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Abstract

The 16S ribosomal RNA is a highly conserved region of the genome of all known
organisms. It is essential to life because it forms the “scaffolding” for protein
production. This region is so highly conserved that universal primers can be
incorporated into a polymerase chain reaction (PCR) so that the DNA responsible for
the 16S rRNA is amplified regardless of source of the DNA. Bacteria are vital in soil
due to the wide variety of functions that can be performed due to bacterial diversity.
Bacteria diversity was hypothesized to change from one soil sample to the next.
These changes will be governed by human interaction and unusual chemical
exposure. PCR and a temporal temperature gradient electrophoresis (TTGE) were
intended to be used to identify different species of bacteria present in different soil
samples. However, because the PCR protocol contained flaws, minimal success
was achieved. Fortunately, though, more traditional methods of bacterial
identification such as Gram staining and bacterial plating analysis were used to
create a rough approximation of the bacterial profile of any given soil sample.
Contrary to our original expectations, we have concluded that neither human
interaction nor unusual chemical exposure will influence the number of different types
of bacteria.

. Introduction

Bacteria have evolved to inhabit nearly every ecological niche and the wide variety of soll
types and climates represent a vast number of microenvironments in which bacteria can specialize.
These microenvironments contain a wide variety of influences that determine the evolutionary paths
the bacteria will take to survive. Some examples of such influences would be climate, type and
quantity of soil nutrients and pH. This experiment focuses on both the effects of chemical influence
and human interaction on the diversity of bacteria in soil through the use of DNA technology.
Specifically, techniques such as polymerase chain reaction (PCR), agarose gel electrophoresis, and
temporal temperature gradient gel electrophoresis (TTGE) were used to indicate the differences in
the 16S ribosomal RNA gene sequence in the soil samples.

Il. Background Information
A. 16S Ribosomal RNA

Soil from various locations and environments in Pennsylvania, ranging from a well kept lawn
to a cow pasture farm, were obtained for this research. The soil was classified into different groups
based on the intensity of chemical activities and human activities. Many methods such as Gram
staining, plates, PCR, and TTGE were used to analyze the results of this experiment.
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Deoxyribonucleic acid (DNA) encodes genetic information and is composed of polynucleotide
chains formed from the bases adenine (A), cytosine (C), guanine (G), and thymine (T). A chemical
polarity exists due to the way the nucleotide subunits are linked together. The ends of the DNA chain
are designated the 3’ end (hydroxyl) and the 5’ end (phosphate)." The two chains are linked together
at the bases by hydrogen bonds that separate, or denature, under high temperatures, denaturing
chemical conditions, or in the presence of specific enzymes. The base pairing of the strand is done in
a specific manner, where adenine binds to thymine and guanine binds to cytosine. The two ends of
the strands run in opposite directions. The DNA twists approximately every ten base pairs, forming an
antiparallel double helix.

Even though this study deals with the diversity of the 16S ribosomal RNA, DNA plays an
important role in the investigation. In the process of transcription, DNA is transcribed into ribonucleic
acid (RNA). The enzyme RNA polymerase separates the DNA strands, and as it travels down the
strand, it assembles ribonucleotides, but the RNA strand proves to be less stable than DNA due to its
2’ hydroxyl group.2 Isolation and manipulation of RNA is more difficult and unsuited for gene analysis.
DNA is a more suitable source since RNA sequence is complementary to the DNA template.’
Additionally, the DNA sequence determines the order of amino acids which then establishes the
function of a protein.*

Many types of RNA exist: messenger RNA (mRNA), transfer RNA (tRNA), and ribosomal
RNA (rRNA). The three types of RNA work together in the important process of protein translation. In
most cases, mMRNA serves as a transcript and is translated into proteins. On the other hand, rRNA
has a different function and acts as a catalytic molecule that is incorporated into the ribosome.® The
ribosome is the active site for the translation of mMRNA into protein, and is composed of two subunits;
508 and 30S. The 16S rBNA is a component of the 30S subunit, which contains one thousand six
hundred nucleotides and twenty-one proteins, and serves to regulate and catalyze polypeptide
synthesis.

