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Introduction

When preparing for the AP Biology exam, one of the most critical topics that students must master is cellular 

respiration. It is the process by which cells convert glucose into usable energy in the form of ATP, and it is the 

foundation for understanding metabolism, bioenergetics, and many advanced concepts in biology. This 

comprehensive AP Biology cellular respiration study guideis designed to break down each stage of respiration,

highlight key terms and equations, and provide practical study strategies that will help you achieve mastery on

exam day.

Overview of Cellular Respiration

Cellular respiration is a series of interconnected biochemical pathways that extract energy from organic molecules.

It can be divided into three main phases: glycolysis, the citric acid cycle (also called the Krebs cycle), and the

electron transport chain (ETC) with oxidative phosphorylation. Each phase has distinct inputs, outputs, and energy

yields, and they are linked by carrier molecules such as NAD z and FAD.

Glycolysis

Glycolysis occurs in the cytoplasm and does not require oxygen (anaerobic). It begins with one glucose molecule

(C †H • ‚O †) and ends with two pyruvate molecules (C ƒH „O ƒ). The net yield of ATP is two molecules, and two NADH

molecules are produced, which can later donate electrons to the ETC. The overall reaction can be summarized as:

\nC †H • ‚O † + 2 NAD z + 2 ADP + 2 Pi !’ 2 C ƒH „O ƒ + 2 NADH + 2 H z + 2 ATP + 2 H ‚O\n\n\nLink Reaction

In aerobic organisms, the two pyruvate molecules produced by glycolysis are transported into the mitochondria,

where they are converted into acetyl-CoA. This step also generates one NADH per pyruvate, for a total of two

NADH per glucose. The link reaction is critical because acetyl-CoA is the substrate for the citric acid cycle.

Citric Acid Cycle

The citric acid cycle takes place in the mitochondrial matrix. Each acetyl-CoA enters the cycle, producing two CO ‚

molecules, one ATP (or GTP), three NADH, and one FADH ‚ per acetyl-CoA. Because each glucose generates two

acetyl-CoA molecules, the total yields per glucose are: 2 ATP, 6 NADH, 2 FADH ‚, and 4 CO ‚.

Electron Transport Chain and Oxidative Phosphorylation

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

mitochondrial membrane. As electrons move along the chain, protons are pumped into the intermembrane space,

creating a proton gradient. ATP synthase uses this gradient to produce ATP in a process called chemiosmosis. The

final electron acceptor is molecular oxygen, which combines with protons to form water. The ETC is responsible for

the majority of ATP production, yielding approximately 28–30 ATP molecules per glucose.

Key Concepts for AP Biology

To excel on the AP Biology exam, students must not only memorize the steps of cellular respiration but also

understand the underlying principles that govern each reaction. Below are the core concepts that this study guide



emphasizes.

Energy Yield and ATP Production

•  Glycolysis: 2 ATP (net), 2 NADH

•  Link Reaction: 2 NADH

•  Citric Acid Cycle: 2 ATP (GTP), 6 NADH, 2 FADH ‚

•  ETC & Oxidative Phosphorylation: ~28–30 ATP

Understanding the relative contributions of each stage helps in answering multiple-choice questions that ask about

total ATP yield or the impact of inhibiting a specific complex.

NADH, FADH ‚, and Electron Transport

NADH and FADH ‚ are electron carriers that shuttle high-energy electrons to the ETC. NADH enters at Complex I,

while FADH ‚ enters at Complex II. Because NADH contributes to a higher proton pump count, it generates more

ATP per molecule than FADH ‚. This difference is often the subject of conceptual questions about the efficiency of

different metabolic pathways.

Anaerobic Respiration

When oxygen is scarce, cells shift to anaerobic pathways. In animals, pyruvate is converted to lactate by lactate

dehydrogenase, regenerating NAD z for glycolysis. In yeast, pyruvate becomes ethanol and CO ‚. Recognizing the

conditions and products of anaerobic respiration is essential for answering scenario-based questions.

