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Abstract 

 A soil sample was collected from Liberty Township, Ohio had its phage populations from 

within the sample extracted using Arthrobacter sp. as a host. A plaque containing bacteriophage 

was taken from an enrichment plate containing Arthrobacter sp. as a host and purified repeatedly 

until it could have been reasonably determined that a clonal population of bacteriophage existed 

in a single plaque. The phage count from this plaque was then titered using serial dilutions until a 

webbed plate was observed. This webbed plate was then used to collect a large count of 

bacteriophage through flooding with phage buffer. This MTL was then titered again until a pfu 

concentration within the MTL could be calculated. The DNA from a sample of this MTL was then 

extracted and used in a restriction enzyme digest and gel electrophoresis. This information was 

then compared to various clusters of bacteriophage. This novel bacteriophage could potentially be 

used in the future to develop phage-based therapies to kill Arthrobacter population within soil as 

it has been found that Arthrobacter breaks down pesticides commonly used in agriculture. This 

style of antibacterial treatments have been demonstrated to be effective since it was first studied 

by Felix d’Herelle in the early 20th century to treat bacteria that causes dysentery.  

Introduction 

A phage is defined as a sub set of viruses that specifically infects bacteria. These infections 

of bacteria can either be categorized as lytic or lysogenic (Carlton, 1999). When a phage infects a 

bacterium and it enters the lytic life cycle all of the host cell’s ordinary reproductive systems are 

ceased. In place of the cell working toward its own reproduction, the host cell begins reproducing 

the phage that infected it until the cell is so filled with phage that the cell membrane lyses, releasing 

the newly synthesized phage into the extracellular environment (Bertani, 1953). The Lysogenic 



life cycle is slightly different from the lytic cycle. In the lysogenic cycle the genetic information 

of the phage is incorporated into the host cell’s genetic information, replicating with the host cell 

until the lytic life cycle is stimulated (Weinbauer, 2003). This benefits the phage because it allows 

the phage to replicate without needing to constantly find new host cells to infect. This also can 

potentially benefit the host because occasionally it gives it the ability to access genetic material 

that it did not have access to prior to infection. This could include benefits such as the ability for 

the host to be able to become photosynthetic or produce a toxin to kill off competing bacteria 

(Zimmer, 2015). However, there are multiple situations that can induce a shift from the lysogenic 

life cycle to the lytic life cycle. This includes exposure to sunlight (specifically UV-C radiation), 

changes in temperature, pesticide exposure and many others (Weinbauer 2003).  

In the middle of the twentieth century Félix d’Herelle discovered the first bacteriophages. 

He discovered that when the fecal matter of dysentery-stricken soldiers was pushed through a filter 

and the filtered fluid was mixed with the bacterium that caused dysentery small plaques, or 

clearings in a bacterial lawn, were observed where bacteria were being killed en masse by an 

unknown substance (Zimmer, 2015). Upon further examination, d’Herelle realized that the 

substance that was killing the bacteria was a type of virus. His hypothesis was eventually proven 

correct many decades later with the use of electron microscopy (Zimmer, 2015).  In the meantime, 

d’Herelle stuck to his theory and started testing phage therapy to treat various maladies including 

dysentery, cholera, and the bubonic plague (Zimmer, 2015). However, a single strain of 

bacteriophage is only able to infect certain strains of bacteria; therefore, in order for a phage 

therapy to be effective multiple phage types must be used (Kirby, 2013). There are many types of 

bacteriophage that have yet to be discovered that could assist with treating diseases including 

antibiotic resistant bacteria.  