The primary structure of 16S rRNA is very static and conserved. The secondary structure
appears to be similar to the clover shape of tRNA, containing small double-stranded helices
separated by short single-stranded regions..6 This structure is integral to the rRNA function, decoding
mRNA into proteins and regulating tRNA.”

The 16S rRNA is involved in various lines of research. For example, recent studies have
shown that the methylation of 16S rRNA can provide a new method in combating aminoglycosides
among gram-negative pathogens.? The 16S rRNA has also been studied in hopes of understanding
evolutionary relatedness in different species of organisms due to the fact that the sequence has
undergone little evolutionary change.
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This enables study of rRNA to further enhance knowledge of the diversity of bacteria and how
their phylogenies evolve. Eventually, such studies may make it possible to find drugs that to enlist
new mechanisms to combat bacterial pathogens.

B. Soil Bacteria and their Environments

Roughly, soil is composed of 45% minerals, 25% water, 25% air and 5% organic matter,
including many types of bacteria.’ In addition to bacteria, the organic matter, primarily found in topsoil,
also contains remains of decaying plants and animals. The inorganic materials include granite,
limestone, and sandstone and usually have a great impact on soil fertility.

Various man-made and environmental forces influence soil quality. Soil degradation is the
depletion of soil fertility, which decreases agricultural production. Acidification, one of the major types
of degradation leads to a decrease in soil pH." The quality of soil can also be influenced by nature. In
tropical rainforests, soil quality is poor due to acidic rainfall, causing nutrients to wash away.
Abundant rainfall can lead to acidic soil. Additionally, removing plants, pasture and animals that help
maintain pH equilibrium can also give rise to acidification.’ In contrast, too little rainfall, such as in
desert climates can also be problematic. In deserts, water does not soak into the ground and
therefore, the salt present causes the soil to become very alkaline, which also hinders the growth of
crops."!

In agriculture and in nature, soil provides the proper nutrients for crops to grow. Soll
organisms are important to nutrient level and nitrogen cycling in ecosystems. The nitrogen cycle is
the flow of nitrogen in the biosphere through the classes of various soil bacteria.’® Nitrogen-fixing
bacteria have symbiotic associations with the roots of legumes. These bacteria combine nitrogen
and hydrogen to produce ammonia, a form of nitrogen that plants can use. Similarly, nitrifying
bacteria convert ammonium to nitrite and later nitrate, a form preferred by grasses and crops. Finally,
denitrifying bacteria convert nitrate into nitrogen or nitrous oxide gas, returning nitrogen to the
atmosphere and lowering nitrogen levels in soil. In addition to the nitrogen cycle, bacteria such as
actinomycetes aid in the decomposition of substrates, chiten, and cellulose.™

Other decomposing bacteria include those that consume simple carbon compounds, and
those that break down pesticides and pollutants in the soil. Other soil bacteria are pathenogenic,
such as the Xymomona, Erwinia and Agrobacterium species. In contrast, lithotrophs and
chemoautotrophs obtain energy from chemical compounds, not organic matter."®

C. Bacterial Model Organisms

In this investigation, several bacterial strains were used for positive controls. Escherichia coli
is widely used in microbiology, molecule synthesis, and genetic engineering. The entire genome is
sequenced and therefore E. coliis a control strain well-suited for this project.'® E. coliis a rod-shaped,
gram-negative bacterium that is two microns long and 0.5 microns wide. It is usually found in animal
intestinal and urinary tracts, fecal matter, and contaminated food and water.'”> Complex conditions
are not needed for optimal E. coli growth. Rich media, including sugars, ammonium sulfate, salts,





Page 8 Yee, Patel, Zhang, Brooks, Sherman, Jayakumar, Nawrocki, Donley

and phosphates in a 37°C environment." On average, each cell divides by binary fission every
twenty minutes under such conditions.'®

