ENZYMES 

Handouts and Labs

Compiled by Hope Mikkelson

Bio 2
A. Enzymes:
- A Protein that speeds up a chemical reaction
- No cell reaction will occur without its specific enzyme

Metabolism:
- the total rate of all chemical reactions in a cell body.

Substrate: 
- the starting chemicals that the enzyme works on.
- "Starting Compounds"
- reactants

B. Coenzyme:
- smaller non-protein part of an enzyme required in order to make an enzyme active *usually vitamins *
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C. Activation Energy: 
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- An enzyme lowers the amount of energy (EA or Activation Energy) needed for the reaction to occur. 
ex: Reactions that occur at 100C can occur at 37C with the use of an enzyme

THYROXIN

Thyroxin is a hormone produced in the Thyroid gland (neck) that controls the metabolic rate (rate of the chem. reactions in the cell) in all the cells in your body. The more thyroxin present the greater the metabolic rate. This will increase sugar and oxygen consumption and also creates more body heat.
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 LOCK AND KEY MODEL 
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 VITAMINS AS CO-ENZYMES

Usually work as coenzymes - small pieces that fit into an inactive enzyme to make it active. 
 

ENZYME ACTIVITY
A. Competetive Inhibitors

- a molecule that mimics the substrate 
- fits into the active site and stops the enzyme's active ability
- they compete for the active site with the substrate
- "Competive Inhibitors"
- some inhibitors are permanent
- CO (Carbon Monoxide) 
- Hydrogen Cyanide
- Nerve Gas
- some inhibitors are temporary, therefore, controlling the inhibitors controls the enzyme.

B. Affects of pH and Temperature
- crosslinks between amino acids in the enzyme are broken, tertiary shape is altered.
- The enzyme loses its activity.

Factors: 
pH : certain enzymes work best only at specific pH levels. Any change from that level denatures the enzyme.

Temp .:37C is optimum for human enzymes
>40C: some enzymes begin to denature, reaction slows or stops.
At low temperature, there are fewer number of collisions between the substrate and the enzyme, which will decrease the reaction rate.

Heavy metals : Mercury, lead break bonds between R groups and denature the enzymes

Substrate concentration : As a rule, if you increase substrate concentration (the amount of starting compound), as long as enough enzyme is present, the rate of reaction will increase. This will occur until the point that the enzyme is overwhelmed (too much substrate) at which time the rate of reaction will level off. In order to increase the rate of reaction at this point, more enzyme must be added.
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Enzymes usually have very specific ranges (temp. pH etc.) under which they work efficiently.

 EXPERIMENT A Biological experiment tests a hypothesis (an educated guess, or tentative solution to a question. It almost always has a control (a baseline or comparison point).
Milk Lab

Procedures:

1. Put about 30 ml of milk into a 50 ml beaker

2. Test the milk with a glucose test strip and record

3. Add a small amount of powder into the milk and stir.  This powder is not glucose.

4. Test the milk again with a glucose test strip

Questions:

1. Describe what happened in the milk.  Use terms like mono and disaccharide.

2. Name the enzyme that must have worked, and explain why it is named that.

3. What would the enzyme substrate complex consist of?

4. What would the products of this reaction be?

5.
How much of the enzyme do think was left over after the reaction and why?










Name __________________

Active Reading 
1.
__________ is the energy currency of the cell.

2.
The type of work that supplies energy to synthesize macromolecules is called ___________.

3.
The type of work that supplies energy to move substances across a membrane is called __________.

4.
The type of work that supplies energy to move muscles or flagella is called __________.

5.
Define metabolic pathway.

biologycorner
Enzyme Labno formal lab report will be needed 

Liver and other living tissues contain the enzyme catalase. This enzyme breaks down hydrogen peroxide, which is a harmful by-product of the process of cellular respiration if it builds up in concentration in the cells. If we use potato or other tissue containing this enzyme, we can use this to measure the relative influence of varying several different factors on the activity of enzymes in living tissue. 
In order to obtain energy and building blocks from food, the digestive system must break down proteins, fats and carbohydrates. In this process, specific enzymes catalyze hydrolysis reactions in which food polymers are broken up into monomers. In this lab, you will perform reactions involved in digestion of carbohydrates, lipids, and proteins and observe the results of these reactions. 
AP Objective met: 
* Measure the effects of changes in temperature, pH, and enzyme concentration on reaction rates of an enzyme catalyzed reaction in a controlled experiment. 
* Explain how environmental factors affect the rate of enzyme-catalyzed reactions. 
INTRODUCTION: What would happen to your cells if they made a poisonous chemical? You might think that they would die. In fact, your cells are always making poisonous chemicals. They do not die because your cells use enzymes to break down these poisonous chemicals into harmless substances. Enzymes are proteins that speed up the rate of reactions that would otherwise happen more slowly. The enzyme is not altered by the reaction. You have hundreds of different enzymes in each of your cells. 
Each of these enzymes is responsible for one particular reaction that occurs in the cell. In this lab, you will study an enzyme that is found in the cells of many living tissues. The name of the enzyme is catalase it speeds up a reaction which breaks down hydrogen peroxide, a toxic chemical, into 2 harmless substances--water and oxygen. 
The reaction is as follows: 2H2O2 ----> 2H2O + O2 
This reaction is important to cells because hydrogen peroxide (H2O2) is produced as a byproduct of many normal cellular reactions. If the cells did not break down the hydrogen peroxide, they would be poisoned and die. In this lab, you will study the catalase found in liver cells. You will be using chicken or beef liver. It might seem strange to use dead cells to study the function of enzymes. This is possible because when a cell dies, the enzymes remain intact and active for several weeks, as long as the tissue is kept refrigerated. 
MATERIALS: 
1molar HCl solution (in dropper bottle)
1molar NaOH solution (in dropper bottle) 
6 Test tubes and Test tube holder
10-ml Graduated cylinder 
40 ml 3% Hydrogen preoxide solution 

