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Identification and Characterization of Bacillus amyloliqueficans From Sink Drain
By Torie Leach
Introduction
	Sinks provide a lot of opportunities for bacteria to grow, especially if a sink is being used for more than just hand-washing. People use sinks to wash their dishes, sending old pieces of food down the drain; brushes coated in paint; skin cleansers. All of these items provide ample opportunity for a variety of bacterial strains to grow and thrive. A lot of studies have been focused on the sinks found in medical facilities, most commonly hospitals, finding pathogenic and antibiotic resistant bacteria (Abrahamsen et al., 1989). Among these studies, researchers have also found that the formation of biofilms contribute to survival of bacteria in sinks and increase antibiotic resistance, especially in the hospital environments (Moffet and Williams, 1967). On the other hand, there have not been a plethora of studies focused on the types of bacteria found in household sinks. Studies conducted in households look at effects of cleaning (Rusin et al., 1998) or microbial diversity between multiple households (Dunn et al., 2013). There does not appear to be a lot of studies focused on types of bacterial strains found in sinks within households unless the study addresses a topic of public concern: disease-causing bacteria. 
	The main idea behind this project was to identify a single bacterial strain from a location, such as the sink, through various physiological and genetic tests. The bacteria for this project most likely came from the water because water is the one things that is consistently going down the drain and running over the top of the sink drain plug. Having water run over the location where the sample was taken from can easily wash bacterial strains down into the drain. This could lead to one bacterial strain being the strain that dominates against all other potential strains. Ways to determine strain-type and if there is only one strain that were carried out in this project are isolating the bacteria using quadrant streaks, staining, other physiological tests, and genomic sequencing. All of these tests would quickly confirm one type of bacterial species found in this location. 
	After isolating the bacterial strain taken from the sink drain and carrying out the different tests, the species found was Bacillus amyloliqueficans. This species of bacteria is commonly associated with plants and defending those plants from pathogens in order to encourage growth (Mendis et al., 2016).  Many researchers have found Bacillus amyloliqueficans to protect and block against specific pathogens depending on the plant (Tan et al., 2016, Soares et al., 2016). With that being said, Bacillus amyloliqueficans is typically found in soil because it helps facilitate plant growth (Molohon et al., 2011), but it can also be found in aquatic environments (Zhang et al., 2016). Overall, Bacillus amyloliqueficans is considered to be a beneficial bacterial species when it comes to plants.
Methods
Inoculation and Pure Culture Isolation
	TSA and SA plates were inoculated, as described in Lab 1 Handout, to see how different microbes grow based on the media they were in. The sample was obtained from the top of the sink drain plug and TSA and SA plates were kept under the sink at room temperature one week before being taken in the lab. Although colonies on the TSA plate were not very isolated from one another, a small portion of the dull, white, filamentous colony was selected from the original inoculated plate, this colony was streaked onto a new TSA plate following the streak plate method in order to obtain a pure sample of the bacterial isolate (Lab 2 Handout). This plate was stored in the 37C incubator for approximately 2 days before being checked and re-streaked three times following Quadrant Streak method (Lab 2 Handout) in order to make sure the isolate is as pure as it can be in order to be ready for identification tests.
Gram Stain
