CAMPBELL BIOLOGY CHAPTER 42 ENZYMES US

THE TITLE OF THE ARTICLE WILL BE PROVIDED SEPARATELY.

CAMPBELL BIOLOGY CHAPTER 42 ENZYMES US SERVES AS A FUNDAMENTAL GATEWAY TO UNDERSTANDING THE INTRICATE
WORLD OF BIOLOGICAL CATALYSTS THAT DRIVE LIFE'S ESSENTIAL PROCESSES. THIS CHAPTER DELVES INTO THE CORE
PRINCIPLES OF ENZYME FUNCTION, STRUCTURE, AND REGULATION, CRUCIAL FOR COMPREHENDING CELLULAR METABOLISM AND A
VAST ARRAY OF PHYSIOLOGICAL ACTIVITIES. FROM THE PRECISE CHEMICAL INTERACTIONS THAT ENABLE ENZYMATIC REACTIONS
TO THE FACTORS THAT INFLUENCE THEIR EFFICIENCY, WE WILL EXPLORE THE MOLECULAR MACHINERY THAT UNDERPINS
VIRTUALLY EVERY BIOLOGICAL EVENT. UNDERSTANDING ENZYMES IS NOT MERELY AN ACADEMIC EXERCISE, IT IS KEY TO GRASPING
DISEASE MECHANISMS, DEVELOPING THERAPEUTIC INTERVENTIONS, AND APPRECIATING THE ELEGANCE OF BIOLOGICAL DESIGN. THIS
COMPREHENSIVE EXPLORATION AIMS TO ILLUMINATE THE MULTIFACETED ROLES OF ENZYMES IN THE CONTEXT OF CAMPBELL
BIOLOGY, PROVIDING A SOLID FOUNDATION FOR STUDENTS AND ENTHUSIASTS ALIKE.
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EnzyMes: THE CATALYSTS OF LIFE

ENZYMES ARE BIOLOGICAL CATALYSTS, TYPICALLY PROTEINS, THAT ACCELERATE THE RATE OF BIOCHEMICAL REACTIONS WITHIN
LIVING ORGANISMS. \WITHOUT ENZYMES, MOST METABOLIC REACTIONS WOULD PROCEED TOO SLOWLY TO SUSTAIN LIFE. THEY
ACHIEVE THIS REMARKABLE FEAT BY LOWERING THE ACTIVATION ENERGY REQUIRED FOR A REACTION TO OCCUR, ESSENTIALLY
PROVIDING AN ALTERNATIVE REACTION PATHWAY WITH A LOWER ENERGY BARRIER. THIS ACTIVATION ENERGY IS THE MINIMUM
ENERGY INPUT NECESSARY TO INITIATE A CHEMICAL REACTION, AND BY REDUCING IT, ENZYMES ENABLE REACTIONS TO HAPPEN
RAPIDLY AT PHYSIOLOGICAL TEMPERATURES AND PRESSURES. THE CATALYTIC POWER OF ENZYMES IS IMMENSE;, THEY CAN
INCREASE REACTION RATES BY FACTORS OF A MILLION OR MORE COMPARED TO UNCATALYZED REACTIONS.

THE SPECIFICITY OF ENZYMES IS ANOTHER DEFINING CHARACTERISTIC. EACH ENZYME TYPICALLY CATALYZES ONLY ONE OR A VERY
LIMITED NUMBER OF REACTIONS, ACTING ON SPECIFIC REACTANT MOLECULES CALLED SUBSTRATES. THIS HIGH DEGREE OF
SPECIFICITY ARISES FROM THE UNIQUE THREE-DIMENSIONAL STRUCTURE OF THE ENZYME, PARTICULARLY ITS ACTIVE SITE. THE
ACTIVE SITE IS A SPECIFIC REGION ON THE ENZYME MOLECULE WHERE THE SUBSTRATE BINDS AND THE CATALYTIC ACTIVITY
OCCURS. THIS PRECISE FIT BETWEEN THE ENZYME'S ACTIVE SITE AND ITS SUBSTRATE IS OFTEN DESCRIBED BY MODELS LIKE THE
LOCK-AND-KEY MODEL OR THE INDUCED-FIT MODEL, HIGHLIGHTING THE EXQUISITE MOLECULAR RECOGNITION INVOLVED.

