AP BIOLOGY UNIT 3 REVIEW

AP BIOLOGY UNIT 3 REVIEW PROVIDES AN ESSENTIAL OVERVIEW OF CELLULAR ENERGETICS, A CRITICAL TOPIC IN THE AP
BIOLOGY CURRICULUM. THIS UNIT FOCUSES ON UNDERSTANDING HOW CELLS TRANSFORM ENERGY TO POWER LIFE’S PROCESSES,
COVERING FUNDAMENTAL CONCEPTS SUCH AS ENZYME FUNCTION, METABOLIC PATHWAYS, AND THE PRINCIPLES OF
THERMODYNAMICS. STUDENTS WILL EXPLORE THE INTRICATE DETAILS OF CELLULAR RESPIRATION AND PHOTOSYNTHESIS, TWO
CENTRAL BIOCHEMICAL PATHWAYS THAT SUSTAIN LIFE ON EARTH. MASTERY OF THIS UNIT IS VITAL FOR SUCCESS ON THE AP
BIOLOGY EXAM AND FOR A DEEPER COMPREHENSION OF BIOLOGICAL SYSTEMS. THIS REVIEW WILL GUIDE LEARNERS THROUGH KEY
CONCEPTS, VOCABULARY, AND MECHANISMS, ENSURING A THOROUGH GRASP OF THE MATERIAL. THE FOLLOWING SECTIONS WILL
BREAK DOWN COMPLEX IDEAS INTO DIGESTIBLE PARTS, MAKING YOUR STUDY EFFICIENT AND EFFECTIVE.

ENzYME STRUCTURE AND FUNCTION

CELLULAR RESPIRATION

® PHOTOSYNTHESIS

ENERGY AND THERMODYNAMICS IN BloLOGY

® REGULATION OF METABOLIC PATHWAYS

ENzZYME STRUCTURE AND FUNCTION

ENZYMES ARE BIOLOGICAL CATALYSTS THAT ACCELERATE CHEMICAL REACTIONS WITHIN CELLS BY LOWERING THE ACTIVATION
ENERGY REQUIRED. UNDERSTANDING ENZYME STRUCTURE AND FUNCTION IS FUNDAMENTAL TO AP BIOLOGY UNIT 3 REVIEW
BECAUSE ENZYMES REGULATE ALMOST EVERY BIOCHEMICAL PROCESS IN ORGANISMS. THESE PROTEINS HAVE AN ACTIVE SITE
WHERE SUBSTRATES BIND, FORMING AN ENZYME-SUBSTRATE COMPLEX THAT FACILITATES THE CONVERSION TO PRODUCTS.
ENZYME SPECIFICITY IS DETERMINED BY THE SHAPE AND CHEMICAL ENVIRONMENT OF THE ACTIVE SITE, FOLLOWING THE LOCK~AND-
KEY OR INDUCED FIT MODELS.

FACTORS AFFECTING ENZYME ACTIVITY

SEVERAL FACTORS INFLUENCE ENZYME EFFICIENCY, INCLUDING TEMPERATURE, PH, SUBSTRATE CONCENTRATION, AND THE
PRESENCE OF INHIBITORS OR COFACTORS. OPTIMAL CONDITIONS VARY AMONG ENZYMES AND ARE CRUCIAL FOR MAINTAINING
PROPER METABOLIC RATES. FOR INSTANCE, EXTREME TEMPERATURES OR PH LEVELS CAN DENATURE ENZYMES, RENDERING THEM
INACTIVE. COMPETITIVE INHIBITORS MIMIC SUBSTRATES AND COMPETE FOR THE ACTIVE SITE, WHILE NONCOMPETITIVE INHIBITORS
BIND ELSEWHERE, ALTERING ENZYME SHAPE AND FUNCTION.

EnzyYME KINETICS AND REGULATION

ENZYME KINETICS DESCRIBES THE RATE OF ENZYMATIC REACTIONS AND HOW IT CHANGES WITH SUBSTRATE CONCENTRATION. THE
MICHAELIS-MENTEN EQUATION MODELS THIS RELATIONSHIP, WITH KEY PARAMETERS SUCH AS VMAX (MAXIMUM VELOCITY) AND
Km (SUBSTRATE CONCENTRATION AT HALF \/MAX). CELLS REGULATE ENZYMES THROUGH ALLOSTERIC INTERACTIONS, COVALENT
MODIFICATIONS, AND FEEDBACK INHIBITION TO MAINTAIN HOMEOSTASIS AND RESPOND TO ENVIRONMENTAL CHANGES.

