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ENZYMES ARE REMARKABLE BIOLOGICAL CATALYSTS THAT FACILITATE COUNTLESS BIOCHEMICAL REACTIONS ESSENTIAL FOR LIFE.
THEIR ABILITY TO RECOGNIZE, BIND, AND TRANSFORM SPECIFIC MOLECULES MAKES THEM VITAL FOR PROCESSES RANGING FROM
DIGESTION TO DNA REPLICATION. A FASCINATING ASPECT OF ENZYME ACTIVITY IS THEIR BINDING AFFINITY—THE STRENGTH
WITH WHICH THEY ATTACH TO THEIR SUBSTRATE MOLECULES. AMONG ALL THE SPECIES THAT ENZYMES BIND, IT IS WIDELY
BELIEVED THAT THEY BIND MOST TIGHTLY TO TRANSITION STATES. THIS CONCEPT HAS PROFOUND IMPLICATIONS FOR OUR
UNDERSTANDING OF ENZYME EFFICIENCY AND THE DESIGN OF PHARMACEUTICALS, INDUSTRIAL CATALYSTS, AND
BIOTECHNOLOGICAL TOOLS.

UNDERSTANDING ENZYME-SUBSTRATE BINDING

WHAT ARe ENzYMES?

ENZYMES ARE PROTEINS (AND SOMETIMES RNA MOLECULES KNOWN AS RIBOZYMES) THAT ACCELERATE CHEMICAL REACTIONS
WITHOUT BEING CONSUMED. THEY ACHIEVE THIS BY LOWERING THE ACTIVATION ENERGY BARRIER, MAKING REACTIONS PROCEED
FASTER AND MORE EFFICIENTLY UNDER PHYSIOLOGICAL CONDITIONS.

How Do ENzYMES BIND TO SUBSTRATES?

ENZYMES RECOGNIZE SPECIFIC MOLECULES—CALLED SUBSTRATES—VIA THEIR ACTIVE SITES. THE BINDING PROCESS INVOLVES
SEVERAL KEY FEATURES:

- SPECIFICITY: ENZYMES ARE HIGHLY SELECTIVE, OFTEN BINDING ONLY TO PARTICULAR SUBSTRATES.

- COMPLEMENTARITY: THE ACTIVE SITE IS SHAPED TO COMPLEMENT THE SUBSTRATE'S SHAPE, CHARGE, AND
HYDROPHOBIC/HYDROPHILIC REGIONS.

- BINDING AFFINITY: THIS REFERS TO HOW TIGHTLY AN ENZYME BINDS TO ITS SUBSTRATE, QUANTIFIED BY PARAMETERS LIKE THE
DISSOCIATION CONSTANT (K_D).

TyPES OF BINDING INTERACTIONS

ENZYME-SUBSTRATE INTERACTIONS INVOLVE VARIOUS NON-COVALENT FORCES:
- HYDROGEN BONDS

- |ONIC INTERACTIONS

- VAN DER W/ AALS FORCES

- HYDROPHOBIC EFFECTS

THESE INTERACTIONS TOGETHER DETERMINE THE BINDING STRENGTH AND SPECIFICITY OF THE ENZYME FOR ITS SUBSTRATE.

THE TRANSITION STATE THEORY AND ENZYME BINDING



\WHAT Is THE TRANSITION STATE?

IN A CHEMICAL REACTION, THE TRANSITION STATE IS A HIGH-ENERGY , UNSTABLE CONFIGURATION THAT OCCURS DURING THE
CONVERSION OF REACTANTS TO PRODUCTS. |T REPRESENTS THE PEAK OF THE ENERGY BARRIER THAT MUST BE OVERCOME FOR
THE REACTION TO PROCEED.

ENzYMES AND TRANSITION STATE BINDING

THE MOST INFLUENTIAL CONCEPT IN ENZYME CATALYSIS IS THAT ENZYMES BIND MOST TIGHTLY TO THE TRANSITION STATE
RATHER THAN TO THE SUBSTRATE OR PRODUCT. THIS IDEA WAS PIONEERED BY LINUS PAULING AND IS KNOWN AS THE
TRANSITION STATE THEORY.