The Gram-stain was carried out as described in the Lab 4 Handout in order to conclude whether the isolate was Gram-negative, Gram-positive, or Gram-variable.
DNA Extraction, Sequencing and Analysis
	Using a sample from the liquid culture containing the isolate, DNA extraction was carried out using the PowerSail DNA isolation protocol from Lab 5 Handout in order to analyze the results from liquid culture of the isolate.
	Once results were obtained from the DNA Core Lab, the genome sequence was analyzed using BaseSpace. The isolate’s genome was assembled using the SPAdes Genome Assembler on the BaseSpace website by following the protocol described in the Lab 7 Handout. This was done to find out what genes are in the isolate, as well as what those genes do depending on assembled contigs and scaffolds (Lab 7 Handout). To identify the isolate to the species or genus level, Kraken Metagenomics was used to match with a database and to also use the 16S rRNA sequence as a way to identify the isolate (Lab 7 Handout). Prokka Genome Annotation was used to annotate genes and determine their function using the results from genome assembly (Lab 7 Handout). For both Kraken Metagenomics and SPAdes Genome Assembler, the sequence obtained from the DNA Core Lab was uploaded to BaseSpace and used (Lab 7 Handout).
Physiological Testing
A fluid thioglycollate test was carried out using the stab method, incubated at room temperature, and checked 5 days after incubation (Lab 6 Handout). A catalase test was done by placing 3% hydrogen peroxide on a microscope slide and then mixed a small amount of the isolate from the plate to see if there was any reaction that indicated if the isolate has catalase (Lab 6 Handout). This enzyme is important because it catalyzes release of oxygen from hydrogen peroxide (Lab 6 Handout). An oxidase test was performed to figure out if the isolate has cytochrome c oxidase (Lab 6 Handout). For this test, a plastic loop was used to obtain some of the bacteria from the plate and that sample was smeared on the test strip that changes color if the bacteria is positive or negative for having cytochrome c oxidase (Lab 6 Handout). An API 20E test strip was used to test for 21 physiological traits, such as being able to ferment glucose and lactose and ferment other compounds (Lab 6 Handout). An isolated colony from a streak plate containing the isolate was mixed in 5 mL API buffer to obtain homogeneous suspension and were placed in the tubes according to the Lab 6 Handout. The tray was filled with approximately 5 mL of distilled water which made a humid atmosphere, and was placed in 37C incubator for 3 days where follow-up tests were performed if 3 of the tests were positive (Lab 6 Handout). The TDA test had 1 drop of TDA reagent added that would change color from clear to reddish brown for a positive reaction; 1 drop of VP1 and VP2 were added to the VP tube, and after 10 minutes, a color change from clear to a pink/red meant the reaction was positive; 2 drops of JAMES reagent were added to the IND tube, and a color change indicated a positive reaction (Lab 6 Handout). In GLU tube, nitrate reduction test was carried out to determine if the isolate was able to reduce nitrate where 1 drop of NIT1 and NIT2 reagents were added to GLU tube followed by addition of 2-3 mg of Zn particles (Lab 6 Handout). The reaction from Zn particles shows whether denitrification was completed (Lab 6 Handout).
Antibiotic Susceptibility 
	A TSB was inoculated prior to this test. Two agar plates had their entire surfaces inoculated using a swab that had been dipped into the broth culture (Lab 9 Handout). Tetracycline, Amikacin, and Erythromycin antibiotic disks were placed on the surface of one agar plate; Cefazolin, Cefoperazone, and Trimethoprim were placed on the second agar plate (Lab 9 Handout). Both agar plates were incubated at 37C until the lawn was grown (Lab 9 Handout). Diameter of the zones were measured in millimeters using a metric ruler and those results were compared to the table provided in the Lab 9 Handout.

