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DIFFERENTIATION OF COCCI BY ANTIBIOTIC SENSITIVITY 
Principle and Purpose 
Antibiotics are substances that inhibit cellular growth and possibly reduce viability.  In 
microbiology, antibiotics function by exploiting “chinks” in a microbe’s metabolic processes.  
However, closely-related species within and across different genera can respond to the effects of 
antibiotics in different ways.  Mainly, some species are sensitive to a given antibiotic, whereas 
others are not.  These differences can be used in the laboratory to help distinguish between 
closely-related or morphologically-similar species of bacteria. 
This exercise takes advantage of how different species of Staphylococcus respond to the 
antibiotic novobiocin.  Similarly, differences among Streptococcus, Enterococcus, 
Staphylococcus, and Micrococcus will be observed in response to the antibiotic bacitracin and 
the combination antibiotic, SXT (which includes trimethoprim and sulfamethoxazole). 

Learning Objectives 
Upon completion of this exercise, a student should be able to: 
• Understand how different strains of cocci can be differentiated based upon antibiotic 

sensitivity; 
• Properly conduct the antibiotic sensitivity tests; and 
• Accurately interpret the results of this test.  

Materials Required 
The following materials are necessary to successfully conduct this exercise: 

Organisms - The following organisms should be provided as 24-48 hour-old TSA or TSB 
cultures: 
• Enterococcus faecalis (ATCC 19433) [abbreviated as E. faecalis] 
• Micrococcus luteus (ATCC 4698) [abbreviated at M. luteus] 
• Staphylococcus aureus (ATCC 25923) [abbreviated at S. aureus] 
• Staphylococcus epidermidis (ATCC 12228) [abbreviated at S. epidermidis] 
• Staphylococcus saprophyticus (ATCC 49453) [abbreviated at S. saprophyticus] 
• Streptococcus pyogenes (ATCC 19615) [abbreviated at S. pyogenes] 

Materials  
• Blood agar (BA) plates 
• Antibiotic disks (Hardy Diagnostics, Santa Maria, CA) 

o Novobiocin (Cat. No. Z7291; NB5, 5 µg per disk) 
o Bacitracin (Cat. No. Z7025; BAC, 0.4 units per disk) 
o Trimethoprim-sulfamethoxazole (Cat. No. Z9015; SXT25, 25 µg units per disk) 

• Alcohol pads (pre-moistened) 
• Forceps 
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Procedure 
Students shall review and use the BIOL 3702L Standard Practices regarding the labeling, 
incubation, and disposal of materials. 

Susceptibility to Novobiocin 
1) Obtain a blood agar (BA) plate.  On the bottom (agar-containing half) of the plate, use a 

marker to divide it in half and label one portion Staphylococcus saprophyticus and the other 
Staphylococcus epidermidis.  Include any other pertinent information in labeling the plate. 

2) Using a sterile cotton swab, aseptically transfer S. saprophyticus to the surface of the 
appropriately labeled half of the medium to make a heavy patch of growth. 
Dispose the cotton swab in the appropriate waste bin. 

3) Using a second sterile cotton swab, aseptically transfer S. epidermidis to the surface of the 
appropriately labeled half of the medium to make a heavy patch of growth. 
Dispose of the cotton swab in the appropriate waste bin. 

4) Sterilize forceps using an alcohol pad to thoroughly wipe both prongs on both the inside and 
outside.  Allow the forceps to briefly air dry (10-15 seconds). 

Note: Throughout this procedure, be sure to sterilize the forceps with an alcohol pad prior to 
and after each use.  Provided it has not dried significantly, the same alcohol pad can be used 
two or three times to sterilize the prongs of the forceps. 

5) Using the sterilized forceps, carefully remove a novobiocin-impregnated disk from the 
appropriate dispenser and place it gently in the patch of S. saprophyticus cells made on the 
blood agar plate.  Very gentle touch (do not press!) the center of the filter with the forceps to 
be sure it is fully in touch with the surface of the agar medium.  

6) Repeat step 5 to place a novobiocin-
impregnated disk in the patch of S. 
epidermidis cells made on the blood 
agar plate. 

7) Incubate the plate at 37°C for 18-24 
hours. 

8) Remove the plate and examine the 
bacterial growth patches to observe 
any clear zones surrounding the 
novobiocin disk (Fig. 1).  Use a metric 
ruler to measure the zones of 
clearance in mm.   

Note: BA plates must be read within 24 
hours.  Incubation of these plates for 
longer periods of time may affect the 
ability to correctly assess the results. 

