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Genetically altered Spo- strain reveals that endospores delay copper-alloy surface mediated toxicity in Bacillus subtilis Abstract This project is part of the bigger project in the lab where we are trying to understand the mechanism of copper induced, lipid peroxidation mediated cell death in different types of bacteria. Copper has long been known for its antimicrobial properties; however the mechanism of cell death is still not clear. In this study, we used two different strains of Bacillus subtilis, a WT (BR151) and its mutant spo- (SL10950IIA deletion), obtained from Temple University in order to understand if endospore formation plays a role in prolonged survival on the copper. Stainless steel surface was used as a control. A quantitative dilutions series was used to determine bacterial cell death. The TBARS Assay was used to measure the amount of lipid peroxidation that occurs during exposure to copper ions. Also, genomic DNA was extracted to study  the  mode  of  death,  whether  it’s  apoptotic  or  necrotic.  Fluorescent  microscopy  was  done   using a Live Dead Assay kit; furthermore, Acridine Orange was also used to quantitate spore formation. Our results indicate that most of the cells die within 30 seconds of copper exposure while the endospores last for hours. Cell death for spo- strain was seen within seconds of copper exposure. The increase in lipid peroxidation correlates with majority cell death as well as genomic DNA degradation. Introduction Copper is a transitional heavy metal known of having the antimicrobial efficacy to kill the harmful pathogens such as bacteria, fungi and virus. Although the copper is required in trace amount for the microorganisms as their micronutrients to grow and function, elevated amount of copper disrupts the integrity of cell membrane, causes lipid peroxidation to cells of microbes. The cell membranes are composed of phospholipid bilayer with the saturated and unsaturated fatty  acids.  The  lipid  peroxidation  is  the  process  occurred  when  the  “Free  Radicals”  produced  by   the outside factors such as pollution, smoking, alcohol, excessive radiation exposure and toxins from the environment, steal the electrons from the fatty acids within cell membrane. Free Radicals are the species with an atom that has an incomplete octet with a single unpaired electron that makes the species unstable and very chemically- reactive and willing to steal electrons .They form more free radicals or lipid peroxide, which can be toxic to the cells by stealing electrons from the surroundings like the chain reaction. In this case of study, the mechanism of lipid peroxidation is driven via the Fenton-like reaction. Cu + H2O2 →  Cu  +  -OH + OHAccording to this reaction, the hydrogen peroxide produces reactive species, hydroxyl radicals in the presence of copper. The experiment conducted by the copper development association had shown that the pathogens that causes infection in the hospitals dies out in time of being contact with copper alloy surface. Also, many previous studies had shown that the rate of cell death correlate with the increased level of lipid peroxidation when the cells are exposed to copper alloy surface, meaning after the exposure of bacteria to copper surface, they have found out that very few cells of bacteria survive. On the contrary, there are bacteria still growing and multiplying exponentially on the stainless steel surface. We have the cleaning agents that have