The purpose of this experiment is to sequence a novel bacteriophage that has not been 

discovered before. In order to achieve this purpose a soil sample was collected, filtered, and plated 

using Arthrobacter sp. as a host. Arthrobacter is an aerobic bacterium that is typically found in the 

soil.  Arthrobacter sp. has been shown to break down various pesticides commonly used in 

agriculture rendering them ineffective (Eschbach et al., 2003). The phage will have its genome 

sequenced and electron microscopy will be performed on the phage sample to observe the structure 

of the phage. The significance could be that the novel phage could be used to develop phage 

therapies in order to help kill off unwanted Arthrobacter that dismantles pesticides so that the 

plants treated with the pesticides can be properly protected against insects. Lastly, the work being 

done in this experiment will help the scientific community by helping them understand more about 

the sheer variety of phages that appear in the biosphere.  

Materials and Methods 

Materials 

The materials used in this experiment included a soil sample containing bacteriophage. The soil 

sample was taken on January 10, 2018 at the location 39o 24’ 47.778” N and 84o 22’ 32.767” W. 

The sample was taken at a depth of 2 inches. The soil temperature was 14.7o C or 58.4o F.  

Methods 

Methods were modified from the SEA PHAGES Lab Manual. 

Poxleitner, Marianne, et al. 2017. Phage Discovery Guide. Howard Hughes Medical Institute. pp 

33-37. 

 



Enrichment 

Enrichment isolation was performed as described in protocol 5.5 on pages 35-37 of the SEA 

PHAGES Lab Manual (Poxleitner, 2017).  

Three Phase Streak 

Once plaques were observed on the plate from the direct isolation step the plates were sent on the 

three-phase streak protocol. Firstly, a plate was divided into 3 equal sections. A sample of the 

plaque from the previous plate. The sample was then streaked back and forth in section 1 of the 

plate. Then the sample was streaked across section 2 while occasionally crossing over into section 

1. Lastly, the sample was streaked over section 3 while occasionally crossing into section 2. Once 

the streaking was complete a sample of 250 µL of Arthrobacter sp. was then mixed with 3mL of 

top agar. This mixture was then poured in section 3. The top agar was then allowed to solidify. 

The plates were then incubated for 1 week at room temperature. The three-phase streak was then 

repeated twice more each from the previously streaked plate for a total of three times going through 

this process. 

Phage Titer Assay 

The plaque was picked up and then added to phage buffer. 10x serial dilutions from 100 to 10-4 

were performed on the phage sample. 10 µL of each diluted mixture was then taken and mixed 

with 250 µL of Arthrobacter sp. This mixture was then allowed to sit for 10 minutes undisturbed 

so that the phages could inoculate the bacteria. After 10 minutes had elapsed, the mixture was 

mixed with 3mL of top agar. This mixture with the top agar was then poured onto a plate and sent 

to incubate. The sample was then incubated for 1 week at room temperature.  

Flood and Collect MTL 



One of the plates from the phage titer assay was determined to be the webbed plate. 8mL of phage 

buffer was added to the top of the webbed plate and the plate was then allowed to incubate at room 

temperature for 2 hours and then it was swirled gently. The phage buffer on top of the webbed 

plate was then collected and pushed through a .22 µm filter and stored at 4o C for one week.  

MTL Titer Assay 

A 100 µL sample of MTL from the previous step was titered using 10x serial dilutions from 100 

to 10-7 with phage buffer. 10 µL of each diluted mixture from 10-3 to 10-7 was then taken and mixed 

with 250 µL of Arthrobacter sp. This mixture was then allowed to sit for 10 minutes undisturbed 

so that the phages could inoculate the bacteria. After 10 minutes had elapsed, the mixture was 

mixed with 3mL of top agar. This mixture with the top agar was then poured onto a plate and sent 

to incubate. The sample was then incubated for 1 week at room temperature.  

DNA Extraction 

1mL of phage lysate was mixed with 5 µL of nuclease and allowed to incubate for 10 minutes at 

37oC. 2mL of DNA clean up resin was then added to the sample and the sample was then mixed 

for 2 minutes. The sample was then pushed through a column and then washed with an 80% 

isopropanol solution three times. Then the column was centrifuged at 10,000 x g for 5 minutes. 

Then they were centrifuged again at 10,000 x g for one minute. The sample was then heated at 

90oC for 60 seconds. The DNA was then eluted using 100 µL of deionized H2O. Lastly, the 

sample’s DNA concentration was analyzed.  

