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Chapter 9 Cell Respiration Study Guide

Welcome to the definitive study guide for Chapter /9 – Cell Respiration. Whether you’re preparing for a biology

exam, refreshing your knowledge for a lab session, or simply curious about how living organisms convert food into

energy, this guide offers a clear, engaging, and SEO �friendly overview. The material is organized into logical

sections, each with concise explanations, key terms, and practical study tips. By the end of this article you’ll have a

solid grasp of the entire cellular respiration process, from glycolysis to oxidative phosphorylation, and you’ll be

ready to tackle any question that appears on the test.
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Introduction

Cellular respiration is the biochemical pathway that turns the chemical energy stored in glucose into adenosine

triphosphate (ATP), the universal energy currency of life. The process is highly efficient, producing a net gain of 36–

38 ATP molecules per glucose molecule under ideal aerobic conditions. Understanding the sequence of reactions,

the organelles involved, and the regulatory mechanisms is essential for anyone studying biology, biochemistry, or

related fields.

In this guide, we’ll break down each stage of respiration, explain the key enzymes and cofactors, and highlight the

differences between aerobic and anaerobic pathways. We’ll also provide study strategies and sample questions to

help reinforce your learning.

Key Concepts of Cell Respiration

Before diving into the detailed steps, let’s review the core ideas that will appear throughout this chapter:

1.  ATP Production: The goal of respiration is to generate ATP, which powers cellular functions.

2.  Electron Carriers: NAD z and FAD serve as electron carriers, becoming reduced to NADH and FADH ‚ during 

oxidation steps.

3.  Energy Yield: The majority of ATP is produced during oxidative phosphorylation, not during the earlier stages.

4.  Oxygen as the Final Electron Acceptor: In aerobic respiration, oxygen accepts electrons at the end of the 

electron transport chain, forming water.

5.  Regulation by Energy Demand: The cell adjusts the rate of respiration based on ATP needs and substrate 



availability.

Glycolysis: The First Step

Glycolysis takes place in the cytoplasm and is the first stage of both aerobic and anaerobic respiration. It breaks

down one molecule of glucose (6 carbons) into two molecules of pyruvate (3 carbons each). The pathway consists

of ten enzyme �catalyzed reactions and can be summarized as follows:

Phases of Glycolysis

•  Energy Investment Phase (Steps 1–5) – Requires ATP to phosphorylate glucose and its intermediates.

•  Energy Payoff Phase (Steps 6–10) – Generates ATP and NADH through substrate �level phosphorylation.

Net Result of Glycolysis:

•  2 ATP (net)

•  2 NADH

•  2 Pyruvate

Key enzymes include hexokinase, phosphofructokinase �1 (PFK �1), and pyruvate kinase. PFK �1 is a major regulatory

point; it is allosterically activated by AMP and inhibited by ATP and citrate.

Why Glycolysis Matters

Glycolysis is essential because it provides the initial supply of pyruvate and NADH, which feed into subsequent

stages. It also serves as the only stage that occurs in the cytosol, allowing the cell to rapidly respond to energy

demands without relying on mitochondria.

Pyruvate Oxidation & the Krebs Cycle

Once glycolysis completes, the two pyruvate molecules enter the mitochondria in eukaryotic cells. The first step

inside the mitochondrial matrix is the oxidative decarboxylation of pyruvate, catalyzed by the pyruvate

dehydrogenase complex (PDC). This reaction produces:

•  1 Acetyl �CoA (which enters the Krebs cycle)

•  1 CO ‚ (released as waste)

•  1 NADH

Because each glucose yields two pyruvate molecules, the total output is two Acetyl �CoA, two CO ‚, and two NADH

per glucose.

The Krebs Cycle (Citric Acid Cycle)

The Krebs cycle is a series of enzymatic reactions that oxidize Acetyl �CoA to CO ‚, generating high �energy electron

carriers and a small amount of ATP. Each turn of the cycle produces:

•  3 NADH

•  1 FADH ‚

•  1 GTP (converted to ATP in most cells)

•  2 CO ‚

Because two Acetyl �CoA molecules enter per glucose, the total per glucose is:

•  6 NADH

•  2 FADH ‚



•  2 GTP (ATP)

•  4 CO ‚

Regulation of the Krebs Cycle

Key regulatory points include:

•  Isocitrate Dehydrogenase – Activated by ADP, Ca² z, and NAD z; inhibited by ATP, NADH, and citrate.