ENzYME STRUCTURE AND FUNCTION

THe AcTive SITE: A HuB oF CATALYSIS

THE ACTIVE SITE IS THE CORNERSTONE OF ENZYME FUNCTION. IT IS A THREE-DIMENSIONAL POCKET OR GROOVE ON THE ENZYME'S
SURFACE FORMED BY SPECIFIC AMINO ACID RESIDUES. THESE RESIDUES ARE BROUGHT INTO CLOSE PROXIMITY THROUGH THE
PROTEIN'S FOLDING, CREATING A UNIQUE CHEMICAL ENVIRONMENT. THE SHAPE AND CHEMICAL PROPERTIES OF THE ACTIVE SITE
ARE COMPLEMENTARY TO THE SUBSTRATE, ALLOWING FOR SELECTIVE BINDING. W/ITHIN THE ACTIVE SITE, KEY AMINO ACID
RESIDUES PERFORM DIFFERENT ROLES, INCLUDING BINDING THE SUBSTRATE, FACILITATING THE CHEMICAL TRANSFORMATION, AND
RELEASING THE PRODUCT(S).



THE INTERACTION BETWEEN THE SUBSTRATE AND THE ACTIVE SITE IS MEDIATED BY VARIOUS NON-COVALENT BONDS, SUCH AS
HYDROGEN BONDS, IONIC BONDS, VAN DER W AALS FORCES, AND HYDROPHOBIC INTERACTIONS. |NITIALLYI THE SUBSTRATE BINDS
TO THE ACTIVE SITE, FORMING AN ENZYME-SUBSTRATE COMPLEX. THIS BINDING IS REVERSIBLE, AND THE ENZYME IS NOT CONSUMED
IN THE REACTION, WHICH IS A HALLMARK OF CATALYSIS. THE BINDING EVENT CAN STABILIZE THE TRANSITION STATE, THE HIGH=
ENERGY INTERMEDIATE FORM OF THE SUBSTRATE THAT EXISTS BRIEFLY DURING THE REACTION. BY STABILIZING THIS TRANSITION
STATE, THE ENZYME EFFECTIVELY LOWERS THE ACTIVATION ENERGY, THEREBY SPEEDING UP THE REACTION.

MEecHANISMS OF ENzYME CATALYSIS

ENZYMES EMPLOY A VARIETY OF CATALYTIC MECHANISMS TO ACCELERATE REACTIONS. THESE MECHANISMS CAN BE BROADLY
CATEGORIZED INTO SEVERAL TYPES!:

* PROXIMITY AND ORIENTATION: ENZYMES BRING REACTANT MOLECULES TOGETHER IN THE CORRECT ORIENTATION FOR
REACTION TO OCCUR, INCREASING THE PROBABILITY OF EFFECTIVE COLLISIONS.

e Acip-BAse CATALYSIS: AMINO ACID RESIDUES IN THE ACTIVE SITE CAN ACT AS PROTON DONORS (ACIDS) OR PROTON
ACCEPTORS (BASES), FACILITATING THE TRANSFER OF PROTONS THAT ARE CRUCIAL FOR MANY REACTIONS.

o CoVALENT CATALYSIS: THE ENZYME FORMS A TRANSIENT COVALENT BOND WITH THE SUBSTRATE, CREATING A
REACTIVE INTERMEDIATE THAT IS MORE SUSCEPTIBLE TO FURTHER TRANSFORMATION.

o MeTAL loNn CATALYSIS: METAL IONS, EITHER TIGHTLY BOUND AS PROSTHETIC GROUPS OR LOOSELY ASSOCIATED, CAN
PARTICIPATE IN CATALYSIS BY STABILIZING CHARGES, AIDING IN ELECTRON TRANSFER, OR FACILITATING SUBSTRATE
BINDING.

o STRAIN AND DISTORTION: THE BINDING OF THE SUBSTRATE TO THE ACTIVE SITE CAN INDUCE CONFORMATIONAL CHANGES
THAT STRAIN THE SUBSTRATE'S BONDS, MAKING THEM EASIER TO BREAK.