In addition to E. coli, Micrococcus lysodeikticus and Micrococcus luteus were also studied.
Unlike E. coli, Micrococcus lysodeikticus is Gram-positive, is spherical or oval-shaped, and produces
a bright yellow pigment. Strains are usually safe to handle but Micrococcus lysodeikticus can be a
cause of septic shock, pneumonia, and urinary tract infections.®

It was hypothesized that high human interaction would lead to more bacterial diversity as a
result of traffic and transportation, which spread bacteria from one place to another. Additionally, high
chemical influences such as animal pesticides and air pollution were hypothesized to cause less
bacterial diversity. A paper by Fierer and Jackson found that acidic and basic soils have less
bacterial diversity than neutral soils."”

lll. Materials and Methods

In order to isolate DNA from various soil and bacterial samples, the UltraClean Soil DNA
Isolation Kit (Mo Bio Laboratories #12800-50 protocol) was used.'® When processing the bacteria, 4.5
ml of the liquid culture in 250 OL of Luria broth (LB) was centrifuged to concentrate the cells. Next,
either the concentrated bacterial cells or 0.25 — 1.0 g of soil was combined with resuspension buffer
(Bead Solution) to begin dissolving the humic acids in the soil along with small beads, which aided
the mechanical break down of the bacterial cell/soil particles. After vortexing (VWR Scientific
Products Mini Vortexer Cat. No. 58816-121), 60 0L of lysis buffer (Solution S1) were added to each
sample. This solution contains sodium dodecyl sulfate (SDS), which furthers cellular deterioration by
breaking down both fatty acids and lipids, primarily in the cell membrane. Next, 200 0L of Inhibitor
Removal Solution (IRS) was added, which removes PCR inhibitors, such as humic acids, by
precipitation. The solutions were then vortexed for ten minutes to thoroughly break down the bacteria
cells and other debris chemically and mechanically. Then the homogenous solution was centrifuged,
which separated out the insoluble fraction of cell matter. The liquid supernatant containing the
genomic DNA was then transferred to a new microcentrifuge tube and combined with 250 0L wash
buffer (Solution S2). This step precipitates any remaining soluble proteins. After vortexing this
solution, the samples were incubated at 4° C for five minutes, then centrifuged again to remove
precipitated proteins. The liquid supernatant was then transferred to another tube and combined with
1.3 ml of a binding solution (Solution S3), allowing the DNA in the supernatant to bind to the silica bed
in the spin column. This solution was then vortexed, loaded onto the spin column, then centrifuged.
Centrifuging removes all excess solution and leaves the DNA bound to the silica bed in the spin
column. This process was repeated until the entire sample volume had been passed through the
column. Next, 300 0L of another wash buffer (Solution S4) was processed through the column to
remove remaining impurities, such as salts or humic acids. After discarding the flow through, the
column was centrifuged for one additional minute to remove residual buffer, particularly ethanol that
could decrease the DNA vyield. Finally, the spin columns were transferred to new microcentrifuge
tubes and 50 OL of elution buffer (Solution S5) was added to the spin column and centrifuged for thirty
seconds. Solution S5 causes the DNA to
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release from the silica membrane and flow into the collection tube. Samples were then analyzed for
yield and purity through spectrophotometry.

A spectrophotometer was used to calculate concentration, yield, and purity. DNA has a peak
absorbance at 260 nm, whereas proteins have peak absorbances at 230 nm and 280 nm. After
blanking the spectrophotometer (Genesys 5 from Spectronic Instruments, Eppendorf 20-1600 nm
cuvettes) with a control of 100 OL distilled water, 5 OL of the isolated DNA sample was diluted in 95 0L
of distilled water and scanned from 200-400 nm. The DNA concentration, purity, and yield were then
calculated by the below formulas:

Concentration of eluted DNA (ng/il)=Absorbancegy- 1000
Yield=Concentration of eluted DNA (ng/il)-Reaction Volume