•  Acetyl �CoA levels – High levels stimulate the cycle, while low levels inhibit it.

The Electron Transport Chain & Oxidative Phosphorylation

Electrons from NADH and FADH ‚ are transferred through a series of protein complexes embedded in the inner

mitochondrial membrane. This electron flow creates a proton gradient used by ATP synthase to produce ATP.

Complexes of the Electron Transport Chain

1.  Complex I (NADH:ubiquinone oxidoreductase) – Accepts electrons from NADH, pumps protons into the 

intermembrane space.

2.  Complex II (Succinate dehydrogenase) – Accepts electrons from FADH ‚; does not pump protons.

3.  Coenzyme Q (Ubiquinone) – Mobile electron carrier.

4.  Complex III (Cytochrome bc • complex) – Transfers electrons to cytochrome c.

5.  Cytochrome c – Mobile carrier between Complex III and IV.

6.  Complex IV (Cytochrome c oxidase) – Reduces O ‚ to H ‚O and pumps protons.

Oxidative Phosphorylation and ATP Yield

The proton motive force created by the ETC drives ATP synthase. The typical ATP yield per electron carrier is:

•  NADH !’ ~2.5 ATP

•  FADH ‚ !’ ~1.5 ATP

Calculating the total yield per glucose:

•  From glycolysis: 2 NADH × 2.5 ATP = 5 ATP

•  From pyruvate oxidation: 2 NADH × 2.5 ATP = 5 ATP

•  From the Krebs cycle: 6 NADH × 2.5 ATP = 15 ATP

•  From the Krebs cycle: 2 FADH ‚ × 1.5 ATP = 3 ATP

•  From substrate �level phosphorylation: 2 ATP (glycolysis) + 2 ATP (Krebs) = 4 ATP

•  Total ATP (aerobic) "H 36–38 ATP

What Happens When Oxygen Is Scarce?

Oxygen is the final electron acceptor. Without it, the ETC stalls, causing NADH and FADH ‚ to accumulate and

inhibiting upstream reactions. The cell then shifts to anaerobic pathways to regenerate NAD z.

Anaerobic Respiration: Fermentation

When oxygen is limited, cells use fermentation to continue producing ATP. The two common types of fermentation

in eukaryotic cells are:

Alcoholic Fermentation

•  Occurs mainly in yeast.

•  Pyruvate is converted to ethanol and CO ‚.

•  Regenerates NAD z from NADH.



Lactic Acid Fermentation

•  Occurs in muscle cells during intense exercise.

•  Pyruvate is reduced to lactate.

•  Also regenerates NAD z from NADH.

Both processes yield only 2 ATP per glucose (via glycolysis) and are far less efficient than aerobic respiration.

However, they are crucial for survival under hypoxic conditions.

Regulation & Energy Balance

Cellular respiration is tightly controlled to match the cell’s energy demands. Key regulatory mechanisms include:

•  Allosteric Regulation – Enzymes such as PFK �1 and isocitrate dehydrogenase respond to ATP, ADP, AMP, and 

NADH levels.

•  Feedback Inhibition – High concentrations of ATP or NADH inhibit upstream reactions.

•  Gene Expression – Cells upregulate or downregulate enzymes involved in respiration based on oxygen 

availability and metabolic needs.

•  Hormonal Control – Insulin and glucagon influence glucose uptake and metabolism.

Understanding these regulatory points helps explain how cells maintain homeostasis and respond to stress.

Study Tips & Practice Questions

Effective Study Strategies

1.  Use Visual Aids – Draw the entire respiration pathway, labeling each enzyme and intermediate.

2.  Create Flashcards – Focus on key terms: glycolysis, pyruvate dehydrogenase, Krebs cycle, ETC, oxidative 

phosphorylation, fermentation.

3.  Teach Back – Explain the process to a friend or record yourself; teaching reinforces memory.
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