FACTORS AFFECTING ENZYME ACTIVITY

TEMPERATURE AND ENzYME KINETICS

TEMPERATURE HAS A SIGNIFICANT IMPACT ON THE RATE OF ENZYME-CATALYZED REACTIONS. AS TEMPERATURE INCREASES, THE
KINETIC ENERGY OF ENZYME AND SUBSTRATE MOLECULES RISES, LEADING TO MORE FREQUENT COLLISIONS AND THUS A HIGHER
REACTION RATE. HO\X/EVER, BEYOND AN OPTIMAL TEMPERATURE, ENZYME ACTIVITY BEGINS TO DECLINE RAPIDLY. THIS IS
BECAUSE HIGH TEMPERATURES CAN DISRUPT THE WEAK BONDS THAT MAINTAIN THE ENZYME'S THREE-DIMENSIONAL STRUCTURE,
LEADING TO DENATURATION. DENATURATION INVOLVES THE UNFOLDING OF THE ENZYME, WHICH ALTERS THE SHAPE OF THE
ACTIVE SITE AND RENDERS THE ENZYME INACTIVE. MOST HUMAN ENZYMES HAVE OPTIMAL TEMPERATURES AROUND 37°C
(98.6°F).

PH AND ENzYME FUNCTION

THE PH OF THE ENVIRONMENT ALSO PLAYS A CRITICAL 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 AND ELSEWHERE ON THE ENZYME MOLECULE. CHANGES IN IONIZATION CAN AFFECT SUBSTRATE



BINDING, THE CATALYTIC ACTIVITY OF THE ACTIVE SITE RESIDUES, AND THE OVERALL CONFORMATION OF THE ENZYME. EXTREME
PH VALUES CAN LEAD TO IRREVERSIBLE DENATURATION. FOR INSTANCE, PEPSIN, AN ENZYME IN THE STOMACH, FUNCTIONS
OPTIMALLY IN A HIGHLY ACIDIC ENVIRONMENT (PH 1.5-2.5), WHILE TRYPSIN, FOUND IN THE SMALL INTESTINE, WORKS BEST IN A
SLIGHTLY ALKALINE ENVIRONMENT (PH 7.5-8.5).

SuBsSTRATE CONCENTRATION AND ENZYME SATURATION

THE RATE OF AN ENZYME-CATALYZED REACTION IS ALSO DEPENDENT ON THE CONCENTRATION OF THE SUBSTRATE. AT LOW
SUBSTRATE CONCENTRATIONS, INCREASING THE SUBSTRATE CONCENTRATION LEADS TO A PROPORTIONAL INCREASE IN THE
REACTION RATE, AS MORE ACTIVE SITES BECOME OCCUPIED. HO\X/E\/ER, AS THE SUBSTRATE CONCENTRATION CONTINUES TO
RISE, THE REACTION RATE EVENTUALLY PLATEAUS. THIS OCCURS WHEN ALL THE ENZYME'S ACTIVE SITES ARE SATURATED WITH
SUBSTRATE MOLECULES, AND THE ENZYME IS WORKING AT ITS MAXIMUM VELOCITY (VMAX). AT THIS POINT, ADDING MORE
SUBSTRATE WILL NOT SIGNIFICANTLY INCREASE THE REACTION RATE BECAUSE THE ENZYME MOLECULES ARE ALREADY PROCESSING
SUBSTRATE AS FAST AS THEY CAN.

CoracTors AND COENZYMES

MANY ENZYMES REQUIRE THE ASSISTANCE OF NON-PROTEIN MOLECULES CALLED COFACTORS TO BE FULLY ACTIVE. COFACTORS
CAN BE INORGANIC IONS, SUCH AS MG, FE*", OR ZN°", OR ORGANIC MOLECULES CALLED COENZYMES. COENZYMES ARE OFTEN
DERIVED FROM VITAMINS AND PLAY CRUCIAL ROLES IN TRANSFERRING ATOMS OR FUNCTIONAL GROUPS DURING CATALYTIC
REACTIONS. FOR EXAMPLE, NAD" IS A COENZYME THAT ACTS AS AN ELECTRON ACCEPTOR IN MANY OXIDATION-REDUCTION
REACTIONS. IF AN ENZYME'S COFACTOR OR COENZYME IS ABSENT, THE ENZYME MAY BE INACTIVE OR SHOW SIGNIFICANTLY
REDUCED ACTIVITY. APOENZYMES ARE ENZYMES THAT HAVE LOST THEIR COFACTORS, WHILE HOLOENZYMES ARE ACTIVE ENZYMES
WITH THEIR BOUND COFACTORS.

