

The Difference in Microbial Diversity Between Moving Water and Still Water


Introduction
The diversity of microbes is present in all aspects of the environment. The diversity of bacteria has been found in many aquatic areas, such as, lakes, streams (rivers), and oceans. Studies have found that there are ample amounts of bacteria present in aquatic systems (Kemp, 2006; Crump, 2012). Previous studies found evidence that temporal and spatial scaling play key roles in the amount of diversity found in their samples (Crump, 2012; Crump, 2007; Kemp, 2006). 
Microbes have been found to be more diverse across the landscape that was tested, rather than in a lake or in the upslope regions (Crump, 2012), while another study found that lake and stream bacteria have significant differences due to the spatial scaling of the landscape tested (Crump, 2007). It was shown that on smaller scales, aquatic diversity can be collected, but the outcomes will be less than they would be on a larger scale (Kemp, 2006). 16S rDNA sequencing showed that on smaller scales, aquatic microbes are found in ample amounts (Joshi, 2007; Kemp, 2006; Hongchen, 2006).
	Microbial diversity was observed by the amount of bacteria in the soil of water systems. This study has other factors involved, such as, temperature and pH levels (Crump, 2007). The water sources are in a controlled location where several samples are incubated and evaluated. 
The samples will be collected in Prince Edward County from Buffalo Creek and a pond found in Lancer Park in hopes of finding an abundance of variety in the microbial diversity. The diversity of microbes will be present more in the soil of still water than the soil of running water because the running water flushes the microbes downstream at a faster rate than a still water source would. As for our further, more specific questions, we would like to know how differences in temperature and pH for example alter the diversity in running water and still water. 





















Methods
Environmental Sampling and Site Description
 Samples were collected from Buffalo Creek and a nearby pond, behind the Environmental Education Center owned by Longwood University, by shoveling out dirt at the bottom of both water sources trying to retrieve only soil. After collecting the samples, 1g of soil was measured out. 0.5g of soil was added to 50ml of sterile water and then was shaken. Small particles were left to settle and then 100l of soil/water for the undiluted Agar plate for the creek sample were plated. 100l of 1:10 dilution of soil/water was placed on the second Agar plate. On the third Agar plate, 100l of 1:100 dilution of soil/water were added. These three steps were the same for the three Agar plates for the pond samples. The plates were left to incubate at room temperature to see how much bacterial growth would be present during 24hr and 48hr periods. The plates were then stored at 4°C to stop overflow of bacterial growth.

Bacterial Growth and Characterization
	After 24hr and 48hr incubation, the agar plates were examined and the colonies were characterized for DNA isolation. Colonies were selected from HSC Pond 3 Soil, HSC Stream 4 Soil, LU Creek Soil, LU Pond Soil, and HSC Stream 2 Soil. These colonies were characterized before the extraction process occurred. 

DNA Isolation
	Bacterial DNA from five samples were isolated and amplified. The five samples include sample 1- 1:100 LU pond, sample 2- 1:10 LU creek, sample 3 (soil)- HSC pond, sample 4 (soil)- HSC stream, and sample 1 (soil)- HSC stream. The cells were lysed out and suspended. Cells were transferred to a MicroBead tube and placed in a MicroBead solution, 300l. The MD1 solution was added and then vortexed. A micropipette tip was used to rub colonies off of the plates and put into the solution. A new tip was used for each tube to streak samples into the Agar plate. 300l was placed in a MicroBead tube and then 50l of MD1 was added into the same tube. This solution was heated at 65°C for 10 minutes. After heated, it was vortexed for another 10 minutes. The tube was spun in the centrifuge for 30 seconds at 10000xg. 400l was transferred into a new tube and added 100l of MD2 solution. This tube was vortexed and incubated at 4C for 5 minutes. Then the tube was centrifuged for a minute at 10000xg. The volume of the supernatant was transferred to a new 2l tube. The MD3 solution was shaken and 900l of MD3 solution to the supernatant. This was vortexed for 5 seconds. 700l was taken and put into spin filter and centrifuged at 10000xg for 30 seconds. The remaining supernatant was added and then spun for 30 seconds. 300l of MD4 was added and spun at 10000xg for 30 seconds. The purity of the samples was collected from the nanodrop. 


PCR -16s rRNA Amplification
	A PCR tube was filled with 50l of solution. The solution consisted of 6l of DNA and 44l of PCR reaction mix. The reactions were gently mixed by pipetting up and down. The PCR tubes were transferred to a PCR machine and were placed in the thermocycler. At 94C it denatured for 30 seconds and at the same temperature the second time it denatured for 30 seconds as well. At 55C the solution denatured for 45 seconds, at 68C it denatured for 60 seconds, at 68C again it denatured for 5 minutes which was the final extraction, and at 4C  the DNA was put on hold. 


Restriction Enzyme Digestion (Msp1) & Gel Electrophoresis

	Two new sets of microfuge test tubes, 50l of the PCR and 250l of DF Buffer were added to start cleaning up the PCR tubes. This new solution was centrifuged for 30 seconds. 600l of Wash Buffer was then added to the new microfuge tubes. It was left to stand for 1 minute and then centrifuged again for 30 more seconds. The flow through was discarded. The tubes were centrifuged for 3 minutes this time in order to dry the column mix. The dry columns were transferred to new microfuge tubes. 25l of Elution Buffer was added to the center of the column matrix. This was left to stand for 2 minutes to elute the purified DNA. The solutions were centrifuged for two minutes. Each of the PCR products had 5l of product and 10l of Msp1 added and then mixed. The samples were left to incubate for 45 minutes at 37C. The loading dye was a blueish, purple color in order to see where to samples were being loaded. 5l of the PCR product or 5l of Msp1 undigested. The tubes were labeled either digested (incubated) or undigested (not incubated). These were put in the gel wells and turned on the electrophoresis. The gel was sent off for a week in order to be sequenced if DNA was present. 
 





