
Basic concepts in Enzymology 
 

Enzymes are pivotal part of living system. They are biological catalysts that perform myriads 

of metabolic reactions that sustain life. Enzymes facilitate life process in all life forms ranging 

from prokaryotes to eukaryotes. Hence the study of enzymes is crucial in understanding 

biochemical basis of life. 

This course on ‘Basic concepts in Enzymology’ is designed to introduce students to various 

theoretical and practical aspects of enzymology. This course will cover topics such as Enzyme 

classification and nomenclature, mechanism of enzyme action and the factors affecting their 

activities, enzyme kinetics, enzyme inhibition, regulation of enzyme activity, isolation and 

purification of enzymes and various industrial and clinical applications of enzymes.  

This is an introductory course intended for undergraduate students in Biochemistry, 

Biotechnology, Microbiology and other life science courses including Botany, Zoology etc. 

Basic understanding about the biological catalysts can open new avenues for interdisciplinary 

research. Further, this course would serve as foundation for advanced Enzymology studies. 

 

Enzymology is the branch of biochemistry that investigates enzymes—their structure, 

function, kinetics, and mechanisms. Enzymes are biological catalysts that accelerate 

reactions by lowering activation energy, and their study reveals how life’s chemistry is 

regulated and harnessed. 

Foundations of Enzymology 

• Definition: Enzymology is the study of enzymes and enzyme-catalyzed reactions. 

• Nature of enzymes: Most enzymes are proteins, though some RNA molecules 

(ribozymes) also act as catalysts. 

• Function: They speed up reactions by factors of millions compared to uncatalyzed 

processes, ensuring biological reactions occur efficiently under mild conditions. 

Key Areas of Study 

• Enzyme kinetics: Examines reaction rates, substrate binding, and influences like 

temperature, pH, and inhibitors. 

• Classification: Enzymes are grouped into six classes: oxidoreductases, transferases, 

hydrolases, lyases, isomerases, and ligases. 

• Catalysis & transition state theory: Enzymes stabilize high-energy intermediates, 

lowering activation energy. 

• Active sites & ES complexes: Substrates bind to specific regions, forming enzyme-

substrate complexes that facilitate reactions. 



Core Concepts 

• Binding energy: Enzymes use binding energy to stabilize transition states and drive 

reactions. 

• Specificity: Enzymes are highly selective for substrates, often following “lock-and-

key” or “induced fit” models. 

• Regulation: Controlled by feedback inhibition, covalent modification, and allosteric 

regulation. 

Applications 

• Medicine: Enzyme inhibitors are used in therapies (e.g., HIV protease inhibitors). 

• Biotechnology: Industrial enzymes in detergents, food processing, and biofuels. 

• Diagnostics: Enzyme assays detect diseases. 

• Research tools: Restriction enzymes and polymerases are essential in molecular 

biology. 

Visual Overview 

Here’s a diagram showing the enzyme-substrate interaction cycle—substrate binding, 

complex formation, and product release: 
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Frontiers & Challenges 

• Protein engineering: Designing enzymes with improved stability or novel functions. 

• Metabolic regulation: Mapping enzyme networks in complex pathways. 

• Synthetic biology: Creating artificial enzymes for industrial and medical use. 

Enzymology explains how enzymes make life’s chemistry possible. By studying kinetics, 

mechanisms, and regulation, scientists harness enzymes for medicine, industry, and 

biotechnology, while exploring new frontiers in protein engineering and synthetic biolo 



Classification and Nomenclature of Enzymes 

Enzymes are classified into seven major classes based on the type of reaction they 

catalyze, and they are named using a standardized system developed by the 

International Union of Biochemistry and Molecular Biology (IUBMB). Each enzyme is 

assigned an Enzyme Commission (EC) number that uniquely identifies its function. 