Purity=Absorbance,g, /Absorbanceyg

Following the purity check, it was then necessary to duplicate the strands of DNA with a
polymerase chain reaction, or PCR. PCR identifies and isolates a specific section of a strand of DNA,
and will double the quantity of DNA targeted with each cycle. To amplify the DNA with PCR, a
solution of DNA isolated from samples was combined with distilled water to a final volume of 35 pL,
containing a minimum of 25 ng of DNA. In later experiments, the concentration of DNA was
increased. To this solution, 5 uL of a 10x TAE buffer was added, diluting the buffer to 1x in the final
volume. In the initial trials, 2 puL of 1.5 mM MgCl, was added to each run; however, it was removed in
later troubleshooting. To facilitate synthesis of the duplicate strands, 5 uL of a 12 mM
deoxyribonucleotide solution (ANTPs) was added to the solution. To dictate the starting and stopping
points of replication, 1 uL each of a forward and a reverse primer from a 25 mM stock solution were
added. Finally, to initiate the reaction, 1 uL of 1U/mL Taq DNA polymerase was added for a final
volume of 50 uL. Isolated from the extremophile Thermus aquaticus, Taq polymerase can withstand
the high temperatures in PCR."

To carry out the reactions, the samples were processed in a thermocycler, a machine used to
regulate temperature specifically for PCR reactions. Initially, the program started by increasing the
temperature to 94° C for five minutes to completely melt the DNA. In the subsequent cycle, the
melting phase continued for 30 seconds at the same 94 ¢ C. The next phase, annealing, followed the
melting for 90 seconds at 50° C. Finally, samples were heated to 72° C, at which point elongation
occurred; the polymerase incorporated dNTPs into the new strand. This cycle was repeated 25-35
times, greatly increasing the quantity of DNA synthesized by doubling the total with each run.
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Forward Primer 5-GAGTTTGATCCTGGCTCAG-3’
Reverse Primer 5-GTATTACCGCGGCTGCTG-3’
GC Clamp 5-GCCCCCCGCGCCCcCcGrGreccaaGrececaececaeceeceeaececee-3

Table 1. Primers and GC clamp used in the PCR process.

The GC clamp was attached to the 5’ end of the forward primer and was incorporated into the
reaction to ensure that the DNA does not completely denature during the TTGE. Due to the fact that
the 16S rRNA is highly conserved, these primers are universal and will amplify the 16S sequence
from many different organisms.

In order to analyze the PCR product and confirm fragment length, a gel electrophoresis was
performed with a 1% agarose gel in 1x TAE buffer. To make the gel, 1 g of agarose was combined
with 100 mL of water. The water was then boiled to melt the insoluble agarose. Ethidium bromide,
an intercalating dye used to visualize the DNA bands under UV, was added for a final concentration
of 500ug/mL. As the gel solidified, it was immersed in 1x TAE buffer. Each well in the polymerized
gel could then hold a solution of 8 IL DNA and 2 0L of 10x sample buffer to be run through the
agarose. Once the DNA was loaded into the tray, a 70 volt charge was applied to the gel for ten
minutes until the DNA moved into the gel. The gel was then run at 100-130v for roughly an hour.
DNA has a negative charge, which attracts it towards the positively charged end of the gel apparatus.
The results of the gel electrophoresis can determine if there is PCR product of the expected size
range required for TTGE.

