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Unlocking Chapter 9: A Complete Cellular Respiration Chemical Pathways
Answer Key

When studying biology, Chapter 9 often stands out as a pivotal point in understanding how living organisms convert
food into usable energy. It dives deep into the intricate chemical pathways that drive cellular respiration, covering
everything from glycolysis to the electron transport chain. For students, mastering this chapter can feel like
navigating a dense forest—each pathway a winding trail that leads to the same destination: ATP, the cell’s energy
currency.

In this comprehensive guide, we’ll walk through the core concepts of Chapter 9, explain the biochemical steps in
plain language, and provide a detailed answer key that covers the most common questions. Whether you're
preparing for an exam, reviewing for a quiz, or simply curious about how cells work, this article offers a clear,
engaging, and SEO friendly resource.

What You’ll Learn in Chapter 9

Chapter 9 focuses on the chemical pathways of cellular respiration, the process by which cells extract energy from
glucose and other nutrients. The main topics include:

e Glycolysis — the first step in breaking down glucose in the cytoplasm.

e Pyruvate Oxidation — the conversion of pyruvate into acetyl-CoA.

Citric Acid Cycle (Krebs Cycle) — the series of reactions that produce high-energy electron carriers.

« Oxidative Phosphorylation — the electron transport chain and chemiosmosis that generate the bulk of ATP.
e Energy Yield — a summary of how many ATP molecules are produced per glucose molecule.

By the end of this article, you'll have a solid grasp of each pathway and a reliable answer key to reinforce your
learning.

The Chemical Pathways of Cellular Respiration

1. Glycolysis — The Cytoplasmic Break Down

Glycolysis is the first stage of cellular respiration, occurring in the cell’s cytoplasm. It's a ten step process that
transforms one molecule of glucose (C6H1206) into two molecules of pyruvate (C3H403), producing a net gain of
two ATP molecules and two NADH molecules.

1. Glucose is phosphorylated by hexokinase, consuming one ATP.
2. Glucose 6 phosphate is rearranged into fructose 6 phosphate.
3. Fructose 6 phosphate receives another phosphate from ATP, forming fructose 1,6 bisphosphate.
4. The molecule splits into two three carbon sugars: dihydroxyacetone phosphate and
glyceraldehyde 3 phosphate.
5. Dihydroxyacetone phosphate is converted into glyceraldehyde 3 phosphate.
6. Two molecules of glyceraldehyde 3 phosphate each undergo a series of reactions, producing two molecules



of 1,3 bisphosphoglycerate.
7. Each 1,3 bisphosphoglycerate donates a high energy phosphate to ADP, forming ATP and 3 phosphoglycerate.
8. 3 Phosphoglycerate is rearranged into 2 phosphoglycerate.
9. 2 Phosphoglycerate loses a water molecule to become phosphoenolpyruvate.
10. Phosphoenolpyruvate transfers its phosphate to ADP, generating another ATP and pyruvate.

Key takeaways: Glycolysis is anaerobic, meaning it does not require oxygen. The net result is two ATPs (four
produced, two consumed) and two NADH molecules.

2. Pyruvate Oxidation — From Pyruvate to Acetyl CoA

After glycolysis, the two pyruvate molecules enter the mitochondria in eukaryotic cells. In the mitochondrial matrix,
pyruvate undergoes oxidative decarboxylation:

e Each pyruvate is decarboxylated, releasing CO2.
e The remaining two carbon fragment binds to coenzyme A, forming acetyl CoA.
e During this conversion, NAD+ is reduced to NADH.

Result: Two acetyl CoA molecules, two NADH, and two CO2 are produced per glucose. This step bridges glycolysis
and the citric acid cycle.

3. Citric Acid Cycle (Krebs Cycle) — The Mitochondrial Turnover

The citric acid cycle is a series of eight enzyme catalyzed reactions that further oxidize acetyl CoA, yielding
high energy electron carriers and CO2. Each acetyl CoA enters the cycle, producing:

* 3 NADH

e 1 FADH2

e 1 GTP (which is readily converted to ATP)
¢ 2C0O2

Since each glucose yields two acetyl CoA molecules, the totals per glucose are doubled. The cycle also
regenerates oxaloacetate, allowing the process to repeat.

4., Oxidative Phosphorylation —The ATP Factory

Oxidative phosphorylation takes place across the inner mitochondrial membrane and comprises two main
components:

e Electron Transport Chain (ETC) — NADH and FADH2 donate electrons to a series of carriers (NADH
dehydrogenase, succinate dehydrogenase, cytochrome bcl, cytochrome ¢ oxidase). As electrons move through the
chain, protons are pumped from the matrix into the intermembrane space, creating a proton gradient.