KEY POINTS ABOUT TRANSITION STATE BINDING:

- ENZYMES STABILIZE THE TRANSITION STATE, EFFECTIVELY LOWERING THE ACTIVATION ENERGY.

- THE BINDING AFFINITY FOR THE TRANSITION STATE IS OFTEN SIGNIFICANTLY HIGHER THAN FOR THE SUBSTRATE OR PRODUCT.
- THIS TIGHT BINDING EXPLAINS THE HIGH CATALYTIC EFFICIENCY OF ENZYMES.

\WHY Do ENzYMES BIND MoST TIGHTLY TO TRANSITION STATES?

THE REASON ENZYMES PREFERENTIALLY BIND TO THE TRANSITION STATE INVOLVES MOLECULAR RECOGNITION:

1. COMPLEMENTARY SHAPE: THE TRANSITION STATE HAS A UNIQUE SHAPE THAT ENZYMES CAN RECOGNIZE AND COMPLEMENT
MORE PRECISELY THAN THE SUBSTRATE ITSELF.

2. ENHANCED BINDING INTERACTIONS: THE TRANSITION STATE OFTEN PRESENTS A CONFIGURATION THAT ALLOWS FOR MORE
OPTIMAL NON-COVALENT INTERACTIONS.

3. CATALYTIC POWER: BY BINDING TIGHTLY TO THE TRANSITION STATE, ENZYMES EFFECTIVELY “PULL" THE SUBSTRATE CLOSER
TO THE PRODUCT FORM, ACCELERATING THE REACTION.

IMPLICATIONS OF TRANSITION STATE BINDING IN BIOCHEMISTRY

EnzyMe EFFicieNcY AND CATALYTIC POWER

THE HIGH AFFINITY FOR THE TRANSITION STATE ENABLES ENZYMES TO CATALYZE REACTIONS AT RATES APPROACHING THE
PHYSICAL LIMITS OF DIFFUSION. THIS EFFICIENCY IS CRITICAL FOR MAINTAINING HOMEOSTASIS AND SUPPORTING LIFE PROCESSES.

DesIGN oF ENzYME INHIBITORS

UNDERSTANDING THAT ENZYMES BIND MOST TIGHTLY TO TRANSITION STATES HAS LED TO THE DEVELOPMENT OF TRANSITION
STATE ANALOGS—MOLECULES THAT MIMIC THE TRANSITION STATE AND ACT AS POTENT INHIBITORS. THESE INHIBITORS ARE
VALUABLE IN:

- MEDICAL THERAPEUTICS (E.G., ANTIVIRAL DRUGS)

- INDUSTRIAL ENZYME REGULATION

- RESEARCH TOOLS

BIOTECHNOLOGICAL APPLICATIONS

HARNESSING TRANSITION STATE PRINCIPLES ALLOWS SCIENTISTS TO:
- ENGINEER ENZYMES WITH IMPROVED CATALYTIC PROPERTIES

- DESIGN SYNTHETIC CATALYSTS MIMICKING ENZYME EFFICIENCY

- DEVELOP DIAGNOSTIC ASSAYS WITH HIGH SPECIFICITY



ExXAMPLES OF ENzZYMES AND THEIR TRANSITION STATE BINDING

HIV PROTEASE

- BINDS TIGHTLY TO TRANSITION STATE ANALOGS THAT MIMIC THE PEPTIDE BOND CLEAVAGE INTERMEDIATE.
- USED AS A MODEL FOR DESIGNING ANTIVIRAL DRUGS.

CHYMOTRYPSIN

- A DIGESTIVE ENZYME THAT STABILIZES THE TETRAHEDRAL TRANSITION STATE OF PEPTIDE HYDROLYSIS.
- TRANSITION STATE ANALOGS SERVE AS POTENT INHIBITORS, HELPING UNDERSTAND ENZYME MECHANISM.