Straight-edged razor blade 
Scissors and Forceps (tweezers) 
Thermometer 
Stirring rod 
pH paper
Fresh liver, chicken meat, Apple, and Potato
PART A - Observe Normal Catalase Reaction
	HINT: The arrows point out questions that should be answered on your data table. 


1. Place 2 ml of the 3% hydrogen peroxide solution into a clean test tube.
2. Using forceps and scissors, cut a small piece of liver and add it to the test tube. Push it into the hydrogen peroxide with a stirring rod. Observe the bubbles; 
What gas is being released? Throughout this investigation you will estimate the rate of the reaction (how rapidly the solution bubbles) on a scale of 0-5 (0=no reaction, 1=slow, ..... 5= very fast). Assume that the reaction in step 2 proceeded at a rate of "4" 
Recall that a reaction that absorbs heat is endothermic; a reaction that gives off heat is exothermic. Now, feel the temperature of the test tube with your hand. [image: image6.png]


Has it gotten warmer or colder - Is the reaction endothermic or exothermic?
Is Catalase Reusable? 
1. Place 2 ml of 3% hydrogen peroxide solution into a clean test tube and add a small piece of liver. What is happening in your test tube? 
2. Pour off the liquid into a second test tube. Assuming the reaction is complete. What is this liquid composed of? What do you think would happen if you added more liver to this liquid? Test this and record the reaction rate. [image: image7.png]


Explain your results (what is the liquid composed of?)
3. Add another 2 ml of hydrogen peroxide to the liver remaining in the first test tube. [image: image8.png]


Is catalase reusable? 
Part B - What Tissues Contain Catalase
You will now test for the presence of catalase in tissues other than liver. Place 2 ml of hydrogen peroxide in each of 3 clean test tubes and then add each of the three test substances to the tubes. 
To the first tube, add a small piece of potato. 
To the second tube, add a small piece of chicken. 
To the last tube, add a small piece of apple.
As you add each test substance, record the reaction rate (0-5) for each tube.
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Which tissues contained catalase? Do some contain more catalase than others? How can you tell?
PART C - What is the Effect of Temperature on Catalase Activity?
1. Put a piece of liver into the bottom of a clean test tube and cover it with a small amount of distilled water. Place this test tube in a boiling water bath for 5 minutes. [image: image10.png]


What will boiling do to an enzyme? 
2. Remove the test tube from the hot water bath, allow it to air cool, then pour out the water. Add 2 ml of hydrogen peroxide. CAUTION: Use a test-tube holder when handling the hot test tubes. Record the reaction rate (0-5) in DATA TABLE 
3. Put equal quantities of liver into 2 clean test tubes and 1 ml H2O2 into 2 other test tubes. Put one test tube of liver and one of H2O2 into each of the following water baths: Ice bath and Warm water bath (not boiling)
4. After 3 minutes, pour each tube of H2O2 into the coresponding tube of liver and observe the reaction. Record the reaction rates (0-5) in DATA TABLE 
You recorded the reaction rate for room temperature earlier. [image: image11.png]


What is the "optimum" temperature for catalase? (This is the temperature at which the reaction proceeds fastest.) [image: image12.png]


Why did the reaction proceed slowly at 0 deg.C? [image: image13.png]


Why did the reaction not proceed at all at 100 deg.C?
PART D - What is the Effect of pH on Catalase Activity
1. Add 2 ml hydrogen peroxide to each of 3 clean test tubes. Treat each tube as follows: 
Tube 1--add a drop of HCl (acid) at a time until pH 3. 
Tube 2--add a drop of NaOH (base) at a time until pH 10.
Tube 3--adjust the pH to 7 by adding single drops of either 1molar HCl or 1molar NaOH as needed.
CAUTION: Do not let acids or bases contact your skin or clothing. Swirl each test tube after adding each drop and measure the pH of each solution with pH paper. To do this, remove a drop or two of solution from a test tube using a clean glass stirring rod. Rinse your stirring rod and wipe dry before you dip it into each test tube. Place the drop on pH paper. Record the pH of each solution in DATA TABLE
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Does there appear to be a pH "optimum" - at what pH? [image: image15.png]


What is the effect of low or high pH on enzyme activity?
PROTEIN LAB  Put this sheet in your notebook. Cut it to make it fit.
	DATA TABLE 

	 
	
	Rate of Reaction
(1-5)
	Observations & Conclusions (answer section questions)

	PART A 
	Normal Liver 
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	Liver added to Used Peroxide
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	Reused Catalase 
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	PART B 
	Potato
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	Chicken
	
	

	
	Apple
	
	

	PART C 
	Boiled Liver 
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	Ice Bath Liver
	
	

	
	Warm Liver 
	
	

	PART D
	pH 3
	
	

	
	pH 7
	
	

	
	pH 10
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1.
Describe the reaction of the liver extract and the hydrogen peroxide.

