CAMPBELL BIOLOGY CHAPTER 13 ENZYMES US

CAMPBELL BIOLOGY CHAPTER 13 ENZYMES US PROVIDES A FOUNDATIONAL UNDERSTANDING OF THE BIOLOGICAL CATALYSTS
THAT DRIVE LIFE'S PROCESSES. THIS CHAPTER DELVES INTO THE INTRICATE WORLD OF ENZYMES, EXPLORING THEIR STRUCTURE,
FUNCTION, AND THE FUNDAMENTAL PRINCIPLES GOVERNING THEIR ACTIVITY. W/E WILL UNPACK THE CATALYTIC POWER OF THESE
PROTEIN MOLECULES, EXAMINING HOW THEY LOWER ACTIVATION ENERGY AND ACCELERATE BIOCHEMICAL REACTIONS ESSENTIAL
FOR METABOLISM. FURTHERMOREI THE DISCUSSION WILL COVER ENZYME REGULATION, INHIBITORS, AND THE CRUCIAL ROLE
ENZYMES PLAY IN MAINTAINING CELLULAR HOMEOSTASIS AND ENABLING COMPLEX BIOLOGICAL PATHWAYS. UUNDERST ANDING
ENZYMES IS PARAMOUNT TO COMPREHENDING CELLULAR RESPIRATION, PHOTOSYNTHESIS, AND A MYRIAD OF OTHER VITAL
BIOLOGICAL FUNCTIONS. THIS COMPREHENSIVE OVERVIEW AIMS TO EQUIP STUDENTS AND ENTHUSIASTS WITH A ROBUST GRASP
OF ENZYME KINETICS AND BIOLOGICAL CATALYSIS.
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WHAT ARE ENzYMES?

ENZYMES ARE BIOLOGICAL CATALYSTS, TYPICALLY PROTEINS, THAT ACCELERATE THE RATE OF BIOCHEMICAL REACTIONS WITHIN
LIVING ORGANISMS WITHOUT BEING CONSUMED IN THE PROCESS. VIRTUALLY EVERY CHEMICAL REACTION THAT OCCURS IN A CELL
IS FACILITATED BY AN ENZYME. W ITHOUT THESE MOLECULAR MACHINES, THE REACTIONS NECESSARY FOR LIFE WOULD PROCEED
TOO SLOWLY TO SUSTAIN EXISTENCE. THEY ARE HIGHLY SPECIFIC, MEANING EACH ENZYME USUALLY CATALYZES ONLY ONE OR A
VERY LIMITED RANGE OF REACTIONS, INTERACTING WITH SPECIFIC REACTANT MOLECULES CALLED SUBSTRATES. THIS SPECIFICITY
IS A HALLMARK OF ENZYME FUNCTION AND IS CRUCIAL FOR MAINTAINING ORDER WITHIN THE CELL.

THE DISCOVERY AND UNDERSTANDING OF ENZYMES HAVE REVOLUTIONIZED BIOLOGY AND MEDICINE. THEIR ABILITY TO SPEED UP
REACTIONS BY FACTORS OF MILLIONS OR EVEN BILLIONS IS ASTONISHING. THIS CATALYTIC POWER IS NOT MAGIC, BUT RATHER A
SOPHISTICATED MECHANISM ROOTED IN THE ENZYME'S THREE-DIMENSIONAL STRUCTURE. FROM DNA REPLICATION TO ENERGY
PRODUCTION, ENZYMES ARE INDISPENSABLE PLAYERS IN THE SYMPHONY OF LIFE. THIS CHAPTER, FOCUSING ON CAMPBELL
BioLoGgy CHAPTER 13, AIMS TO ELUCIDATE THESE CRITICAL BIOLOGICAL MOLECULES.