CARBONIC ANHYDRASE

- CATALYZES THE REVERSIBLE HYDRATION OF CARBON DIOXIDE.
- TRANSITION STATE STABILIZATION OCCURS THROUGH COORDINATION WITH ZINC IONS, FACILITATING RAPID CONVERSION.

MEASURING ENZYME-SUBSTRATE AND TRANSITION STATE BINDING

TEecHNIQUES UsSED

- KINETIC ASSAYS: DETERMINE REACTION RATES AND INFER BINDING AFFINITIES.

- SURFACE PLASMON RESONANCE (SPR) MEASURES REAL-TIME BINDING INTERACTIONS.

- X-RAY CRYSTALLOGRAPHY: VISUALIZES ENZYME-TRANSITION STATE COMPLEXES AT ATOMIC RESOLUTION.
- NMR SPECTROSCOPY: PROVIDES INSIGHTS INTO DYNAMIC BINDING PROCESSES.

UNDERSTANDING BINDING AFFINITY V ALUES

- Lower K_D VALUES INDICATE TIGHTER BINDING.
- TRANSITION STATE ANALOGS OFTEN EXHIBIT NANOMOLAR OR EVEN PICOMOLAR AFFINITY, REFLECTING THEIR HIGH BINDING
STRENGTH.

ConcrusioN: THE TIGHTLY BounD TRANSITION STATE

IN SUMMARY, AMONG ALL THE SPECIES THAT ENZYMES BIND, THEY ARE THOUGHT TO BIND MOST TIGHTLY TO THE TRANSITION
STATE. THIS FUNDAMENTAL PRINCIPLE UNDERPINS ENZYME CATALYSIS, INFLUENCING HOW BIOCHEMISTS UNDERSTAND REACTION
MECHANISMS AND DESIGN INHIBITORS. RECOGNIZING THE IMPORTANCE OF TRANSITION STATE BINDING HAS REVOLUTIONIZED DRUG
DEVELOPMENT, ENZYME ENGINEERING, AND OUR BROADER UNDERSTANDING OF MOLECULAR BIOLOGY. AS RESEARCH ADVANCES, THE
ABILITY TO MIMIC AND EXPLOIT THESE HIGH-AFFINITY INTERACTIONS PROMISES NEW FRONTIERS IN MEDICINE, INDUSTRY, AND
SYNTHETIC BIOLOGY.



Key TAKEAWAYS

- ENZYMES BIND MOST TIGHTLY TO TRANSITION STATES, NOT JUST SUBSTRATES.

- TRANSITION STATE STABILIZATION IS THE CORE OF ENZYME CATALYSIS.

- UNDERSTANDING THIS PRINCIPLE GUIDES DRUG DESIGN AND ENZYME ENGINEERING.

- MODERN TECHNIQUES HELP QUANTIFY AND VISUALIZE ENZYME-TRANSITION STATE INTERACTIONS.
- EXPLOITING THIS KNOWLEDGE LEADS TO INNOVATIVE APPLICATIONS ACROSS MULTIPLE FIELDS.
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FREQUENTLY ASkeD QUESTIONS
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THE SUBSTRATE

\WHAT MOLECULE DO ENZYMES TYPICALLY BIND MOST TIGHTLY TO DURING CATALYSIS?

THE SUBSTRATE

IN ENZYME-SUBSTRATE INTERACTIONS, WHICH SPECIES IS GENERALLY HELD MOST
TIGHTLY?

THE SUBSTRATE

FILL IN THE BLANK: ENZYMES HAVE THE HIGHEST AFFINITY FOR

THEIR SUBSTRATE

W/ HICH MOLECULE DO ENZYMES USUALLY BIND MOST STRONGLY AMONG VARIOUS
POSSIBLE SPECIES?

THE SUBSTRATE



DURING ENZYME ACTIVITY ;, WHAT IS THE PRIMARY SPECIES THAT BINDS MOST TIGHTLY?

THE SUBSTRATE

FiLL THe BLANkl OF ALL THE SPECIES THAT ENZYMES BIND, THEY ARE THOUGHT TO BIND
MOST TIGHTLY TO )

THE TRANSITION STATE

\W/HAT IS THE SPECIES THAT ENZYMES TYPICALLY HAVE THE HIGHEST BINDING AFFINITY
FOR?

