What are enzymes?
Chemical reactions change substances into different substances by breaking and forming chemical bonds.  All chemical reactions involve changes in energy.  Energy is both absorbed and released during a chemical reaction.  Activation energy is the amount of energy that needs to be absorbed for a chemical reaction to start.  Activation energy is like the energy you would need to push a rock up a hill.  Once the rock is at the top of the hill, it rolls down the other side by itself.


                   

Enzymes are biological catalysts:  this means that they speed up the chemical reactions in living things.  Without enzymes, our guts would take weeks and weeks to digest our food, our muscles, nerves, and bones would not work properly and so on – we would not be living!

A catalyst is any substance that makes a chemical reaction go faster, without itself being changed.  A catalyst can be used over and over again in a chemical reaction:  it does not get used up.  Enzymes are very much the same except that they are easily denatured (will not work anymore because they have fallen apart) by heat, pH, or other factors.  Our enzymes work best at body temperature.  Our enzymes also need to have the correct pH in order to function.

Enzymes are made of proteins.  Enzymes must have the correct shape to do their job.  Enzymes change their shape if the temperature or pH changes, so they have to have the right conditions.  Some people say that enzymes work like a key in a lock.  If the key has been twisted by heat, or dissolved in acid, or stuck up with chewing gum, it will not work.

In the way that keys are specific to one lock, enzymes are specific to one chemical reaction each.  For example, human saliva contains an enzyme called amylase.  This enzyme helps to turn starch into a sugar called maltose.  When you swallow a mouthful of food, the amylase stops working because the stomach is too acidic (pH of 1.5-2) for the enzyme to function.  Amylase works best in neutral or slightly alkaline (basic) conditions (about pH of 7-8).  In this reaction, starch is called the substrate.  The substrate is the molecule that the enzyme works on.  Amylase will continue to break down starch as long as starch is present.

Enzymes in the human alimentary canal                               
      
and what they digest:
Enzyme

Substrate

Amylase

Starch

Maltase

Maltose

Sucrase

Sucrose (table sugar)

Lipase


Fats

Pepsin


Proteins

Catalase

Hydrogen peroxide        

All animals, green plants, fungi, and bacteria produce enzymes:  so enzymes are not just about digesting food.  The enzymes that we use to digest our food are extra-cellular, that means they are found outside of our cells.  We also have enzymes inside our cells; these are intra-cellular enzymes.  Enzymes are used in ALL chemical reactions in living things; this includes respiration, photosynthesis, movement, growth, getting rid of toxic chemicals in the liver, and so on.

Catalase is a common enzyme found in living organisms.  Its functions include catalyzing the decomposition of hydrogen peroxide to water and oxygen.  Hydrogen peroxide is a harmful byproduct of many normal metabolic processes.  To prevent damage, it must be quickly converted into other, less dangerous substances.  So, catalase is frequently used by cells to rapidly catalyze the decomposition of hydrogen peroxide into less reactive gaseous oxygen and water molecules.

Enzyme activity
Substrates bind to their specific enzyme in the area called the active site.  The enzyme recognizes that particular substrate and binds to that substrate through the active site.  Think of this like a lock and key described above.  The enzyme is a lock, and the key is the substrate.  Only the correct sized key (substrate) can fit into the lock (enzyme).  A key with different teeth, smaller or bigger, cannot unlock the door (be catalyzed).



The cell needs ways to stop certain reactions from occurring as well as needing them to occur at a faster rate.  Enzymes are regulated (controlled) constantly within an organism and within its cells.  This regulation can be positive (activating the enzyme’s activity) or negative (stopping the enzyme from catalyzing a reaction).  Activators are the positive, or green light, for enzymes.  Inhibitors are the negative, or red light, for enzymes.  In this activity we will only be looking at how inhibitors affect enzymatic activity.
There are two types of inhibition:  competitive inhibition and noncompetitive inhibition.  Competitive inhibition is the interruption of an enzyme’s ability to bind to a substrate due to another molecule binding to the active site.  The competitive inhibitor binds to the active site and prevents the substrate from binding and doing its job.  Noncompetitive inhibition is when a non-substrate molecule binds to an enzyme to disrupt enzyme activity but does not bind at the active site.  This causes the enzyme’s shape to change and make the active site unable to bind to the substrate.
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Enzyme lab

1. Each group is given 5 styrofoam pieces of different colors and shapes.  Draw and color these below:

2. You need to decide as a table which pieces correspond to the following vocabulary you just read about:  enzyme, substrate, competitive inhibitor, noncompetitive inhibitor.  Label your pieces above with those names.
3. Act out competitive inhibition with your pieces and draw a picture of what it looks like below.  Explain what is happening here in detail including, but not limited to, what would happen with and without the inhibitor.

4. Act out noncompetitive inhibition with your pieces and draw a picture of what it looks like below.  Explain what is happening here in detail including, but not limited to, what would happen with and without the inhibitor.