ENzZYME STRUCTURE AND FUNCTION

THE FUNCTION OF AN ENZYME IS INTIMATELY LINKED TO ITS UNIQUE THREE-DIMENSIONAL STRUCTURE. MOST ENZYMES ARE
GLOBULAR PROTEINS, COMPOSED OF ONE OR MORE POLYPEPTIDE CHAINS FOLDED INTO A SPECIFIC CONFORMATION. THIS PRECISE
FOLDING CREATES A REGION ON THE ENZYME CALLED THE ACTIVE SITE, WHICH IS WHERE THE SUBSTRATE BINDS AND THE
CATALYTIC REACTION OCCURS. THE OVERALL STRUCTURE OF THE ENZYME, INCLUDING THE ARRANGEMENT OF AMINO ACID
RESIDUES, DETERMINES ITS SPECIFICITY AND CATALYTIC EFFICIENCY. DENATURATION, THE UNFOLDING OF AN ENZYME'S
STRUCTURE, OFTEN LEADS TO A LOSS OF ITS CATALYTIC ACTIVITY, HIGHLIGHTING THE CRITICAL IMPORTANCE OF MAINTAINING
THE CORRECT CONFORMATION.

THE TERTIARY AND QUATERNARY STRUCTURES OF ENZYMES ARE VITAL FOR THEIR FUNCTION. THE ACTIVE SITE IS TYPICALLY A
POCKET OR GROOVE ON THE ENZYME'S SURFACE FORMED BY SPECIFIC AMINO ACID RESIDUES. THESE RESIDUES ARE POSITIONED IN A



PRECISE ORIENTATION TO BIND THE SUBSTRATE AND FACILITATE THE CHEMICAL TRANSFORMATION. THE SURROUNDING AMINO
ACIDS ALSO PLAY ROLES IN STABILIZING THE ENZYME'S STRUCTURE AND IN THE CATALYTIC PROCESS ITSELF, OFTEN BY
PARTICIPATING IN THE CHEMICAL REACTION OR BY INFLUENCING THE MICROENVIRONMENT OF THE ACTIVE SITE.

THe ACTIVE SITE AND SUBSTRATE BINDING

THE ACTIVE SITE IS THE HEART OF ENZYME ACTIVITY. |T IS A SPECIFIC REGION ON THE ENZYME MOLECULE WHERE THE SUBSTRATE
BINDS. THE SHAPE AND CHEMICAL PROPERTIES OF THE ACTIVE SITE ARE COMPLEMENTARY TO THOSE OF THE SUBSTRATE, A
PRINCIPLE OF TEN DESCRIBED BY THE “LOCK AND KEY" MODEL. IN THIS MODEL, THE SUBSTRATE (KEY) FITS PERFECTLY INTO THE
ACTIVE SITE (LOCK). A MORE REFINED MODEL, THE “INDUCED FIT” MODEL, PROPOSES THAT THE BINDING OF THE SUBSTRATE
INDUCES A CONFORMATIONAL CHANGE IN THE ENZYME, LEADING TO A TIGHTER AND MORE PRECISE FIT. THIS INDUCED FIT CAN
STRAIN SUBSTRATE BONDS, MAKING THEM EASIER TO BREAK.

THE AMINO ACID RESIDUES LINING THE ACTIVE SITE ARE CRUCIAL FOR SUBSTRATE BINDING AND CATALYSIS. THEY CAN FORM
HYDROGEN BONDS, IONIC BONDS, OR HYDROPHOBIC INTERACTIONS WITH THE SUBSTRATE. SOME RESIDUES DIRECTLY PARTICIPATE
IN THE CHEMICAL REACTION BY DONATING OR ACCEPTING PROTONS, FORMING TEMPORARY COVALENT BONDS, OR STABILIZING
TRANSITION STATES. THE PRECISE ARRANGEMENT OF THESE RESIDUES DICTATES THE ENZYME'S SPECIFICITY, ENSURING THAT IT
BINDS AND ACTS UPON ONLY ITS INTENDED SUBSTRATE(S).