THE SUBSTRATE OR TRANSITION STATE

IN ENZYME CATALYSIS, WHICH SPECIES IS STABILIZED MOST EFFECTIVELY THROUGH
BINDING?

THE TRANSITION STATE

FILL IN THE BLANK: ENZYMES BIND MOST TIGHTLY TO TO LOWER ACTIVATION
ENERGY.

THE TRANSITION STATE

ADDITIONAL RESOURCES

FiLL THe BLank! OF ALL THe Species THAT ENzyMES BIND, THEY ARE THOUGHT To BIND MosT TIGHTLY To

INTRODUCTION

THE INTRICATE DANCE OF ENZYME-SUBSTRATE INTERACTIONS FORMS THE CORNERSTONE OF BIOCHEMICAL PROCESSES THAT
SUSTAIN LIFE. ENZYMES, THE BIOLOGICAL CATALYSTS, ACCELERATE REACTIONS BY BINDING SPECIFIC
MOLECULES—SUBSTRATES—WITH REMARKABLE AFFINITY. \WHILE THE GENERAL PRINCIPLES OF ENZYME BINDING INVOLVE
SPECIFICITY AND AFFINITY, THE QUESTION OF WHAT SPECIES OR MOLECULES ENZYMES BIND MOST TIGHTLY TO REMAINS A
COMPELLING AVENUE OF RESEARCH.

HISTORICALLY, THE FOCUS HAS BEEN ON ENZYME BINDING TO THEIR NATURAL SUBSTRATES, OFTEN CHARACTERIZED BY THEIR
MICHAELIS-MENTEN CONSTANTS (KM), WHICH REFLECT HOW TIGHTLY AN ENZYME BINDS A PARTICULAR SUBSTRATE. HO\X/EVER,
THE SCOPE EXTENDS BEYOND SIMPLE SUBSTRATES TO INCLUDE INHIBITORS, COFACTORS, AND EVEN NON-NATURAL MOLECULES.
AMONG THESE, THE QUESTION OF WHICH SPECIES BINDS MOST TIGHTLY TO ENZYMES HAS PROFOUND IMPLICATIONS FOR DRUG
DESIGN, ENZYME ENGINEERING, AND OUR UNDERSTANDING OF MOLECULAR RECOGNITION.

THIS REVIEW DELVES INTO THE CURRENT UNDERSTANDING OF ENZYME BINDING AFFINITIES, EXPLORING THE DIVERSITY OF
MOLECULES ENCOUNTERED, THE FACTORS INFLUENCING BINDING STRENGTH, AND THE EVIDENCE SUGGESTING THE SPECIES THAT

ENZYMES BIND MOST TIGHTLY TO. WE AIM TO ANSWER THE QUESTION: OF ALL THE SPECIES THAT ENZYMES BIND, ARE THEY
THOUGHT TO BIND MOST TIGHTLY TO A PARTICULAR MOLECULE OR CLASS OF MOLECULES?

THE FUNDAMENTALS OF ENz'YME BINDING AFFINITY

BINDING AFFINITY AND |TS MEASUREMENT



BINDING AFFINITY QUANTIFIES HOW STRONGLY AN ENZYME INTERACTS WITH A MOLECULE. COMMON METRICS INCLUDE:

- DissociATION CONSTANT (KD): THE CONCENTRATION OF LIGAND AT WHICH HALF OF THE ENZYME ACTIVE SITES ARE OCCUPIED.
- MICHAELIS-MENTEN CONSTANT (KM): REFLECTS THE SUBSTRATE CONCENTRATION AT WHICH THE REACTION RATE IS HALF OF
VMAX, OFTEN CORRELATING WITH BINDING AFFINITY FOR THE SUBSTRATE UNDER CERTAIN CONDITIONS.

- INHIBITORY CONSTANT (K1): THE BINDING STRENGTH OF INHIBITORS.