Temporal temperature gradient gel electrophoresis (TTGE) is a specialized form of
electrophoresis which can detect single base pair differences in similar DNA sequences. TTGE
utilizes the difference in bond strengths between the nucleotides adenine and thymine, (which are
bonded by two hydrogen bonds) and cytosine and guanine (which are bonded by three hydrogen
bonds) to differentiate between DNA fragments of similar sizes. In TTGE, the process of increasing
the temperature and the presence of urea in the gel cause the DNA fragments to slowly begin to
denature. However, the DNA only melts in sequence specific segments, known as melting domains,
which each have their own melting temperature. These distinctive melting domains are created
because of each gene’s unique nucleotide sequence, in which the weaker hydrogen bonds between
adenine and thymine will break before the stronger hydrogen bonds between cytosine and guanine.
This in turn causes partial melting in the DNA strand. When the lowest melting temperature is
reached, a small section of the DNA will denature, causing the strand to become partially melted. This
partial melting will restrict its ability to move further in the gel. To ensure that the entire DNA strand
did not denature, a 30-40 base pair GC clamp was bound to the DNA and prevented the two strands
from completely separating. If there were differences in the soil bacteria DNA, this would become
apparent through TTGE because the samples would not have the same melting domain. To begin,
eight liters of 1x TAE (Tris-acetate-EDTA) running buffer was prepared and heated in the apparatus
until it reached 60°C, the start temperature. The 50x TAE was prepared by combining 242.0 g of Tris
base, 57.1 ml of glacial acetic acid, 100.0 ml of .5 M EDTA (pH 8.0), and enough distilled water to
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raise the final solution volume to 1.0 L. Then, to change the concentration from 50x TAE to 1x TAE,
160 ml of 50x TAE was combined with 7840 ml of distilled water. While the buffer was heating, the gel
(30% poly-acrylamide 1.25x TAE gel) was poured. To create the gel, 16.85 g of urea (10 M) was
combined with 28 mL of distilled water. After the urea was completely dissolved, 1 mL of 50x TAE
(1.25x final concentration) and 10.67 ml of 30% bis-acrylamide were added and stirred until uniform.
The final addition of both 40 0l tetramethyethylenediamine (TEMED) and 400 0l of 10% ammonium
persulfate (APS) were added immediately and the gel was poured quickly to prevent premature
polymerization. The solution was poured between the two gel plates to form a 16 x 20 cm gel and the
comb was completely inserted into the gel. After 40-60 minutes, the gel completely polymerized. The
gel was then immersed in warm running buffer, additional buffer was added to the upper chamber,
and samples were loaded into wells after the temperature equalized. The gel was then added to the
buffer solution and the DNA samples, which consisted of 8 0l of DNA and 2 0l loading dye, were
loaded along with a molecular weight ladder. The TTGE was run for 5.5 hours with the temperature
increasing at a rate of 2°C per hour to a final temperature of 70.5°C.

IV. Results

DNA isolated from bacterial cultures (started from soil samples) had a statistically significant
higher average yield (p=0.0189) and a non-significant higher purity ratio (p=0.7937) when compared
to DNA vyields from raw soil samples (Table 1). A two tailed t-test (assuming unequal variances) was
used to determine the significance or lack thereof.

After DNA isolation, PCR was performed on the samples. Two control samples of E. coli C
contained PCR product as well as soil samples 1 (Miracle-Gro® Potting Soil) and 13 (Youghiogheny
River, Within Flood Plain). A preliminary analysis by gel electrophoresis roughly identifies the
fragment sizes in the completed PCR reaction (Table 2, Figure 1A-1D). The more sensitive temporal
temperature gel electrophoresis (TTGE) can differentiate between fragments of the same length that
differ by one or more base pairs. The E. coli C controls concurred with each other and soil sample 1
migrated through the gel more quickly, indicating that there are sequence changes that alter melting
temperature (Table 2, Figure 4).

Finally, Gram staining and analysis of bacterial colonies were performed on cultures created
from soil samples (Table 3). Of the few Gram stains that harbored successful positive and negative
controls, sample AG1 (Kennywood Park, Stagnant Water) and 3 (African Violet Miracle-Gro®)
contained Gram-positive bacteria. Sample 4 (Leaf Litter Soil) contained Gram-negative bacteria,
while sample 1 was contaminated with fungus. Many bacterial colonies were observed and then
scanned onto a computer and the results are detailed in Table 4. The results ranged from one to four
different colony morphologies per plate, with some cultures producing antibiotics and some cultures
changing color over time.

