mcat metabolic pathways cheat sheet

mcat metabolic pathways cheat sheet serves as an essential resource for pre-
medical students preparing for the Medical College Admission Test (MCAT).
Understanding metabolic pathways is crucial for mastering biochemistry topics
commonly tested on the exam. This cheat sheet provides a detailed overview of
key metabolic processes, including glycolysis, the citric acid cycle,
oxidative phosphorylation, and lipid metabolism. It also covers important
concepts like enzyme regulation, energy yield, and intermediates involved in
each pathway. With this guide, students can efficiently recall complex
biochemical routes, aiding in rapid review and deeper comprehension. The
following sections outline the main metabolic pathways and essential details
that every MCAT candidate should know.

e Glycolysis and Gluconeogenesis

e Citric Acid Cycle (Krebs Cycle)

e Oxidative Phosphorylation and Electron Transport Chain
e Lipid Metabolism

e Amino Acid Metabolism

e Regulation of Metabolic Pathways

Glycolysis and Gluconeogenesis

Glycolysis is a fundamental metabolic pathway that breaks down glucose into
pyruvate, generating ATP and NADH in the process. It occurs in the cytoplasm
and 1s anaerobic, meaning it does not require oxygen. Gluconeogenesis is
essentially the reverse process, synthesizing glucose from non-carbohydrate
precursors to maintain blood glucose levels during fasting. Both pathways
involve multiple enzymes and tightly regulated steps, making their
understanding critical for MCAT success.

Key Steps in Glycolysis

Glycolysis consists of ten enzymatic reactions divided into two phases: the
energy investment phase and the energy payoff phase. The investment phase
consumes ATP, while the payoff phase produces ATP and NADH.

e Hexokinase catalyzes the phosphorylation of glucose to glucose-6-
phosphate.



e Phosphofructokinase-1 (PFK-1) is the rate-limiting enzyme, converting
fructose-6-phosphate to fructose-1,6-bisphosphate.

e Pyruvate kinase catalyzes the final step, producing pyruvate and ATP.

Gluconeogenesis Overview

Gluconeogenesis occurs primarily in the liver and kidneys, synthesizing
glucose to ensure energy supply during prolonged fasting. It bypasses the
irreversible steps of glycolysis using specific enzymes like glucose-6-
phosphatase and fructose-1,6-bisphosphatase, which are critical control
points.

Citric Acid Cycle (Krebs Cycle)

The citric acid cycle is a central metabolic hub in aerobic respiration,
taking place in the mitochondrial matrix. It oxidizes acetyl-CoA derived from
carbohydrates, fats, and proteins into carbon dioxide, generating NADH,
FADH2, and GTP. These high-energy molecules feed into oxidative
phosphorylation to produce ATP.

Steps and Intermediates of the Citric Acid Cycle

The cycle begins with the condensation of acetyl-CoA and oxaloacetate to form
citrate. Through a series of enzymatic reactions, citrate is converted back
to oxaloacetate, producing electron carriers and GTP along the way.

e Citrate synthase catalyzes the formation of citrate.

e Isocitrate dehydrogenase is a key regulatory enzyme producing NADH and
Co2.

e Alpha-ketoglutarate dehydrogenase complex produces NADH and C02.

e Succinate dehydrogenase generates FADH2 and is part of the electron
transport chain.

Energy Yield and Regulation

Each acetyl-CoA molecule entering the cycle produces three NADH, one FADH2,
and one GTP, which translate to approximately 10 ATP molecules after
oxidative phosphorylation. The cycle is tightly regulated by substrate
availability and feedback inhibition of key enzymes such as citrate synthase



and isocitrate dehydrogenase.

Oxidative Phosphorylation and Electron
Transport Chain

Oxidative phosphorylation is the process by which ATP is generated from ADP
and inorganic phosphate, driven by the electron transport chain (ETC) located
in the inner mitochondrial membrane. Electrons from NADH and FADH2 are
transferred through complexes I-IV, ultimately reducing oxygen to water and
creating a proton gradient that powers ATP synthesis.