How ENzYMes W ork: LOWERING ACTIVATION ENERGY

ENZYMES ACCELERATE REACTIONS BY LOWERING THE ACTIVATION ENERGY ($E_A$), WHICH IS THE ENERGY BARRIER THAT MUST
BE OVERCOME FOR A REACTION TO OCCUR. THEY DO NOT CHANGE THE OVERALL FREE ENERGY CHANGE ($\DELTA G$) OF THE
REACTION, MEANING THEY DO NOT ALTER THE EQUILIBRIUM OF THE REACTION BUT RATHER ALLOW IT TO BE REACHED MUCH
FASTER. ENZYMES ACHIEVE THIS BY STABILIZING THE TRANSITION STATE, A HIGH-ENERGY, UNSTABLE INTERMEDIATE STATE THAT
MOLECULES MUST PASS THROUGH DURING A REACTION. BY LOWERING THE ACTIVATION ENERGY , ENZYMES MAKE IT EASIER FOR
REACTANT MOLECULES TO REACH THIS TRANSITION STATE, THUS INCREASING THE REACTION RATE.

THERE ARE SEVERAL MECHANISMS BY WHICH ENZYMES LOWER ACTIVATION ENERGY. | HESE INCLUDE:

e ORIENTING SUBSTRATES CORRECTLY FOR THE REACTION.
® STRAINING SUBSTRATE BONDS BY STRETCHING OR DEFORMING THEM.

® PROVIDING A FAVORABLE MICROENVIRONMENT, SUCH AS AN ACIDIC OR BASIC ENVIRONMENT.

DIRECTLY PARTICIPATING IN THE REACTION, FOR EXAMPLE, BY FORMING TRANSIENT COVALENT BONDS WITH THE
SUBSTRATE.

THESE MECHANISMS WORK IN CONCERT TO MAKE THE CATALYTIC PROCESS HIGHLY EFFICIENT.

FACTORS AFFECTING ENZYME ACTIVITY

SEVERAL ENVIRONMENTAL FACTORS CAN SIGNIFICANTLY INFLUENCE THE RATE AT WHICH AN ENZYME CATALYZES A REACTION.
THESE FACTORS INCLUDE TEMPERATURE, PH, SUBSTRATE CONCENTRATION, AND THE PRESENCE OF ACTIVATORS OR INHIBITORS.
UNDERSTANDING THESE INFLUENCES IS CRITICAL FOR COMPREHENDING ENZYME KINETICS AND OPTIMIZING ENZYME FUNCTION IN
BIOLOGICAL SYSTEMS AND INDUSTRIAL APPLICATIONS. EACH FACTOR CAN AFFECT THE ENZYME'S STRUCTURE AND ITS ABILITY
TO BIND THE SUBSTRATE AND PERFORM CATALYSIS.



CHANGES IN THESE FACTORS CAN LEAD TO EITHER AN INCREASE OR A DECREASE IN ENZYME ACTIVITY. EXTREME CONDITIONS CAN
EVEN LEAD TO IRREVERSIBLE DENATURATION OF THE ENZYME, RENDERING IT PERMANENTLY INACTIVE. THEREFORE/ CELLS MAINTAIN
SPECIFIC CONDITIONS TO ENSURE THAT ENZYMES FUNCTION OPTIMALLY.

TEMPERATURE EFFECTS

TEMPERATURE HAS A PROFOUND EFFECT ON ENZYME ACTIVITY. AS TEMPERATURE INCREASES, THE KINETIC ENERGY OF MOLECULES
RISES, LEADING TO MORE FREQUENT COLLISIONS BETWEEN THE ENZYME AND ITS SUBSTRATE, AND THUS AN INCREASED REACTION
RATE. HO\X/EVER, BEYOND AN OPTIMAL TEMPERATURE, ENZYME ACTIVITY BEGINS TO DECLINE. THIS IS BECAUSE HIGH
TEMPERATURES CAN DISRUPT THE WEAK BONDS THAT MAINTAIN THE ENZYME'S THREE-DIMENSIONAL STRUCTURE, LEADING TO
DENATURATION. MOST HUMAN ENZYMES HAVE AN OPTIMAL TEMPERATURE AROUND 37°C (BODY TEMPERATURE).

