
mcat krebs cycle

mcat krebs cycle is a fundamental topic extensively covered in the Medical College Admission Test
(MCAT) due to its critical role in cellular respiration and energy metabolism. Understanding the Krebs
cycle, also known as the citric acid cycle or tricarboxylic acid (TCA) cycle, is essential for mastering
biochemistry and physiology concepts tested on the exam. This article explores the biochemical pathway of
the Krebs cycle, its key enzymes, intermediates, and regulatory mechanisms. Additionally, it highlights
the cycle’s integration with other metabolic pathways and its significance in generating high-energy
molecules like NADH and FADH2. This comprehensive overview is tailored to aid MCAT aspirants in
grasping the cycle’s complexity and applying this knowledge in problem-solving scenarios. The following
sections will break down the Krebs cycle into digestible subtopics for efficient learning and retention.

Overview of the Krebs Cycle

Key Enzymes and Intermediates

Energy Yield and Electron Carriers

Regulation of the Krebs Cycle

Integration with Other Metabolic Pathways

Overview of the Krebs Cycle
The Krebs cycle is a central metabolic pathway that takes place in the mitochondrial matrix of eukaryotic
cells. It functions to oxidize acetyl-CoA derived from carbohydrates, fats, and proteins into carbon dioxide
while capturing high-energy electrons in the form of NADH and FADH2. These electrons later participate
in the electron transport chain to produce ATP, the cell’s primary energy currency. The cycle comprises a
series of enzyme-catalyzed reactions that regenerate the starting molecule, oxaloacetate, allowing
continuous operation. This cyclical process is vital for aerobic respiration and cellular energy production.

Historical Context and Nomenclature
Discovered by Hans Krebs in 1937, the cycle was initially termed the citric acid cycle due to citrate being
the first product formed. It is also referred to as the tricarboxylic acid cycle because many intermediates
contain three carboxyl groups. The Krebs cycle’s discovery was pivotal in understanding how cells convert
biochemical energy from nutrients into usable forms.



Location and Cellular Context
In eukaryotic cells, all Krebs cycle reactions occur within the mitochondrial matrix, an aqueous
compartment enclosed by the inner mitochondrial membrane. This localization is crucial for linking the
cycle with oxidative phosphorylation. Prokaryotes carry out similar processes in the cytoplasm or at the
plasma membrane, reflecting evolutionary adaptations.

Key Enzymes and Intermediates
The Krebs cycle involves eight major enzyme-catalyzed steps, each transforming specific intermediates
through oxidation, hydration, or decarboxylation reactions. Understanding these enzymes and substrates is
essential for MCAT success.

Stepwise Enzymatic Reactions

Citrate Synthase: Catalyzes condensation of acetyl-CoA and oxaloacetate to form citrate.1.

Aconitase: Converts citrate to isocitrate via cis-aconitate.2.

Isocitrate Dehydrogenase: Oxidizes isocitrate to alpha-ketoglutarate, producing NADH and releasing3.
CO2.

Alpha-Ketoglutarate Dehydrogenase: Converts alpha-ketoglutarate to succinyl-CoA, generating4.
NADH and CO2.

Succinyl-CoA Synthetase: Converts succinyl-CoA to succinate, producing GTP (or ATP).5.

Succinate Dehydrogenase: Oxidizes succinate to fumarate, generating FADH2.6.

Fumarase: Hydrates fumarate to malate.7.

Malate Dehydrogenase: Oxidizes malate to oxaloacetate, producing NADH.8.

Important Intermediates
Key metabolites in the cycle include citrate, isocitrate, alpha-ketoglutarate, succinyl-CoA, succinate,
fumarate, malate, and oxaloacetate. These intermediates serve as branching points for other biosynthetic
pathways, highlighting the Krebs cycle’s metabolic versatility.



Energy Yield and Electron Carriers
The Krebs cycle is a major source of reducing equivalents that feed into the electron transport chain to
drive ATP synthesis. Quantifying the energy output is critical for understanding cellular respiration
efficiency.

NADH and FADH2 Production
Each turn of the Krebs cycle produces three molecules of NADH and one molecule of FADH2. These
electron carriers donate electrons to the mitochondrial electron transport chain, facilitating the generation of
a proton gradient used by ATP synthase to produce ATP. NADH yields approximately 2.5 ATP, while
FADH2 yields about 1.5 ATP during oxidative phosphorylation.

GTP/ATP Formation
One molecule of GTP (or ATP depending on the cell type) is produced directly during the conversion of
succinyl-CoA to succinate by succinyl-CoA synthetase. This substrate-level phosphorylation contributes to
the cell’s immediate energy pool.