Components of the Electron Transport Chain

The ETC consists of four protein complexes and two mobile electron carriers:
coenzyme Q (ubiquinone) and cytochrome c. Electrons flow from NADH and FADH2
through these complexes, facilitating proton pumping and establishing the
electrochemical gradient.

e Complex I (NADH dehydrogenase) accepts electrons from NADH.
e Complex II (succinate dehydrogenase) accepts electrons from FADH2.
e Complex III transfers electrons to cytochrome c.

e Complex IV transfers electrons to oxygen, forming water.

ATP Synthase and Chemiosmosis

ATP synthase uses the proton motive force generated by the ETC to synthesize
ATP from ADP and Pi. This process is known as chemiosmosis. The coupling of
electron transport and ATP synthesis is essential for cellular energy
production and is a frequent topic on the MCAT.

Lipid Metabolism

Lipid metabolism encompasses the breakdown and synthesis of fatty acids and
triglycerides, vital for energy storage and membrane structure. Fatty acid
oxidation, or beta-oxidation, occurs in mitochondria and produces acetyl-CoA,
NADH, and FADH2, feeding into the citric acid cycle and electron transport
chain.



Fatty Acid Oxidation

Beta-oxidation is a cyclic process that shortens fatty acids by two carbons
per cycle, generating acetyl-CoA. This process involves activation of fatty
acids, transport into mitochondria via the carnitine shuttle, and sequential
enzymatic steps including dehydrogenation, hydration, and thiolysis.

Fatty Acid Synthesis

Fatty acid synthesis occurs in the cytoplasm, primarily in liver and adipose
tissue. It involves the enzyme fatty acid synthase and uses acetyl-CoA and
malonyl-CoA as substrates. This anabolic pathway is regulated in opposition
to beta-oxidation to maintain lipid homeostasis.

Amino Acid Metabolism

Amino acid metabolism involves the breakdown and synthesis of amino acids,
which serve as building blocks for proteins and precursors for various
biomolecules. Catabolism of amino acids generates intermediates that enter
the citric acid cycle or gluconeogenesis.

Transamination and Deamination

Transamination transfers amino groups from amino acids to alpha-
ketoglutarate, forming glutamate. Deamination removes the amino group,
producing ammonia that is converted to urea in the liver for excretion. These
processes are crucial for nitrogen balance and energy production.

Fate of Carbon Skeletons

Carbon skeletons of amino acids are categorized as glucogenic or ketogenic,
depending on whether they yield substrates for gluconeogenesis or ketone body
formation. Understanding these classifications is essential for predicting
metabolic fates in different physiological states.

Regulation of Metabolic Pathways

Metabolic pathways are tightly regulated to maintain homeostasis and respond
to cellular energy demands. Regulation occurs at multiple levels, including
allosteric enzyme modulation, covalent modification, and gene expression.



Allosteric Regulation

Key enzymes in metabolic pathways are often regulated by allosteric effectors
that bind sites other than the active site, altering enzyme activity. For
example, ATP inhibits phosphofructokinase-1 in glycolysis, while AMP acts as
an activator, reflecting the cell’s energy state.

Covalent Modification

Phosphorylation and dephosphorylation of enzymes provide rapid and reversible
control over metabolic flux. Glycogen phosphorylase and glycogen synthase are
classic examples regulated by phosphorylation to control glycogen metabolism.

Hormonal Control

Hormones such as insulin, glucagon, and epinephrine modulate metabolic
pathways by influencing enzyme activity and gene expression. Insulin promotes
anabolic processes like glycogen and lipid synthesis, while glucagon and
epinephrine activate catabolic pathways to increase blood glucose levels.

Frequently Asked Questions

What is an MCAT metabolic pathways cheat sheet?

An MCAT metabolic pathways cheat sheet is a concise, organized summary of key
biochemical pathways that are frequently tested on the MCAT exam. It helps
students quickly review and memorize complex metabolic processes.

Which metabolic pathways are most commonly included
in an MCAT cheat sheet?

Commonly included pathways are glycolysis, gluconeogenesis, Krebs cycle (TCA
cycle), oxidative phosphorylation, pentose phosphate pathway, fatty acid
synthesis and oxidation, amino acid metabolism, and the urea cycle.

How can an MCAT metabolic pathways cheat sheet
improve exam performance?

By providing a quick reference, the cheat sheet aids in memorization and
understanding of pathway steps, enzymes, substrates, and products, which can
improve recall speed and accuracy during the exam.