CONVERSELY, LOW TEMPERATURES SLOW DOWN MOLECULAR MOTION, REDUCING THE FREQUENCY OF COLLISIONS AND THUS
DECREASING ENZYME ACTIVITY. WHILE COLD TEMPERATURES TYPICALLY DO NOT DENATURE ENZYMES, THEY CAN RENDER THEM
TEMPORARILY INACTIVE. THIS IS WHY REFRIGERATION CAN PRESERVE FOOD BY SLOWING DOWN ENZYMATIC SPOILAGE.

PH EFFecTs

PH/ A MEASURE OF THE ACIDITY OR ALKALINITY OF A SOLUTION, ALSO PLAYS A CRUCIAL ROLE IN ENZYME ACTIVITY. EAcH
ENZYME HAS AN OPTIMAL PH RANGE AT WHICH IT EXHIBITS MAXIMUM ACTIVITY. DEVIATIONS FROM THIS OPTIMAL PH CAN ALTER
THE IONIZATION STATE OF AMINO ACID RESIDUES IN THE ACTIVE SITE, AFFECTING SUBSTRATE BINDING AND CATALYTIC
EFFICIENCY. EXTREME PH VALUES CAN CAUSE DENATURATION BY DISRUPTING IONIC BONDS WITHIN THE ENZYME MOLECULE.

For INSTANCE, PEPSIN, AN ENZYME FOUND IN THE STOMACH, FUNCTIONS OPTIMALLY IN A HIGHLY ACIDIC ENVIRONMENT (PH
]5‘35) DUE TO THE ACIDIC NATURE OF GASTRIC JUICE. IN CONTRAST, TRYPSIN, AN ENZYME IN THE SMALL INTESTINE, \WORKS
BEST IN A SLIGHTLY ALKALINE ENVIRONMENT (PH 75‘85) THESE DIFFERING PH OPTIMA REFLECT THE SPECIFIC ENVIRONMENTS IN
WHICH THESE ENZYMES FUNCTION.

SuUBSTRATE CONCENTRATION

THE RATE OF AN ENZYME-CATALYZED REACTION GENERALLY INCREASES WITH INCREASING SUBSTRATE CONCENTRATION, UP TO A
CERTAIN POINT. AT LOW SUBSTRATE CONCENTRATIONS, THERE ARE PLENTY OF ENZYME ACTIVE SITES AVAILABLE, AND THE
REACTION RATE IS LIMITED BY HOW OFTEN ENZYME AND SUBSTRATE MOLECULES COLLIDE. AS THE SUBSTRATE CONCENTRATION
RISES, MORE ACTIVE SITES BECOME OCCUPIED, AND THE REACTION RATE INCREASES PROPORTIONALLY. HO\X/EVER, \WHEN THE
SUBSTRATE CONCENTRATION BECOMES VERY HIGH, ALL ENZYME ACTIVE SITES BECOME SATURATED WITH SUBSTRATE. AT THIS
POINT, THE ENZYME IS WORKING AT ITS MAXIMUM VELOCITY ($V_{MAX}$), AND FURTHER INCREASES IN SUBSTRATE
CONCENTRATION WILL NOT SIGNIFICANTLY INCREASE THE REACTION RATE.

THIS RELATIONSHIP BETWEEN SUBSTRATE CONCENTRATION AND REACTION VELOCITY IS OFTEN DEPICTED BY A HYPERBOLIC
CURVE, A FUNDAMENTAL CONCEPT IN ENZYME KINETICS. THE MICHAELIS-MENTEN CONSTANT ($K_M$) IS A MEASURE OF THE
SUBSTRATE CONCENTRATION AT WHICH THE REACTION RATE IS HALF OF $V_{MAX}$, PROVIDING INSIGHT INTO THE ENZYME'S
AFFINITY FOR ITS SUBSTRATE.