Enzyme Classification (EC System) 

The Enzyme Commission (EC) system groups enzymes into seven classes: 

Class Reaction Type Examples 

EC 1: 

Oxidoreductases 

Catalyze oxidation–reduction 

reactions 

Lactate dehydrogenase, 

alcohol dehydrogenase 

EC 2: Transferases Transfer functional groups 

between molecules 

Kinases, transaminases 

EC 3: Hydrolases Catalyze hydrolysis (bond 

cleavage with water) 

Proteases, lipases 

EC 4: Lyases Break bonds without hydrolysis 

or oxidation 

Decarboxylases, aldolases 

EC 5: Isomerases Rearrange atoms within a 

molecule 

Racemases, epimerases 

EC 6: Ligases 

(synthetases) 

Join two molecules using ATP DNA ligase, synthetases 

EC 7: Translocases Catalyze movement of 

ions/molecules across membranes 

ATP synthase, transport 

ATPases 

Enzyme Nomenclature 

• Systematic names: Based on the reaction catalyzed. Example: L-lactate:NAD⁺ 

oxidoreductase (EC 1.1.1.27). 

• Common names: Often shorter and widely used, typically ending in -ase (e.g., lactate 

dehydrogenase). 

• EC numbers: Four-part numerical code (e.g., EC 1.1.1.27). 

o First digit: Main class (oxidoreductase, transferase, etc.). 

o Second digit: Subclass (type of group transferred or bond acted upon). 

o Third digit: Sub-subclass (specific acceptor/donor details). 

o Fourth digit: Serial number of the enzyme in that category. 

Why Classification Matters 

• Clarity: Identifies enzyme function unambiguously. 

• Organization: Helps catalog over 500,000 known enzymes. 

• Research & medicine: Facilitates drug design, diagnostics, and biotechnology 

applications. 

Key Notes 



• Early enzymes were named arbitrarily (e.g., pepsin), but modern nomenclature is 

systematic. 

• The EC system is updated regularly to reflect new discoveries and refinements. 

• Translocases (EC 7) were added more recently, expanding the classification from six 

to seven classes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 Introduction to enzymes 

Module 1: Introduction to Enzymes 

Enzymes are at the heart of biochemistry. This first module sets the foundation for 

understanding what enzymes are, why they matter, and how they function. 

What Are Enzymes? 

• Definition: Enzymes are biological catalysts—mostly proteins—that accelerate 

chemical reactions in living organisms. 

• Catalytic role: They lower the activation energy required for reactions, making 

processes occur rapidly under mild physiological conditions. 

• Specificity: Each enzyme is highly selective, acting on particular substrates to 

produce specific products. 

General Properties of Enzymes 

• Efficiency: Enzymes can speed up reactions by factors of up to 1017. 

• Mild conditions: Work at body temperature and neutral pH, unlike many chemical 

catalysts. 



• Regulation: Enzyme activity is tightly controlled by the cell (e.g., feedback inhibition, 

allosteric regulation). 

• Reusability: Enzymes are not consumed in the reaction—they can be used repeatedly. 

Historical Background 

• Early discoveries: The term enzyme comes from Greek en zyme (“in yeast”), first 

used in the 19th century. 

• Milestones: 

o 1833: Discovery of diastase (amylase). 

o 1897: Eduard Buchner demonstrated fermentation without living cells, proving 

enzymes act independently. 

o 20th century: Advances in protein chemistry revealed enzyme structures and 

mechanisms. 

Importance of Enzymes 

• Biological processes: Digestion (amylase, protease), respiration (cytochrome 

oxidase), DNA replication (polymerases). 

• Medicine: Enzyme inhibitors as drugs (e.g., penicillin inhibits bacterial 

transpeptidase). 

• Industry: Used in brewing, food processing, detergents, and biofuel production. 

• Research tools: Restriction enzymes and polymerases revolutionized molecular 

biology. 

Enzymes are nature’s catalysts—efficient, specific, and essential for life. Understanding their 

basic properties and history provides the foundation for deeper study in enzymology. 

2.Overview of enzyme function in a cell 

Overview of Enzyme Function in a Cell 

Enzymes are the workhorses of the cell, ensuring that biochemical reactions occur at the 

right speed, place, and time. Without them, life’s chemistry would be too slow to sustain 

biological processes. 

Role of Enzymes in Cellular Metabolism 

• Catalysts of metabolic pathways: Enzymes drive sequential reactions in glycolysis, 

the Krebs cycle, and oxidative phosphorylation. 