CELLULAR RESPIRATION

CELLULAR RESPIRATION IS THE PROCESS BY WHICH CELLS HARVEST ENERGY FROM GLUCOSE AND OTHER ORGANIC MOLECULES TO



PRODUCE ATP, THE CELL’S ENERGY CURRENCY. THIS MULTI-STEP PROCESS IS A CORNERSTONE TOPIC WITHIN AP BIOLOGY UNIT
3 REVIEW, ENCOMPASSING GLYCOLYSIS, THE CITRIC ACID CYCLE, AND OXIDATIVE PHOSPHORYLATION. TOGETHER, THESE
PATHWAYS ENABLE EFFICIENT EXTRACTION OF CHEMICAL ENERGY STORED IN FOOD MOLECULES.

GLycoLYsIs

GLYCOLYSIS OCCURS IN THE CYTOPLASM AND BREAKS DOWN ONE GLUCOSE MOLECULE INTO TWO MOLECULES OF PYRUVATE.
THIS ANAEROBIC PROCESS YIELDS A NET GAIN OF 2 ATP MoLECULES AND 2 NADH MOLECULES. GLYCOLYSIS INVOLVES TEN
ENZYME-CATALYZED STEPS AND SERVES AS THE INITIAL STAGE OF CELLULAR RESPIRATION FOR BOTH AEROBIC AND ANAEROBIC
ORGANISMS.

Citric Acib CycLe (Kress CYcCLE)

THE CITRIC ACID CYCLE TAKES PLACE IN THE MITOCHONDRIAL MATRIX AND COMPLETES THE OXIDATION OF PYRUVATE INTO CO,,.
|T GENERATES HIGH-ENERGY ELECTRON CARRIERS NADH AND FADH,, ALONG WITH A SMALL AMOUNT OF ATP VIA SUBSTRATE-
LEVEL PHOSPHORYLATION. THIS CYCLE IS TIGHTLY REGULATED AND INTERCONNECTED WITH VARIOUS METABOLIC PATHWAYS.

OXIDATIVE PHOSPHORYLATION AND ELECTRON TRANSPORT CHAIN

OXIDATIVE PHOSPHORYLATION OCCURS ALONG THE INNER MITOCHONDRIAL MEMBRANE, WHERE ELECTRONS FROM NADH AND
FADH, TRAVEL THROUGH THE ELECTRON TRANSPORT CHAIN (ETC). THe ETC CREATES A PROTON GRADIENT THAT DRIVES
ATP SYNTHASE TO PRODUCE ATP. OXYGEN ACTS AS THE FINAL ELECTRON ACCEPTOR, FORMING WATER AS A BYPRODUCT.
THIS STAGE PRODUCES THE MAJORITY OF ATP DURING CELLULAR RESPIRATION.

PHOTOSYNTHESIS

PHOTOSYNTHESIS IS THE PROCESS BY WHICH AUTOTROPHIC ORGANISMS CONVERT LIGHT ENERGY INTO CHEMICAL ENERGY STORED
IN GLUCOSE. THIS PROCESS IS ESSENTIAL FOR LIFE ON EARTH AND IS A KEY COMPONENT OF AP BIOLOGY UNIT 3 REVIEW.
PHOTOSYNTHESIS CAN BE DIVIDED INTO TWO MAJOR STAGES: THE LIGHT-DEPENDENT REACTIONS AND THE CALVIN CYCLE (LIGHT'
INDEPENDENT REACTIONS).

LIGHT-DEPENDENT REACTIONS

THESE REACTIONS OCCUR IN THE THYLAKOID MEMBRANES OF CHLOROPLASTS AND REQUIRE LIGHT ENERGY TO PRODUCE ATP AND
NADPH. PHOTONS EXCITE CHLOROPHYLL MOLECULES, INITIATING ELECTRON TRANSPORT AND THE SPLITTING OF WATER
MOLECULES (PHOTOLYSIS). THIS PROCESS RELEASES OXYGEN AS A BYPRODUCT AND GENERATES ENERGY CARRIERS USED IN THE
CALVIN CYCLE.