ENzYME REGULATION

CELLS EMPLOY SOPHISTICATED MECHANISMS TO REGULATE ENZYME ACTIVITY, ENSURING THAT METABOLIC PATHWAYS OPERATE
EFFICIENTLY AND IN RESPONSE TO CELLULAR NEEDS. THIS REGULATION PREVENTS THE WASTEFUL OVERPRODUCTION OF



MOLECULES AND ALLOWS FOR PRECISE CONTROL OF CELLULAR PROCESSES. REGULATION CAN OCCUR AT VARIOUS LEVELS,
INCLUDING CONTROLLING ENZYME SYNTHESIS, ENZYME DEGRADATION, AND MODULATING ENZYME ACTIVITY ITSELF THROUGH
ALLOSTERIC REGULATION AND FEEDBACK INHIBITION.

THESE REGULATORY STRATEGIES ARE VITAL FOR MAINTAINING METABOLIC HOMEOSTASIS AND ADAPTING TO CHANGING
ENVIRONMENTAL CONDITIONS. W/ITHOUT THEM, CELLULAR PROCESSES WOULD BE CHAOTIC AND INEFFICIENT.

FeepBACK INHIBITION

FEEDBACK INHIBITION IS A COMMON FORM OF METABOLIC REGULATION WHERE THE END PRODUCT OF A METABOLIC PATHWAY
INHIBITS AN ENZYME THAT ACTS EARLY IN THE PATHWAY. THIS MECHANISM PREVENTS THE CELL FROM WASTING ENERGY AND
RESOURCES BY PRODUCING MORE PRODUCT THAN IS NEEDED. W/HEN THE CONCENTRATION OF THE END PRODUCT BUILDS UP, IT
BINDS TO AN ALLOSTERIC SITE ON THE ENZYME (A SITE OTHER THAN THE ACTIVE SITE)I CAUSING A CONFORMATIONAL CHANGE
THAT REDUCES THE ENZYME'S ACTIVITY. THIS EFFECTIVELY SHUTS DOWN THE PATHWAY UNTIL THE PRODUCT CONCENTRATION
DECREASES.

THIS TYPE OF REGULATION IS HIGHLY EFFICIENT AS IT PROVIDES A DIRECT AND RAPID RESPONSE TO CHANGES IN PRODUCT
LEVELS. |T ENSURES THAT CELLULAR RESOURCES ARE ALLOCATED OPTIMALLY AND THAT METABOLIC PATHWAYS ARE TIGHTLY
CONTROLLED.

ENzYME INHIBITION

ENZYME INHIBITORS ARE MOLECULES THAT BIND TO ENZYMES AND REDUCE THEIR ACTIVITY. THEY CAN BE REVERSIBLE OR
IRREVERSIBLE, AND THEY PLAY SIGNIFICANT ROLES IN BOTH NATURAL BIOLOGICAL PROCESSES AND IN THE DEVELOPMENT OF
PHARMACEUTICALS. UNDERSTANDING ENZYME INHIBITION IS CRUCIAL FOR PHARMACOLOGY, TOXICOLOGY, AND FOR STUDYING
METABOLIC PATHWAYS.

INHIBITORS CAN ACT IN VARIOUS WAYS, EITHER BY BLOCKING THE ACTIVE SITE OR BY ALTERING THE ENZYME'S CONFORMATION,
THEREBY AFFECTING ITS CATALYTIC EFFICIENCY.