• Energy management: They regulate ATP production and consumption, balancing 

energy supply with demand. 

• Biosynthesis: Enzymes enable the synthesis of macromolecules like DNA, RNA, 

proteins, and lipids. 

• Degradation: They break down nutrients (carbohydrates, fats, proteins) into usable 

forms. 

Localization & Compartmentalization 



• Cytoplasm: Enzymes for glycolysis and biosynthetic pathways. 

• Mitochondria: Enzymes for the citric acid cycle, electron transport chain, and ATP 

synthase. 

• Lysosomes: Hydrolytic enzymes for breaking down macromolecules. 

• Nucleus: DNA polymerases and repair enzymes. 

• Endoplasmic reticulum & Golgi: Enzymes for protein folding, modification, and 

trafficking. 

Regulation of Enzyme Activity 

• Allosteric regulation: Enzymes change shape when molecules bind at sites other than 

the active site. 

• Feedback inhibition: End products of pathways inhibit enzymes earlier in the chain 

to prevent overproduction. 

• Covalent modification: Phosphorylation/dephosphorylation switches enzymes on or 

off. 

• Gene expression control: Cells regulate how much of an enzyme is produced 

depending on needs. 

Integration in Cellular Networks 

• Enzymes work in multi-step cascades, ensuring smooth flow of metabolites. 

• They form complexes (e.g., pyruvate dehydrogenase complex) for efficiency. 

• Enzymes are part of signal transduction pathways, linking external signals to 

cellular responses. 

Enzymes are central to cellular life: they coordinate metabolism, regulate energy, and 

maintain homeostasis. Their precise control ensures that cells adapt to changing conditions 

and function efficiently. 

3.Structural organization of Enzymes 

Structural Organization of Enzymes 

Enzymes are proteins (and occasionally RNA molecules) whose structure determines their 

function. Their organization spans several levels, from amino acid sequence to complex 

multi-subunit assemblies. 

Levels of Enzyme Structure 

• Primary Structure 

o Linear sequence of amino acids linked by peptide bonds. 

o Determines folding and ultimately the enzyme’s specificity. 

• Secondary Structure 

o Local folding into α-helices and β-sheets stabilized by hydrogen bonds. 

o Provides scaffolding for the active site. 

• Tertiary Structure 

o Overall 3D shape of a single polypeptide chain. 



o Includes hydrophobic interactions, ionic bonds, disulfide bridges. 

o Creates the active site pocket where substrates bind. 

• Quaternary Structure 

o Association of multiple polypeptide chains (subunits). 

o Examples: DNA polymerase, hemoglobin-like enzymes. 

o Allows cooperative behavior and regulation. 

Active Site & Catalytic Components 

• Active site: Specific region where substrate binds and catalysis occurs. 

• Cofactors: Non-protein molecules (metal ions, vitamins) required for activity. 

• Coenzymes: Organic molecules (e.g., NAD⁺, FAD) that assist in catalysis. 

• Prosthetic groups: Tightly bound cofactors (e.g., heme in cytochromes). 

Structure–Function Relationship 

• The shape of the active site dictates substrate specificity (lock-and-key vs. induced 

fit). 

• Structural flexibility allows enzymes to stabilize transition states. 

• Mutations altering structure can impair function, leading to disease. 

Examples 

• Lysozyme: Single-chain enzyme with a cleft-shaped active site. 

• DNA polymerase: Multi-subunit enzyme with domains for proofreading and 

catalysis. 

• ATP synthase: Large quaternary complex embedded in membranes, rotating to 

generate ATP. 

The structural organization of enzymes—from amino acid sequence to multi-subunit 

complexes—creates the precise architecture needed for catalysis. Their active sites, cofactors, 

and dynamic conformations make them highly efficient and specific catalysts. 

4.Nature of Enzymes I Catalytic power and specificity: Optical, geometrical, 

Nature of Enzymes I – Catalytic Power and Specificity 

Enzymes are remarkable because they combine extraordinary catalytic power with high 

specificity. This module explores both aspects, including the different dimensions of 

specificity such as optical and geometrical. 