Record any observations on the data report sheet attached to this document. 
Interpretation of Results: If there is a zone of clearance (i.e., zone of inhibition) that is 17 mm 
or more in diameter, then the bacterial species is sensitive (susceptible) to the drug.  The 

 
Figure 1.  Novobiocin Susceptibility.  
Staphylococcus epidermidis (top) exhibiting 
susceptibility to novobiocin, whereas 
Staphylococcus saprophyticus (bottom) does 
not. (https://youtu.be/sSDQilzQAcU) 
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absence of a zone of inhibition or one less than 17 mm in diameter indicates resistance of the 
organism to novobiocin. 

Susceptibility to Bacitracin 
1) Obtain two (2) BA plates.  On the bottom (agar-containing half) of each plate, use a marker 

to divide each in half.  Include other appropriate information when labeling these plates. 
2) To one BA plate, label one half as Staphylococcus aureus and the other as Micrococcus 

luteus.   
3) To the second BA plate, label one half as Streptococcus pyogenes and the other as 

Enterococcus faecalis.   
4) Using a sterile cotton swab, aseptically transfer S. aureus to the surface of the appropriately 

labeled sector of the BA plate (step 2) to make a heavy patch of growth. 
Dispose of the cotton swab in the appropriate waste bin. 

5) Using a new sterile cotton swab, aseptically transfer M. luteus to the surface of the 
appropriately labeled sector of the BA plate (step 2) to make a heavy patch of growth. 
Dispose of the cotton swab in the appropriate waste bin. 

6) Using a new sterile cotton swab, aseptically transfer S. pyogenes to the surface of the 
appropriately labeled sector of the BA plate (step 3) to make a heavy patch of growth. 
Dispose of the cotton swab in the appropriate waste bin. 

7) Using a new sterile cotton swab, aseptically transfer E. faecalis to the surface of the 
appropriately labeled sector of the BA plate (step 3) to make a heavy patch of growth. 
Dispose of the cotton swab in the appropriate waste bin. 

9) Sterilize forceps using an alcohol pad to thoroughly wipe both prongs on both the inside and 
outside.  Allow the forceps to briefly air dry (10-15 seconds). 

Note: Throughout this procedure, be sure to sterilize the forceps with an alcohol pad prior to 
and after each use.  Provided it has not dried significantly, the same alcohol pad can be used 
two or three times to sterilize the prongs of the forceps. 

10) Using the sterilized forceps, 
carefully remove a bacitracin-
impregnated (0.04 µg) disk from 
the appropriate dispenser and place 
it gently in the patch of S. aureus 
cells made on the BA plate.  Very 
gently touch (do not press!) the 
center of the filter to be sure it is 
fully in touch with the surface of 
the agar medium. 

11) Repeat step 10 for each of the 
remaining patches inoculated with 
M. luteus, S. pyogenes, and E. 
faecalis being sure to use sterile 
forceps. 

 
Figure 2.  Susceptibility to Bacitracin (A) and 
Trimethoprim-Sulfamethoxazole (SXT).  
Streptococcus pyogenes was streaked onto a BA 
plate upon which the antibiotic disks were placed. 
(https://www.labce.com/spg15135_group_a_strep_
a_disksxt.aspx) 
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12) Incubate both BA plates at 37°C for 18-24 hours.  
Note: If M. luteus does not grow well within 24 hours, incubate the plate for an additional 24 
hours. 

13) Remove the plates and examine the bacterial growth patches to observe any clear zones 
surrounding the antibiotic disks (Fig. 2).  Use a metric ruler to measure the zones of 
clearance in mm.   

Note: With the possible exception of M. luteus (see above note), the growth on the BA plates 
must be read within 24 hours.  Incubation of these plates for longer periods of time may affect 
the ability to correctly assess the results. 

Record any observations on the data report sheet attached to this document. 
Interpretation of Results:  
Streptococci Susceptibility: For the bacitracin disks, Group A streptococci (i.e., S. pyogenes) 
should have a zone of clearance (i.e., zone of inhibition) visible within the growth patch.  Non-
Group A streptococci (i.e., E. faecalis) would not have a zone of inhibition.  
Staphylococcus/Micrococcus Susceptibility: Staphylococci tend to be resistant bacitracin, but 
not M. luteus. 

Susceptibility to Trimethoprim-Sulfamethoxazole (SXT) 
1) Obtain two (2) BA plates.  On the bottom (agar-containing half) of each plate, use a marker 

to divide each in half.  Include other appropriate information when labeling these plates. 
2) To one BA plate, label one half as Staphylococcus aureus and the other as Micrococcus 

luteus.   
3) To the second BA plate, label one half as Streptococcus pyogenes and the other as 

Enterococcus faecalis.   
4) Using a sterile cotton swab, aseptically transfer S. aureus to the surface of the appropriately 

labeled sector of the BA plate (step 2) to make a heavy patch of growth. 
Dispose of the cotton swab in the appropriate waste bin. 