CoMPETITIVE AND NONCOMPETITIVE INHIBITION

REVERSIBLE INHIBITORS ARE BROADLY CLASSIFIED INTO TWO MAIN TYPES: COMPETITIVE AND NONCOMPETITIVE. COMPETITIVE
INHIBITORS RESEMBLE THE SUBSTRATE AND BIND TO THE ENZYME'S ACTIVE SITE, BLOCKING THE SUBSTRATE FROM BINDING. THEIR
EFFECT CAN BE OVERCOME BY INCREASING THE SUBSTRATE CONCENTRATION. NONCOMPETITIVE INHIBITORS, ON THE OTHER HAND,
BIND TO THE ENZYME AT A SITE DISTINCT FROM THE ACTIVE SITE (AN ALLOSTERIC SITE). THIS BINDING CAUSES A
CONFORMATIONAL CHANGE IN THE ENZYME THAT REDUCES THE EFFICIENCY OF THE ACTIVE SITE, REGARDLESS OF SUBSTRATE
BINDING. INCREASING SUBSTRATE CONCENTRATION DOES NOT OVERCOME NONCOMPETITIVE INHIBITION.

IRREVERSIBLE INHIBITORS FORM STRONG COVALENT BONDS WITH THE ENZYME, PERMANENTLY INACTIVATING IT. THESE INHIBITORS
ARE OFTEN HIGHLY TOXIC AND ARE USED IN VARIOUS APPLICATIONS, INCLUDING PESTICIDES AND NERVE AGENTS.

CoenzyMes AND COFACTORS

MANY ENZYMES REQUIRE THE ASSISTANCE OF NON-PROTEIN MOLECULES CALLED COFACTORS TO FUNCTION. COFACTORS CAN BE
INORGANIC IONS, SUCH AS MAGNESIUM ($MG"{2+}$) or zINc ($ZN"{2+]}$), OR ORGANIC MOLECULES CALLED COENZYMES.
COENZYMES ARE OFTEN DERIVED FROM VITAMINS AND PLAY CRUCIAL ROLES IN TRANSFERRING CHEMICAL GROUPS, ELECTRONS, OR



ATOMS DURING ENZYMATIC REACTIONS. THEY CAN BIND TIGHTLY OR LOOSELY TO THE ENZYME, AND IN SOME CASES, THEY ARE
CONSUMED AND REGENERATED DURING THE REACTION CYCLE.

THE PRESENCE AND PROPER FUNCTIONING OF COFACTORS ARE ESSENTIAL FOR THE CATALYTIC ACTIVITY OF MANY ENZYMES.
\W/ITHOUT THEM, THE ENZYME MAY BE INACTIVE OR SIGNIFICANTLY LESS EFFICIENT. FOR EXAMPLE, NAD$"+$ (NICOTINAMIDE
ADENINE DINUCLEOTIDE) AND FAD (FLAVIN ADENINE DINUCLEOTIDE) ARE IMPORTANT COENZYMES INVOLVED IN REDOX REACTIONS
IN CELLULAR RESPIRATION AND PHOTOSYNTHESIS.

ENzYMES IN METABOLISM

ENZYMES ARE THE WORKHORSES OF METABOLISM, ORCHESTRATING THE COMPLEX NETWORK OF BIOCHEMICAL REACTIONS THAT
SUSTAIN LIFE. THEY CATALYZE BOTH CATABOLIC PATHWAYS, WHICH BREAK DOWN MOLECULES TO RELEASE ENERGY, AND
ANABOLIC PATHWAYS, WHICH SYNTHESIZE MOLECULES USING ENERGY. EACH STEP IN THESE PATHWAYS IS FACILITATED BY A
SPECIFIC ENZYME, ENSURING THAT REACTIONS PROCEED IN A CONTROLLED AND EFFICIENT MANNER. THE INTERPLAY OF ENZYMES
ALLOWS FOR THE CONVERSION OF NUTRIENTS INTO USABLE ENERGY AND THE SYNTHESIS OF ESSENTIAL CELLULAR COMPONENTS.

