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Science In Motion

Juniata College

Inhibition of Bacteria

Antibiotics and Antiseptics

Standards: 
3.2.12.B Evaluate experimental information for appropriateness and adherence to relevant science processes.

· Judge that conclusions are consistent and logical with experimental conditions.
· Interpret results of experimental research to predict new information or improve a solution.
3.2.12 C Apply the elements of scientific inquiry to solve multi-step problems.

· Generate questions about objects, organisms and/or events that can be answered through scientific investigations.
· Evaluate the significance of experimental information in answering questions.
3.7.12 A Apply advanced tools, materials and techniques to answer complex questions.

· Select and safely apply appropriate tools, materials and processes necessary to solve complex problems that could result in more than one solution.
4.8.10 C Analyze how human activities may cause changes in an ecosystem.

· Analyze and evaluate changes in the environment that are the result of human activities.

3.3.12 A Explain the relationship between structure and function at all levels of organization.

· Explain and analyze the relationship between structure and function at the molecular, cellular and organ-system level. 

Introduction:

    In 1928 Alexander Fleming, a Scottish scientist, discovered the antibiotic penicillin almost by accident.  He observed a mold growing on a bacterial culture in his lab.  More importantly, Fleming noticed a clear zone around the mold in which no bacteria appeared to be growing.  Further study indicated that the mold apparently produced some protective chemical, which inhibited, or killed, bacteria.  The mold was identified as Penicillium notatum and the chemical was called penicillin.  Following this discovery, other bacteria and fungi were found that produced similar chemicals which destroy or inhibit bacterial growth.  These chemicals were given the general name antibiotics because of their lethal effect on bacteria.  Antibiotics, however, do not have any effect against viruses.
  Since the initial discovery of penicillin, scientists have discovered dozens of microorganisms that produce similar chemical compounds.  The antibiotics are now grown in mass quantities in bacteria and harvested to help fight infectious diseases caused by bacteria.  The effectiveness of antibiotics was astounding to early researchers who suggested its use for any and every disease.  In addition to human use, farmers and livestock managers used the antibiotics to treat food-producing animals.  This widespread overuse of antibiotics caused bacteria to mutate and develop new strains which are resistant to certain antibiotics.  The threat of reemerging infectious disease has caused massive amounts of research to focus on discovering new antibiotic compounds and explore the use of antibiotic cocktails (several antibiotics used together to create a synergistic effect).

  Antibiotics inhibit bacterial cells in different ways.  Some affect the bacterial cell wall.  A bacterial cell wall is unique in construction because it is composed of a macromolecular network called peptidogylcan.  Certain antibiotics, such as bacitracin and vancomycin, prevent growing cells from producing this compound.  Other antibiotics, such as penicillin and cephalosporin interfere with peptidoglycan linkages, thus inhibiting cell wall production.  As a result, the bacterial cell wall is weak and the cell ruptures due to osmotic pressure.  A different way in which antibiotics inhibit bacteria is by interfering with protein production at the ribosome level within the bacterial cell.  These antibiotics use methods such as the blockage of binding sites of messenger RNA, blockage of initiation, and deactivation of the enzymes needed to create the protein.  Antibiotics that use this mode of attack are chloramphenicol, erythromycin, streptomycin, and tetracycline.  Antibiotics also inhibit bacterial growth by disrupting the way bacterial ribosomes read messenger RNA, which leads to protein errors and cell destruction.  Examples of such antibiotics are gentamicin and streptomycin.  A final way in which antibiotics kill bacteria is by inhibiting the metabolism of glucose, causing the bacteria to “starve” to death.

Antibiotics which inhibit cell wall synthesis     Antibiotics which inhibit protein synthesis


penicillin




streptomycin



ampicillin




neomycin



methicillin




chloramphenicol



oxacillin




erythromycin



gentamicin




puromycin



cephalosporin




tetracyclines



bacitracin




lincomycin



vancomycin




fusidic acid

Generally speaking, antibiotics which affect the peptidoglycan structure in bacterial cells have no negative affect on human cells since ours have no cell walls.  Likewise, the antibiotics which affect protein production in bacterial cells have little negative effect on human cells because of differences in the ribosome structure and size between bacteria and humans.  However, some antibiotics interfere with the function of human mitochondria which possess ribosomes similar to those found in bacteria.  In addition, the antibiotics kill the normal bacterial flora that live in the human digestive tract.  These normal bacteria are actually beneficial because they help to digest food.  Additionally, their presence suppresses the growth of harmful bacteria through the normal flora’s use of limited nutrients and the creation of waste products.  Because of these side effects, it is important that antibiotic use be monitored closely and limited to only severe infections.  Doctors and patients both must realize that overuse of antibiotics will lead to increases in bacterial resistance and the development of new strains of bacteria for which we have no effective antibiotic.

Guiding Questions:
1. Why are we testing more than one antibiotic per bacterium?

2. Why is a plain sterile disk used?

3. Would you expect the chicken soup to inhibit the bacteria? What about the garlic?
Vocabulary:

Antibiotic- A chemical which destroy microorganisms internally

Antiseptic- A chemical which destroys microorganisms on external surfaces of the body

Disinfectant- A chemical which destroys microorganisms found on nonliving objects

Peptidoglycan- The main component of bacterial cell walls, peptidoglycan, is composed 

of both sugars and amino acids that are cross-linked by covalent bonds; it is this cross linkage that gives the cell wall its incredible strength.  

Materials:

3 sterile nutrient agar plates

ethanol in a small beaker
metric ruler



sterile paper disks




biohazard bag



commercial antiseptics: mouthwashes, soaps, 

distilled water




creams, toothpaste, etc.