2. What class of biomolecules are enzymes?

3. What did we do by adding the HCl?  How could we have gotten the same results without adding acid? 

4. What was the substrate of this lab?

5. Why does liver have a high concentration of catalase?

Bio2 Enzymes Vocab
activation energy
The energy required to start a reaction.  Enzymes lower activation energy

active site
The specific 3D site on the enzyme that lets it fit with the substrate so the reaction can occur

amino acids
Building blocks of proteins.  Proteins are long chains of amino acids

catalyst
A chemical that speeds up a chemical reaction by lowering the activation energy of the reaction.  The catalyst is not used up or changed by the reaction.  Enzymes are biological catalysts

coenzyme
A compound, usually non protein, that fits into the enzyme or the active site to allow the substrate to fit into the enzyme and thus catalyze the reaction.  Coenzymes are often vitamins

competitive inhibitors
A substance that fits into the active site of an enzyme and blocks the substrate from fitting in, preventing the enzyme from catalyzing

control
The group in an experiment that no change is being made.  It is the baseline comparison to which the experimental group is compared to

denature
The loss of a protein’s specific 3D shape by breaking of the R group bonds between certain amino acids

enzyme
A biological catalyst, usually a protein with a specific 3D shape

hypothesis
The tentative answer to the question that an experiment is trying to address.  An educated guess

Kinetic Molecular Theory
Theory that relates the speed molecules move at to the temp.  The higher the temp., the faster the molecules move

Lock and Key model
Model that explains that an enzyme works by fitting three dimensionally with the substrate, as a key fits with a lock

metabolic rate
The total rate of all reactions in a cell or an organism

metabolism
The total rate of all reactions in a cell or an organism

pH
A scale used to measure the strengths of acids and bases.  0 - 7 is acidic, 7 - 14 is basic

protein
Long chains (polymers) of amino acids.   Proteins can be structural or act as enzymes and hormones

reactants
The starting compound(s) in a chemical reaction

substrate
The reactant that fits into the active site of an enzyme for the reaction to occur

tertiary shape (protein)
The 3D structure of a protein formed by bonds between various amino acids.  Gives the protein its final shape and function

theory
A hypothesis that explains many observations and has been tested many times

thyroid gland
Gland at the base of the trachea that produces thyroxin

thyroxin
Hormone that sets the basic metabolic rate of an organism.  An increase in thyroxin will increase the metabolic rate

variable
A controllable factor that could affect the outcome of an experiment

vitamins
Compounds not produced by the body but are required at certain levels to maintain health.  Obtained through diet.  Many enzymes function as coenzymes 


Name __________________

Chapter 6 Review
1.
Energy from exergonic reactions can be used to drive _______ reactions.

5. exergonic

6. endergonic

7. both A and B

2. In _______ inhibition, a molecule binds to an enzyme but not at the active site.

A. competitive

B. noncompetitive

C. neither A nor B

3. During denaturation, an enzyme

6. changes shape

7. can no longer bind substrate molecules efficiently.

8. Both A and B

4. Exergonic reactions 

A. always make use of ATP

B. defy the second law of thermodynamics

C. release energy and occur spontaneously

D. all of the above

5. Enzymes

A. make it possible for cells to escape the need for energy

B. are nonprotein molecules that help coenzymes

C. are not affected by a change in pH

D. lower the energy of activation

6. An allosteric site on an enzyme is

A. the same as the active site

B. where ATP attaches and gives up its energy

C. often involved in feedback inhibition

D. all of the above

7. A high temperature

A. can affect the shape of an enzyme

B. lowers the energy of activation

C. makes cells less susceptible to disease

D. all of the above

8. How are cofactors similar to coenzymes?  How are they different?

9. Why are enzymes specific, and why can’t each one speed up many different reactions?

10.  
Explain how feedback inhibition works.

Bio 2 Chapter  Test Ready Sheet

Know:

Energy – Types important in biology



Chemical



Mechanical



Radiant

Thermodynamics Laws

ATP/ADP cycle

Definitions: 
Catabolic

Anabolic

Endergonic 

Exergonic

Entropy

Metabolism

Enzymes – What they are and how they work


Enzyme


Co-enzyme


Co-factor


Substrate


Active Site


Products


Inhibitor


Induced fit


Allosteric Site


Denature


Catalyst

Factors that affect enzymes


Concentration


Temperature


pH

Chemiosmosis

Parts of mitochondria and chloroplasts

Three types of enzyme inhibition


Competitive


Non-competitive


Feedback