Photosynthesis vs Cellular Respiration

While photosynthesis captures light energy to produce glucose, cellular respiration does the opposite by breaking

down glucose to release energy. Both processes are linked through the production and consumption of O ‚ and CO ‚.

Understanding this cycle is vital for questions that compare and contrast the two processes.

Study Tips and Strategies

Mastering cellular respiration requires a blend of conceptual understanding, memorization, and practice. Below are

actionable strategies to help you absorb the material effectively.

Diagramming

Visual learners benefit from drawing the entire pathway. Use color-coded arrows to indicate electron flow, and

annotate each complex with its proton pumping capacity. Re-drawing the diagram several times reinforces the

sequence and key molecules.

Flashcards

Create flashcards for each enzyme, complex, and reaction. Include the substrate, product, and any cofactors.

Flashcards are especially useful for memorizing the exact number of ATP molecules produced at each stage.

Practice Questions

AP Biology exams feature both multiple-choice and free-response questions. Use practice tests from the College

Board and other reputable sources. After each practice set, review explanations for incorrect answers to identify

knowledge gaps.

Conceptual Understanding

Rather than rote memorization, focus on the 'why' behind each step. Ask yourself questions like: Why does the link

reaction produce NADH? How does the proton gradient drive ATP synthesis? Understanding mechanisms will help



you tackle questions that require applying knowledge to novel scenarios.

Sample Study Guide Outline

Below is a suggested outline you can follow or adapt to your own study schedule. Each section includes suggested

topics and key points.

Detailed Outline

1.  Introduction to Metabolism\n\nDefinition of metabolism

2.  Catabolic vs anabolic pathways

3.  Role of enzymes and cofactors

•  Phases: Investment and Payoff

•  Key enzymes: Hexokinase, Phosphofructokinase, Pyruvate kinase

•  ATP and NADH yield

•  Conversion of pyruvate to acetyl-CoA

•  Role of the pyruvate dehydrogenase complex

•  Production of CO ‚ and NADH

•  Enzymes and intermediates

•  Energy carriers produced

•  Regulation by feedback mechanisms

•  Complexes I–IV and their functions

•  Proton gradient and chemiosmosis

•  ATP synthase mechanism

•  Lactic acid fermentation

•  Ethanol fermentation

•  Regeneration of NAD z

•  Photosynthesis and respiration cycle

•  Gluconeogenesis

•  Fatty acid oxidation

•  Inhibition of Complex III

•  Effect of uncoupling proteins

•  Impact of hypoxia on ATP yield

Common Mistakes and Misconceptions

Even well-prepared students can fall into traps. Recognizing common pitfalls can save you time and frustration.

•  Confusing ATP yield numbers – Remember that glycolysis yields 2 ATP net, not 4. The total ATP from glucose 

is about 30–32, not 36.

•  Assuming anaerobic respiration produces ATP – It only recycles NAD z; ATP production is limited to the net 

gain from glycolysis.

•  Overlooking the role of oxygen as the final electron acceptor – Without O ‚, the ETC stalls and ATP synthesis 

halts.

•  Misidentifying the location of each phase – Glycolysis is cytoplasmic; the rest occurs in the mitochondria.

Resources and Further Reading



•  College Board AP Biology Exam Description – Official resource for exam format and content.

•  “Biology” by Neil A. Campbell – Comprehensive textbook with detailed chapters on metabolism.

•  “Molecular Biology of the Cell” by Alberts et al. – In-depth coverage of cellular processes.

•  Khan Academy – Free video lessons on glycolysis, Krebs cycle, and ETC.

•  Quizlet – User-generated flashcard sets for cellular respiration.

Conclusion

Cellular respiration is a cornerstone of AP Biology, and mastering it requires a blend of conceptual insight and 

factual recall. By understanding the flow of electrons, the role of each enzyme, and the energy yields at every step, 

you’ll be well-equipped to tackle both multiple-choice and free-response questions. Use this AP Biology cellular 

respiration study guideas a roadmap, incorporate the study strategies outlined above, and practice relentlessly.

With dedication and the right approach, you’ll transform the complexity of cellular respiration into a clear, exam-

ready framework that will help you achieve a high score on the AP Biology exam.
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