ENzYME REGULATION

ALLOSTERIC REGULATION

ENZYME ACTIVITY CAN BE FINELY TUNED THROUGH REGULATORY MECHANISMS. ALLOSTERIC REGULATION INVOLVES THE BINDING
OF A REGULATORY MOLECULE, CALLED AN EFFECTOR OR MODULATOR, TO A SITE ON THE ENZYME DISTINCT FROM THE ACTIVE
SITE. THIS BINDING CAUSES A CONFORMATIONAL CHANGE IN THE ENZYME, WHICH IN TURN ALTERS THE AFFINITY OF THE ACTIVE
SITE FOR ITS SUBSTRATE. ALLOSTERIC ENZYMES OFTEN CONSIST OF MULTIPLE SUBUNITS, AND THE BINDING OF AN EFFECTOR TO
ONE SUBUNIT CAN AFFECT THE ACTIVITY OF OTHER SUBUNITS. |F THE EFFECTOR INCREASES ENZYME ACTIVITY, IT IS CALLED AN
ALLOSTERIC ACTIVATOR. |F IT DECREASES ACTIVITY, IT IS CALLED AN ALLOSTERIC INHIBITOR.

FEeDBACK INHIBITION

FEEDBACK INHIBITION IS A COMMON FORM OF ALLOSTERIC REGULATION IN METABOLIC PATHWAYS. IN THIS PROCESS, THE END
PRODUCT OF A METABOLIC PATHWAY INHIBITS AN ENZYME THAT CATALYZES AN EARLY STEP IN THAT SAME PATHWAY. THIS
PREVENTS THE UNNECESSARY ACCUMULATION OF THE END PRODUCT AND CONSERVES CELLULAR RESOURCES. THE END PRODUCT
ACTS AS AN ALLOSTERIC INHIBITOR, BINDING TO AN ALLOSTERIC SITE ON THE INITIAL ENZYME AND SLOWING DOWN OR STOPPING
ITS ACTIVITY. ONCE THE CONCENTRATION OF THE END PRODUCT DECREASES, THE INHIBITION IS RELIEVED, AND THE PATHWAY



CAN RESUME.

CoMPETITIVE AND NON-COMPETITIVE INHIBITION

ENZYME INHIBITORS ARE MOLECULES THAT REDUCE OR BLOCK ENZYME ACTIVITY. COMPETITIVE INHIBITORS RESEMBLE THE
SUBSTRATE AND BIND TO THE ACTIVE SITE, PREVENTING THE SUBSTRATE FROM BINDING. THEIR EFFECT CAN BE OVERCOME BY
INCREASING THE SUBSTRATE CONCENTRATION. NON-COMPETITIVE INHIBITORS, ON THE OTHER HAND, BIND TO A SITE OTHER THAN
THE ACTIVE SITE, CAUSING A CONFORMATIONAL CHANGE THAT REDUCES THE ENZYME'S CATALYTIC EFFICIENCY WITHOUT
BLOCKING SUBSTRATE BINDING. T HEIR EFFECTS CANNOT BE OVERCOME BY INCREASING SUBSTRATE CONCENTRATION.

ENzYMES IN METABOLIC PATHWAYS

METABOLISM, THE SUM OF ALL CHEMICAL REACTIONS THAT OCCUR WITHIN A CELL, IS A COMPLEX NETWORK OF INTERCONNECTED
PATHWAYS, EACH CATALYZED BY A SERIES OF SPECIFIC ENZYMES. GLYCOLYSIS, THE CITRIC ACID CYCLE, AND OXIDATIVE
PHOSPHORYLATION ARE PRIME EXAMPLES OF METABOLIC PATHWAYS HEAVILY RELIANT ON ENZYMES. EACH STEP IN THESE
PATHWAYS IS CATALYZED BY A DISTINCT ENZYME, ENSURING THAT METABOLIC INTERMEDIATES ARE CONVERTED EFFICIENTLY AND
IN A CONTROLLED MANNER. THE SEQUENTIAL ACTION OF THESE ENZYMES ALLOWS FOR THE STEPWISE RELEASE AND CAPTURE OF
ENERGY FROM NUTRIENT MOLECULES.