Catalytic Power 

• Acceleration of reactions: Enzymes can increase reaction rates by factors of 106to 

1017. 

• Activation energy reduction: They stabilize the transition state, lowering the energy 

barrier. 



• Efficiency: Even at low concentrations, enzymes achieve rapid turnover (e.g., 

carbonic anhydrase catalyzes millions of reactions per second). 

• Mild conditions: Unlike chemical catalysts, enzymes function at physiological 

temperature, pH, and pressure. 

Specificity of Enzymes 

Enzymes are highly selective, ensuring precise control of cellular chemistry. Specificity can 

be classified into several types: 

• Substrate specificity: Enzymes act only on particular substrates (e.g., urease acts only 

on urea). 

• Reaction specificity: They catalyze only one type of chemical reaction (e.g., 

oxidoreductases vs. hydrolases). 

• Group specificity: Some enzymes act on a group of related compounds (e.g., 

hexokinase phosphorylates several hexoses). 

• Bond specificity: Certain enzymes target specific bonds (e.g., proteases cleave 

peptide bonds). 

Optical Specificity 

• Refers to the ability of enzymes to distinguish between optical isomers (enantiomers). 

• Example: L-amino acid oxidase acts only on L-amino acids, not D-amino acids. 

• This ensures stereochemical precision in biological systems, critical for protein 

synthesis and metabolism. 

Geometrical Specificity 

• Enzymes recognize the spatial arrangement of atoms in a substrate. 

• Example: cis-trans specificity – fumarase acts only on fumarate (trans-isomer), not 

maleate (cis-isomer). 

• Geometrical specificity prevents incorrect reactions and maintains pathway fidelity. 

Enzymes combine immense catalytic efficiency with fine-tuned specificity. Their ability to 

distinguish between optical and geometrical isomers ensures that cellular reactions proceed 

with exact stereochemistry and structural precision—one of the defining features of life’s 

chemistry. 

4.Nature of Enzymes II- Coenzymes 

Nature of Enzymes – Coenzymes 

Coenzymes are essential partners of enzymes, enabling them to carry out complex 

biochemical reactions. They are usually small organic molecules derived from vitamins and 

act as transient carriers of specific atoms or functional groups during catalysis. 

What Are Coenzymes? 



• Definition: Organic, non-protein molecules that bind to enzymes and assist in 

catalysis. 

• Role: Act as intermediate carriers of electrons, atoms, or functional groups. 

• Nature: Often derived from water-soluble vitamins (e.g., B-complex vitamins). 

• Binding: Can be loosely bound (coenzymes) or tightly bound (prosthetic groups). 

Types of Coenzymes 

• Electron carriers: 

o NAD⁺ / NADP⁺ (from niacin, vitamin B3): Transfer hydride ions in redox 

reactions. 

o FAD / FMN (from riboflavin, vitamin B2): Participate in electron transfer in 

the electron transport chain. 

• Group transfer coenzymes: 

o Coenzyme A (from pantothenic acid, vitamin B5): Transfers acyl groups in 

metabolism (e.g., acetyl-CoA in Krebs cycle). 

o Thiamine pyrophosphate (TPP, from vitamin B1): Transfers aldehyde 

groups in decarboxylation reactions. 

• Other specialized coenzymes: 

o Biotin (vitamin B7): Transfers CO₂ in carboxylation reactions. 

o Tetrahydrofolate (from folic acid, vitamin B9): Transfers one-carbon units 

in nucleotide synthesis. 

o Cobalamin (vitamin B12): Transfers methyl groups in rearrangement 

reactions. 

Functional Importance 

• Expand enzyme capabilities: Allow enzymes to catalyze reactions beyond what 

amino acid side chains alone can achieve. 

• Metabolic integration: Coenzymes link different pathways by shuttling groups 

between enzymes. 

• Reversibility: Many coenzymes cycle between oxidized and reduced forms (e.g., 

NAD⁺ ↔ NADH). 

Examples in Cellular Processes 

• Glycolysis: NAD⁺ accepts electrons during oxidation of glyceraldehyde-3-phosphate. 

• Krebs cycle: FAD accepts electrons in succinate dehydrogenase reaction. 

