	Name:
	
	Block:
	
	Date:
	


	Name:
	
	Block:
	
	Date:
	



Biology 12AP - modelling Enzymes P.154-159
· This lab is a model of enzyme activity.  Your hand is used to represent a specific type of protein –an enzyme;”toothpickase”.  
· The toothpicks are used to represent the substrate(what the enzyme acts on), and the enzyme activity is represented by the breaking of the toothpicks. 
· Only one partner is to DO the activity.  The othesr partnesr act as the recorder and as the timer
Purpose:  To precict how various factors affect enzymes and to determine the rate of activity for the “toothpickase” enzyme. Reaction rate can be calculated using the formula rate = Δ[C]/Δt, where Δ[C] is the change in product concentration during time period Δt
Materials:  1 beaker or wide-mouthed jar, wooden toothpicks, paper clips or pieces of wire, rubber gloves, clock/watch, cold water

Observations and Results:  make your ownt  table for your results similar to below, your table will consist of 5 trials, describe each trial
	Trial #
	Experimental Parameters
	Prediction. Write a hypothesis:  If…then…because
	# Toothpicks Broken
	Reaction Rate=
#toothpicks broken divided by change in time

	1
	60 toothpicks, 1 hand, no gloves, no clips
	
	
	


Procedure:

1. Select approximately 60 wooden toothpicks and place them in a beaker.

2. To represent an enzymatic reaction, you will close your eyes and break as many toothpicks as you can in 30 seconds with one hand.  You can only break one toothpick at a time.  You cannot break a toothpick more than once, so remove the broken ones.  The other partner should do the timing and tell you when you should start and stop.  Record your answer and calculate the number of toothpicks per second that your broke.  It is okay if you get a fraction in your answer.

3. To simulate inhibition, select 10 paper clips and enough wooden toothpicks to make the number in the beaker add up to 60.  The paper clips must be straightened and cut to the same length as the toothpicks.  Make and record a prediction about how many toothpicks you will be able to break now, again with one hand only and in 30 seconds.

4. Again, close your eyes and break as many as you can.  You can remove the broken toothpicks, but you cannot remove the non-broken paper clips.  Record your answer and calculate the number of toothpicks per second that you broke.

5. To simulate the effect of temperature on enzyme activity, place your hands in cold water for 3 minutes.  (CAUTION:  If your hands begin to cramp up and hurt, remove it from the water)  Remove the paper clips and add enough toothpicks to bring the total in the breaker to 60.  Make and record a prediction about how many toothpicks you will be able to break now with one COLD hand only and in 30 seconds.

6. Break as many toothpicks as you can in 30 seconds.  Record your answer and calculate the number of toothpicks per second that you broke.

7. To simulate the effect of slight denaturation on enzyme activity, cover your hand with a rubber glove.  Add toothpicks to the beaker.  Make and record a prediction about how many of the 60 toothpicks you will be able to break now in 30 seconds.
8. Break as many toothpicks as you can in 30 seconds.  Record your answer and calculate the number of toothpicks per second that you  broke.

9. To simulate the effect of massive denaturation on enzyme activity, put on rubber gloves and use only two fingers to break the toothpicks.  Add toothpicks to the beaker.  Make and record a prediction about how many toothps you will be able to break now.

10. Break as many toothpicks as you can in 30 seconds.  Record your answer and calculate the number of toothpicks per second that you broke.
QUESTIONS

1.
What would you expect to happen to the rate of the “enzymatic reaction”) if we added: 
 a) more substrate (toothpicks)?  ________________________________________________________________________________

 b) more enzyme (hands)? _____________________________________________________________________________________
2.      The following is the equation for a typical enzymatic reaction:



E + S (ES (E + P

E = enzyme, S = substrate, ES = enzyme-substrate complex, and P = product

Write the equation for the enzymatic reaction for this activity using the names of  each of the materials used in the appropriate place
(ie. Hands, toothpicks etc)

__________________________________________________________________________________________________________

3.  
Explain how the paper clips act as inhibitors in this enzymatic reaction that was demonstrated in this activity. (See pg 156-157)
4.
Which do you think will have a greater effect – lowering temperature or irreverisbile inhibition?  Explain using examples.

5. 
List the similarities and diffrences when comparing inhibition AND denaturation?




Similarities



Differences
6. How is it possible that more than 4,000 different enzymes exist? Connect to your propr knowledge about genes, mutations & evolution.
7. An experiment was done to examine the enzyme ß-galactosidase in a populatin of E.Coli (bacteria). Normally, ß-galactosidase breaks down the disaccharide lactose into glucose and galactose. Random mutations were inserted into the bacterial genes and then the bacteria were tested for their ability to break down a sugar other than lactose. The “mutant” with the strongest ability to breakdown the different sugar was selelcted for and selected to several rounds of mutation and selection, After 7 rounds of “evolution” this new enzyme could attach to the new substrate several 100 times more quickly and break it down 10-20 times faster than the original enzyme. Use these results to answer the following questions:
a) Which part of the enzyme’s structure was most likely postively impacted by the mutation?

b) Describe conditions that could occur in nature to favor the evolution of such an enzyme in a population of bacteria.
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