Enzymes
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· It is estimated that a single human liver cell contains at least 1,000 different enzyme systems

· The total number of enzymes in our bodies can only be speculated on; the number of individual enzyme molecules is virtually inestimable

· Hundreds of thousands of reactions are taking place in the cells of your body as you read this page.

· Your central nervous system is busy processing this information

· your digestive system is processing your last meal

· Your immune system is handling the many germs and particles which have entered your body

· your heart is beating

· many cells are being made and replaced

· other internal systems carry out a multitude of other intricate processes

· All of these functions involve numerous enzymes.

· One paper I read estimated 25,000 enzymes are working in our bodies.

· Some researchers claim they have DNA sequences of more than 100,000 genes.  What percentage of these code for enzymes rather than structural proteins, hormonal proteins, or membrane protein channels/carriers?

· The sum of all the chemical reactions that occur in a cell is referred to as metabolism.
· Recall, all chemical reactions have reactants and products.  Some reactions are endergonic, whereas others are exergonic.  An endergonic reaction will not occur spontaneously; an exergonic reaction will.  ATP hydrolysis is an exergonic reaction and the energy held within the ATP molecule can provide the energy needed to make an endergonic reaction happen.  This is referred to as ‘coupling’ of reactions.

· A metabolic pathway is a series of linked reactions.  They begin with a particular reactant and end with an end product.

· An Enzyme is a protein that functions as an organic catalyst to speed a chemical reaction.

· In order for a chemical reaction to occur (exergonic or endergonic) the molecules must have a substantial collision.  The degree of this varies for different reactions.  It is referred to as the activation energy.

· An enzyme functions to lower the activation energy of a particular reaction by allowing the molecules to react without the substantial collision.  The enzyme is not used up in the reaction.
· The reactant(s) in an enzymatic reaction are called substrate(s).
· Here are the basic steps involved:

· The substrate attaches to the enzyme at the active site to make an enzyme-substrate complex.  The substrate fits into the active site much like a key fits into a lock.
· The reactant(s) react to form the product(s).
· The products are released and the enzyme is free to act again.
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· Sometimes enzymes will only catalyze properly in the presence of a non-protein molecule/element called a cofactor.  These can be ionized elements like Cu2+, Zn2+, or Fe3+.

· If the cofactor is an organic molecule it is called a coenzyme.

· Vitamins are relatively small organic molecules that are often components of coenzymes.  The vitamin becomes a part of the coenzyme’s structure.  ex.  Vitamin B12 is part of coenzyme FAD (Flavin adenine dinucleotide)

· The coenzyme has it’s own binding site on the enzyme that can adjust the shape of the active site.  This can obviously affect the enzyme’s activity since the active site and substrate normally have a ‘lock and key’ fit.

Enzymes

Factors affecting enzyme activity
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Enzyme Activity is governed by:

· Vitamins:  Organic compounds that are used by the body for metabolic purposes, but unable to produce in adequate quantity.  They behave as enzyme helpers.  They are components of coenzymes.  Coenzymes make enzymes active by binding to the enzyme and making the active site the right shape for the substrate.  Vitamin deficiency results in a decrease in enzymatic activity.

Two major coenzymes are niacin (NAD) and flavin adenine dinucleotide (FAD) They are coenzymes for many enzymes of metabolism.  Vitamin B12 is part of NAD.  Vitamin B2 is part of coenzyme FAD.

· temperature:  As temperature rises, enzyme activity increases (to a point).  As molecules move faster, there are more effective collisions between substrate and enzyme.  Eventually, the temperature will cause the enzyme to lose it’s tertiary structure and the active site doesn’t recognize the substrate.  The enzyme has become denatured.
· pH:  Each enzyme has an optimal pH at which the rate of the reaction is highest.  At the optimal pH the enzyme has their normal configuration, however as pH changes, the ‘R’ groups of the amino acids can lose or gain ability to hydrogen bond.  This alters the tertiary structure of the enzyme protein.  It has become denatured.
· substrate concentration:  There is an increase in enzyme activity with an increase in substrate concentration.  With more substrate around there are more collisions between substrate and enzyme at the active site.  More product is the result per unit time.

· enzyme concentration:.  This produces the same effect as an increase in substrate concentration.  There is an increased chance of collision between the substrate and the enzyme, thereby causing more product per unit time. Enzyme concentration is controlled by two possible ways:

· The turning on or off of the gene(s) that code for a given enzyme.

· Phosphorylation of an enzyme can render an enzyme as active or inactive.

· competitive inhibitors:  These are molecules that fit into the active site of an enzyme preventing attachment of the substrate.  Quite often it is the product of the enzymatic reaction that binds with the active site (Feedback inhibition)  Cyanide is a good example of a competitive inhibitor.  It fills the active site of cytochrome c oxidase which is one of the enzymes that helps to produce ATP in the mitochondria.

· heavy metals:  Although some metals like copper, zinc, iron and potassium are cofactors necessary for proper operation of some enzymes.  Other metals like Cadmium, Beryllium, mercury and lead decrease the activity of enzymes.
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