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Abstract 

Pseudomonas aeruginosa is member of the Gamma Proteobacteria class of bacteria, 

alongside other well-known bacteria like Salmonella, Escherichia coli, Shigella, Yersinia, and 

many more. It is a Gram-negative, aerobic rod belonging to the bacterial family 

Pseudomonadaceae, which includes the 12-member genus of Pseudomonas. What makes P. 

aeruginosa particularly interesting for studies is that it is a very antibiotic resistant and 

opportunistic bacteria, making it a dreaded and dangerous pathogen. Although the bacteria prefer 

to stay in soil and water, in the United States it has become the most common pathogen to cause 

nosocomial pneumonia and is frequently implicated in urinary tract and bloodstream infections. 

This is due to its presence in hospitals, but more specifically, the bacteria tend to create colonies 

on the medical equipment which then spreads to all kinds of patients. Another intriguing aspect 

of P. aeruginosa is its ability to uptake and efflux copper. To better understand the bacteria’s 

structure, copper must be introduced in different concentrations to test whether the bacteria is 

tolerant to the metal. Different mutations can show different results to the introduction of copper, 

but with this method, each protein can be mapped and described for its function in the copper 

transportation system for the bacteria.  
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Introduction 

 Pseudomonas aeruginosa is an asporogenous, monoflagellated and rod-shaped 

bacterium. It is classified as a Gram-negative opportunistic pathogen because of its ability to 

cause disease in plants, animals, and humans through infection. It is known to grow in a plethora 

of conditions, such as soil, water, and soap. It grows well within the range of 25°C to 37°C but is 

known to grow at 42°C; distinguishing it from many other Pseudomonas species. Its growth on 

surfaces is thanks to its ability to form biofilms: complex structures correlated with an increase 

in antibiotic resistance. P. aeruginosa is present in hospitals as well, being responsible for more 

than 10% of patient infections, especially in cystic fibrosis cases where the bacteria forms 

biofilm in the lungs. It is also considered to be a model organism for understanding other Gram-

negative bacteria. Consequently, the study of P. aeruginosa is crucial in the fight against 

nosocomial infections; of which 50% are due to bacterial exposure.  

 Copper, a transition metal and the 29th element, is utilized in bacteria for the catalysis of 

electron transfer reactions. Although it serves its purpose in these reactions, copper can build up 

and develop oxidative stress within iron-sulfur clusters. Copper concentrations, however, are 

balanced to fulfill the catalytic needs of the bacteria, without causing any toxic effects. This 

balance is accomplished through a network of proteins that act as transport entries and exits, as 

well as chaperones, moving copper ions throughout the periplasm and cytoplasm. Mutations of 

proteins in the bacteria’s network allows for a greater understanding of how the network 

functions. Without certain proteins, the network ceases to function properly and the bacteria dies 

due to copper toxicity. 



 Although many P. aeruginosa mutants are known, their function within the network is a 

mystery. Through this project the ability of mutants to survive in the presence of different copper 

concentrations is explored to find the phenotypes that represent valuable proteins in the network. 

If the mutated bacteria manage to survive in the presence of toxic copper concentrations, then the 

protein that was mutated was not particularly important since the wild type (PA01) of P. 

aeruginosa can survive, grow, and multiply under concentrations under 5 mM. The most well-

known mutant is PA 3920; ΔCopA. This mutant cannot survive under any copper stress, creating 

a new control of what a crucial mutant is within the genomic sequence. Using growth curves of 

the mutants under copper concentrations marked at 0, 0.5, 1, 2, 3, and 5 mM, a wide range of 

mutants are tested and compared to their wild type and PA 3920 controls. The list of mutants 

used to explore these ideas is under appendix A. 

  



Materials & Methods 

Preculture of Bacterium 

Pseudomonas aeruginosa cells taken from their TSA (trypticase soy agar) solid media 

plaque were inoculated into TSA liquid media with their corresponding antibiotic; PA01 wild 

type was treated with 25
µ𝑔

𝑚𝐿
 of Irgasan, while PA mutants were treated with 5

µ𝑔

𝑚𝐿
 of Tetracycline. 