Overall Energy Summary

3 NADH → ~7.5 ATP

1 FADH2 → ~1.5 ATP

1 GTP (or ATP) → 1 ATP

Total per acetyl-CoA: ~10 ATP equivalents

Regulation of the Krebs Cycle
Proper regulation of the Krebs cycle ensures metabolic balance and efficient energy production under
varying cellular conditions. The cycle’s activity is tightly controlled at key enzymatic steps.



Allosteric Regulation
Several enzymes in the Krebs cycle are subject to allosteric control by metabolic effectors. For instance,
citrate synthase is inhibited by high levels of ATP and NADH, signaling abundant energy. Conversely,
ADP and calcium ions activate isocitrate dehydrogenase and alpha-ketoglutarate dehydrogenase, promoting
cycle flux during energy demand.

Covalent Modification and Feedback
Although covalent modification plays a limited role in regulating the Krebs cycle compared to other
pathways, feedback inhibition by cycle intermediates and products helps prevent overaccumulation and
maintains homeostasis.

Substrate Availability
The availability of acetyl-CoA and oxaloacetate critically influences cycle throughput. For example,
insufficient oxaloacetate, which may be diverted for gluconeogenesis, can limit the cycle’s function,
demonstrating the interdependence of metabolic pathways.

Integration with Other Metabolic Pathways
The Krebs cycle is not an isolated process but intertwines with various anaplerotic and cataplerotic
pathways to maintain metabolic equilibrium and support biosynthesis.

Anaplerotic Reactions
Anaplerotic reactions replenish cycle intermediates that are withdrawn for biosynthesis. Pyruvate
carboxylase catalyzes the conversion of pyruvate to oxaloacetate, replenishing the cycle and ensuring
continuous function despite intermediate consumption.

Cataplerotic Pathways
Intermediates such as alpha-ketoglutarate and oxaloacetate serve as precursors for amino acid synthesis,
while citrate can be exported to the cytoplasm for fatty acid and cholesterol biosynthesis. This cataplerotic
function links energy metabolism with macromolecule production.



Connection to Glycolysis and Electron Transport Chain
Acetyl-CoA entering the Krebs cycle is predominantly derived from glycolysis via pyruvate oxidation.
The NADH and FADH2 produced are essential electron donors to the electron transport chain,
underscoring the Krebs cycle’s central role in cellular respiration.

Frequently Asked Questions

What is the primary function of the Krebs cycle in cellular metabolism?
The primary function of the Krebs cycle is to oxidize acetyl-CoA to produce energy-rich molecules NADH,
FADH2, and GTP (or ATP), which are used in the electron transport chain to generate ATP.

Where in the cell does the Krebs cycle take place?
The Krebs cycle takes place in the mitochondrial matrix of eukaryotic cells.

How many ATP molecules are directly produced by one turn of the
Krebs cycle?
One turn of the Krebs cycle directly produces one GTP (or ATP) molecule through substrate-level
phosphorylation.

What are the main substrates and products of the Krebs cycle?
The main substrate is acetyl-CoA, which combines with oxaloacetate to form citrate. The products per cycle
include 3 NADH, 1 FADH2, 1 GTP (or ATP), and 2 CO2 molecules.

How is the Krebs cycle linked to the electron transport chain?
The NADH and FADH2 produced in the Krebs cycle donate electrons to the electron transport chain,
driving the production of ATP through oxidative phosphorylation.

Why is the Krebs cycle also called the citric acid cycle?
It is called the citric acid cycle because the first product formed when acetyl-CoA combines with
oxaloacetate is citrate (citric acid).

How many carbons enter and leave the Krebs cycle per turn?
Two carbons enter the cycle as acetyl-CoA, and two carbons leave as carbon dioxide (CO2) during one turn



of the cycle.

What role does oxaloacetate play in the Krebs cycle?
Oxaloacetate combines with acetyl-CoA to form citrate, initiating the cycle, and is regenerated at the end of
the cycle to continue processing more acetyl-CoA molecules.

Which enzymes catalyze the key regulatory steps in the Krebs cycle?
Key regulatory enzymes include citrate synthase, isocitrate dehydrogenase, and alpha-ketoglutarate
dehydrogenase, which control the cycle's rate based on cellular energy needs.

How does the Krebs cycle contribute to biosynthesis in the cell?
Intermediates of the Krebs cycle serve as precursors for the synthesis of amino acids, nucleotides, and other
biomolecules, linking energy metabolism with biosynthesis.

Additional Resources
1. MCAT Biochemistry Review: The Krebs Cycle and Metabolic Pathways
This comprehensive review book covers the Krebs cycle in detail, emphasizing its role in cellular
respiration and energy production. It includes diagrams, step-by-step explanations, and practice questions
specifically designed for MCAT preparation. The book also integrates related metabolic pathways to provide
a holistic understanding of biochemistry for pre-med students.