5) Using a new sterile cotton swab, aseptically transfer M. luteus to the surface of the 
appropriately labeled sector of the BA plate (step 2) to make a heavy patch of growth. 
Dispose of the cotton swab in the appropriate waste bin. 

6) Using a new sterile cotton swab, aseptically transfer S. pyogenes to the surface of the 
appropriately labeled sector of the BA plate (step 3) to make a heavy patch of growth. 
Dispose of the cotton swab in the appropriate waste bin. 

7) Using a new sterile cotton swab, aseptically transfer E. faecalis to the surface of the 
appropriately labeled sector of the BA plate (step 3) to make a heavy patch of growth. 
Dispose of the cotton swab in the appropriate waste bin. 

8) Sterilize forceps using an alcohol pad to thoroughly wipe both prongs on both the inside and 
outside.  Allow the forceps to briefly air dry (10-15 seconds). 

Note: Throughout this procedure, be sure to sterilize the forceps with an alcohol pad prior to 
and after each use.  Provided it has not dried significantly, the same alcohol pad can be used 
two or three times to sterilize the prongs of the forceps. 
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9) Using the sterilized forceps, carefully remove a SXT-impregnated (25 µg) disk from the 
appropriate dispenser and place it gently in the patch of S. aureus cells made on the BA 
plate.  Very gently touch (do not press!) the center of the filter to be sure it is fully in touch 
with the surface of the agar medium. 

10) Repeat step 10 for each of the remaining patches inoculated with M. luteus, S. pyogenes, and 
E. faecalis being sure to use sterile forceps. 

11) Incubate both BA plates at 37°C for 18-24 hours.  
Note: If M. luteus does not grow well within 24 hours, incubate the plate for an additional 24 
hours. 

12) Remove the plates and examine the bacterial growth patches to observe any clear zones 
surrounding the antibiotic disks (Fig. 2).  Use a metric ruler to measure the zones of 
clearance in mm.   

Note: With the possible exception of M. luteus (see above note), the growth on the BA plates 
must be read within 24 hours.  Incubation of these plates for longer periods of time may affect 
the ability to correctly assess the results. 

Record any observations on the data report sheet attached to this document. 
Interpretation of Results:  
Streptococci Susceptibility: For the SXT disks, a zone of clearance (i.e., zone of inhibition) that 
is 16 mm or more in diameter is considered a susceptible.  Group A (i.e., S. pyogenes), B, and 
D streptococci (e.g., E. faecalis) would not have a visible zone of inhibition, thereby indicating 
resistance. 
Staphylococcus/Micrococcus Susceptibility: Both laboratory strains used in this exercise, S. 
aureus and M. luteus, tend to be sensitive to SXT.  However, this property may vary depending 
upon the strain.  In the “real world”, SXT susceptibility should not be used as a firm diagnostic 
indicator. 
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Student Name:   

ANTIBIOTIC SENSITIVITY 

Novobiocin Susceptibility: Draw and label the observed results of the sensitivity of 
Staphylococcus saprophyticus and Staphylococcus epidermidis to novobiocin. 

 
 

 Zone of 
Clearance? 

Resistant of 
Susceptible? 

Staphylococcus 
saprophyticus 

  

Staphylococcus 
epidermidis 

  

 
 
 
 
 
 
Bacitracin Susceptibility:  Draw and label the observed results of the sensitivity of 
Staphylococcus aureus, Micrococcus luteus, Streptococcus pyogenes and Enterococcus faecalis 
to bacitracin. 

 

 

 

 

 

 

 

 

 

Which organism(s) is/are susceptible to bacitracin? _________________________________ 

Which organism(s) is/are resistant to bacitracin? ___________________________________ 

Staple Here 
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Student Name:   

Trimethoprim-Sulfamethoxazole (SXT) Susceptibility:  Draw and label the observed results of 
the sensitivity of Staphylococcus aureus, Micrococcus luteus, Streptococcus pyogenes and 
Enterococcus faecalis to trimethoprim-sulfamethoxazole. 

 

 

 

 

 

 

 

 

 

Which organism(s) is/are susceptible to SXT? ______________________________________ 

Which organism(s) is/are resistant to SXT? ________________________________________ 

Discussion Question 
What is the underlying molecular mechanism of action for each of the following antibiotics?  
The answer to this question will require some background investigation. 

• Novobiocin: 
 
 
 

• Bacitracin: 

 
 
 

• Trimethoprim/sulfamethoxazole (SXT): 

Staple Here 