the antimicrobial quality such as chlorine and hydrogen peroxide; however, they are not effective for the long term use, only have the immediate effect. Therefore, hospitals are becoming interested in replacing the frequently-touched surfaces with copper instead to improve the overall hospital hygiene and fight against the hospital-acquired infections. In this project, we are focusing on studying the gram positive wild type strain, Bacillus Subtilis (BR151 Spo+) and mutant strain (SL10950 IIA deletion Spo-) to see the differences in survival on copper. Bacillus subtilis is rod-shaped soil bacteria that are Gram-positive and they have the ability to form a tough, protective endospore. The mutant strain has a deletion of SpoIIA locus. This mutation is early in the endospore formation  pathway,  therefore  doesn’t  form   any spores. In mutant strain, SpoIIA locus is deleted with neomycin resistant insertion within the SpoIIA operon and becomes sporulation negative and neomycin resistant strain. The genus Bacillus is the soil bacteria that can endure the extreme conditions of the environment because of their ability to form endospore. Nevertheless in the mutant strain, the gene of being able to form endospore was deleted. Thus, we are hypothesizing that the cell death will occur in mutant strain earlier than the normal strain. Methods The strain Bacillus (BR 151 spo+) culture was grown and maintain in the Luria-Burtani (LB Broth). Unlike, the mutant strain (SL10950 IIA deletion Spo-) culture was grown in LB broth in additionally with Neomycin. The killing curve assay was performed by growing the cells to 0.3 OD (Optical Density), and spreading the cells out on the clean and sterilized copper chips. Then, the cells were let it exposed to copper for certain time point and collected in the 2 mL fisher tubes for dilutions. After the dilution, the cells were plated on the LB Agar. TBARS assay was also performed to test for the lipid peroxidation in cells. Firstly, the cells were grown to 0.3 OD, spread it out on the copper chips and collected in the test tube together with SDS reagent and buffer. The buffer solution was prepared with 7.5 mL of diluent 1 (Acetic acid) and diluent 2(sodium hydroxide) and 0.08 grams of thiobarbaturic acid. Immediately after that, they were incubated at 90 o C for 1 hour. After taking them out, they were cooled to room temperature and transferred to cuvette to be measured by the spectrophotometer. Lastly, the absorbance and concentration were recorded and graphed. According to the copper development association, the cleaning protocols of chips should be done by sinking the chips in the warm (37oC) 3.5 % NaOH for 30 seconds and scraping the cells off the chips. After that, the chips were rinsed with the distilled water for 30 seconds and dried with the absorbent paper. Then, the chips were finally washed with H2SO4 (Sulfuric acid) , dipped into the 95 % ethanol, flamed and kept in the sterile petri dish. In order to do the genomic DNA extraction, the cells were grown to OD A600 0.3, spread out on the copper chips for certain time frame and collected in the tubes. Then, the following solutions: nuclei lysis, protein precipitation and RNase were added and the tubes were incubated at 37 oC for 45 minutes to break the cells membrane apart.. All the above procedure was performed using Promega genomic DNA extraction kit. The gel was made using 1% agarose.



Result:



The log plot of killing curve assay result shows that the Spo+ cells were not completely dead even until the 24 hours of copper exposure whereas the cell death is not really happening on steel exposure.



The TBARS assay is the well-established lipid peroxidation in all biological system. By increasing oxidative stress, it can lead to increased level of thiobubataric acid reactive species, which is measured in MDA by absorbance 532. It is performed to see if the cell death is occurred by the lipid peroxidation. According to the graph, the lipid peroxidation is happening in copper, but not on steel. The level of lipid peroxidation is highest in 10 minutes, which is telling that most of the cells are rapidly killed at that time.



DNA extraction was performed to further prove the result, which is to match with the killing curve. On the copper, the entire DNA is completely degraded at 20 minutes. However, the cells are still alive on the killing curve log plot. Therefore, we hypothesized that the cells that are surviving are the endospores.



To prove it genetically, another mutant strain spo- was obtained from the Dr. Piggot lab of Temple University, where the gene that allows the formation of the endospores was deleted. As one can see on the killing log plot, the cells are completely dead in 30 seconds of copper exposure, comparing to the steel the cells are surviving.



The TBARS assay shows that most of the lipid peroxidation happens at 30 seconds, this is when all the cells are dead.



The DNA extraction matches the killing curve because there is no DNA seen at 30 seconds; this is when all the cells are dead. Conclusion Comparing to the Spo+ strain, the mutant strain spo- is very sensitive to copper and they die rapidly for the fact that the gene that is able to make endospore is taken out. The copper bursts open the cell membrane. However, the spo+ cells did not die completely even after exposing on the copper for the very long time because they can make the endospore. Compared to the WT strain, the mutant strain spo- is very sensitive to copper surface. Spo- cells die rapidly in 30 seconds on copper compared to 24 hours of WT. Genomic DNA analysis confirm the killing curve results in Spo- strain. It appears that endospore formation of Bacillus subtilis helps delay cell death on copper surfaces. Acknowledgement Dr. Piggott (Temple University) Lab Partners Future work We will be completing our project and finishing up trials of spo- strain on steel surface for killing curve, TBARS as well as genomic DNA extractions.
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