CALVIN CycCLE

THe CALVIN CYCLE TAKES PLACE IN THE STROMA OF CHLOROPLASTS AND DOES NOT DIRECTLY REQUIRE LIGHT. IT Uses ATP
AND NADPH FROM THE LIGHT-DEPENDENT REACTIONS TO FIX ATMOSPHERIC CO,, INTO ORGANIC MOLECULES. THE ENZYME
RUBISCO CATALYZES THE FIRST STEP, AND THROUGH A SERIES OF REACTIONS, GLUCOSE AND OTHER CARBOHYDRATES ARE
SYNTHESIZED.



ENERGY AND [HERMODYNAMICS IN BIOLOGY

THE PRINCIPLES OF ENERGY TRANSFORMATION AND THERMODYNAMICS ARE FUNDAMENTAL TO UNDERSTANDING BIOLOGICAL
PROCESSES IN AP BIOLOGY UNIT 3 REVIEW. BIOLOGICAL SYSTEMS OBEY THE LAWS OF THERMODYNAMICS, WHICH GOVERN
ENERGY FLOW AND THE DIRECTION OF CHEMICAL REACTIONS.

FIRsT AND SECOND LAWS OF THERMODYNAMICS

THE FIRST LAW STATES THAT ENERGY CANNOT BE CREATED OR DESTROYED, ONLY TRANSFORMED, WHILE THE SECOND LAW
ASSERTS THAT ENTROPY IN AN ISOLATED SYSTEM ALWAYS INCREASES. LIVING ORGANISMS MAINTAIN ORDER AND DECREASE
LOCAL ENTROPY BY CONSUMING ENERGY, TYPICALLY IN THE FORM OF ATP OR SUNLIGHT.

FREE ENERGY AND SPONTANEITY

GIBBS FREE ENERGY (AG) DETERMINES WHETHER A REACTION OCCURS SPONTANEOUSLY. NEGATIVE AG INDICATES AN EXERGONIC
REACTION THAT RELEASES ENERGY, WHEREAS POSITIVE AG CORRESPONDS TO AN ENDERGONIC REACTION REQUIRING ENERGY
INPUT. CELLS COUPLE EXERGONIC AND ENDERGONIC REACTIONS TO DRIVE NECESSARY BIOLOGICAL PROCESSES.

ATP: THe ENerGY CURRENCY

ADENOSINE TRIPHOSPHATE (ATP) IS THE PRIMARY ENERGY CARRIER IN CELLS. HYDROLYSIS OF ITS HIGH-ENERGY PHOSPHATE
BONDS RELEASES ENERGY USED TO POWER CELLULAR WORK. ATP IS CONTINUOUSLY REGENERATED THROUGH CELLULAR
RESPIRATION AND PHOTOSYNTHESIS TO SUSTAIN METABOLIC ACTIVITIES.

REGULATION OF METABOLIC PATHWAYS

METABOLIC PATHWAYS ARE HIGHLY REGULATED TO ENSURE EFFICIENCY, PREVENT WASTE, AND RESPOND TO CELLULAR NEEDS.
THIS REGULATION IS A CRUCIAL FOCUS OF AP BIOLOGY UNIT 3 REVIEW, HIGHLIGHTING HOW CELLS MAINTAIN HOMEOSTASIS AND
ADAPT TO CHANGING ENVIRONMENTS.

FeepBACK INHIBITION

FEEDBACK INHIBITION IS A COMMON REGULATORY MECHANISM WHERE THE END PRODUCT OF A PATHWAY INHIBITS AN UPSTREAM
ENZYME, PREVENTING OVERPRODUCTION. THIS NEGATIVE FEEDBACK LOOP HELPS BALANCE METABOLIC FLUX AND CONSERVE
RESOURCES.