These precultures were then grown overnight in a 37°C incubator; best if grown for roughly 18 

hours to avoid any biofilm build up which can affect OD600 readings. Placed 1 mL samples from 

each preculture in absorbance tubes and to check for each preculture’s absorbance, which will be 

later used for the 96-well plate preparations. Precultures were the quickest steps to the 

experiment, but due to the use of antibiotics, serious care was taken to ensure that it was 

correctly set up every time. Any samples thought to be contaminated or set up with incorrect 

measurements were immediately and appropriately disposed of.  

96-Well Plate Set-Up 

For this experiment, 96-well plates were used to maximize the amount of P. aeruginosa 

mutants and copper concentrations tested at a time. Each well was filled with 200 µL of a 

combination of 100 µL of TSA liquid media with P. aeruginosa (from the 1 mL samples of 

preculture) and 100 µL of TSA liquid media with varying copper concentrations. To mix the 

precultured P. aeruginosa samples with the liquid media and copper mixtures, 15 mL tubes were 

filled with roughly 3 mL of new liquid TSA media, 75 µg of Irgasan, and the necessary volume 

of copper (II) sulfate to reach the desired concentration. To ensure that each well contained the 

proper concentration of copper, each tube was provided with double the concentration of the 

desired final concentration; since placed into the wells, the concentration is halved due to the 



remaining of the well having to be filled with the precultured mutants and wild type. The CuSO4 

additions according to concentration in the 15 mL tubes went as follows: 

• 0.5 mM tube required 15 µL of 200 M CuSO4 

• 1 mM tube required 30 µL of 200 M CuSO4 

• 2 mM tube required 60 µL of 200 M CuSO4 

• 3 mM tube required 90 µL of 200 M CuSO4 

• 5 mM tube required 150 µL of 200 M CuSO4 

The mapping of the well plates was designed to contain an outer layer of bacteria-less wells 

that still included the liquid media with Irgasan and the different copper concentrations to 

maintain even heat distribution across the well plate. Each column within the mentioned control 

border was grouped with the same mutant of P. aeruginosa, usually paired in 2’s or 3’s directly 

adjacent to each other. Furthermore, each row contained the same concentration of copper while 

increasing from 0 to 5 mM from row B to G, respectively. 

 

Table #1: Example of a well map used in the experiment. The outer layer contained no bacteria 

while the inside consisted of different combinations of bacteria and copper. 



Overnight Growth Curve Corrections and Graphs. Once the well plate was set up, using the 

OD600 Program, the plate went into the OD600 MACHINE for 18 hours at 37°C. The program 

was set up take readings every 10 minutes to ensure that there were enough data points taken to 

create a continuous graph of each well. On the program the outer layers (rows A and H and 

columns 1 and 12) were labeled as controls, while the wells inside were labeled as experiments. 

Once the plate underwent its overnight growth, the program gave raw data that was moved into 

an excel file where it would be corrected for accuracy. 

 

Table #2: Example of raw data exported into Excel with time parameter set to end at 18:00:00, 

and data included the rest of the wells (not shown). 

Corrections were necessary for the Excel sheets to ensure that the data was as accurate 

and precise as possible. The first correction was for the pathlength between the machine’s light 

reader and the start of the wells. The program gave “read pathlength” data so the average was 

taken from all read pathlengths given. Then the raw data given for all 96 well plates was divided 

by the average of the read pathlengths. The correction ensured that the data was interpreted 



correctly for all the wells since the values for the pathlength varied just enough to create different 

readings per well.  

 

Table #3: Example of an average pathlength represented by the cell containing 0.801688, the 

data shown was the result of the raw data divided by the pathlength average. 

The next correction started by averaging all the data points for the wells that contained no 

bacterium or copper; they were labeled as LB 0 for liquid broth with 0 mM copper. This average 

can now be used as the liquid broth correction which was subtracted from all the remaining data 

points. This was done to make sure that the absorption reading given by the OD600 machine was 

more precise to just the bacterium and the copper, rather than the bacterium, copper, and the 

media affecting the absorption.  



