
Chem 54 – Experiment 10 – Biological activity of synthesized β-lactam antibiotics 

Biological Testing for Exp.10, Chem 54 

β-lactam antibiotics will be tested for biological activity by exposing Staphylococcus 

Auerus (a gram positive bacteria) to different concentrations of the antibiotic compounds. 

As a viability / cytotoxicity indicator, Phenol Red will be used. Phenol Red is yellow in 

acidic conditions and red in basic conditions. 

If the β-lactam antibiotics can bind the transpeptidase enzyme; this will weaken the cell 

wall by inhibiting the formation of peptiglycan cross-links in the bacterial cell wall. The 

cells affected by the antibiotic will be less viable or not viable at all, and have a lower 

metabolism than the cells without antibiotic. 

We will test the bacterial metabolism by looking at the acidity in the medium. We will 

inoculate the bacteria with high glucose PBS, and by fermentation of the glucose, an acid 

by-product is formed (Glucose + 2 ADP + 2 NAD+ + 2 Pi -----> 2 Pyruvate + 2 ATP + 2 

NADH + 2 H3O+). Protein metabolism has ammonia as its end product, causing the 

medium to become basic. To avoid the catabolism of proteins and glycolysis to cancel 

each other out, we will use only glucose in PBS when incubating the Staphylococcus 

Aureus with the compounds. 

 

Procedure: 

1) Pipet out the desired amount of bacteria into a centrifuge tube, and spin for 3 min 

at 4000 rpm 

2) Remove media over the bacteria pellet using a disposable glass pipette 

3) Resolve the bacteria in high glucose PBS 

4) Pipet into one well of a 96 well clear bottom microtiter plate: 

a. 40 µL bacteria  

b. 50 µL antibiotic or blank 

c. 10 µL Phenol Red from stock solution (1 mg/mL). 

5) Measure the kinetics of the bacteria metabolism with or without antibiotic 

spectroscopically in a microtiter plate reader (we are using Tecan Infinite M200). 
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Absorbance at 630 nm (Red) (optional) and 575 nm (Yellow) is read every 3 

minutes. 

 

A red solution will absorb all light at yellow wavelength, and the spectrometer will 

read “OVER” meaning that all light is absorbed. As the solution turns more yellow, it 

will start reflecting light with the yellow wavelength, and the absorption at yellow 

goes down. The more yellow the solution is, the less it absorbs. When it comes to 

fermentation, the slope of the curve tells you how viable the bacteria are. A steep 

negative slope tells you the bacteria are viable and fermenting fast. 

 

 

Data Analysis: 

 

When analyzing the data, the time-point at which the solution turns yellow and the slope 

is important: 

• Time to turn yellow: the samples treated with antibiotics should see a later shift to 

the yellow color than the samples not treated with antibiotics. The more effective 

antibiotic, the longer it takes before the solution turns yellow.  

o Cases where the solution turns yellow immediately: 

 If the antibiotics are very strong (usually not the case with β-

lactam antibiotics) the cells can lyse and cause the solution to turn 

yellow from the cell contents of the bacteria lowering the pH 

 An acidic reaction mixture can also cause the solution to turn 

yellow by lowering the pH 

 

• The slope of the absorption curve is inversely correlated with the effectiveness of 

the antibiotic. 

o  If the slope is very steep, the bacteria are still viable and fermenting 

glucose.  
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o A flat curve with low yellow absorption from the beginning indicates an 

immediate acidity (see above), and non viable bacteria 

o Determine what antibiotics are effective in inhibiting the growth of the 

gram positive bacterial strain 

o Rank antibiotics in order of effectiveness, from most effective to least 

effective 

o Determine if different concentrations are significantly different 

 Determine the standard deviation in slopes between three slopes 

from blank samples containing only glucose PBS 

 Find three times the standard deviation 

 Determine what percentage difference there has to be between two 

slopes for it to be statistically significant 

 Compare the different concentrations 

 


