Enzymes
1. All kinds of reactions are going on simultaneously within our bodies.  

2. As we know from organic chemistry, depending on the reaction conditions, different products can result

a. For example in the oxidation of alcohols: the aldehyde is produced with distillation while the carboxylic acid is produced when heating under reflux

b. In an SN1 reaction, once the carbocation is made in the first step of the mechanism, the product that is formed could be either of two optical isomers.  

3. Enzymes are the way the body controls the products of the reaction: 

a. Generally a pH of 7.4 is maintained throughout the body so reactions requiring acidic and basic conditions are out of luck unless there is an enzyme available

4. Enzymes can

a. Make reactions happened under different reaction conditions than they usually need

b. Restrict the product formed in a reaction (stereoselectivity – control which optical isomer is formed)

5. Vocabulary
a. Substrate – the reactant(s)

b. Active Site – the part of an enzyme that bonds with the reactants

c. Specificity – the idea that an enzyme only works with a particular substrate.  The active site is specifically shaped for a particular reacant/substrate

d. Induced Fit- once a substrate bonds with an active site, the enzyme changes shape slightly so that the active site fits more snugly around the substrate

6. Enzymes work by …

a. Active site of Enzyme bonds with substrate to make the Enzyme-Substrate complex

i. E + S ( ES

b. Substrate is held in the active site by ion-ion attractions, hydrogen bonding or other intermolecular forces

c. By either

i. Holding two reactants in the right orientation

ii. Stressing the bonds in the substrate so that the energy to break a bond is lower (lowers activation energy)

iii. Providing a certain pH

iv. An enzyme can catalyze a reaction

7. Enzymes are helped by
a. Coenzymes (VITAMINS)

b. Cofactors (MINERALS)

c. If a coenzyme or cofactor is used with an enzyme than they are required for the reaction.  Not having enough vitamin and minerals in the body can cause the enzymes not to function.

8. Reaction Kinetics of Enzymes: 
a. A graph of how the rate of an enzyme catalyzed reaction looks vs substrate concentration is shown below


[image: image1]
b. Notice that there is a maximum rate at which the reaction can occur.  This is dependent on the amount of enzyme.  The amount of enzyme-substrate complex at any given time determines the rate of the reaction.  
c. At high concentrations of substrate, the limiting factor in determining the rate is the amount of enzyme.  At Vmax, all enzyme active sites are bonded to substrate. Therefore, at higher concentrations of enzymes Vmax is larger

d. At low concentrations of substrate, the limiting factor in determining the rate is the amount of substrate.  

e. Enzymes are difficult to study (the body only needs small amounts to have a big impact on reaction rates and because the rate changes with enzyme and substrate concentrations) 

f. Michaelis and Menten observed the relationship shown in the graph and came up with a theory that allows the rate of an enzyme catalyzed reaction to be determined more easily. 
i. Michaelis Constant, Km

ii. Equilibrium constant 
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1. [E] = [enzyme], 

2. [S] = [substrate], 

3. [ES] = [Enzyme-Substrate Complex]
iii. Km can be found graphically – it is equal to the substrate concentration when the rate is half of the maximum rate.

iv. The Km gives the stability of the enzyme-substrate complex.  A lower Km means the Enzyme-substrate complex is more stable and a higher Km means it’s less stable. 

9. Factors that affect reaction rates of enzymes

a. Temperature

i. As temperature goes up, rate increases

1. more molecules have the required Ea

2. more collisions 

b. pH

i. enzymes have an ideal pH range at which they are most effective.  
ii. Most enzymes like a pH of 6-8

iii. Pepsin (which acts in the stomach) can handle a pH of 2

iv. If the pH is too high or too low, the enzyme can denature

c. Cofactors

i. Metal-ions

1. may bind to active site permanently or loosely

2. required for catalysis
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