LoWER VALUES OF KD OR KI INDICATE TIGHTER BINDING. ENZYMES CAN BIND A VARIETY OF MOLECULES WITH DIFFERING
AFFINITIES, FROM HIGH-AFFINITY TIGHT BINDERS LIKE INHIBITORS TO LOWER AFFINITY NATURAL SUBSTRATES.

TyPES OF MOLECULES ENzYMES BIND

- NATURAL SUBSTRATES: THE PRIMARY MOLECULES THAT UNDERGO CATALYSIS.

- INHIBITORS: MOLECULES THAT REDUCE ENZYME ACTIVITY, OFTEN BINDING TIGHTLY.

- COFACTORS AND COENZYMES: NON-PROTEIN MOLECULES ESSENTIAL FOR ACTIVITY.

- ALLOSTERIC EFFECTORS: MOLECULES THAT BIND SITES OTHER THAN THE ACTIVE SITE, MODULATING ACTIVITY.
- NON-SPECIFIC BINDERS: MOLECULES THAT BIND WEAKLY OR NONSPECIFICALLY.

HisTorICAL PERSPECTIVES: Focus oN NATURAL SUBSTRATES

IN CLASSICAL ENZYME KINETICS, MUCH EMPHASIS HAS BEEN PLACED ON NATURAL SUBSTRATES—THOSE MOLECULES THAT
ENZYMES EVOLVED TO RECOGNIZE AND CONVERT. FOR EXAMPLE:

- HEXOKINASE BINDS GLUCOSE WITH HIGH AFFINITY (KM IN THE MICROMOLAR RANGE).
- ADENYLATE KINASE BINDS ADENYLATE NUCLEOTIDES TIGHTLY.

- LACTATE DEHYDROGENASE BINDS PYRUVATE OR LACTATE.

THESE NATURAL SUBSTRATES GENERALLY EXHIBIT THE HIGHEST BINDING AFFINITIES FOR THEIR RESPECTIVE ENZYMES, BUT THE
QUESTION PERSISTS: ARE THESE THE TIGHTEST BINDERS AMONG ALL SPECIES?

EnzYME BINDING TO INHIBITORS: THE CASE OF TIGHT-BINDING MOLECULES

INHIBITORS OFTEN BIND MORE TIGHTLY THAN NATURAL SUBSTRATES, ESPECIALLY IN THE CONTEXT OF DRUGS DESIGNED FOR HIGH
SPECIFICITY AND POTENCY.

TvYPES OF INHIBITORS AND THEIR BINDING AFFINITIES

- REVERSIBLE INHIBITORS: BIND NON-COVALENTLY; TIGHT BINDERS LIKE TRANSITION STATE ANALOGS CAN HAVE NANOMOLAR OR
EVEN PICOMOLAR AFFINITIES.

- IRREVERSIBLE INHIBITORS: FORM COVALENT BONDS, LEADING TO VERY HIGH APPARENT AFFINITY.

EXAMPLES:

- ALLOPURINOL (USED IN GOUT TREATMENT) BINDS TIGHTLY TO XANTHINE OXIDASE, WITH KI VALUES IN THE NANOMOLAR
RANGE.

- OSELTAMIVIR (TAMIFLU), A NEURAMINIDASE INHIBITOR, EXHIBITS TIGHT BINDING WITH KI IN THE NANOMOLAR RANGE.

- TRANSITION STATE ANALOGS DESIGNED TO MIMIC THE TRANSITION STATE OF REACTIONS OFTEN BIND WITH EXTREMELY HIGH
AFFINITY—SOMETIMES TIGHTER THAN THE NATURAL SUBSTRATE.

TRANSITION STATE ANALOGS AND TIGHT BINDING

TRANSITION STATE THEORY SUGGESTS THAT ENZYMES BIND THE TRANSITION STATE OF A SUBSTRATE MORE TIGHTLY THAN THE
SUBSTRATE ITSELF. THIS HAS BEEN EXPLOITED IN DRUG DESIGN TO CREATE MOLECULES THAT BIND WITH UNPARALLELED AFFINITY.