Bunsen burner



commercial antibiotic disks: Erythromycin,

sterile cotton swabs 



Tetracycline, Chloramphenicol,

forceps
   




Streptomycin, Novobiocin, others possible

garlic




commercial chicken soup

Sharpie



glass rod

matches or striker



disinfectant

antibacterial soap

broth cultures- Staphylococcus epidermidis, Escherichia coli, Micrococcus luteus 

  Safety Notes:
1.  Bacteria can make you sick!  Therefore, use extreme caution when handling them.  Wash your hands before and after doing the lab.  Additionally, make sure to disinfect the lab benches both before and after the lab.
2.   Be sure to properly dispose of the bacteria in autoclave bags and return to Juniata College for sterilization.  DO NOT DUMP TUBES OF BACTERIA IN THE SINK!!!

3. Be careful not to spill the bacteria cultures.  If such a spill does occur, notify your teacher and douse the area with disinfectant.  Allow to air dry.  The agar can then be cleaned off of the surface using a paper towel and water.  

4.  Be sure to keep ethanol and disinfectant away from the Bunsen burners unless you are sterilizing a glass rod.  Be attentive to the amount of ethanol used to sterilize the glass rods as excess burning ethanol can drip onto the lab bench and catch other compounds on fire.
Procedure:

1. Wash your hands thoroughly using the provided antibacterial soap- you do not want to contaminate your experiment with the bacteria found on your skin.

2. Obtain disinfectant and a paper towel.  Spread a small amount of disinfectant on your lab bench and spread over the surface with a paper towel.  Allow the disinfectant to air dry.
3. Obtain 2 plates filled with nutrient agar, invert each and use a Sharpie to divide the bottom side into quarters.  Do not open until necessary!

4. Label along the outside of bottom with your name, date, time, and the species of bacteria you will grow in that plate.  Label one plate antibiotic (AB) and the other antiseptic (AS)
5. Using aseptic technique, inoculate your plates:

a.   Obtain broth cultures of the bacteria you are using along with two sterile 


      cotton swabs.

b. Remove the cap from one of the broth culture tubes.  DO NOT place the cap 

on the lab counter.
c. Flame the mouth of the tube in a Bunsen burner at a slight angle.  
d. Dip a cotton swab into the bacterial broth, allowing it to become saturated.

e. Remove the swab, reflame the mouth of the tube and replace the cap.  Be sure not to drip any of the bacteria broth from the cotton swab onto the lab bench.
f. Raise the plate cover slightly and then rub the swab over the entire


     surface of the nutrient agar in the manner demonstrated by your teacher.


g.   Replace the cover of the plate and discard the swab in the biohazard bag.


h.   Repeat this procedure for your second plate.
6.
Allow the plates to dry for about 3-5 minutes before proceding.

7. 
Select three antibiotics for testing (your instructor will assign these).

The antibiotics are on presoaked disks. Sterilize a pair of forceps 

before obtaining an antibiotic disk by dipping in ethanol and then flaming in the Bunsen burner. Use the forceps to remove the disk from the cartidrage by pushing to one side of the bar and removing carefully. Firmly press the three different 
disks onto the agar in each of the quarters on the AB plate 

8.   The remaining quad of the AB plate will receive a plain, sterile, paper disk and act as a control.

9.   Invert the AB plate, making sure the disks don’t fall off and set it aside.

10. Obtain three selected antiseptics and four sterile paper disks.

11. Using sterile forceps, dip each paper disk in a selected antiseptic until thoroughly 

saturated and firmly press it onto one quarter of the AS plate.  Again, remember to sterilize the forceps with ethanol and flame between each transfer. 

12. The remaining quad of the AS plate will receive a plain, sterile paper disk and be the control.

13. Invert the plate, making sure the disks stick. 

14. Obtain another plate with agar.  Use a sharpie to divide the bottom in half and label as CG.  Inoculate the plate with the bacteria assigned to your group as described in steps 4 and 5.  Using sterile forceps, soak a sterile disk in chicken soup and press it onto the agar on one side.  Take a small sliver of garlic and press it onto the agar on the other half.  

15. Be sure you have labeled properly and incubate the AB, AS, and CG plates at 37° C. for 24-48 hours, or at room temperature (22° C) for 48-72 hours.

.








Name__________________
Student Evaluation

Inhibition of Bacteria - Antibiotics and Antiseptics

1.  Examine your petri plates looking for clear zones (zones of inhibition) around the disks.  Bacteria should be growing in “lawn growth” over the remainder of the plates.

2.  Measure the diameters of these zones of inhibitions in millimeters and record in the table below.  No zone equals 0mm.

Group Data
	AB petri dish section 
	antibiotic used
	zone of inhibition for ___________ ________

	Control
	
	

	               2
	
	

	               3
	
	

	               4
	
	

	
	
	

	AS petri dish section       
	antiseptic used
	zone of inhibition for ___________ ________

	               Control
	
	

	                2
	
	

	                3
	
	

	                4
	
	

	
	
	

	CG petri dish section
	food used
	zone of inhibition for ___________ ________

	
	Chicken soup
	

	
	garlic
	


3.  Record your data on the board along with all other group results.  Compute averages for the zones of inhibition of all antibiotics/antiseptics on both species of bacteria.  Construct a line or bar graph for your class data (it may be computer generated).

Analysis/Conclusions:
1.  Why are some antibiotics effective against E. coli but not against Staph. epi or the Micrococcus?  Give examples from your observations.

2.  How do antibiotics kill bacteria?

3.  Are antiseptics as effective in the inhibition of bacteria as antibiotics?  Use your observations to back up your answer.

4.   Why must researchers continuously search for new antibiotics?
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