• Fatty acid metabolism: Coenzyme A carries acyl groups for β-oxidation. 

• DNA synthesis: Tetrahydrofolate donates one-carbon units for nucleotide bases. 

Coenzymes are vital molecular assistants that extend the catalytic repertoire of enzymes. 

Derived largely from vitamins, they act as carriers of electrons, acyl groups, or one-carbon 

units, ensuring smooth operation of metabolism and biosynthesis. 

Nature of Enzymes – Additional Properties 



This section builds on catalytic power and coenzymes, focusing on other essential properties 

of enzymes that define their behavior in biological systems. 

Thermolability & Environmental Sensitivity 

• Temperature dependence: Enzymes function optimally within a narrow temperature 

range (often 35–40 °C in humans). 

• Denaturation: High heat disrupts hydrogen bonds and hydrophobic interactions, 

leading to loss of structure and activity. 

• Cold sensitivity: At low temperatures, enzyme activity slows due to reduced kinetic 

energy. 

pH Dependence 

• Each enzyme has an optimal pH (e.g., pepsin at pH ~2, trypsin at pH ~8). 

• Deviations alter ionization of amino acid residues in the active site, impairing binding 

or catalysis. 

• Extreme pH can denature enzymes irreversibly. 

Enzyme Inhibition 

• Competitive inhibition: Inhibitor resembles substrate and competes for active site 

(e.g., sulfa drugs vs. PABA in folate synthesis). 

• Non-competitive inhibition: Inhibitor binds elsewhere, altering enzyme 

conformation. 

• Irreversible inhibition: Covalent modification permanently inactivates enzyme (e.g., 

penicillin binding bacterial transpeptidase). 

Enzyme Regulation 

• Allosteric control: Binding at regulatory sites changes enzyme activity (common in 

metabolic enzymes). 

• Covalent modification: Phosphorylation, acetylation, or methylation can 

activate/inactivate enzymes. 

• Zymogens: Inactive precursors activated by cleavage (e.g., pepsinogen → pepsin). 

Isoenzymes (Isozymes) 

• Different molecular forms of the same enzyme catalyze the same reaction but differ in 

kinetics or regulation. 

• Example: Lactate dehydrogenase (LDH) has tissue-specific isoenzymes (heart vs. 

muscle). 

• Clinical relevance: Isoenzyme patterns are used in diagnostics (e.g., LDH isoforms in 

myocardial infarction). 

Enzymes are not only powerful and specific catalysts but also dynamic molecules whose 

activity depends on environmental conditions, regulation, and inhibition. Their adaptability 



ensures precise control of metabolism and makes them central to both physiology and 

medicine. 

Classification and Nomenclature of Enzymes I 

Focus: Introduction to enzyme classification systems and naming conventions. 

• Historical background: Early arbitrary names (e.g., pepsin, trypsin) vs. modern 

systematic nomenclature. 

• Enzyme Commission (EC) system: Developed by IUBMB to standardize 

classification. 

• EC number structure: Four-part code (e.g., EC 1.1.1.27 for lactate dehydrogenase). 

o First digit: Main class (oxidoreductase, transferase, etc.). 

o Second digit: Subclass (type of group transferred or bond acted upon). 

o Third digit: Sub-subclass (specific donor/acceptor details). 

o Fourth digit: Serial number of enzyme. 

• Systematic vs. common names: 

o Systematic: L-lactate:NAD⁺ oxidoreductase. 

o Common: lactate dehydrogenase. 

Classification of Enzymes II 

Focus: Detailed study of the six major enzyme classes (expanded later to seven). 

• EC 1: Oxidoreductases – Catalyze oxidation-reduction reactions (e.g., alcohol 

dehydrogenase). 

• EC 2: Transferases – Transfer functional groups (e.g., kinases, transaminases). 

• EC 3: Hydrolases – Catalyze hydrolysis reactions (e.g., proteases, lipases). 

• EC 4: Lyases – Break bonds without hydrolysis or oxidation (e.g., decarboxylases). 

• EC 5: Isomerases – Rearrange atoms within molecules (e.g., racemases). 

• EC 6: Ligases – Join molecules using ATP (e.g., DNA ligase). 