ALLOSTERIC REGULATION

ALLOSTERIC ENZYMES HAVE REGULATORY SITES WHERE MOLECULES CAN BIND AND ALTER ENZYME ACTIVITY. ACTIVATORS
ENHANCE ENZYME FUNCTION, WHILE INHIBITORS DECREASE IT. THIS MODULATION ALLOWS FINE-TUNING OF METABOLIC PATHWAYS
IN RESPONSE TO CELLULAR SIGNALS.

HorMoNAL CoONTROL

HORMONES SUCH AS INSULIN AND GLUCAGON PLAY VITAL ROLES IN REGULATING METABOLISM AT THE ORGANISMAL LEVEL. THEY
INFLUENCE ENZYME ACTIVITY AND GENE EXPRESSION TO COORDINATE ENERGY STORAGE AND MOBILIZATION ACCORDING TO
PHYSIOLOGICAL DEMANDS.



ENZYME ACTIVITY DEPENDS ON ENVIRONMENTAL CONDITIONS AND MOLECULAR INTERACTIONS.

e CELLULAR RESPIRATION EFFICIENTLY CONVERTS GLUCOSE INTO ATP THROUGH MULTIPLE STAGES.
® PHOTOSYNTHESIS CAPTURES LIGHT ENERGY TO SYNTHESIZE ORGANIC COMPOUNDS.
® THERMODYNAMICS PRINCIPLES GOVERN ENERGY FLOW AND REACTION SPONTANEITY IN CELLS.

® METABOLIC PATHWAYS ARE TIGHTLY REGULATED BY FEEDBACK AND ALLOSTERIC MECHANISMS.

FREQUENTLY AskeD QUESTIONS

\WHAT ARE THE MAIN TOPICS COVERED IN AP BiloLoGY UNIT 3?

AP BioLoGY UNIT 3 PRIMARILY COVERS CELLULAR ENERGETICS, INCLUDING ENZYME STRUCTURE AND FUNCTION, CELLULAR
RESPIRATION, PHOTOSYNTHESIS, AND THE REGULATION OF THESE BIOCHEMICAL PATHWAYS.

How Do ENZYMES AFFECT THE RATE OF BIOCHEMICAL REACTIONS IN CELLS?

ENZYMES ACT AS BIOLOGICAL CATALYSTS THAT LOWER THE ACTIVATION ENERGY OF BIOCHEMICAL REACTIONS, THEREBY
INCREASING THE RATE AT WHICH THESE REACTIONS OCCUR WITHOUT BEING CONSUMED IN THE PROCESS.

\WHAT IS THE DIFFERENCE BETWEEN COMPETITIVE AND NONCOMPETITIVE ENZYME
INHIBITORS?

COMPETITIVE INHIBITORS BIND TO THE ACTIVE SITE OF AN ENZYME, COMPETING WITH THE SUBSTRATE, WHILE NONCOMPETITIVE
INHIBITORS BIND TO A DIFFERENT SITE ON THE ENZYME, CAUSING A CHANGE IN ITS SHAPE AND FUNCTION REGARDLESS OF
SUBSTRATE CONCENTRATION.

DESCRIBE THE OVERALL PROCESS OF CELLULAR RESPIRATION AND ITS MAIN STAGES.

CELLULAR RESPIRATION IS THE PROCESS BY WHICH CELLS CONVERT GLUCOSE AND OXYGEN INTO ATP, CARBON DIOXIDE, AND
WATER. THE MAIN STAGES ARE GLYCOLYSIS, THE KREBS CYCLE (CITRIC ACID CYCLE), AND OXIDATIVE PHOSPHORYLATION
(ELECTRON TRANSPORT CHAIN AND CHEMIOSMOSIS).

How IS ATP GENERATED DURING OXIDATIVE PHOSPHORYLATION?

ATP IS GENERATED DURING OXIDATIVE PHOSPHORYLATION BY THE FLOW OF PROTONS (H+) DOWN THEIR CONCENTRATION
GRADIENT THROUGH ATP SYNTHASE, WHICH USES THIS PROTON MOTIVE FORCE TO SYNTHESIZE ATP FRoM ADP AND INORGANIC
PHOSPHATE.

\WHAT ARE THE KEY DIFFERENCES BETWEEN PHOTOSYNTHESIS AND CELLULAR
RESPIRATION?