Results
	The bacteria grew really slowly after streaking the TSA plate, however growth increased when placed in a warmer and darker environment (Figure 1). The isolate streaks obtained a pure culture (Figure 2). The Gram stain indicated that the isolate was Gram variable, having a mix of Gram positive and Gram negative (Figure 3). The oxidase test had a positive reaction, as shown by the purple spot on the test strip (Figure 4). However, the catalase test ended up with a negative result as there was no reaction. There were several tests that came back positive in the API 20E test strip: ADH, LDC, CIT, VP, GEL, GLU, MAN, INO, SOR, RHA, SAC, MEL, AMY, ARA (Figure 5). The isolate only grew at the top of the fluid thioglycollate tube, indicating that the isolate was a strict aerobe (Figure 6). Genomic sequencing came back identifying the isolate as Bacillus amyloliqueficans based off of a high percentage of the reads being classified to the species level (Figure 7). Also, there was a large number of contigs (>1,000) in assembly, 1300, and the number of coding regions in assembly was 3,184 (Table 1). BaseSpace identified nucleoid associated protein Cthe_2143, uncharacterized ABC transporter ATP-binding protein Yx1F, probable amino-acid-binding protein YxeM precursor as some of the functional genes in the isolate (Table 1). For the antibiotic susceptibility test, Bacullis amyloliqueficans came back as being susceptible to Amikacin and Erythromycin, and intermediate to Tetracycline (Table 2). There was no growth on the second TSA plate (Figure 8).
Discussion
[bookmark: _GoBack]The bacteria appeared to have a cream color and was all joined together with no isolated colonies; it seemed to have an irregular form with rhizoid portions that are more in the middle of the colony or colonies (Figure 1). The isolate appeared to be motile because in every quadrant streak, there were no isolated colonies (Figure 2). The bacteria also appeared to have a lobate margin and was dull (Figure 1) and was rod-shaped and approximately 1.5 m as indicated by the Gram-stain (Figure 3). Overall, the shape, oxygen, as well as the thought that the isolate may be motile is consistent with what researchers found (Borriss et al., 2011). Gram-stain results from this experiment was consistent with what was found in another study (Clark et al., 2014). However, catalase test results differed because other researchers found catalase positive (Borriss et al., 2011, Kim et al., 2017). Other researchers obtained positive results from the API 20E test strip from these tests: ONPG, citrate, VP, GEL, and nitrate (Logan and Berkeley, 1984), which was fewer than what was found in the experiments performed on this particular isolate. The genetic testing resulted in a high certainty of the identity of the isolate, meaning that there is little possibility of this isolate being another species (Figure 7). 88.97% of reads were classified (Figure 7) and BLAST found a 100% match. Despite these differences, another study found that Tetramycin had some effect on Bacillus amyloliqueficans, which is similar to what was found on the test performed on this isolate (AlGburi et al., 2016). Also, the fluid thioglycollate results for my isolate matched with what other researchers found for Bacillus amyloliqueficans, which was strict aerobe (Borriss et al., 2011). Even though there may be a lot of tests that had results differ between other studies and the isolate obtained from the sink. 
Some of the hypotheses for all of these tests were proved wrong. The differences in results found in the tests performed for this isolate and what other researchers found about Bacillus amyloliqueficans indicate that not every sample of Bacillus amyloliqueficans is going to be the same genetically and physiologically. This means that this bacterial species is going to change its genes and its appearance to maximize chance of survival and ability to thrive, and can depend on what environment the sample is from too. Also, the differences between other researchers’ results and the results found here could be potentially due to contamination at some point from another microbe. There were other microbes being tested on the same time that this organism was being examined and the other microbes could have travelled through air and got into whatever medium was being used on this isolate. However, some tests may have sat too long before the results were obtained due to time conflicts, so that could have effected how the results turned out too. Despite the mismatch in results, there was high genetic certainty mentioned in the results, the morphology and appearance matched, and there were some other physiological tests that had matching results such as the fluid thioglycollate test. The positives found in this experiment provides a lot of confidence as to what the isolate’s identity is because of how well each test matched for the tests with matching results.
As mentioned in the results, the second plate for the antibiotic susceptibility test showed no growth (Figure 8). The lack of growth could have occurred because the sample of Bacillus amyloliqueficans may not have had enough time to grow in the TSB tube, so there was not enough of the sample to successfully grow on the plate. This indicated that this particular sample of Bacillus amyloliqueficans needed a lot of time to grow to ensure strong test results. 
Bacillus amyloliqueficans is usually found in a certain type of environment. The particular Bacillus species if typically found in soil and aquatic environments to name a couple (Zhang et al., 2016). However, this bacterial species is associated with helping plants grow, as mentioned previously, because this bacterium provides antibiotic protection (Zhang et al., 2016). The sink must have carried the appropriate growing temperature and pH, as well as a suitable surface to promote Bacillus amyloliqueficans growth (Monteiro et al., 2016). This, and all of the tests that were described previously, shows that B. amyloliqueficans can inhabit another type of environment besides soil.
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Figure 1: The picture on the left is after approximately 2 days after swabbing the TSA plate. The picture on the right is growth after approximately one week.
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Figure 2: Quadrant streak performed on the isolate to obtain a pure culture.
[image: C:\Users\Torie\AppData\Local\Microsoft\Windows\INetCacheContent.Word\IMG_1324.jpg]
Figure 3: Results of the Gram stain, which is Gram variable observed under 100X magnification with a light microscope.
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Figure 4: Results from the oxidase test. The small purple spot on the test strip indicates a positive result.
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Figure 5: There are insert number of positive tests as indicated by the color changes that occurred. Names of tests that are positive.
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Figure 6: The fluid thioglycollate test results show that the isolate only grew in the top portion of the test tube, meaning that it is a strict aerobe.
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Figure 7: Taxonomic assignment of the isolate. BaseSpace identified the species to be Bacillus amyloliquefaciens based off a majority of the reads.
	Number of contigs (>1,000) in assembly
	Number of coding regions in assembly
	3 functional genes in the genome

	1300
	 3184
	Nucleoid associated protein Cthe_2143

	 
	 
	Uncharacterized ABC transporter ATP-binding protein Yx1F

	 
	 
	Probable amino-acid-binding protein YxeM precursor


Table 1: Summary of genomic sequencing from BaseSpace. 
	Antibiotic
	Inhibition zone diameter
	Conclusion

	Tetracycline
	18 mm
	Intermediate

	Amikacin
	24 mm
	Susceptible 

	Erythromycin
	30 mm
	Susceptible 


Table 2: Antibiotic susceptibility results from one TSA plate.
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Figure 8: Antibiotic susceptibility results. Plate 1 (on left) had Tetracycline, Amikacin, and Erythromycin. Plate 2 had no growth and contained Cefazolin, Cefoperazone, and Trimethoprim.
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