ap biology cellular respiration frq

AP Biology cellular respiration FRQ (free response question) is a common topic
encountered by students preparing for the Advanced Placement Biology exam.
Understanding cellular respiration is crucial not only for the exam but also for grasping
fundamental biological processes that sustain life. This article delves deep into the
intricacies of cellular respiration, its stages, the role of various molecules, and how to
effectively tackle FRQs related to this subject on the AP Biology exam.

Understanding Cellular Respiration

Cellular respiration is the process through which cells convert glucose and oxygen into
energy, carbon dioxide, and water. This process is essential for all living organisms, as it
provides the ATP (adenosine triphosphate) necessary for cellular activities. The general
equation for cellular respiration is:

\[ \text{C} 6\text{H} {12}\text{O} 6 + 6 \text{O} 2 \rightarrow 6 \text{CO} 2 + 6
\text{H} 2\text{O} + \text{ATP} \]

This process can be divided into four main stages:

1. Glycolysis

2. Pyruvate Oxidation

3. Citric Acid Cycle (Krebs Cycle)

4. Oxidative Phosphorylation (Electron Transport Chain and Chemiosmosis)

Each of these stages plays a vital role in the overall efficiency of cellular respiration.

1. Glycolysis

Glycolysis occurs in the cytoplasm and is the first step of both aerobic and anaerobic
respiration. It breaks down one molecule of glucose into two molecules of pyruvate while
producing a net gain of two ATP and two NADH. Key points about glycolysis include:

- Investment Phase: Requires 2 ATP to activate glucose.
- Payoff Phase: Produces 4 ATP and 2 NADH, resulting in a net gain of 2 ATP.

Key Points:

- Location: Cytoplasm

- Input: 1 Glucose, 2 NAD+, 2 ATP

- Output: 2 Pyruvate, 2 NADH, 4 ATP (net gain of 2 ATP)



2. Pyruvate Oxidation

Following glycolysis, if oxygen is present, pyruvate enters the mitochondria. Here, each
pyruvate undergoes oxidative decarboxylation to form acetyl-CoA. This process releases
one molecule of carbon dioxide and produces NADH. Important details include:

- Enzyme Involved: Pyruvate dehydrogenase
- Input: 2 Pyruvate, 2 NAD+, 2 CoA
- Output: 2 Acetyl-CoA, 2 NADH, 2 CO2

3. Citric Acid Cycle (Krebs Cycle)

The citric acid cycle occurs in the mitochondrial matrix. Each acetyl-CoA enters the cycle,
combining with oxaloacetate to form citric acid. The cycle then processes citric acid
through a series of reactions, ultimately regenerating oxaloacetate. For each acetyl-CoA,
the following products are generated:

- 3 NADH

-1 FADH?2

-1 GTP (or ATP)
-2 CO0O2

Since two acetyl-CoA molecules are produced from one glucose molecule, the cycle turns
twice for each glucose molecule, resulting in:

- Total Output from Two Cycles:
- 6 NADH

- 2 FADH2

- 2 ATP (or GTP)

-4 CO2

4. Oxidative Phosphorylation

Oxidative phosphorylation includes two processes: the electron transport chain (ETC) and
chemiosmosis. This stage occurs in the inner mitochondrial membrane and is responsible
for the majority of ATP produced during cellular respiration.

Electron Transport Chain (ETC):

- Function: Transfers electrons from NADH and FADH2 through a series of proteins.

- Key Points:

- Electrons move through proteins, reducing oxygen to form water.

- The movement of electrons pumps protons (H+) from the mitochondrial matrix into the
intermembrane space, creating a proton gradient.

Chemiosmosis:
- Process: Protons flow back into the matrix through ATP synthase, driving the



phosphorylation of ADP to ATP.
- ATP Yield: Approximately 28-34 ATP can be produced from one molecule of glucose
during this stage.

The Role of Oxygen

Oxygen plays a crucial role in cellular respiration as the final electron acceptor in the
electron transport chain. Its presence allows for the efficient production of ATP. Without
oxygen, cells undergo anaerobic respiration or fermentation, which yields far less ATP
(only 2 ATP from glycolysis) and produces byproducts like lactic acid or ethanol.