PHOTOSYNTHESIS CONVERTS LIGHT ENERGY INTO CHEMICAL ENERGY STORED IN GLUCOSE AND OCCURS IN CHLOROPLASTS, WHILE
CELLULAR RESPIRATION BREAKS DOWN GLUCOSE TO RELEASE ENERGY STORED IN ATP AND OCCURS IN MITOCHONDRIA.
PHOTOSYNTHESIS CONSUMES CO2 AND PRODUCES O2; CELLULAR RESPIRATION CONSUMES O2 AND PRODUCES CO2.



How DO CELLS REGULATE METABOLIC PATHWAYS TO MAINTAIN HOMEOSTASIS?

CELLS REGULATE METABOLIC PATHWAYS THROUGH ALLOSTERIC REGULATION, FEEDBACK INHIBITION, AND GENE EXPRESSION
CONTROL TO ENSURE THAT ENZYME ACTIVITY AND SUBSTRATE AVAILABILITY MATCH THE CELL’S ENERGY NEEDS AND
ENVIRONMENTAL CONDITIONS.

W/HAT ROLE DO ELECTRON CARRIERS LIKE NADH AND FADH2 PLAY IN CELLULAR
RESPIRATION?

NADH anD FADH2 FUNCTION AS ELECTRON CARRIERS BY TRANSPORTING HIGH-ENERGY ELECTRONS FROM GLYCOLYSIS AND THE
KREBS CYCLE TO THE ELECTRON TRANSPORT CHAIN, WHERE THEIR ENERGY IS USED TO GENERATE ATP.

EXPLAIN THE SIGNIFICANCE OF THE CHEMIOSMOTIC GRADIENT IN ATP SYNTHESIS.

THE CHEMIOSMOTIC GRADIENT, CREATED BY THE ELECTRON TRANSPORT CHAIN PUMPING PROTONS INTO THE INTERMEMBRANE
SPACE, GENERATES POTENTIAL ENERGY ACROSS THE MITOCHONDRIAL MEMBRANE. THIS GRADIENT DRIVES PROTONS BACK
THROUGH ATP SYNTHASE, ENABLING THE SYNTHESIS OF ATP.

ADDITIONAL RESOURCES

1. BioLoGy: THE Dynamics oF Lire - UniT 3 Review GuIDe

THIS REVIEW GUIDE FOCUSES SPECIFICALLY ON THE KEY CONCEPTS COVERED IN AP BioLoGY UNIT 3, INCLUDING CELLULAR
ENERGETICS, ENZYME FUNCTION, AND METABOLIC PATHWAYS. |IT PROVIDES CLEAR EXPLANATIONS, PRACTICE QUESTIONS, AND
HELPFUL DIAGRAMS TO REINFORCE UNDERSTANDING. THE BOOK IS IDEAL FOR STUDENTS PREPARING FOR QUIZZES, TESTS, OR THE
AP ExAM.

2. CampseLL BioLoGy AP EbiTion - CELLULAR ENERGETICS AND METABOLISM

A COMPREHENSIVE RESOURCE DERIVED FROM THE RENOWNED CAMPBELL BIOLOGY TEXTBOOK, THIS EDITION EMPHASIZES CONTENT
RELEVANT TO UNIT 3 oF AP BloLoGY. IT COVERS TOPICS LIKE ATP PRODUCTION, GLYCOLYSIS, THE KREBS CYCLE, AND
OXIDATIVE PHOSPHORYLATION WITH DETAILED ILLUSTRATIONS AND REVIEW QUESTIONS. PERFECT FOR DEEPENING CONCEPTUAL
KNOWLEDGE AND EXAM PREPARATION.

3. CrAsH Course AP BioLoy: UNniT 3 - CELLULAR RESPIRATION AND PHOTOSYNTHESIS

THIS CONCISE GUIDE OFFERS A FAST-PACED YET THOROUGH REVIEW OF UNIT 3 TOPICS, INCLUDING PHOTOSYNTHESIS AND
CELLULAR RESPIRATION. |T BREAKS DOWN COMPLEX PROCESSES INTO MANAGEABLE SECTIONS AND INCLUDES SUMMARY CHARTS
AND PRACTICE PROBLEMS. THE BOOK IS DESIGNED FOR STUDENTS SEEKING A QUICK REFRESHER BEFORE TESTS.