THE COORDINATED ACTION OF ENZYMES WITHIN METABOLIC PATHWAYS IS CRUCIAL FOR MAINTAINING CELLULAR FUNCTION. FOR
EXAMPLE, IN CELLULAR RESPIRATION, A SERIES OF ENZYMES BREAKS DOWN GLUCOSE TO PRODUCE ATP, THE CELL'S PRIMARY
ENERGY CURRENCY. SIMILARLY, IN PHOTOSYNTHESIS, ENZYMES CONVERT LIGHT ENERGY INTO CHEMICAL ENERGY STORED IN
ORGANIC MOLECULES.

ENzYMES AND THEIR IMPORTANCE IN BIOLOGICAL SYSTEMS

THE IMPORTANCE OF ENZYMES IN BIOLOGICAL SYSTEMS CANNOT BE OVERSTATED. THEY ARE FUNDAMENTAL TO VIRTUALLY ALL
CELLULAR PROCESSES, FROM DNA REPLICATION AND PROTEIN SYNTHESIS TO NUTRIENT DIGESTION AND MUSCLE CONTRACTION.
ENZYMES ENABLE LIFE TO EXIST BY PROVIDING THE SPEED AND SPECIFICITY REQUIRED FOR BIOCHEMICAL REACTIONS TO OCCUR
UNDER THE MILD CONDITIONS FOUND WITHIN CELLS. W/ITHOUT ENZYMES, THE COMPLEX MACHINERY OF LIFE WOULD GRIND TO A
HALT.

BEYOND CELLULAR FUNCTIONS, ENZYMES ARE ALSO CRITICAL IN VARIOUS PHYSIOLOGICAL PROCESSES AND HAVE NUMEROUS
APPLICATIONS IN BIOTECHNOLOGY, MEDICINE, AND INDUSTRY. For INSTANCE, ENZYMES ARE USED IN DIAGNOSTIC TESTS, DRUG
DEVELOPMENT, FOOD PROCESSING, AND THE PRODUCTION OF BIOFUELS. THEIR REMARKABLE CATALYTIC CAPABILITIES MAKE THEM
INVALUABLE TOOLS FOR SCIENTIFIC RESEARCH AND TECHNOLOGICAL INNOVATION.

Q: \WHAT IS THE PRIMARY ROLE OF ENZYMES IN BIOLOGICAL SYSTEMS?

A: THE PRIMARY ROLE OF ENZYMES IN BIOLOGICAL SYSTEMS IS TO ACT AS BIOLOGICAL CATALYSTS, SIGNIFICANTLY
ACCELERATING THE RATE OF BIOCHEMICAL REACTIONS NECESSARY FOR LIFE WITHOUT BEING CONSUMED IN THE PROCESS.

QZ How DOES THE ACTIVE SITE OF AN ENZYME RELATE TO ITS FUNCTION?

A: THE ACTIVE SITE IS A SPECIFIC REGION ON THE ENZYME WHERE THE SUBSTRATE BINDS AND THE CHEMICAL REACTION TAKES
PLACE. |TS UNIQUE SHAPE AND CHEMICAL PROPERTIES ARE COMPLEMENTARY TO THE SUBSTRATE, ENSURING HIGH SPECIFICITY AND
FACILITATING THE CATALYTIC PROCESS BY LOWERING ACTIVATION ENERGY.



Q: WHAT DOES IT MEAN FOR AN ENZYME TO BE SPECIFIC?

A: ENZYME SPECIFICITY MEANS THAT A PARTICULAR ENZYME TYPICALLY CATALYZES ONLY ONE OR A VERY LIMITED RANGE OF
CHEMICAL REACTIONS, INTERACTING WITH A SPECIFIC SUBSTRATE OR A SMALL GROUP OF CLOSELY RELATED SUBSTRATES.

Q: How CAN TEMPERATURE AFFECT ENZYME ACTIVITY?