Importance of NADH and FADH?2

NADH and FADH?2 are pivotal in transferring electrons to the electron transport chain.
Each NADH can generate about 2.5 ATP, while each FADH2 can produce about 1.5 ATP.
The total ATP yield from cellular respiration can be summarized as follows:

- Glycolysis: 2 ATP (net)

- Citric Acid Cycle: 2 ATP

- Oxidative Phosphorylation: 28-34 ATP

- Total ATP Yield: Approximately 30-38 ATP per glucose molecule

Preparing for AP Biology Cellular Respiration
FRQs

When tackling FRQs related to cellular respiration on the AP Biology exam, it is essential
to understand not only the processes but also how to articulate your understanding clearly
and concisely. Here are some strategies to excel in your responses:

Key Strategies:

1. Understand the Concepts:
- Be clear about the steps of cellular respiration, including inputs and outputs.
- Know the significance of each stage and how they interconnect.

2. Practice Drawing Diagrams:

- Visual aids can help clarify processes like glycolysis, the Krebs cycle, and oxidative
phosphorylation.

- Label key enzymes, molecules, and locations.

3. Use Clear Terminology:
- Use precise biological terms when describing processes (e.g., "substrate-level



phosphorylation," "oxidative phosphorylation").
- Avoid vague language; be specific about what happens during each process.

4. Relate Concepts:

- Make connections between cellular respiration and other topics (e.g., photosynthesis,
fermentation).

- Be prepared to explain the significance of cellular respiration in energy transfer and
metabolic pathways.

5. Practice Past FRQs:

- Review previous FRQs related to cellular respiration to familiarize yourself with question
formats and expectations.

- Time yourself to simulate exam conditions.

6. Focus on Applications:

- Be ready to apply your knowledge to novel scenarios, such as explaining how inhibitors
affect cellular respiration or how certain conditions (like anaerobic environments)
influence ATP production.

Conclusion

In summary, understanding AP Biology cellular respiration FRQ involves comprehending
the intricate details of the cellular respiration process, including glycolysis, pyruvate
oxidation, the citric acid cycle, and oxidative phosphorylation. By mastering these
concepts, students can effectively respond to free-response questions in the AP Biology
exam. With strategic preparation and a thorough grasp of the material, success on the
exam is attainable. Cellular respiration is not just an academic topic; it is a fundamental
biological process that underscores the very essence of life.

Frequently Asked Questions

What are the four main stages of cellular respiration,
and where do they occur in the cell?

The four main stages of cellular respiration are glycolysis (occurs in the cytoplasm),
pyruvate oxidation (occurs in the mitochondria), the Krebs cycle (occurs in the
mitochondrial matrix), and oxidative phosphorylation (occurs across the inner
mitochondrial membrane).

How does ATP production differ between anaerobic and
aerobic respiration?

Aerobic respiration produces up to 36-38 ATP molecules per glucose molecule through the
complete oxidation of glucose, while anaerobic respiration yields only 2 ATP molecules per
glucose molecule through fermentation processes.



What role do electron carriers, such as NADH and
FADH?2, play in cellular respiration?

NADH and FADH2 act as electron carriers that transport high-energy electrons to the
electron transport chain, where their energy is used to generate ATP through oxidative
phosphorylation.

Explain the significance of the proton gradient in
oxidative phosphorylation.

The proton gradient created by the electron transport chain drives the synthesis of ATP
through ATP synthase. As protons flow back into the mitochondrial matrix, the energy
released is used to convert ADP and inorganic phosphate into ATP.

What is the purpose of fermentation, and how does it
differ from aerobic respiration?

Fermentation allows cells to regenerate NAD+ in the absence of oxygen, enabling
glycolysis to continue producing ATP. It differs from aerobic respiration in that it does not
use the electron transport chain and results in less ATP production.

Describe how temperature affects the rate of cellular
respiration.

Temperature affects enzymatic activity, which can influence the rate of cellular
respiration. Generally, an increase in temperature up to an optimal point enhances
respiration rates, while extremely high temperatures can denature enzymes and slow
down the process.

What is the role of oxygen in cellular respiration, and
what are the consequences of its absence?

Oxygen acts as the final electron acceptor in the electron transport chain, allowing for the
efficient production of ATP. Without oxygen, cells resort to anaerobic processes, leading to
less ATP production and the accumulation of lactic acid or alcohol.
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