ATP.
Cellular respiration releases chemical energy from sugars and other carbon-
based molecules to make ATP when oxygen is present. Cellular respiration is an
aerobic (air-OH-bihk) process, which means that it needs oxygen to take place.
Cellular respiration takes place in mitochondria, which are often called the
cell’s “powerhouses” because they make most of a cell’s ATP.

A mitochondrion, shown in FIGURE 410, cannot directly make ATP from food.
First, foods are broken down into smaller molecules such as glucose. Then
glucose is broken down, as shown below. Glycolysis (gly-KAHL-uh-sihs) splits
glucose into two three-carbon molecules and makes two molecules of ATP.
Glycolysis takes place in a cell’s cytoplasm and does not need oxygen. Glycoly-
sis is an anaerobic process because it does not need oxygen to take place.
However, glycolysis is necessary for cellular respiration. The products of
glycolysis are broken down in mitochondria to make many more ATP.
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glucose 2 three-carbon molecules

What is the function of cellular respiration?



© MAIN IDEA
Cellular respiration is like a mirror image of
photosynthesis.

Connecting CONCEPTS Photosynthesis and cellular respiration are not true opposites, but you can
Photosynthesis Review the over- think about them in that way. For example, chloroplasts absorb energy from
all process of photosynthesis in sunlight and build sugars. Mitochondria release chemical energy to make ATP.
Section 4.2 and compare photo- The chemical equation of cellular respiration is also basically the reverse of
synthesis to cellular respiration. ; ; .

photosynthesis. But the structures of chloroplasts and mitochondria are
similar. A mitochondrion is surrounded by a membrane. It has two parts that
are involved in cellular respiration: the matrix and the inner mitochondrial
membrane. In mitochondria, cellular respiration takes place in two main
stages, as shown in FIGURE 4.11.

FIGURE 4.11 Cellular Respiration Overview ’imﬂt@&
BIOLOGY

When oxygen is available, ATP is produced by cellular respiration in mitochondria.

STAGE 1: Krebs Cycle

View an animation
of cellular respiration |
at ClassZone.com.

Three-carbon molecules | mltochondnonv’
from glycolysis enter
cellular respiration in
mitochondria.

matrix (area enclosed
by inner membrane

| Energy-carrying molecules from
glycolysis and the Krebs cycle enter
Stage 2 of cellular respiration.

-9 ATP molecules are produced.
' Heat and water are released
as waste products.

Identify What are the reactants and
products in cellular respiration?




The Krebs cycle produces molecules that carry energy to the second part of ﬁ NSTA N @& [
cellular respiration. The Krebs cycle, named for the scientist who discovered scilinks.org INKS

the process, takes place in the interior space, or matrix, of the mitochondrion. To learn more about ATP and how
it is used, go to scilinks.org.

0 Three-carbon molecules from glycolysis are broken down in a cycle of Keycode: MLEO04

chemical reactions. A small number of ATP molecules are made. Otiey
types of energy-carrying molecules are also made. Carbon dioxide is
given off as a waste product.

e Energy is transferred to the second stage of cellular respiration.
An electron transport chain made of proteins needs energy-carrying

molecules from the Krebs cycle and oxygen to make ATP. This part of the
process takes place in and across the inner mitochondrial membrane.

9 Energy is transferred to a chain of proteins in the inner FIGURE 412 COMPARING PROCESSES
membrane of the mitochondrion. . ' —
Photosynthesis
o A large number of ATP molecules are made. Oxygen REACTANTS PRODUCTS

enters the process and is used to make water molecules.
Water and heat are given off as waste products.

Up to 38 ATP molecules are made from the breakdown of
one glucose molecule—2 from glycolysis and 34 or 36 from
cellular respiration. The equation for cellular respiration is
shown below, but it actually has many more steps. For example,
the cellular respiration equation includes glycolysis. And many Cellular Respiration
enzymes are also part of the process. PRODUCTS =

co

Sugars (C,H,0)

0,

REACTANTS
Sugars (C,H,Oy)

CH,O, + 60, —» —> —> —> 6CO, + 6H,0
a sugar oxygen carbon dioxide water 0,
Use FIGURE 412 to compare cellular respiration with photosyn-
thesis. As you can see, photosynthesis uses the products of cellular
respiration. It converts energy from sunlight into sugars. Cellular
respiration needs the products of photosynthesis. It releases The products of photosynthesis—sugars and
stored energy from sugars to make ATP that can be used by cells. 9, A€ the reactants in cellular resp irationf

Does glucose actually react with oxygen during cellular respiration? Explain.
I
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4.4

ASSESSMENT

MAIN IDEAS CRITICAL THINKING ing  CONCEPTS

1. How are cellular respiration and 3. Analyze Describe the relationship 5. Chemical Reactions Is the

glycolysis related? g between cellular respiration and process of cellular respiration
2. Summarize the aerobic stages photosynthesis. Discuss the functi exothermic or endothermic?

of cellular respiration. Be sure to chloroplasts and mitochondria. Explain your answer.

discuss the Krebs cycle and )

the electron transport chain in 4. Apply Is glucose a reactant in the

your answer. 1g,71d aerobic stages of cellular respiration

Explain. "
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