Classification of Enzymes III 

Focus: Advanced classification, special categories, and recent updates. 

• EC 7: Translocases – Added later to classify enzymes that catalyze movement of 

ions/molecules across membranes (e.g., ATP synthase, transport ATPases). 

• Isoenzymes (Isozymes): Different molecular forms of the same enzyme catalyze 

identical reactions but differ in kinetics or regulation (e.g., LDH isoforms in heart vs. 

muscle). 

• Multifunctional enzymes: Some enzymes have multiple catalytic activities within a 

single polypeptide chain. 

• Clinical relevance: Enzyme classification aids in diagnostics, drug targeting, and 

biotechnology. 

• Updates: The EC system is continuously revised as new enzymes are discovered. 

Kinetic analysis of Enzyme catalysed reactions I Kinetic analysis of Enzyme catalysed 

reactions II 



Kinetic Analysis of Enzyme-Catalyzed Reactions I 

This module introduces the fundamentals of enzyme kinetics, focusing on how reaction 

rates are measured and modeled. 

Basics of Enzyme Kinetics 

• Reaction velocity (v): Rate at which substrate is converted to product. 

• Factors influencing rate: Substrate concentration, enzyme concentration, 

temperature, pH, and inhibitors. 

• Initial velocity (v₀): Measured before substrate depletion or product inhibition occurs. 

Michaelis–Menten Model 

• Equation: 

𝑣 =
𝑉𝑚𝑎𝑥[𝑆]

𝐾𝑚 + [𝑆]
 

• Parameters: 

o 𝑉𝑚𝑎𝑥: Maximum velocity when enzyme is saturated with substrate. 

o 𝐾𝑚: Substrate concentration at half 𝑉𝑚𝑎𝑥; indicator of enzyme’s affinity for 

substrate. 

• Assumptions: 

o Formation of enzyme-substrate complex (ES). 

o Steady-state approximation (rate of ES formation = rate of ES breakdown). 

Graphical Representation 

• Hyperbolic curve: Velocity vs. substrate concentration shows saturation behavior. 

• Lineweaver–Burk plot: Double reciprocal plot used to determine 𝐾𝑚and 𝑉𝑚𝑎𝑥. 

• Eadie–Hofstee plot: Alternative linear transformation for kinetic analysis. 

Enzyme kinetics provides a quantitative framework to understand how enzymes function, 

with Michaelis–Menten parameters serving as central descriptors of catalytic efficiency and 

substrate affinity. 

Kinetic Analysis of Enzyme-Catalyzed Reactions II 

This module expands into complex kinetic behaviors beyond the basic Michaelis–Menten 

model. 

Enzyme Inhibition Kinetics 

• Competitive inhibition: Increases apparent 𝐾𝑚, 𝑉𝑚𝑎𝑥unchanged. 

• Non-competitive inhibition: Lowers 𝑉𝑚𝑎𝑥, 𝐾𝑚unchanged. 

• Uncompetitive inhibition: Both 𝐾𝑚and 𝑉𝑚𝑎𝑥decrease. 



• Irreversible inhibition: Permanently inactivates enzyme. 

Multi-Substrate Reactions 

• Sequential (ordered/random): Substrates bind before products are released. 

• Ping-pong (double displacement): One product released before second substrate 

binds. 

Allosteric Enzyme Kinetics 

• Sigmoidal kinetics: Enzymes with multiple subunits show cooperative binding (e.g., 

hemoglobin-like behavior). 

• Hill equation: Describes degree of cooperativity. 

• Regulation: Allosteric activators/inhibitors shift kinetic curves. 

Physiological Relevance 

• Explains drug action (enzyme inhibitors). 

• Helps design industrial biocatalysts. 

• Provides insight into metabolic regulation and pathway control. 

Advanced kinetic analysis reveals how enzymes behave under inhibition, multi-substrate 

conditions, and allosteric regulation—critical for understanding drug design, metabolic 

control, and enzyme engineering 

. 