KeY POINTS:



- TRANSITION STATE ANALOGS CAN BIND ENZYMES WITH DISSOCIATION CONSTANTS IN THE FEMTOMOLAR (10™-15 M) RANGE.
- FOR EXAMPLE, METHOTREXATE, AN ANTIFOLATE DRUG, BINDS DIHYDROFOLATE REDUCTASE WITH PICOMOLAR AFFINITY.

CONCLUSION: SOME INHIBITORS OR TRANSITION STATE ANALOGS ARE KNOWN TO BIND ENZYME SPECIES MORE TIGHTLY THAN
NATURAL SUBSTRATES, SOMETIMES REACHING BINDING AFFINITIES THAT SURPASS THOSE OF THE SUBSTRATES THEY MIMIC.

BINDING OF ENzYMES TO NoN-PHYSIoLoGICAL SPECIES AND THE RoLE oF CoVALENT AND NON-COVALENT INTERACTIONS
BEYOND NATURAL SUBSTRATES AND INHIBITORS, ENZYMES CAN INTERACT WITH:

- NON-PHYSIOLOGICAL MOLECULES INTRODUCED EXPERIMENTALLY.

- COVALENT MODIFIERS THAT FORM PERMANENT BONDS.

- METAL IONS OR PROSTHETIC GROUPS THAT CAN BIND TIGHTLY.

CoVALENT BINDING: THE TIGHTEST BINDING SPECIES

COVALENT ENZYME-INHIBITOR COMPLEXES ARE OFTEN CONSIDERED THE TIGHTEST POSSIBLE BINDING INTERACTIONS, WITH BINDING
EFFECTIVELY APPROACHING AN INFINITE AFFINITY IN A PRACTICAL SENSE.

EXAMPLES:
- SERINE PROTEASE INHIBITORS SUCH AS PHENYLMETHYLSULFONYL FLUORIDE (PMSF) FORM COVALENT BONDS WITH THE
ENZYME'S ACTIVE SERINE RESIDUE.

- ASPIRIN ACETYLATES CYCLOOXYGENASE ENZYMES COVALENTLY, LEADING TO AN ESSENTIALLY IRREVERSIBLE INHIBITION.

IMPLICATION: COVALENT BINDING REPRESENTS THE EXTREME OF BINDING AFFINITY, EFFECTIVELY “MOST TIGHTLY" BINDING IN THE
CONTEXT OF ENZYME INTERACTIONS.

THE EvIDEncE: WHICH Species Does ENzyME BIND MosST TIGHTLY?
NATURAL SUBSTRATES VS. INHIBITORS

W/HILE NATURAL SUBSTRATES GENERALLY BIND WITH HIGH BUT MODERATE AFFINITY , INHIBITORS—PARTICULARLY TRANSITION
STATE ANALOGS AND COVALENT MODIFIERS—OFTEN BIND MORE TIGHTLY.

KEY OBSERVATIONS:

- TRANSITION STATE ANALOGS CAN BIND ENZYMES WITH FEMTOMOLAR AFFINITY.
- |RREVERSIBLE COVALENT INHIBITORS EFFECTIVELY “TRAP” ENZYMES, WITH BINDING APPROACHING IRREVERSIBILITY.

NoN-PHYSIOLOGICAL MOLECULES

EXPERIMENTAL DATA HAVE SHOWN THAT ENZYMES CAN BIND NON-NATURAL MOLECULES WITH EXTRAORDINARY AFFINITY WHEN
DESIGNED APPROPRIATELY.

EXAMPLES:

- SYNTHETIC INHIBITORS DESIGNED TO MIMIC THE TRANSITION STATE CAN BIND TIGHTER THAN THE NATURAL SUBSTRATE.

- IN SOME CASES, ENZYMES HAVE BEEN SHOWN TO BIND ARTIFICIAL MOLECULES WITH DISSOCIATION CONSTANTS ORDERS OF
MAGNITUDE LOWER THAN THEIR NATURAL SUBSTRATES.

