BIOCHEM 2020: Biochemistry 
Lecture 8

Review:
· [bookmark: _GoBack][image: ]
· This graph shows how much product you can make over time. How much product you make over time in the rate of the reaction.

Enzymatic Inhibitors 
· Compounds that bind to enzymes and reduce enzymatic activity
· Drugs and toxins exert their effects through enzyme inhibition e.g. Penicillin is an inhibitor of the enzyme transpeptidase found in bacteria.
· Can be reversible or irreversible 
· Irreversible inhibition occurs when the inhibitor permanently impairs the enzyme (covalent interaction) 

Reversible Inhibition 

1. Competitive Inhibition 
· structurally resemble normal substrate
· bind to the active site of the enzyme
· binding of inhibitor or substrate to enzyme is exclusive 
· Either the substrate can bind, or the competitive inhibitor can bind. 
· They are structurally similar.
· Hyperbola Plot
· Competitive inhibitors do not affect vmax, but they do affect Km of enzymatic reactions 
· For linear plot 
· The slope changes, x intercept changes, the y-intercept doesn’t change 

2. Non-competitive Inhibition 
· Both the inhibitor and substrate can bind to the enzyme simultaneously because the non-competitive inhibitor does not bind at the active site 
· Two types of Non-competitive Inhibition
· A) Pure Non-Competitive Inhibiton 
· PURE binds far away so doesn’t have an effect 
· PURE non-competitive do not affect the Km, but do affect the Vmax of enzymatic reactions 
· Changes enzyme conformation 
· Increased substrate concentration partially reveres inhibition 
· The inhibitor affects the rate of reaction 
· B) Mixed Non-Competitive Inhibitors 
· Binds close to the active site 
· Km increases typically 
· Vmax decreases  the inhibitor reduces the activity of the enzyme 
· It affects binding of the substrate 
· As Km increased the line gets closer to zero 

3. Uncompetitive Inhibitors 
· binds only to the ES complex
· Km and Vmax are affected 
· Km gets smaller, goes away from zero
· Vmax gets smaller 


Mechanisms of Enzyme Activity 
· Methods of stabilizing the active site

1. Catalysis by Proximity and Strain 
· Substrate comes into proximity/contact with the catalytic functional groups of the enzyme 
· Conformation change can result in strained enzyme- substrate complex that allows formation of the transition state 
· For two-substrate reactions, this mechanism involves bringing two substrates in close proximity on enzyme and in the appropriate orientation for catalysis to occur 
· The active site will form where the substrates can form together 
· Putting the substrate molecules in the right orientation and position in order for the product to be formed 

2. Electrostatic Catalysis 
· Enzyme’s active site stabilizes charged transition states
· Charge can be stabilized by metal ions (e.g. Zn2+ and Cu2+)
· Exclusion of water in the active site means low dielectric constant, therefore electrostatic interactions are enhanced 
· Dielectric constant – ability to disrupt ionic interaction 
· Transient negative charge for the substrate 

3. General Acid-Base Catalysis (Proton Transfer)
· Enzyme functional groups serve as acid or base: assists in proton transfer reactions 
· Amino acids in the active site receive protons or electrons 

4. Covalent Catalysis 
· A nucleophilic group on the enzyme reacts and forms a covalent bond with substrate


Cellular Regulation of Enzymes  How are enzymes regulated in the cell?

1. Covalent Modification 
· Active form to inactive or vice versa 
· Can translocate the protein 
· Can trigger proteins to be destroyed 
· Examples of covalent modifications: 
· Phosphorylation of Ser, Thr, or Tyr residues can activate or inactivate an enzyme  
· Modification of Lys residues with chains of the ubiquitin polypeptide (ubiquitination) can trigger degradation of the enzyme  
2. Activation by proteolytic cleavage
· Proteolysis: Breakdown of proteins into smaller polypeptides or individual amino acids (by hydrolysis).
· Some enzymes are synthesized in an inactive form 
· Proenzyme = Zymogen: inactive protein precursor 
· Occurs with digestive peptides, blood clotting, hormone production 

3. Genetic Regulation: Isoenzymes
· Isoenzymes (isozymes):
· Isoenzymes are enzymes that exist in two or more different forms. 
· Each form has a different amino acid sequences
· Often they are overall very similar in amino acid sequence, except for some critical regions 
· The different forms of the enzyme catalyze the same reaction, but have different kinetics, are in different locations, or differ in some other property 
· Ex. Lactate Dehydrogenase 
· Two polypeptides M and H are similar in amino acid sequence, but differ at key regions.  
· The Enzyme is composed of a tetramer of every possible combination.
· MMMM HMMM HHMM HHHM HHHH
· Each tetramer is considered a different isoenzyme  
· Ex. Lactate Dehydrogenase
· The isoenzymes convert pyruvate to lactate as well as the reverse reaction 
· Pyruvate   lactate
· Each isoenzyme has different affinities for the substrate or product:
· M4 (MMMM) has high affinity for substrate pyruvate 
· favours forward reaction
· H4 (HHHH)has high affinity for lactate
· favors reverse reaction 

Allosteric Enzymes 
· Consist of multiple subunits with multiple active sites  
· Do not follow Michaelis-Menten kinetics  
· Often display sigmoidal curves (instead of hyperbolic)  
· Are regulated by effector molecules 
· Effectors affect enzyme activity either positively (activator) or negatively (inhibitor)
· Sigmodial shape  cooperative binding 

Catalytic and Regulatory Sites
· In addition to their catalytic site, they contain one or more regulatory sites. 
· Effectors bind to the regulatory sites to have a positive or negative effect on the enzyme activity. 
· Enzyme Allostery: Regulation of an enzyme by binding of an effector molecule at a regulatory site (a site other than the active site) 

Cooperativity in Enzymes
· The concerted and sequential models can be applied to explain cooperatively in enzymes
· Inhibitors can bind in the T state and keep it in the T states 
· Unable to bind substrate
· Activators bind to the R state and keep it in the R state 
· Able to bind substrate 

[image: ]The Concerted Model of Allosteric Regulation
· Substrate binding is cooperative and causes a concerted conformational change
· Hybrid TR subunit does not exist 



The Sequential Model of Allosteric Regulation
· Substrate binding is cooperative, but sequentially changes the enzyme conformation.
· TR hybrid possible  
· [image: ]



 The Allosteric Effector can be the Substrate Itself or Another Molecule 
· Homotropic Allosterism 
· Substrate of an enzyme is also its effector 
· [image: ]
· Heterotropic Allosterism 
· Substrate is not the effector 
· [image: ]

Example of Homotypic and Heterotypic Allosterism 
· Feedback Inhibition: The product P can allosterically inhibit enzyme E1 (thereby preventing too much build-up of the product)  
· When P inhibits one of the early enzyme. 
· So you have too much product being made. So the concentration of P is high enough that you can inhibit one of the earlier enzymes particularly E1
· [image: ]Build-up of substrate A can also signal for the pathway to proceed by acting as a positive effector on enzyme E1 
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