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Discovering Antibiotics

Introduction

Cystic Fibrosis (CF) is a genetic disease of secretory epithelial cells that affects the airways, sweat glands and gastrointestinal tract. Exocrine glands are responsible for secreting mucus and sweat. Under normal circumstances, mucus is important to keep vital organs moist and from getting infected. CF is caused by a mutation of a transporter (CTFR) protein that is responsible for moving salt and water into and out of the cell. Therefore, the mucus becomes thick and sticky which can build up in the lungs and block the airways. The buildup of mucus also allows bacteria to grow.  
Psuedomonas aeruginosa is an opportunistic pathogens that colonize the respiratory tracts of hospitalized patients who have been exposed to respiratory therapy for long periods of time. CF patients usually become victims of long-term colonization of Pseudomonas. This leads to severe tissue damage in these chronic pulmonary infections.
In the previous lab, you learned that Pseudomonas is resistant to many antibiotics. One reason would be that Pseudomonas is a gram-negative organism which possess an outer membrane. The outer membrane acts as a barrier that inhibits many antibiotics from entering the cell.  In the outer membrane, there are porin proteins which regulate flow of chemicals into and out of the periplasm of the cell. Antibiotics have to enter the periplasm through the porin before they can cross the cytoplasmic membrane and initiate an effect on the cell.  Pseudomonas spp. have selective porins, which inhibit the passage of many antibiotics across the outer membrane.  It is also known that some Pseudomonas spp. have efflux pumps which act to remove antibiotics that have crossed into the periplasm.  The efflux pumps and selective porins explain why Pseudomonas spp. are more resistant to most antibiotics than other bacterial species.  The resistance of Pseudomonas spp. to antibiotics creates great challenges to healthcare providers when it comes to treating Pseudomonas infections in CF patients.  
Protocol
Recently, you learned the Kirby-Baur Method of Antimicrobial Susceptibility Testing.  In that method we tested known antibiotics against three species of bacteria.  Recall that we measured zones of inhibition and compared them to a standardized chart.  The chart indicated whether or not the bacteria were resistant or sensitive to the antibiotics.  The antibiotics we used in that lab were well studied.  The manufacturer had already determined the size of the zone of inhibition that would indicate whether or not the bacterium was resistant or sensitive.  
Let’s pretend that you are a researcher working for a pharmaceutical company who was in search of a new antibiotic to treat Pseudomonas infections.  One of your colleagues in the company isolated four novel strains of bacteria that produce antibiotics.  Based on her preliminary testing she found that each of these four new strains produced a different antibiotic that appeared to influence the growth of Psuedomonas aeruginosa.  Figure one shows her preliminary assay.  
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In the assay she grew each novel strain on an agar medium for 2 weeks.  She then collected a plug from the media and placed the plug on a plate of freshly inoculated P. aeruginosa.  She looked for zones of inhibition around each plug.  At this point the concentration and identify of each drug was unknown.

Your colleague grew each of the four strains in large batch cultures.  The bacteria secrete their antibiotics in their growth media when grown under certain conditions.  She sent cultures off to the chemistry laboratory so that the chemists could separate the antibiotics from the growth media, purify them and identify them by functional group.  They did this using high performance liquid chromatography (HPLC) and mass spectrometry.  They were able to identify the class of each antibiotic (see table 1).  
	Antibiotic
	Class 

	A
	Beta lactams

	B
	Aminoglycosides

	C
	Macrolides

	D
	Rifamycins


Table 1.  Class Identification of Each Antibiotic
Do problem one before you read on.

The chemists have provided you with samples of each of the purified antibiotics.  They are each diluted to the following concentrations.  
	Antibiotic
	Class 
	Concentration

	A
	Beta lactams
	1.0 mg/ml

	B
	Aminoglycosides
	1.0 mg/ml

	C
	Macrolides
	1.5 mg/ml

	D
	Rifamycins
	0.5mg/ml


You are going to perform the Kirby-Baur Method on these antibiotics to determine if P. aeruginosa is susceptible to any of them.  Appendix A contains an interpretation guide for zones of inhibition for the various antibiotic classes.  The precise amount of antibiotic must be added to each disk for the procedure to work properly.  You need to calculate how much to add to each disk.  

Do problem 2.  

Procedure Day 1:

Obtain the following supplies:
· P-100 pipettor

· Pipette tips (keep them sterile)

· Petri dish of sterile disks

· Forceps

· Ethanol 

· Petri dish to pour ethanol

· 3 cultures:  PA, SA and EC

· 6 MH plates

· Sample of each antibiotic

· Sterile swabs (6).

1. Flame sterilize your forceps (dip in ethanol and dip in flame; allow flame to burn off).

2. Separate out 24 disks in your Petri dish.  Make sure they are well separated in the dish.  Place them in clusters of 6.  

3. Pipette the correct volume of each antibiotic onto 6 disks each (use your calculation).  Make sure you remember which antibiotics are on which disks.  You can do this by marking the bottom of your plate.  

4. Let the disks dry (set aside).  

5. Label two plates with your initials, date and PA.  Label two the same with SA. And label two with EC.  

6. Mark the Bottom of the 6 plates with A, B, C, and D (well separated).  This is where each disk will go eventually.  

7. Pipette 100 ul of EC culture onto each of the EC plates.  Use a sterile swab to swab the culture around on the plate.  Do the same for PA and SA.  

8. Once your disks are dry.  Use flame sterilized forceps to transfer each of the antibiotic disks to your plates in the proper location.  

9. Incubate all the plates at 37 degrees C for 24-48 hours.

Procedure Day two:  

1. Measure the zone of inhibition around each disk.

2. Use the interpretation guide in Appendix A to determine S, I, or R.  Fill in problem 3.  

3. Answer the rest of the questions.  
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