THe TINIEST BINDING: CoVALENT COMPLEXES

FROM A PRACTICAL STANDPOINT, COVALENT ENZYME-INHIBITOR COMPLEXES ARE CONSIDERED THE SPECIES TO WHICH ENZYMES
BIND MOST TIGHTLY, SINCE THE BOND FORMATION IS ESSENTIALLY PERMANENT UNDER PHYSIOLOGICAL CONDITIONS.



THeORETICAL CONSIDERATIONS AND LIMITATIONS

\W/HILE THE ABOVE EVIDENCE SUGGESTS THAT COVALENT AND TRANSITION STATE ANALOGS CAN BIND MORE TIGHTLY THAN
NATURAL SUBSTRATES, THERE ARE CAVEATS!

- PHYSIOLOGICAL RELEVANCE: COVALENT AND HIGHLY ARTIFICIAL MOLECULES ARE NOT NATURALLY OCCURRING SPECIES.

- MEASUREMENT CHALLENGES: EXTREMELY TIGHT BINDING (FEMTOMOLAR OR LO\X/ER) CAN BE DIFFICULT TO QUANTIFY
ACCURATELY.

- DYNAMIC NATURE OF ENZYMES: ENZYMES ARE DYNAMIC MOLECULES; THE BINDING AFFINITY CAN VARY DEPENDING ON CONDITIONS.

IMPLICATIONS FOR DRUG DESIGN AND ENZYME ENGINEERING
(UNDERSTANDING WHICH SPECIES BIND MOST TIGHTLY INFORMS STRATEGIES TO INHIBIT ENZYMES EFFECTIVELY:

- DESIGNING TRANSITION STATE ANALOGS YIELDS POTENT INHIBITORS.

- CREATING COVALENT INHIBITORS CAN LEAD TO PERMANENT ENZYME INACTIVATION.

- ENGINEERING ENZYMES TO PREFERENTIALLY BIND NON-NATURAL MOLECULES CAN BE USEFUL FOR BIOTECHNOLOGICAL
APPLICATIONS.

CONCLUSION: FILLING THE BLANK

BASED ON CURRENT SCIENTIFIC EVIDENCE AND UNDERSTANDING, ENZYMES ARE THOUGHT TO BIND MOST TIGHTLY TO COVALENT
MODIFIERS AND TRANSITION STATE ANALOGS—SPECIES THAT ARE EITHER ARTIFICIALLY DESIGNED OR NATURALLY MIMIC THE
TRANSITION STATE OF THE CATALYZED REACTION. THESE MOLECULES CAN EXHIBIT BINDING AFFINITIES THAT SURPASS THOSE OF
NATURAL SUBSTRATES, OFTEN REACHING FEMTOMOLAR LEVELS OR TIGHTER.

THEREFORE, THE COMPLETED STATEMENT IS:

FiLL THe BLank! OF ALL THE SPeCIiES THAT ENzYMES BIND, THEY ARE THOUGHT To BIND MoOST TIGHTLY To TRANSITION
STATE ANALOGS OR COVALENT INHIBITORS.

FINAL REMARKS

THE INTRICATE HIERARCHY OF ENZYME BINDING AFFINITIES UNDERSCORES THE IMPORTANCE OF MOLECULAR RECOGNITION IN
BIOCHEMISTRY. W/HILE NATURAL SUBSTRATES BIND WITH HIGH AFFINITY TO FACILITATE EFFICIENT CATALYSIS, THE DESIGN OF
MOLECULES THAT BIND EVEN MORE TIGHTLY—SUCH AS TRANSITION STATE ANALOGS—HAS REVOLUTIONIZED DRUG
DEVELOPMENT AND ENZYME INHIBITION STRATEGIES. UNDERSTANDING THAT ENZYMES CAN BIND MOST TIGHTLY TO THESE
ARTIFICIALLY DESIGNED OR TRANSITION STATE-MIMICKING SPECIES NOT ONLY ILLUMINATES FUNDAMENTAL ENZYMOLOGY BUT
ALSO PAVES THE WAY FOR INNOVATIVE THERAPEUTIC INTERVENTIONS.
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