Gram structure and plating results were used in conjunction with data from the TTGE and
agarose gels to support or reject the previously formulated hypothesis.
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DNA DNA
Concentration Purityl(Absaeo/A

Soil Sample # Absyg Abs,gg of elutant (ng/il) DNA Yield (ng) bs,sgo)
1 0.19 0.111 190 9500 1.7117
1 0.023 0.017 23 1150 1.3529
2 0.325 0.228 325 16250 1.4254
3 0.084 0.055 84 4200 1.5273
4 0.073 0.049 73 3650 1.4898
5 0.128 0.094 128 6400 1.3617
6 0.094 0.071 94 4700 1.3239
8 0.048 0.036 48 2400 1.3333
10 0.033 0.021 33 1650 1.5714
11 0.078 0.047 78 3900 1.6596
12 0.185 0.125 185 9250 1.4800
13 0.035 0.018 35 1750 1.9444
14 0.125 0.086 125 6250 1.4535
16 0.146 0.105 146 7300 1.3905
17 0.045 0.029 45 2250 1.5517
23 0.128 0.088 128 6400 1.4545
25 0.045 0.02 45 2250 2.2500
26 0.057 0.023 57 2850 2.4783
AVERAGE =~ -—-—--—- = e 102.3333333 5116.666667 1.5978
AG1 0.09 0.045 90 4500 2.0000
1.3 0.217 0.121 217 10850 1.7934
3.1 0.121 0.089 121 6050 1.3596
4.2 0.035 0.021 17.5 875 1.6667
AG2 0.165 0.115 165 8250 1.4348
3.3 0.23 0.141 230 11500 1.6312
3.2 0.353 0.236 353 17650 1.4958
1.1 0.143 0.086 143 7150 1.6628

AVERAGE 167.0625 8353.125 1.6305

Table 1. Table summarizing DNA concentrations, yields, and purity ratios. A statistically
significant difference is observable between the DNA concentrations isolated from soil
samples and cultured bacteria.
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Sample Approximate PCR Product Size (bp) Range of fragment sizes
(TTGE)

E. coli C (control)~500-700bp (531bp expected) 531bp

(Figure 1A)

E. coli C (control)~500-700bp (531bp expected) 531bp

(Figure 1D)

Soil #1 (Figure 1B) ~500-600bp <531bp OR high AT content

Soil #13 (Figure 1C) ~500-625bp Sample non-existent

Table 2. Table summarizing PCR product sizes and TTGE analysis. Both E. coli C samples
showed the same band size on the TTGE, indicating that the PCR signal was as expected. Soil
Sample #13 was not visible on the gel. Soil Sample #1 migrated farther through the gel,
indicating higher AT content.

0Sample Gram-staining status
AG1 Positive (clear rods)
1.2 Fungus

3.3 Positive

4.2 Negative

Table 3. Gram-staining status of bacterial cultures. Simple Gram-staining cannot provide
sufficient information to classify bacteria samples.

A B
(Bottom Row-Lane 14- E.coli C Control) (Lane 2-Soil Sample #1)






Page 14 Yee, Patel, Zhang, Brooks, Sherman, Jayakumar, Nawrocki, Donley

C D

(Lane 13-Soil Sample #13) (Lane 2-E. coli C Control)
Figure 1. Agarose gel electrophoresis of PCR products.
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Figure 2. TTGE of PCR products

(Lane 5-Ladder, Lane 6-E. coli C Control, Lane 7-E. coli C Control, Lane 8-Soil Sample #1, Lane 9-
Soil Sample #13)

Soil Name Average number of different
colonies
1- Miracle-Gro® Potting Soll 1.5
4- Leaf Litter (Dumpster) 2
5- Pine Trees (CMU Campus) 3
6- Sidewalk Crack (Urban) 4
8 — Arid Soil (Beneath Porch) 2.67
10- Suburban Lawn (High Clay Level) | 3
11- Open Air Compost 4.5
12- Fallow Land 3
13- Youghiogheny River (Within Flood | 2.5
Plain)
14- Youghiogheny River (Above | 2.5
Flood Plain)
15 - Reclaimed Swamp Land 2
16- Lawn (College Campus) 3.5
AG1-Kennywood Park (Stagnant | 1.75
Water)
18- Corn Field (Not rotated) 1.5
19- Soybean Field 1.5
21- Cow Pasture 1.5
22-Strawberry Field 2
23-Wheat Field 2.5
24 Horse/Cow Pasture 1.5
25-Corn Field (Nature Preserve) 3
27- Vegetable Garden (Rural) 2

Table 4: The average nhumber of different colonies found in plated bacteria samples
V. Discussion

Since the project has not currently proved or disproved the hypothesis, it is necessary to
examine the methodology for possible sources of error. Any number of the steps in the investigation
could have caused inconclusive results; the following analysis provides reasons for error and
suggestions for improving the outcome.