A: TEMPERATURE AFFECTS ENZYME ACTIVITY BY INFLUENCING THE KINETIC ENERGY OF MOLECULES. MODERATE INCREASES IN
TEMPERATURE GENERALLY INCREASE ACTIVITY BY INCREASING COLLISION FREQUENCY. HO\X/EVER, EXCESSIVELY HIGH
TEMPERATURES CAN DENATURE THE ENZYME, CAUSING A LOSS OF ACTIVITY, WHILE VERY LOW TEMPERATURES REDUCE ACTIVITY
BY SLOWING DOWN MOLECULAR MOTION.

QI \WHAT IS FEEDBACK INHIBITION IN ENZYME REGULATION?

A: FEEDBACK INHIBITION IS A REGULATORY MECHANISM WHERE THE END PRODUCT OF A METABOLIC PATHWAY INHIBITS AN ENZYME
AT AN EARLIER STEP IN THE SAME PATHWAY , PREVENTING THE OVERPRODUCTION OF THE PRODUCT AND CONSERVING CELLULAR
RESOURCES.

Q: WHAT IS THE DIFFERENCE BETWEEN COMPETITIVE AND NONCOMPETITIVE ENZYME
INHIBITION?

A: COMPETITIVE INHIBITORS BIND TO THE ENZYME'S ACTIVE SITE, DIRECTLY COMPETING WITH THE SUBSTRATE, AND THEIR EFFECT
CAN BE OVERCOME BY INCREASING SUBSTRATE CONCENTRATION. NONCOMPETITIVE INHIBITORS BIND TO AN ALLOSTERIC SITE
(A\X/AY FROM THE ACTIVE SITE), ALTERING THE ENZYME'S CONFORMATION AND REDUCING ITS ACTIVITY, AND THEIR EFFECT IS
NOT OVERCOME BY INCREASING SUBSTRATE CONCENTRATION.

Q: WHY ARE COENZYMES IMPORTANT FOR ENZYME FUNCTION?

A: COENZYMES ARE ORGANIC MOLECULES, OFTEN DERIVED FROM VITAMINS, THAT ARE NECESSARY FOR THE ACTIVITY OF MANY
ENZYMES. THEY ASSIST ENZYMES IN THEIR CATALYTIC ROLES BY TRANSFERRING CHEMICAL GROUPS, ELECTRONS, OR ATOMS
DURING REACTIONS, ESSENTIALLY ACTING AS HELPER MOLECULES.

QZ CAN ENZYMES BE DENATURED? \WHAT ARE THE CONSEQUENCES OF DENATURATION?

A: YES, ENZYMES CAN BE DENATURED, MEANING THEIR THREE-DIMENSIONAL STRUCTURE IS DISRUPTED, USUALLY BY EXTREME
CONDITIONS LIKE HIGH TEMPERATURES OR PH. DENATURATION OFTEN LEADS TO A LOSS OF THE ENZYME'S CATALYTIC ACTIVITY
BECAUSE THE ACTIVE SITE IS ALTERED OR DESTROYED.

Q: WHAT IS THE MICHAELIS-MENTEN CONSTANT ($K_M$)?

A: THE MICHAELIS-MENTEN CONSTANT ($K_M$) IS A KINETIC PARAMETER THAT REPRESENTS THE SUBSTRATE CONCENTRATION
AT WHICH AN ENZYME-CATALYZED REACTION PROCEEDS AT HALF OF ITS MAXIMUM VELOCITY ($V_{MAX}$). IT IS AN
INDICATOR OF THE ENZYME'S AFFINITY FOR ITS SUBSTRATE; A LOWER $K_M$ INDICATES A HIGHER AFFINITY.

Q: ARE ALL ENZYMES PROTEINS?

A: WHILE THE VAST MAJORITY OF ENZYMES ARE PROTEINS, THERE ARE SOME EXCEPTIONS. CerRTAIN RNA MOLECULES, KNOWN AS
RIBOZYMES, CAN ALSO POSSESS CATALYTIC ACTIVITY, ACTING AS ENZYMES.
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