Are there recommended formats for creating an
effective MCAT metabolic pathways cheat sheet?

Effective cheat sheets often use flowcharts, color-coding, mnemonic devices,
and highlight key enzymes and regulatory steps to enhance clarity and
retention.

Where can I find reliable MCAT metabolic pathways
cheat sheets?

Reliable cheat sheets can be found on trusted MCAT prep websites, official
prep books like Kaplan or Princeton Review, and educational platforms such as
Khan Academy or Anki shared decks.

Should I rely solely on a metabolic pathways cheat
sheet for MCAT biochemistry preparation?

No, while cheat sheets are useful for review, they should complement thorough
study using textbooks, practice questions, and detailed notes to ensure a
deep understanding of concepts.

How often should I review my MCAT metabolic pathways
cheat sheet?

Frequent review, such as daily or several times a week leading up to the
exam, helps reinforce memory and increases familiarity with the pathways
under timed conditions.

Can digital tools enhance the use of metabolic
pathways cheat sheets for MCAT prep?

Yes, digital tools like Anki flashcards, interactive apps, and online quizzes
can make reviewing cheat sheets more engaging and allow spaced repetition for
better retention.

What are some common pitfalls to avoid when using an
MCAT metabolic pathways cheat sheet?

Avoid overloading the cheat sheet with excessive detail, neglecting to
understand underlying concepts, and relying on it without practicing
application through questions and problems.

Additional Resources

1. MCAT Biochemistry Review: Metabolic Pathways Simplified
This book offers a concise and clear review of key metabolic pathways



essential for the MCAT. It breaks down complex biochemical processes into
easy-to-understand segments supported by helpful diagrams. Ideal for students
seeking a quick yet thorough refresher before exam day.

2. The Metabolic Pathways MCAT Cheat Sheet

Designed as a portable reference, this cheat sheet compiles all critical
metabolic pathways into one convenient guide. It features flowcharts and
mnemonic devices to aid memorization and recall. Perfect for last-minute
review sessions or on-the-go studying.

3. Pathways to Success: MCAT Metabolic Networks Explained

This book dives deep into the interconnected nature of metabolic pathways,
explaining how they integrate and regulate each other. It contextualizes
biochemical reactions within physiological functions, enhancing comprehension
for MCAT test-takers. Includes practice questions and detailed answer
explanations.

4. Quick Reference Guide to Metabolic Pathways for the MCAT

A streamlined guide focusing on the most high-yield metabolic pathways
relevant to the MCAT exam. It presents pathways in a visually appealing and
organized manner, making it easier to visualize and remember. Supplementary
tips on common pitfalls and tricky concepts are also included.

5. MCAT Biochemistry and Metabolism Made Easy

This comprehensive resource covers both fundamental biochemistry and detailed
metabolic pathways crucial for the MCAT. The book uses simplified language
and step-by-step explanations to demystify complex topics. It also provides
practice problems to reinforce learning.

6. Essential Metabolic Pathways for the MCAT: A Study Companion

Focused on the essentials, this study companion distills the vast amount of
metabolic information into manageable sections. It highlights key enzymes,
substrates, and regulatory mechanisms necessary for mastery on the MCAT. The
book also includes summary tables and charts for quick revision.

7. Mastering Metabolism: MCAT Cheat Sheet and Study Guide

This guide combines a detailed cheat sheet with an in-depth study manual,
covering all major metabolic pathways tested on the MCAT. It emphasizes
understanding over memorization through clear explanations and illustrative
examples. Useful for both novice and advanced learners.

8. The Ultimate MCAT Metabolism and Biochemistry Handbook

An all-encompassing handbook that integrates metabolic pathways with broader
biochemistry topics relevant to the MCAT. It offers comprehensive content
with practice questions, visual aids, and mnemonic strategies. This book aims
to build confidence and mastery in metabolic biochemistry.

9. Rapid Review: Metabolic Pathways for the MCAT

This rapid review book is designed for efficient study sessions, focusing on
high-yield facts and essential metabolic pathways. It provides summary notes,
diagrams, and quick quizzes to test knowledge retention. Ideal for students



needing a focused and time-effective review resource.
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