4. AP BioLoGy UNIT 3: METABOLISM AND ENERGY TRANSFER W/ ORKBOOK

A WORKBOOK FILLED WITH EXERCISES, DIAGRAMS TO LABEL, AND MULTIPLE-CHOICE QUESTIONS FOCUSED ON METABOLISM AND
ENERGY TRANSFER. |T HELPS STUDENTS ACTIVELY ENGAGE WITH MATERIAL SUCH AS ENZYME KINETICS, ATP CYCLE, AND
METABOLIC PATHWAYS. THIS INTERACTIVE FORMAT SUPPORTS RETENTION AND APPLICATION OF KEY CONCEPTS.

5. EssenTiAL CeLL BioLoGy - CHAPTER Review: CELLULAR ENERGETICS

\W/HILE NOT EXCLUSIVELY FOR AP BIOLOGY, THIS BOOK’S CHAPTER ON CELLULAR ENERGETICS ALIGNS CLOSELY WITH UNIT 3
CONTENT. |T PROVIDES IN-DEPTH EXPLANATIONS OF THE MOLECULAR MECHANISMS BEHIND ENERGY TRANSFORMATIONS IN CELLS.
SUPPLEMENTED WITH REVIEW QUESTIONS, IT’S USEFUL FOR STUDENTS NEEDING A DEEPER UNDERSTANDING OF BIOCHEMICAL
PROCESSES.

6. 5 S51ePS TO A 5: AP BioLoGy - UniT 3 STupy CoMPANION

PART OF THE POPULAR 5 STEPS TO A 5 SERIES, THIS STUDY COMPANION TARGETS THE MAJOR THEMES OF UNIT 3, INCLUDING
ENZYME ACTION AND METABOLIC PATHWAYS. |T INCLUDES TIPS FOR MASTERING DIFFICULT CONCEPTS, PRACTICE QUESTIONS,
AND STRATEGIES FOR ANSWERING AP EXAM PROMPTS. THE STRUCTURED APPROACH HELPS STUDENTS BUILD CONFIDENCE.

7. AP BioLoGy Review Book: Focus on CELLULAR ENERGETICS
THIS REVIEW BOOK ZEROES IN ON CELLULAR ENERGETICS, THE CORNERSTONE OF UNIT 3, EXPLAINING TOPICS LIKE ATP
SYNTHESIS, ELECTRON TRANSPORT CHAIN, AND PHOTOSYNTHESIS IN SIMPLE TERMS. |T FEATURES PRACTICE TESTS AND CONCEPT



MAPS TO AID COMPREHENSION. IDEAL FOR STUDENTS WHO WANT A FOCUSED RESOURCE ON ENERGY-RELATED TOPICS.

8. BIocHEMISTRY FOR AP BioLoGY: METABOLISM AND ENERGY SYSTEMS

DESIGNED TO BRIDGE BIOCHEMISTRY AND BIOLOGY, THIS BOOK EXPLORES THE CHEMICAL FOUNDATIONS OF METABOLISM COVERED
INUNIT 3. IT DETAILS ENZYME STRUCTURE AND FUNCTION, METABOLIC CYCLES, AND ENERGY TRANSFORMATIONS WITH CLEAR
DIAGRAMS AND EXAMPLES. THE TEXT SUPPORTS STUDENTS AIMING TO EXCEL IN BOTH AP BIOLOGY AND INTRODUCTORY
BIOCHEMISTRY.

Q. INTERACTIVE AP BioLoGy UNiIT 3 FLASHCARDS AND REVIEW

THIS DIGITAL AND PRINT RESOURCE COMBINES FLASHCARDS WITH DETAILED EXPLANATIONS TAILORED TO UNIT 3 CONCEPTS LIKE
ENZYMES, ATP, AND METABOLIC PATHWAYS. THE INTERACTIVE FORMAT ENCOURAGES ACTIVE RECALL AND SELF-ASSESSMENT,
MAKING IT A VALUABLE TOOL FOR EXAM PREPARATION. |T°S ESPECIALLY HELPFUL FOR VISUAL AND KINESTHETIC LEARNERS.
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