2. Krebs Cycle Essentials for MCAT Success
Focused solely on the Krebs cycle, this concise guide breaks down each step of the cycle with clear
illustrations and mnemonic devices to aid memory retention. It highlights common pitfalls in
understanding and explains the biochemical significance in a straightforward manner. Ideal for students
seeking a quick yet thorough review before the exam.

3. Mastering Metabolism: Krebs Cycle and Beyond for the MCAT
This text delves into the Krebs cycle within the broader context of human metabolism, linking it to
glycolysis, oxidative phosphorylation, and amino acid catabolism. It features clinical correlations and high-
yield facts that are frequently tested on the MCAT. The content is tailored to enhance critical thinking and
application skills.

4. Biochemistry for the MCAT: Krebs Cycle and Energy Production
Designed to simplify complex biochemical processes, this book presents the Krebs cycle with detailed
explanations and real-world examples. It includes practice problems and review questions at the end of
each chapter to reinforce learning. The book is praised for its clarity and relevance to the MCAT syllabus.



5. Step-by-Step Guide to the Krebs Cycle for MCAT Students
This guide offers a methodical approach to understanding the Krebs cycle, breaking it down into
manageable segments with emphasis on enzyme functions and intermediate compounds. It provides useful
tips for memorization and conceptual clarity. The book is an excellent resource for students who prefer
structured learning.

6. MCAT Biochemistry Flashcards: Krebs Cycle Edition
A portable and interactive tool, this set of flashcards focuses exclusively on the Krebs cycle, including
substrates, enzymes, and products. It is designed to facilitate active recall and spaced repetition, key
techniques for MCAT success. Each card includes concise explanations and clinical relevance notes.

7. The Krebs Cycle: A Visual Approach for MCAT Preparation
Utilizing colorful diagrams and flowcharts, this book makes the Krebs cycle accessible through visual
learning strategies. It connects biochemical concepts to physiological processes and highlights common
MCAT question formats. Perfect for visual learners aiming to solidify their understanding.

8. High-Yield Biochemistry: Krebs Cycle and Metabolic Integration
This high-yield review focuses on the essential aspects of the Krebs cycle, integrating it with other
metabolic pathways relevant to the MCAT. It offers summarized notes, tables, and practice questions
designed to maximize study efficiency. The book is ideal for last-minute review sessions.

9. Clinical Biochemistry for MCAT: Krebs Cycle and Disease States
This book explores the Krebs cycle with an emphasis on its clinical implications and related metabolic
disorders. It connects biochemical pathways to pathophysiology, helping students understand the medical
relevance of the cycle. The text includes case studies and review questions to deepen comprehension and
application.
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November 2022). Publisher's Note: Products purchased from third-party sellers are not guaranteed
by the publisher for quality or authenticity, and may not include access to online tests or materials
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debuting in 2015, The Princeton Review's MCAT BIOLOGY AND BIOCHEMISTRY REVIEW features:
Everything You Need to Know to Help Achieve a High Score: · Access to our online Student Tools
portal for up-to-the-moment information on late-breaking AAMC changes to the exam · In-depth
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with confidence. This book includes more than 830 total practice questions, divided into content
silos—Biology, General Chemistry, Organic Chemistry, Physics & Math, Psychology & Sociology, and
CARS! 375+ MCAT-style passages and passage-based questions, and nearly 400 freestanding
questions inside the book 55+ additional passages and questions online Detailed answer
explanations for all questions Access to our online Student Tools portal for up-to-the-moment
updates on AAMC news and exam info
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De Marco, 2025-07-19 Embark on a Journey to MCAT Success with The MCAT Exam Navigator: Your
Comprehensive Guide to Success The MCAT Exam Navigator is the ultimate resource for aspiring
medical students seeking to conquer the MCAT and unlock their potential in the medical field. This
comprehensive guidebook provides a wealth of knowledge, strategies, and practice tools to help you
excel in all aspects of the exam. Within these pages, you'll find an in-depth exploration of the
MCAT's structure, content, and testing format. We decipher the intricacies of each section, revealing
their unique challenges and requirements. Armed with this knowledge, you'll gain the confidence
and clarity to navigate the exam's complexities effectively. To further enhance your preparation, we
offer a vast arsenal of practice questions and detailed solutions. These questions mirror the actual
MCAT exam, providing an invaluable opportunity to simulate the testing experience and identify
areas for improvement. By engaging with these practice questions, you'll solidify your understanding
of the material and build the skills necessary for success. Recognizing the importance of your
well-being during this demanding journey, we provide a wealth of strategies for managing stress,
maintaining resilience, and nurturing a healthy lifestyle. By prioritizing self-care and cultivating a
growth mindset, you'll be well-equipped to overcome challenges and maintain unwavering
motivation throughout your preparation. Additionally, we delve into the intricacies of the medical
school application process, providing expert guidance on crafting a compelling personal statement,
preparing for interviews, and selecting the right medical school that aligns with your aspirations.
With this comprehensive resource, you'll gain the knowledge, confidence, and strategies to navigate
the admissions process successfully. The MCAT Exam Navigator is more than just a study guide; it's
a trusted companion on your journey to medical school. It empowers you with the tools, strategies,
and knowledge you need to conquer the MCAT and achieve your medical school dreams. Embrace
the challenge, embrace the opportunity, and let this book be your guiding light on the path to
success. If you like this book, write a review!
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know that every point on the MCAT matters. If you’ve mastered the exam basics, practicing only the
test’s toughest questions can help take your score from “good” to “outstanding.” MCAT Elite, 2nd
Edition provides everything you need to conquer the most challenging questions and get a top score
on the MCAT. Advanced Techniques That Actually Work. • Targeted strategies for all facets of the
exam: general, journal article analysis, and test analysis • Advanced strategies to power past
problems that trap other elite students • Detailed coverage of every section of the exam to help push
your study into the top tier • Section-specific pacing guidelines and advice for all parts: CARS and
the sciences Practice Your Way to Excellence. • 2 full-length practice tests online • 6 full chapters’
worth of practice sections along with comprehensive explanations • A ton of practice drills designed
to look and feel exactly like the toughest problems on the real MCAT MCAT Elite, 2nd Edition
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Prepping for the MCAT is a true challenge. Kaplan can be your partner along the way--offering
guidance on where to focus your efforts, how to organize your review, and targeted focus on the