Sequencing and Analyzing DNA

	Sanger Sequencing was used to collect a small portion of the genome. Three out of eight of the samples we collected were able to be sequenced. In Snap Gene, the samples LC2 (Longwood Creek 2), HSP1(Hampden Sydney Pond 1), and HS2 (Hampden Sydney Stream 2) were edited carefully. The NCBI website was used to identify which bacteria was present in our sequences. By selecting BLAST for each edited sequence (3 total), the query cover percent and identity percent determine which bacteria it most likely was. Another website named NEBcutter was also used to look for the restriction enzymes in the sequences.














Results
	
This experiment was carried out to find the diversity of microbial communities in the soil of running water as opposed to the soil of still water. The eight different samples that were obtained from the soil & water were taken from Buffalo Creek, a Longwood owned pond, a Hampden Sydney Stream, and a pond located at Hampden Sydney. The samples were incubated, characterized, isolated and amplified to find bacterial DNA, and then put into a gel electrophoresis to discover each microbe.
The environmental samples were cultured and characteristics of the microbial communities were observed. As shown in Figure 1, the more allotted time the plates were incubated, the more bacterial growth was present. Bacterial growth was characterized into several categories (Table 1). The characteristics that stood out the most were the texture and form of the colonies, while the size and shape did not show a big correlation between each. The textures varied from grainy, shiny, bubbly, smooth, stringy, and flat. None of the colonies chosen had the same characteristics of texture.  The form of the colonies was the same in diversity as the texture. The forms that were observed were circular, flamentous, irregular, spindle, and punctiform.
Next, one colony was selected from each plate and genomic DNA was isolated. DNA purity for the eight sample sites seemed to be close in the 260/280 ratio (Figure 2). 16s rRNA sequences were then amplified by PCR. Gel electrophoresis was used to separate the DNA sequence fragments by their lengths. The bands seemed transparent and we were unable to be certain which samples would have DNA present (Figure 3). 
BLAST, on the NCBI website, was used to compare the DNA sequences to known 16s rRNA sequences in order to see which ones could actually be used for bacterial determination. Only three sequences had viable DNA used out of the eight samples. The three sequences used were LC2 (Longwood Creek 2), HSP1(Hampden Sydney Pond 1), and HS2 (Hampden Sydney Stream 2). Once the sequences went through BLAST after being edited, the results were found to be quite interesting. Table 2 shows a representation of the three sequences used for bacterial identification and the closest bacteria it was classified as being. The Longwood creek sample had the lowest percent identity and the most gaps, but matched best to the bacteria named Bacillus thuringiensis, strain NBRC (Table 2). The second sample that was able to find bacterial identity was the Hampden Sydney Pond sample. There was a high identity percentage with only two gaps in the sequence. The bacterium isolated was Pseudomonas koreensis strain Ps 9-14. The third and final sample, from Hampden Sydney Stream, had a high identity percentage and had two gaps as well. Pseudomonas azotoformans strain NBRC was the bacteria the BLAST matched and aligned. 
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Figure 1. Number of bacterial colonies over time. (a) All the samples were incubated at room temperature for 24 hours and 48 hours. (b) Photographs of the growing colonies on the undiluted plates after 48 hours.
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Table 1. Characterization of bacterial colonies. Certain characteristics of the bacteria were observed from each agar plate.
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Figure 2. Isolation and amplification of bacterial DNA. The DNA from each sample site was analyzed for its 260/280 ratio.
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Figure 3. Gel Electrophoresis for undiluted and diluted samples. The figure shows the separation of the DNA sequence fragments by size. The left figure is the top gel. The right figure is the bottom.
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Table 2. Top alignments for BLAST matches. The DNA sequences were searched in a BLAST database to find the closest match for bacteria identification.
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Figure 4. Two of the sample sites. The image to the left shows the pond sample sight behind the Longwood Environmental Education Center. The image to the right presents the site at Buffalo Creek where some of the samples were also collected.  
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Discussion
Microbial diversity was assumed to be present more in running water than in still water. Our hypothesis was not supported due to two out of three samples were from running water sources (LC1 and HS2).
In LC1, Bacillus thuringiensis was found in the German state of Thuringia and is a microbe naturally found in soil (Mohamed, 2010). It is also found in some pesticides, which relates to the site of Buffalo Creek where the sample was taken. Nearby farms could have used this pesticide on their crops and it somehow made its way into the water. The second sample (HSP1), Pseudomonas koreensis, was discovered in Korea where they noticed its presence in farming soil (Haiyan, 2011). Again, this finding is relevant to the sample site for the experiment, but differs in the fact that this sample is a pond. The third and final sample (HS2), Pseudomonas azotoformans strain NBRC, is a bacterium that has been found in unhulled rice in Japan, which does not fully make sense with where our samples were collected (Nie, 2011). 
Many studies have observed the ample amounts of bacteria present in aquatic regions (Kemp, 2006) (Crump, 2012). To be more specific, it was stated that diversity found within surface freshwaters may originate in complex soil environments (Crump, 2012). The soil portion of our samples contained more microbes that the actual water itself. If more samples were able to be sequenced, we could have observed the spatial and temporal scaling of the bacteria and the frequency of the bacteria being present in different locations (Crump, 2012; Crump, 2007). 
The results do not correlate with the initial hypothesis stating that more microbial diversity is found in the soil of still water than in running/moving water. Two out of the three samples we sequenced properly were from running water sources. Our hypothesis could have been supported more if more of the samples were able to be sequenced. These findings could be used in future experiments to discover the exact reason these bacteria are found in Prince Edward County, when they originated from other distinct places. 
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