Restriction Enzyme Digest 

A .5 µg sample of the DNA collected in the previous step was then mixed with sterile deionized 

water until the total volume was 25 µL. Then 3 samples of DNA of .5 µg each was mixed with 2.5 



µL of 10x reaction buffer and then with .5 µL of the restriction enzyme being tested. These 

restriction enzymes were BAM HI, Cla I, and ECO RI. Sterile deionized water was then added to 

these samples until the total volume of these samples was 25 µL. 

Gel Electrophoresis 

Gel electrophoresis was preformed on these samples according to procedures 10.2 and 10.3 on 

pages 81-84 in the SEA PHAGES Lab Manual (Poxleitner, 2017). 

 

Results 

Enrichment 

After Enrichment was performed on the soli 

sample various plaques were observed on the 

plate. The plaque that is circled and labeled AJ 

was chosen to move on to the three-phase streak 

protocol. The plaque was approximately 2mm in 

diameter and completely clear [figure 1] 

 

 

 

 

 

[figure 1] The enrichment plate after it had been 

allowed to incubate for one week at room 

temperature. Plaque AJ was selected to proceed on 

to the three-phase streak. It was approximately 

2mm in diameter and completely clear 



Three Phase Streak 

After plaque AJ was selected to move on 

the phage sample was purified. Each 

time an isolated plaque was selected to 

move on and through this process the 

phage population was made more and 

more purified. After three rounds of 

purification plaque AJ1 was selected to 

move proceed on to the phage titer 

assay. Plaque AJ1 was approximately 

2mm in length and completely clear. 

Additionally, this plaque was an 

independent plaque and reasonably far 

away from other plaques [figure 5] 

  

 [figures 2-5] Plaque AJ1 was 

selected from three-phase 

streak 1 (top left/ figure 2) 

and used for three-phase 

streak 2 (top right/ figure 3). 

Plaque AJ1 was then taken 

from three-phase streak 2 

and used for three-phase 

streak 3 (bottom left/ figure 

5). Plaque AJ1 from three-

phase streak 3 was then used 

for the phage titer assay. 



Phage Titer Assay 

The plates exhibited 

decreasing plaque count from 

the 100 plate to the 10-4 plate 

[figure 6]. The 10-1 plate was 

chosen to be the webbed plate 

[figure 7]. This plate was 

used to collect the phage 

populations on the plate.  

 

 

 

MTL Titer Assay 

After the MTL sample was titered from 10-3 to 10-7 and allowed to incubate for one week at room 

temperature the plates 

were analyzed. It was 

determined that the  

10-3 would be optimal 

for use in a pfu 

calculation. Upon 

counting it was 

determined that there were 183 plaques present on the plate. From this it was calculated that the 

 

(Top/ figure 6) This photo shows the 

progression of the plates after the plaque 

titer assay from 100 (left) to 10-4 (right). 

(Bottom left/ figure 7) This photo shows the 

10-1 plate which was used as the webbed 

plate for the phage collection.  

 

 

This photo shows the 

progression of the MTL 

titer assay plates from 

10-3 (top left) to 10-5 (top 

right) and 10-6 (bottom 

left) to 10-7 (bottom 

middle). On the bottom 

right the 10-3 plate is 

shown after its plaques 

were counted. There was 

found to 183 plaques 

present on the 10-3 plate.  



pfu concentration of the MTL was 1.83*107 pfu/mL. Only one phage morphology was observed 

on each plate. Any differences in plaque size was determined to be a result of multiple plaques 

merging together.  

Restriction Enzyme Digest/ Gel Electrophoresis 

After restriction enzyme digest and gel electrophoresis was preformed the gel was analyzed and it 

was determined that the gel was cut by Eco 

RI, but not by BAM HI or Cla I. The DNA 

samples in the BAM HI and Cla I lanes are 

in line with the uncut DNA sample lane. 