Michaelis–Menten kinetics 

 

Curve of the Michaelis–Menten equation 

 

Lineweaver–Burk plot 
 



the Lineweaver–Burk plot (or double reciprocal plot) is a graphical representation of 

the Michaelis–Menten equation of enzyme kinetics, 

  

An example of a Lineweaver–Burk plot of 1/v against 1/a 

 

 

Effects of different types of inhibition on the double-reciprocal plot 

Eadie–Hofstee diagram 

https://en.wikipedia.org/wiki/Michaelis%E2%80%93Menten_kinetics
https://en.wikipedia.org/wiki/Enzyme_kinetics


Eadie–Hofstee plot (or Eadie–Hofstee diagram) is a graphical representation of 

the Michaelis–Menten equation in enzyme kinetics.  

 

 

Eadie–Hofstee plot of v against v/a for Michaelis–Menten kinetics 

 

Summary on enzyme kinetics with two substrates 

Enzyme kinetics with two substrates (e.g., A + B ⇌ P + Q) involves complex 

mechanisms like Sequential (ordered or random) or Ping-Pong (double 

displacement), differentiating how substrates bind and products release, often 

forming intermediate complexes like a ternary complex (EAB). These reactions are 

analyzed by varying substrate concentrations to determine rate equations, which 

reveal binding orders (e.g., A then B, or random) and differentiate mechanisms, with 

the slowest step determining overall kinetics.  

Key Mechanisms 

• Sequential Mechanisms: Both substrates bind to the enzyme before any 

product is released. 

o Ordered Sequential: Substrates must bind in a specific order (e.g., A 

then B). 

o Random Sequential: Either substrate can bind first, forming a ternary 

complex (EAB). 

• Ping-Pong (Double Displacement): The enzyme is temporarily modified 

(e.g., F-E-G), releasing the first product (P) before the second substrate (B) 

binds, creating a substituted enzyme intermediate (F-E').  

Analysis & Differentiation 

• Rate Equations: More complex than single-substrate reactions, describing 

substrate and product flow. 