¢ Chemiosmosis — The proton gradient powers ATP synthase, which synthesizes ATP from ADP and inorganic
phosphate.

The efficiency of oxidative phosphorylation is remarkable. Each NADH can generate approximately 2.5 ATP, while
each FADH2 can yield about 1.5 ATP. Combined, these steps produce the majority of ATP from cellular respiration.

Energy Yield Summary — How Much ATP Do We Get?

Let’s tally the ATP produced per molecule of glucose in a typical aerobic organism:

* Glycolysis: 2 ATP (net) + 2 NADH ("H5 ATP)
e Pyruvate Oxidation: 2 NADH ("H5 ATP)
« Citric Acid Cycle: 2 GTP (2 ATP) + 6 NADH ("H15 ATP) + 2 FADH2 ("H3 ATP)



¢ Oxidative Phosphorylation: Total from NADH and FADH2 "H 28 ATP

Adding everything together, a single glucose molecule yields roughly 30-32 ATP molecules under optimal
conditions. This figure underscores the efficiency of cellular respiration compared to anaerobic pathways like
fermentation.

Chapter 9 Cellular Respiration Chemical Pathways Answer Key

Below is a curated answer key covering the most common questions students encounter in Chapter 9. Each
question is followed by a concise yet thorough explanation.

1.What is the net ATP yield from glycolysis?

Answer:2 ATP. Glycolysis consumes 2 ATP in the investment phase and produces 4 ATP in the payoff phase,
resulting in a net gain of 2 ATP.

2.Which enzyme initiates the citric acid cycle?

Answer: Citrate synthase. This enzyme catalyzes the condensation of acetyl CoA with oxaloacetate to form citrate.

3. How many NADH molecules are produced per glucose molecule during pyruvate oxidation?

Answer: 2 NADH. Each of the two pyruvate molecules generates one NADH during the conversion to acetyl CoA.

4. What is the role of coenzyme A in cellular respiration?

Answer:Coenzyme A (CoA) accepts the acetyl group from pyruvate, forming acetyl CoA, which enters the citric
acid cycle. It also serves as a carrier of acyl groups in various metabolic reactions.

5.Which step of cellular respiration is oxygen-dependent?

Answer:Oxidative phosphorylation. The electron transport chain requires oxygen as the final electron acceptor,
forming water.

6. Explain the difference between NADH and FADH2 in terms of ATP yield.

Answer:NADH donates electrons to Complex | of the ETC, creating a larger proton gradient and yielding about
2.5 ATP per NADH. FADH2 enters at Complex Il, bypassing the proton pumps, and yields about 1.5 ATP per
FADH2.

7.What is the significance of the proton gradient across the inner mitochondrial membrane?

Answer:The proton gradient stores potential energy. As protons flow back into the matrix through ATP synthase,
the energy released drives the phosphorylation of ADP to ATP, a process known as chemiosmosis.

8. How does the cell regulate the rate of glycolysis?

Answer:Glycolysis is regulated by feedback inhibition. High levels of ATP inhibit phosphofructokinase 1, while high
levels of AMP activate it. Additionally, citrate (from the citric acid cycle) can inhibit phosphofructokinase 1, ensuring
balanced energy production.

9.Which products of the citric acid cycle are released as waste?

Answer: Carbon dioxide (CO2) is released as a waste product during the decarboxylation steps of the cycle.

10.Why is the citric acid cycle sometimes referred to as the Krebs cycle?

Answer:lt is named after Hans Krebs, who first described the cycle in 1937. The term “Krebs cycle” is
synonymous with the citric acid cycle.



These answers provide a solid foundation for mastering Chapter 9's content and are ideal for quick revision before
tests.

Additional Study Tips for Cellular Respiration

To reinforce your understanding of the chemical pathways in Chapter 9, consider the following strategies:

< Diagram Practice: Draw the entire sequence of reactions, labeling enzymes, substrates, and products.

e Flashcards: Create flashcards for key enzymes, cofactors, and energy yields.

* Group Discussions: Explaining concepts to classmates solidifies your grasp.

Real World Examples: Relate pathways to everyday scenarios, like muscle exercise or plant photosynthesis.
e Online Simulations: Use virtual labs to visualize the electron transport chain and chemiosmosis.

Conclusion

Chapter 9 of the cellular respiration module is a cornerstone of
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