99.99%

Predict:

If you look at the label on a container of hand sanitizer, you’ll see that it claims to kill 99.99% of germs (bacteria).  What about the 0.01% that are not killed?

Predict what will happen to the population of 0.01% bacteria that are not killed by hand sanitizer.  Will it grow, reproduce and increase in number?  Will it grow and die with time?  What will happen?

Background

Population: a group of the same kinds of organisms living in the same area.

In any population, there is variation in traits (physical characteristics) among the organisms (due to mutations and recombining of genes from egg and sperm cells). Some traits may help an organism survive, and some traits may have no effect on the organism. The environment determines which traits are favorable. This is known as natural selection.
Selection pressure: something that changes the ability of an organism to survive in a particular environment.  A selective pressure can be something that is living or something that is not living.
Favorable traits are called an adaptive advantage because it helps the organism survive.

Procedure

1. Put 8 mini-marshmallows and 2 caramels on the same tray in the middle of your group.  Spread them evenly over the tray. The marshmallows and the caramel represent bacteria.  The bacteria with soft capsules are the same (clones) due to asexual reproduction. (soft, white and cylindrical in shape)  The two caramels represent bacteria that had three mutations resulting in three different traits, colorful, hard capsule and disc shaped.

	Time
	# of normal bacteria
	# of mutated bacteria

	Beginning
	8
	2

	After step 4 (1st dose of hand sanitizer, D1)
	
	

	Remaining bacteria reproduce (1st reproduction, R1)
	
	

	After step 8 (2nd dose of hand sanitizer, D2)
	
	

	Remaining bacteria reproduce (R2)
	
	

	After step 10 (D3)
	
	

	Remaining bacteria reproduce, (R3)
	
	


2. Look at the table above and notice how it is filled in.
3. The toothpick represents antimicrobial hand sanitizer.  When you use the toothpick to catch the bacteria, it is like bacteria being destroyed by the chemicals in the hand sanitizer.

4. First dose of hand sanitizer (D1): One student in the group uses the toothpick to pick up-- one at a tim--and set into a white plastic cup, as many of the bacteria as possible in 5 seconds. (IPods have timer)

5. The student then counts how many bacteria of each kind are left on the tray, and all students in the group fill in the second row on the table above.

6. The 1st student then lets the remaining bacteria “reproduce by fission” by making copies of them.  In other words, the student doubles the number of any of the remaining bacteria.  For example, if there are three marshmallows left; make six by adding three more marshmallows to the plate.  This represents the first reproduction (R1).

7. Count how many of each bacterium is now on the tray and record in your data table. (R1)

8. The 2nd student in the group repeats steps 4-5 for the 2nd dose of hand sanitizer (D2), catching bacteria-one at a time-in 5 seconds.  Count the remaining bacteria and fill in the data table (D2)
9. The second student repeats steps 6-7 for the second reproduction (R2).  Record your data.

10. The third student in the group repeats steps 4-5 for the 3rd dose of hand sanitizer (D3) and steps 6-7 for the 3rd reproduction (R3).  Record the data.

11.  Make a graph of your data showing the change in the number of each kind of bacteria over time. Time is your independent variable and should go on the x-axis.  Number of bacteria is your dependent variable axis should go on the y-axis. What type of graph will you use? Why?  (your book explains graphing on pg 768-770)

Questions/Analysis

1. If hand sanitizer were actually effective in killing 8 out of 10 bacteria, what percentage should be on the label?
2. 99.9% equals 99.9 out of 100. Because you cannot have fractions of bacteria, in order for this activity to simulate real numbers, you would need a total of how many bacteria?  Based on the original ratio you had in step 1 above, how many should be marshmallows?  How many should be caramels? (remember you can’t have fractions of bacteria)
3. If you did this simulation with 10,000 bacteria to start, about how long do you think it would take for the population of resistant bacteria to become greater than the population of normal bacteria? (hint: look at your graph and extend it out)
Use numbers from your data to describe which kinds of bacteria, normal or mutated, were killed most easily with every dose of hand sanitizer.  

	
	Normal bacteria, white, cylindrical, soft bodied
	Mutated bacteria, colorful, disc shaped hard bodied

	Adaptive advantage (helped survival)
	
	

	Unfavorable trait (hurt survival)
	
	

	Neutral trait (neither helped nor hurt)
	
	


4. Fill in the above table with the traits for each bacterial.  Choose one trait from the table that was an adaptive advantage and explain why you choose that trait as an example.

5. Choose one trait from the table that was unfavorable.  Why did you choose this trait?

6. Look at your prediction.  After completing this simulation, describe what happens to the bacteria that are not killed by hand sanitizer.

7. When a doctor prescribes an antibiotic, the doctor instructs you to take all of the medication until it is gone.  This advice should be taken very seriously.  If you stop taking the antibiotic too early, what happens to the bacteria that, by chance, have a trait that prevented them from being killed very quickly by the antibiotic?  Explain how you response relates to this activity on hand sanitizer.