https://en.wikipedia.org/wiki/Michaelis%E2%80%93Menten_kinetics
https://en.wikipedia.org/wiki/Enzyme_kinetics
https://www.google.com/search?sca_esv=21f6faffc643292a&q=Sequential&source=lnms&fbs=AIIjpHx4nJjfGojPVHhEACUHPiMQ_pbg5bWizQs3A_kIenjtcpTTqBUdyVgzq0c3_k8z34EAuM72an33lMW6RWde9ePJ8Qt3nZPkPsdoOF88bVCRN6WmgTnIo0LKN3pI1Jq3hkIxg9_g6xoZLH97x8hXlMzrerHENuK9jbBVKCeBgepoVvg-McRo8gIBeXbeAy6BBufbCREuBorgzt7Hio7x5ytPQ7Q23w&sa=X&ved=2ahUKEwjs_-mh2PaRAxW-h_0HHcSIK-8QgK4QegQIAhAC&biw=1536&bih=695&dpr=1.25&mstk=AUtExfD3oibVauqZ3KBvSFV-L0YNNxq0tPTSsq-hoJSnn9f4u8cRno2XOqtz_WBKLt7S9V_Qz30K0K0RcUv5DQBqx8fbpMgJyo0ysAz6vz9b6FVi-ESumP0Lq-DZeCSvq_LdLCKvaxiEi_9Q6ZuTIvFvK9CjZgsvDDc-HHg3B5OHbDOe8qfPArBvWQt4VRdylXpDEloXWik6ezhD7SEiP_6BUSlR9Q&csui=3
https://www.google.com/search?sca_esv=21f6faffc643292a&q=Ping-Pong&source=lnms&fbs=AIIjpHx4nJjfGojPVHhEACUHPiMQ_pbg5bWizQs3A_kIenjtcpTTqBUdyVgzq0c3_k8z34EAuM72an33lMW6RWde9ePJ8Qt3nZPkPsdoOF88bVCRN6WmgTnIo0LKN3pI1Jq3hkIxg9_g6xoZLH97x8hXlMzrerHENuK9jbBVKCeBgepoVvg-McRo8gIBeXbeAy6BBufbCREuBorgzt7Hio7x5ytPQ7Q23w&sa=X&ved=2ahUKEwjs_-mh2PaRAxW-h_0HHcSIK-8QgK4QegQIAhAD&biw=1536&bih=695&dpr=1.25&mstk=AUtExfD3oibVauqZ3KBvSFV-L0YNNxq0tPTSsq-hoJSnn9f4u8cRno2XOqtz_WBKLt7S9V_Qz30K0K0RcUv5DQBqx8fbpMgJyo0ysAz6vz9b6FVi-ESumP0Lq-DZeCSvq_LdLCKvaxiEi_9Q6ZuTIvFvK9CjZgsvDDc-HHg3B5OHbDOe8qfPArBvWQt4VRdylXpDEloXWik6ezhD7SEiP_6BUSlR9Q&csui=3
https://www.google.com/search?sca_esv=21f6faffc643292a&q=Sequential+Mechanisms&source=lnms&fbs=AIIjpHx4nJjfGojPVHhEACUHPiMQ_pbg5bWizQs3A_kIenjtcpTTqBUdyVgzq0c3_k8z34EAuM72an33lMW6RWde9ePJ8Qt3nZPkPsdoOF88bVCRN6WmgTnIo0LKN3pI1Jq3hkIxg9_g6xoZLH97x8hXlMzrerHENuK9jbBVKCeBgepoVvg-McRo8gIBeXbeAy6BBufbCREuBorgzt7Hio7x5ytPQ7Q23w&sa=X&ved=2ahUKEwjs_-mh2PaRAxW-h_0HHcSIK-8QgK4QegQIBBAB&biw=1536&bih=695&dpr=1.25&mstk=AUtExfD3oibVauqZ3KBvSFV-L0YNNxq0tPTSsq-hoJSnn9f4u8cRno2XOqtz_WBKLt7S9V_Qz30K0K0RcUv5DQBqx8fbpMgJyo0ysAz6vz9b6FVi-ESumP0Lq-DZeCSvq_LdLCKvaxiEi_9Q6ZuTIvFvK9CjZgsvDDc-HHg3B5OHbDOe8qfPArBvWQt4VRdylXpDEloXWik6ezhD7SEiP_6BUSlR9Q&csui=3
https://www.google.com/search?sca_esv=21f6faffc643292a&q=Ping-Pong+%28Double+Displacement%29&source=lnms&fbs=AIIjpHx4nJjfGojPVHhEACUHPiMQ_pbg5bWizQs3A_kIenjtcpTTqBUdyVgzq0c3_k8z34EAuM72an33lMW6RWde9ePJ8Qt3nZPkPsdoOF88bVCRN6WmgTnIo0LKN3pI1Jq3hkIxg9_g6xoZLH97x8hXlMzrerHENuK9jbBVKCeBgepoVvg-McRo8gIBeXbeAy6BBufbCREuBorgzt7Hio7x5ytPQ7Q23w&sa=X&ved=2ahUKEwjs_-mh2PaRAxW-h_0HHcSIK-8QgK4QegQIBBAF&biw=1536&bih=695&dpr=1.25&mstk=AUtExfD3oibVauqZ3KBvSFV-L0YNNxq0tPTSsq-hoJSnn9f4u8cRno2XOqtz_WBKLt7S9V_Qz30K0K0RcUv5DQBqx8fbpMgJyo0ysAz6vz9b6FVi-ESumP0Lq-DZeCSvq_LdLCKvaxiEi_9Q6ZuTIvFvK9CjZgsvDDc-HHg3B5OHbDOe8qfPArBvWQt4VRdylXpDEloXWik6ezhD7SEiP_6BUSlR9Q&csui=3


• Experimental Approach: Varying substrate concentrations (often keeping 

one constant) and analyzing product inhibition patterns helps distinguish 

mechanisms. 

• Graphical Methods: Used to determine kinetic parameters like 𝐾𝑚 and 

𝑉𝑚𝑎𝑥 for each substrate and identify the mechanism (e.g., by analyzing 

Lineweaver-Burk plots for different substrate variations).  

Importance 

• Understanding these mechanisms is crucial for drug development and 

metabolic pathway analysis, as many biological processes involve multi-

substrate enzymes.  

 