The Eco RI however did cut the DNA 

sample in one spot as indicated by the two 

sections of DNA in that column.  

 

 

 

Discussion 

Through the analysis of the results a lot can be learned about the phage. Firstly, it can be reasonably 

inferred that since plaques were present on the enrichment plate there must be bacteriophage that 

can infect Arthrobacter sp. on the plate within those plaques. This is due to the fact that plaques 

are a result of concentrated bacterial death creating clearings in a bacterial lawn. The best way to 

explain this is through bacterial lysis which in this experiment is likely due to bacteriophage 

 

This photo is of the agarose 

gel with the DNA samples. 

Lane 1 contains the ladder, 

lane 2 contains undigested 

DNA, lane 3 contains DNA 

digested with BAM HI, lane 4 

contains DNA digested by 

Cla I, and lane 5 contains 

DNA digested by Eco RI. The 

only enzyme to cut the DNA 

was Eco RI and it only cut it 

at one point indicating that 

there is only one point at 

which the base sequence is 

GAATTC. 



infecting the Arthrobacter sp. lawn and causing the bacteria to lyse. The plaques observed 

throughout this study were completely clear. This is likely a sign that the phage that is infecting 

the bacteria is a lytic phage. This is due to the fact that a lysogenic phage would not have 

completely killed all of the bacteria in the plaque, resulting in turbid plaques. After the three phase 

streak protocols the phage population was purified over the three trials so that the chances of 

different phages populating a single plaque were significantly lower. This helped to purify the 

phage population so that the analysis would only take into account one type of phage as opposed 

to multiple phages. After the phage titer assay the 10-1 plate was identified to be the webbed plate 

and was used to collect the phages populating the plate. This plate was used because it had the 

largest population of phages present since there was a large amount of plaques while still ensuring 

that the clearings were a result of plaque formation rather than a lack of bacteria due to bacteria 

still being visible. The MTL collected from the webbed plate was then titered and used to calculate 

the pfu concentration in the sample. After the different concentrations of phage were plated it was 

observed that the plaques exhibited the same morphology further indicating that a clonal 

population of phages was present in the MTL. After the DNA was extracted it was determined that 

the DNA concentration in the DNA sample was 80 ng/µL. This concentration was then used to 

calculate what volume of DNA was needed in order to add the needed .5µg of DNA to the 

restriction enzymes for the restriction enzyme digest. With a concentration of 80 ng/µL it was 

determined that this concentration was high enough that the restriction enzyme digest and gel 

electrophoresis would be effective, and this was true by the fact that the restriction enzyme digest 

and gel electrophoresis did work correctly. After the gel was run it was determined that the gel 

was cut by Eco RI, but not by BAM HI or Cla I. This means that there was not a base sequence of 

GGATCC which is the cutting site of BAM HI or ATCGAT which is the cutting site of Cla I. This 



is known because the DNA samples in those lanes are in line with the uncut DNA sample. The 

Eco RI however did cut the DNA sample in one spot as indicated by the two sections of DNA in 

that column. This means that the DNA contained one section where the base sequence was 

GAATTC. All of this information can be used to compare the genetic material of the collected 

phage to the genetic information gained from other phages. Upon comparison to other phages’ gels 

it was determined that the genetic material from this phage was similar to phages from the AQ 

cluster. Phages from the AQ cluster typically infect Arthrobacter bacteria and are lytic phages (AQ 

Cluster Bacteriophage). The phage’s name was then determined to be Nastynati which is a 

reference to its place of discovery: Liberty Twp., OH which is a town outside of Cincinnati. This 

was then used as the phage’s namesake. The future plans for this bacteriophage is that it will be 

sent for gene sequencing and electron microscopy so that more information can be learned about 

the Nastynati bacteriophage. Since this phage is effective at killing Arthrobacter sp. it can be used 

to effectively kill Arthrobacter sp. and prevent pesticides from being dismantled by Arthrobacter. 

This experiment has also helped to find and purify a unique phage from a soil sample.  
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