THE REGULATION OF THESE METABOLIC PATHWAYS IS CRITICAL FOR MAINTAINING CELLULAR HOMEOSTASIS. ENZYMES PLAY A
CENTRAL ROLE IN THIS REGULATION THROUGH VARIOUS MECHANISMS, INCLUDING ALLOSTERIC CONTROL, FEEDBACK INHIBITION,
AND COVALENT MODIFICATION. FOR INSTANCE, THE REGULATION OF KEY ENZYMES IN GLYCOLYSIS ENSURES THAT GLUCOSE IS
BROKEN DOWN TO MEET THE CELL’S ENERGY DEMANDS WITHOUT OVERPRODUCTION OF ATP. THE COORDINATED ACTION OF
ENZYMES WITHIN THESE PATHWAYS ALLOWS CELLS TO SYNTHESIZE ESSENTIAL MOLECULES AND BREAK DOWN WASTE
PRODUCTS, ALL WHILE MANAGING ENERGY FLOW.

EnzyMes AND HUMAN HEALTH

ENZYMES ARE INDISPENSABLE FOR HUMAN HEALTH, AND THEIR PROPER FUNCTIONING IS ESSENTIAL FOR VIRTUALLY ALL
PHYSIOLOGICAL PROCESSES. DEFICIENCIES OR MALFUNCTIONS IN SPECIFIC ENZYMES CAN LEAD TO A WIDE RANGE OF GENETIC
DISORDERS, OFTEN REFERRED TO AS INBORN ERRORS OF METABOLISM. For EXAMPLE, PHENYLKETONURIA (PKU) IS A GENETIC
DISORDER CAUSED BY A DEFICIENCY IN THE ENZYME PHENYLALANINE HYDROXYLASE, WHICH IS RESPONSIBLE FOR BREAKING DOWN
THE AMINO ACID PHENYLALANINE. WITHOUT THIS ENZYME, PHENYLALANINE ACCUMULATES TO TOXIC LEVELS IN THE BODY,
LEADING TO SEVERE INTELLECTUAL DISABILITY IF LEFT UNTREATED.

MANY DISEASES ARE ALSO ASSOCIATED WITH ALTERED ENZYME ACTIVITY OR EXPRESSION. FOR INSTANCE, ELEVATED LEVELS OF
CERTAIN ENZYMES IN THE BLOOD CAN BE INDICATIVE OF TISSUE DAMAGE. CREATINE KINASE (CK) LEVELS, FOR EXAMPLE, ARE
OFTEN MEASURED TO DIAGNOSE HEART DAMAGE AFTER A HEART ATTACK. FURTHERMORE/ ENZYMES ARE ALSO TARGETS FOR
THERAPEUTIC INTERVENTIONS. MANY DRUGS FUNCTION BY INHIBITING OR ACTIVATING SPECIFIC ENZYMES TO TREAT VARIOUS
CONDITIONS. FOrR EXAMPLE, STATINS ARE DRUGS THAT INHIBIT HMG-CoA REDUCTASE, A KEY ENZYME IN CHOLESTEROL
SYNTHESIS, THEREBY LOWERING BLOOD CHOLESTEROL LEVELS AND REDUCING THE RISK OF CARDIOVASCULAR DISEASE.
(UNDERSTANDING ENZYME MECHANISMS AND THEIR ROLES IN DISEASE IS A FUNDAMENTAL ASPECT OF MODERN MEDICINE.

FAQ



Q: WHAT IS THE PRIMARY ROLE OF ENZYMES IN BIOLOGICAL SYSTEMS AS DISCUSSED IN
CAMPBELL BioLoGY CHAPTER 42°

A: THE PRIMARY ROLE OF ENZYMES, AS DETAILED IN CAMPBELL BioLoGY CHAPTER 42, 1S TO ACT AS BIOLOGICAL CATALYSTS,
SIGNIFICANTLY ACCELERATING THE RATE OF BIOCHEMICAL REACTIONS NECESSARY FOR LIFE WITHOUT BEING CONSUMED IN THE
PROCESS.

Q: How DO ENZYMES LOWER ACTIVATION ENERGY?