The first step was isolation of bacterial DNA from collected soil samples. Although the degree
of bacterial biomass in most topsoil is great, it proved particularly difficult to isolate specific bacterial
DNA sequences from the various other DNA sources and inorganic material contained in a soil
sample. In addition to bacteria, one sample could contain decaying plant matter, traces of animal life,
fungus, and debris. Figure 1 summarizes the DNA yields, which range from 1150 to 16250 ng of
DNA per sample. Such a large range and a small lower bound indicate that the protocol or technique
used was poorly suited to the task or not optimized in the limited time frame.
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As noted earlier, the average yield from bacterial cultures was higher than that of soil
samples. This likely occurred because bacterial samples are grown in proper conditions optimized
for their growth such as on nutrient-rich agar plates with neither competition nor contamination. In
addition, bacteria are easier to concentrate and extract from LB broth, an enriched medium. In
contrast, soil bacteria can be subject to harsh environments with limited resources, stunting their
growth.

Polymerase chain reaction amplifies DNA samples for further study. However, from the start
of the project, PCR yields were low. After reexamining the protocol, it became evident that it was
designed for isolated plasmid DNA, which in theory would be much more concentrated than a specific
gene of a specific bacterial genome. In an effort to remedy this, the amount of template was
maximized in each reaction approximately by thirty-fold. This produced a few bands, but
unfortunately, subsequent runs of PCR remained unsuccessful.

PCR, however, did amplify a sample of E. coli C in two separate reactions, as well as
samples from soils number 13 (Youghiogheny River 1) and 1 (Miracle-Gro® Potting Soil). Soll
number 13 had a purity ratio of 1.9444, as shown in Table 1. The high purity ratio may have resulted
in the sample’s success in PCR. However, soil number 1 was not notable for its purity, concentration,
or yield.

The project’s final indicator of bacterial diversity on the genetic level was Temporal
Temperature Gradient Gel Electrophoresis (TTGE). This process was used to detect subtle
mutations in similar DNA fragments. When used to analyze 16S rRNA, this can indicate bacterial
diversity among soils of differing environments. When successfully amplified soil DNA samples were
run on the TTGE gel, results were interesting in that the two control strains (both E. coli C) appeared
the same, while soil sample number 1 showed a different sequence. This result demonstrated a
change in the 16S rRNA, indicating that the bacteria in sample number 1 are different than E. coli C.

As evaluation on the genetic level was not accomplished, less quantitative methods of
evaluation were implemented. The Gram-staining method, invented by Hans Christian Gram in
1884, obtains a qualitative analysis of environmental diversity. Although this technique gives an
indication of the size, shape, status, and relative number of bacteria in a sample, it does not allow for
species-specific differentiation of bacterial colonies if both species have the same Gram status.
Grame-staining requires several steps. First, a specimen is stained with Crystal Violet dye. Then, it is
then decolorized with an agent such as alcohol, and counterstained with Safranin-O.

Gram staining separates bacteria into two broad categories: Gram-positive and Gram-
negative. A species of bacteria being Gram-positive or Gram-negative depends on the amount of
peptidoglycan in the bacteria’s cell wall. Peptidoglycan, a polysaccharide and peptide-chain polymer,
forms a structure of support for bacterial cells. Gram-positive bacteria contain large amounts of
peptidoglycan, which retain a Crystal Violet color (even after de-staining and counterstaining) clearly
visible under a microscope. Conversely, Gram-negative bacteria contain a very thin layer of
peptidoglycan which only initially turns violet. In this case, the peptidoglycan level is unable to hold
the stain which is washed out by a decolorizer. Finally, Gram-negative bacteria are colored pink by
the counterstain.?
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In order to analyze specific strains, microscopy was performed. Microscopy allows for the
determination of size, shape, and structure of bacteria, and their relative number. Determining
whether a bacterial strain from a particular source is Gram-positive or Gram-negative is a further
indication of diversity among differing environments on a qualitative basis.