 

Table #4: Example of the LB corrections done; the average of the LB 0 data represented by the 

0.10988283. Data shown resulted from the subtraction by LB correction. 

At this point the charts only included LB 0.5 through LB 5 with the mutants and wild 

type, so the next correction was set up by averaging the data points individually for each copper 

concentration. Once the 0.5 mM, 1 mM, 2 mM, 3 mM, and 5 mM were averaged, they were 

subtracted from their corresponding mutant data (i.e., PA 01 0.5 mM – 0.5 mM average). This 

step was crucial since it would finally give the absorption reading for the mutants and the wild 

type alone without any extra noise created by the media and copper. 

 

Table #5: Example of copper corrections shown under their corresponding labels. 



By now only the data from wells B2 to G11 should remain in the spreadsheet. The final 

work done in Excel for the data was to get the averages and SEM’s (standard error of mean) of 

each bacterial well. This was done in the 10-minute intervals given from the OD600 readings. 

Each pair, or set of 3, was averaged and placed into its own column (i.e., the 0-minute readings 

for the 2 PA 01 0 mM were averaged). Using the same grouping selection, the SEM was also 

found using the equation 
𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 (#)

𝑆𝑞𝑢𝑎𝑟𝑒 𝑅𝑜𝑜𝑡 𝑜𝑓 (𝑇ℎ𝑒 # 𝑜𝑓 𝑢𝑛𝑖𝑡𝑠 𝑖𝑛𝑐𝑙𝑢𝑑𝑒𝑑 )
. This data set was then considered 

the final data. As exemplified below, the final data was transferred into the GraphPad Prism 7 

application where it was converted into individual graphs, organized by their copper 

concentrations. 

 

Table #6: Example of the final data transferred into GraphPad Prism 7. First column of paired 

mutant was the average, while the second column was the calculated SEM of their corresponding 

mutant.  



Results 

With the data being finalized, the graphs for all the growth curves were put together 

according to their experiment groups. The graphs are all organized under Appendix B. The 

graphs of the final data were then divided according to the independent compartmental 

regulation system that was previously mapped by Professor Argüello and his team. 

 

Figure #1: The independent compartmental regulation of P. aeruginosa showing the different 

mutant groups according to their function within the copper transport system. The system is 

divided into four sections: the down-regulated genes, the up-regulated genes (CopR regulon and 

CueR regulon), and the unregulated copper-related genes.  

 The figure shown above gives some of the genes that were used in this experiment. The 

full list of the mutants and their genes that were used in the experiment are in Appendix A. By 

comparing the growth curves of each mutant to the wild type, it was determined whether the 



mutant and its gene are phenotypes. Mutants that would not grow due to the copper 

concentrations were labeled are the phenotypes, while the mutants that did grow were considered 

unessential to the copper transport system. When a set of samples of a mutant shows a normal 

growth curve, the copper was correctly transported within the bacteria, allowing it to thrive in the 

well. Meanwhile, samples that would show no growth or slightly different growth curves to the 

wild type were considered phenotypes since the bacteria was not able to correctly transport 

copper in and out of itself due to the mutant gene.  

P. aeruginosa 

mutant 

Phenotype 

Yes/No 

P. aeruginosa 

mutant 

Phenotype 

Yes/No 

PA 3789 No PA 1638 No 

PA 3790 No PA 3521 No 

PA 2065 No PA 3519 No 

PA 2807 Yes PA 3523 No 

PA 2810 No PA 3521 No 

PA 4778 Yes PA 3522 Yes 

PA 2064 Yes PA 3523 Yes 

PA 2396 No PA 1848 No 

PA 2397 Yes   

Table #7: Results of the mutants’ phenotype check. Divided by their grouping in figure #1: 

Down-regulated, CopR regulon, CueR regulon, and other regulation. 

It was impertinent that the phenotypes were found since these would be the genes that are 

further studied in terms structure and mechanism within the gene complexes. Although these 

mutants were not studied and experiments during this time frame, the goal of the professor’s lab 



will be to continue discovering more phenotypes and their limits. All other mutants and genes 

that were part of the experiment but not shown above or in the Appendices were considered non 

phenotypes or they were not even used in data collection time constrictions.  