A: ENZYMES LOWER ACTIVATION ENERGY BY PROVIDING AN ALTERNATIVE REACTION PATHWAY WITH A REDUCED ENERGY
BARRIER. THEY ACHIEVE THIS THROUGH MECHANISMS LIKE STARBILIZING THE TRANSITION STATE, ORIENTING SUBSTRATES
CORRECTLY, AND FACILITATING CHEMICAL BOND BREAKAGE AND FORMATION.

Q: WHAT IS THE ACTIVE SITE OF AN ENZYME?

A: THE ACTIVE SITE IS A SPECIFIC REGION ON AN ENZYME, TYPICALLY A POCKET OR GROOVE, WHERE THE SUBSTRATE BINDS AND
THE CATALYTIC ACTIVITY TAKES PLACE. |TS UNIQUE THREE-DIMENSIONAL STRUCTURE AND CHEMICAL PROPERTIES ARE CRUCIAL
FOR ENZYME SPECIFICITY.

Q: WHAT ARE THE KEY FACTORS THAT INFLUENCE ENZYME ACTIVITY?

A: THE KEY FACTORS INFLUENCING ENZYME ACTIVITY DISCUSSED IN CAMPBELL BioLoGY CHAPTER 42 INCLUDE TEMPERATURE,
PH, SUBSTRATE CONCENTRATION, AND THE PRESENCE OF COFACTORS OR COENZYMES.

Q: How DOES TEMPERATURE AFFECT ENZYME FUNCTION?

A: INCREASING TEMPERATURE GENERALLY INCREASES ENZYME ACTIVITY UP TO AN OPTIMAL POINT DUE TO INCREASED KINETIC
ENERGY. HO\X/EVER, BEYOND THIS OPTIMUM, HIGH TEMPERATURES CAN LEAD TO DENATURATION, WHERE THE ENZYME LOSES ITS
FUNCTIONAL THREE-DIMENSIONAL STRUCTURE AND BECOMES INACTIVE.

Q: WHAT IS ALLOSTERIC REGULATION OF ENZYMES?

A: ALLOSTERIC REGULATION IS A TYPE OF ENZYME REGULATION WHERE A MOLECULE BINDS TO A SITE ON THE ENZYME DIFFERENT
FROM THE ACTIVE SITE, CAUSING A CONFORMATIONAL CHANGE THAT AFFECTS THE ENZYME'S ACTIVITY. THIS CAN EITHER
ACTIVATE OR INHIBIT THE ENZYME.

QI CAN YOU EXPLAIN FEEDBACK INHIBITION IN THE CONTEXT OF ENZYMES?

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

Q: \WHAT ARE COMPETITIVE AND NON-COMPETITIVE INHIBITORS?

A: COMPETITIVE INHIBITORS BIND TO THE ENZYME'S ACTIVE SITE, COMPETING WITH THE SUBSTRATE. NON-COMPETITIVE
INHIBITORS BIND TO A DIFFERENT SITE ON THE ENZYME, ALTERING ITS SHAPE AND REDUCING ITS EFFICIENCY WITHOUT BLOCKING
SUBSTRATE BINDING.



Q: WHY ARE ENZYMES IMPORTANT IN HUMAN HEALTH AND DISEASE?

A: ENZYMES ARE CRITICAL FOR ALL BODILY FUNCTIONS. DEFICIENCIES OR MALFUNCTIONS IN ENZYMES CAN CAUSE GENETIC
DISORDERS, AND ALTERED ENZYME ACTIVITY IS OFTEN A MARKER FOR VARIOUS DISEASES. MANY MEDICAL TREATMENTS TARGET
SPECIFIC ENZYMES.

QZ WHAT IS THE SIGNIFICANCE OF COFACTORS AND COENZYMES FOR ENZYME FUNCTION?

A: COFACTORS (INORGANIC IONS) AND COENZYMES (ORGANIC MOLECULES, OFTEN DERIVED FROM VITAMINS) ARE OFTEN
ESSENTIAL NON-PROTEIN COMPONENTS THAT ENZYMES REQUIRE TO CARRY OUT THEIR CATALYTIC FUNCTIONS. THEY ASSIST IN
VARIOUS WAYS, SUCH AS ELECTRON TRANSFER OR GROUP TRANSFER.
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