In order to visualize the bacteria and compare those of one environment to another, soil
samples were also cultured on agar plates which allowed for evaluation of colony size, shape,
proliferation, and other assorted properties. Additionally, plating enabled the isolation of specific
strains, and differentiation of bacteria from fungi. Unfortunately in some plates, the fungi grew over
the entire plate, obscuring the bacteria from view and analysis.

To classify the soil used in this experiment, a ranking system was developed to scale both
chemical influence and human interaction as a low, average, or high. Knowledge of the surrounding
environment was used to determine the ranking. For example, the soil sample from a public sidewalk
was rated as high human activity and average chemical influence. These ratings were given due to
the high human foot traffic and the many cars and buses that emit non-natural chemicals in proximity
to the sample. While this classification method was arbitrary, it produced a broad-based
categorization system sufficient for research purposes.

The first hypothesis stated that areas of high human interaction would have more bacterial
diversity, given the fact that traffic of all kinds (human, animal, automobile, industry, etc.) spread
bacteria to different environments. The second hypothesis stated that areas of high chemical
influence would have less bacterial diversity as a result of fluctuations in pH values. This hypothesis
is supported by the research of Fierer and Jackson'’, who found that acidic or basic soils have less
bacterial diversity than neutral soils. Although the plates were examined for variation in bacterial
colonies, the method used did not sufficiently measure all the types of colonies because the
microscope is not a powerful instrument that can discern differences between similar bacteria. Thus,
the diversity of a specimen could not be accurately judged.





Page 18 Yee, Patel, Zhang, Brooks, Sherman, Jayakumar, Nawrocki, Donley

Figure 3: Bacterial colonies isolated from the Lawn (College Campus).

The samples with high, average, and low chemical activity were averaged respectively based
on the number of discernible types of colonies present on plates. Types were differentiated by shape,
color, edge, and surface texture. The average number of colony types per plate with high, average,
and low chemical activity were 2.000, 2.821, and 2.111, respectively. If the hypothesis were
supported, the results would indicate a decrease from low to high activity. Since the results do not
follow this trend, the hypothesis is not verified and there is not enough evidence to show a correlation

between chemical activity and bacterial diversity.

The average number of colonies per plate with high, average, and low human interaction
were 2.800, 2.083, and 2.533, respectively. If the hypothesis were supported, the results would
indicate an increase from low to high activity. Since the results do not follow this trend, the
hypothesis is not verified and there is not enough evidence to show a correlation between human

interaction and bacterial diversity.
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Mere inspection of the plates has several weaknesses. There was insufficient time to
characterize each strain on the plates. Macroscopically similar colonies may be very different on the
microscopic level (e.g. cell level or DNA level). Furthermore, only a small portion of each sample

was plated. Therefore, less frequent types may not have appeared in the small number of plates.

To improve the outcome of the project, several measures could be implemented. Ideally, a
larger amount of DNA needs to be isolated from each soil sample. This would allow for further testing
to be performed on each sample. Furthermore, the samples could be enriched for specific bacterial
strains by isolating DNA from cultured samples. Additionally, the PCR reactions could be optimized
in a variety of ways including altering the concentration of magnesium chloride, decreasing the

annealing temperature®', or adjusting the melting temperature.

VI. Conclusion

Our PCR protocol contained flaws, therefore minimal success was achieved. However, more
traditional methods of bacterial identification such as Gram staining and bacterial plating analysis
were used to create a rough approximation as to the bacterial profile of any given soil sample. We
have concluded that neither human interaction nor unusual chemical exposure will influence the

number of different bacterial morphologies contrary to our original expectations. z
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