most-tested concepts. This edition features commentary and instruction from Kaplan's MCAT experts
and has been updated to match the AAMC's guidelines precisely--no more worrying if your MCAT
review is comprehensive! More than 500 questions in the book and online and access to even more
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Day.--Publisher marketing.
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authenticity, and may not include access to online tests or materials included with the original
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for quality or authenticity, and may not include access to online tests or materials included with the
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Comprehensive, Rigorous Prep for MCAT Biology The MCAT Biology Book provides a comprehensive
overview of MCAT biology appropriate for all pre-med students preparing for the MCAT exam. In
twenty-one chapters, the basics of biology are described in easy-to-understand text. Illustrations
help emphasize relevant topics and clarify difficult concepts. Each chapter concludes with a set of
problems modeled after the MCAT exam, with complete explanation of the answers. Also, includes a
thorough analysis of the MCAT verbal section. Authors Nancy Morvillo and Matthew Schmidt both
obtained their Ph.D. in genetics from the State University of New York at Stony Brook.
  mcat krebs cycle: Princeton Review MCAT Prep, 2021-2022 The Princeton Review, 2021-03-23
Make sure you’re studying with the most up-to-date prep materials! Look for the newest edition of
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2023). Publisher's Note: Products purchased from third-party sellers are not guaranteed by the
publisher for quality or authenticity, and may not include access to online tests or materials included
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MCAT experts voted as the most challenging and capable of yielding the most points on Test Day,
distills the exam's content blueprint so that you know exactly what to study, presents expanded
expert explanations highlighting key concepts and takeaways, promotes expertise on the Critical
Analysis and Reasoning Skills section by demonstrating parallelism in questions, and provides
practice tailored to students looking to test themselves at the highest level.--
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all-in-one resource prepares you for the MCAT with in-depth content reviews, test-conquering
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test preparation. The Princeton Review MCAT provides unparalleled MCAT content coverage,
including: * Detailed coverage of MCAT test essentials, plus topic-by-topic subject reviews for
Organic Chemistry, General Chemistry, CARS (Critical Analysis and Reasoning), Biology,
Biochemistry, Physics & Math, and Psychology & Sociology * Specific strategies for tackling every
question type * A full-color, 16-page tear-out reference guide with all the most important formulas,
diagrams, information, concepts, and charts for every MCAT section * Tons of illustrations,
diagrams, and tables * A comprehensive index PLUS! Access to 4 full-length practice exams with
detailed answer explanations online
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ESSENTIAL SUBJECT REVIEW FOR YOUR TOP MCAT SCORE. This comprehensive, all-in-one
resource prepares you for the MCAT with in-depth content reviews, test-conquering strategies, a
tear-out cheat sheet reference guide, and 4 full-length online practice exams for total test
preparation. Walk into test day with confidence, armed with this resource designed to prepare you
for MCAT scoring success. The Princeton Review MCAT Prep provides unparalleled MCAT content
coverage, including: • Detailed coverage of MCAT test essentials, plus topic-by-topic subject reviews
for Organic Chemistry, General Chemistry, CARS (Critical Analysis and Reasoning), Biology,
Biochemistry, Physics & Math, and Psychology & Sociology • Online supplement with 6 medical
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tackling every question type • A full-color, 16-page tear-out reference guide with all the most
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