Conclusion & Discussion 

 As seen previously in the experiment, it is very difficult to find phenotypes since there 

are so many genes active in the copper transport system. Some genes are not functionally 

important to the system as others and finding the phenotypes this way is the best strategy to 

finding more and more mutants that are actually affected by their protein manipulation. Another 

reason why it might be difficult to find affected mutants since the growth curves are very 

peculiar and require to be done the same way every time. Any small human error such as 

miscalculations or measurements during the any of the steps of setting up the well plate. This 

makes finding phenotypes difficult since it is not always clear when there was human error, or 

just no growth due to the mutation and the copper interacting. Furthermore, phenotypes are 

important to find since they help map the functional and important genes that are a part of the 

copper transport system in the bacterium. They aid in eliminating the genes that are not so useful 

or crucial to the system. When comparing to the wild type, it makes sense that the phenotypes 

would have to be the bacterium that does not grow since the wild type will always grow until the 

5 mM benchmark of copper. This should be because the gene mutation is shutting down a certain 

part of the system that either directly correlates with the in or out flow of copper inside of P. 

aeruginosa. If the system is missing a part in the influx of copper, then it will be unable to 

control the influx of copper; allowing more than should be accepted and ultimately killing the 

bacterium. However, if the system is mutated in the outflux of copper, then the bacteria will die 

from the inability to transport it out itself. This study was not limited to only transporters, so it is 

crucial to find out which of the other possible genes might be affected by mutations. Finally, it 

was clear that 6 genes (PA 2807, PA 4778, PA 2064, PA 2397, PA 3522, and PA 3523) were 

phenotypes under copper concentrations. Although PA 2807, PA 2064, and PA 4778 all have 



known functions and names, it is important that further research goes into PA 2397, PA 3522, 

and PA 3523 since they are part of the other section in the copper transport system; meaning they 

are unknown genes as far as function, structure, and mechanism goes. It is believed that there are 

many more phenotypes that have not been discovered, so there is plenty of more research to be 

done on the Pseudomonas aeruginosa copper transport system and its possible phenotype 

mutants. 

 

 

 

 

 

 

 

 

 

 

This report represents the work of one or more WPI undergraduate students submitted to the 

faculty as evidence of completion of a degree requirement. WPI routinely publishes these reports 

on the web without editorial or peer review 

  



Appendices 

Appendix A (Mutants of P. aeruginosa and their possible known genes) 

Redox Enzymes 

PA2065 pcoA 

PA2807 cupredoxin -plastocyanin like 

PA3392 NosZ 

PA4922 Azu 

Chaperones   

PA0114 SenC 

PA3520 CopZ1 

PA3574.1 CopZ2 

Transporters    

PA1549 CopA2 

PA1848 CcoA 

PA2435 HmtA 

PA2520 CusA 

PA3789   



PA3790 OprC 

PA3920 CopA1 

PA5030 CuiT 

Transcriptional regulators 

PA2809 CopR 

PA2810 CopS 

PA4778 CueR 

Other Genes   

PA1638 Glutaminase 

PA1890 Glutathione 

PA2025 Glutathione 

PA2064 pcoB 

PA2396 Pyoverdine 

PA2397 Pyoverdine 

PA2398 Pyoverdine 

PA3516   

PA3519   



PA3521   

PA3522   

PA3523   

 

  



Appendix B (graphs of all final data sheets) 

Graphs of PA 01, PA 3519, PA 3789, PA 2396, PA 2435 (1-23-19) 

 

  



Graphs of PA 01, PA 2810, PA 1848, PA 1638, PA 2064 (1-24-19) 

 

  



Graphs of PA 01, PA 3521, PA 3522, PA 3523, PA 2807 (1-30-19) 

 

 

  



Graphs of PA 01, PA 2065, PA 3790, PA 4778 (1-31-19) 

 

  



Graph of PA 01, PA2397, PA 3516, PA 2520, PA 3790 (2-5-19)

 

  



Graph of PA 01, PA 2809, PA 2810, PA 2064, PA 2907 (2-22-19) 

 


