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Abstract 

 The purpose of this research is to isolate, purify and sequence a unique 

mycobacteriophage in order to increase the knowledge of mycobacteriophages (phage). The 

study began by isolating a unique phage from a soil sample. The phage was purified by a series 

of plaque picking and plating. Once a pure phage was obtained, DNA was extracted from a high 

titer lysate and a restriction fragment analysis was performed to verify the uniqueness of the 

phage, provide a preliminary estimate of genome size, and assess of phage family. Timshel has 

been classified as an A4 phage based upon the electron microscopy, gel electrophoresis, and 

plaque morphology. This classification has recently been verified by preliminary sequence 

homology analyses. The sequence also reveals the phage chromosome to be linear, 53.49 kb 

pairs in length, to have a 10 bp sticky end, and to encode approximately 80 predicted genes. 

Introduction 

 Bacteriophages are parasitic viruses that insert their DNA into a bacterial cell and use the 

cell’s organelles to reproduce itself. This will eventually lyse the cell, effectively killing the 

bacterium. Mycobacterium smegmatis (M. smeg) was used as the bacterial host for 

mycobacteriophage Timshel. There are two different types of phages. Lytic phages will decimate 

all bacteria they come in contact with while temperate phages will incorporate their DNA into 

the bacterial DNA without lysing the cell. When viral DNA has been incorporated into bacterial 

DNA the phage genome is called prophage. This allows the temperate phage to travel along with 

the bacterium and reproduce when conditions are more favorable. Lytic phages will produce 

clear plaques (control virus D29 is lytic) but temperate phages can produce either cloudy a bull’s 

eye pattern of concentric rings of light and dark. Timshel is considered temperate because of its 



3 
 

consistent bull’s eye pattern. Both lytic and temperate phages have unique practicalities in 

medicine and research.  

Methods and Materials 

 Procedure for this lab was detailled in Research: NGRI Laboratory Manual. This lab 

manual and resource guide is published by HHMI. Access to the lab manual was available via an 

online digital copy and an in-class hard copy. Notable exceptions and deviations to the lab 

manual are noted in this section.  

 Harvesting Soil Sample and Extracting Timshel. Mycobacterium and 

mycobacteriophages can be isolated from the soil. Soil samples were obtained from various 

locations at least two blocks away from where Adaphagia (the class’ chosen phage of 2009-

2010) was found. Sample A was obtained from a parking lot median in front of a tanning salon 

in a busy shopping area. Sample B was collected from under a tree on the campus of University 

of North Texas. Enrichment plating was used to extract a phage sample from Sample A while 

direct plating was used on Sample B. The goal of enrichment plating is to encourage growth of 

the virus by providing it a food source (M. smeg) and growth medium. Enrichment plating 

involved adding growth supplements and M. smeg culture to a sample of soil. This was then 

incubated, filtered, diluted and plated. For the direct plating, the sample was suspended in phage 

buffer and then filtered. The resuting solution was plated with M. smeg. 

 Purifying Timshel and Creating the Medium- and High-Titer Lysates. Once results 

were obtained with the enrichment plating, purification began. A plaque is a clearing in the 

bacterial lawn where the mycobacteriophage has decimated the bacteria in that area. To ensure a 

plaque is indeed a plaque and not a bubble or other anomaly a spot test is performed. A bacterial 
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lawn is prepared in top agar over a grid plate and a plaque-phage buffer solution for each 

putative plaque is carefully dropped onto labeled sections of a the grid plate. If there are spots on 

the grid plate after incubation, the putative plaque is confirmed. 

After the spot test, purifications are performed.  The goal of purification is to isolate a 

reproducably unique plaque morphology. This is accomplished through multiple repetitions of 

plaque-picking, serial dilutions and plating.  The minimum number of purifications required is 

three, though some phages may require more purifications. If a phage continuously produces two 

different plaques in the same ratio, the phage is considered pure even though the plaque 

morphologies are different. As long as results are consistent, the phage is considered pure. 

After the phage is considered pure, a medium titer lysate is created. A plate with a near-

web pattern (near-complete lysis) should be flooded with phage buffer. This is then allowed to sit 

undisturbed. The liquid is taken off and filtered. This is the medium titer lysate and is used for 

future platings to create a high titer lysate. From the medium-titer lysate another grid plate is 

performed usign 10-fold serial dilution from 10
0
-10

-10
. A phage-titer assay calculation is 

performed to determine how many plaque forming units (pfu) there are per mililiter. From this 

titer, another calculation is performed to estimate the number of plaques required to create a 

completely lysed plate. An empirical assay is performed by plating the calculated diluted phage 

titer as well as a two fold and five fold dilutions above and below the calculated value. 

Once the appropriate web pattern has been achieved, a ten-plate infection can be carried 

out using the appropriate dilution to harvest the high-titer lysate. This high-titer lysate is used to 

calculate a definitive titer. Serial dilutions are performed from 10
0
-10

10
, but only 10

5
-10

10
 are 

plated. If the calculated titer is greater than 10
5
 pfu/mL, DNA purification can begin. 
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 Electron Microscopy and Preparing and Analyzing the Phage Genomic DNA. 

Preparing the electron microscopy (EM) grid can be done at any point after the high titer is 

completed. Our class chose to prepare the EM grids before undertaking DNA purification. To 

prepare an EM grid, a small sample of the high-titer lysate is processed and placed on a copper 

grid. Uranyl acetate is used as the negative-stain. The grids were loaded into the electron 

microscope by a professional and pictures were distributed to the appropriate phage owner. 

 Isolating the phage genomic DNA begins with degrading the bacterial DNA in a sample 

of the high-titer lysate. After centrifugation and removal of the supernatant, the phage pellet is 

mixed with nuclease mix to break down any bacterial DNA. The phage is precipitated, 

centrifuged and resuspended in distilled water. A resin is applied to destroy the phage’s protein 

coat. The DNA is collected on two columns by pushing the water-resin-phage-genomic-DNA 

solution through with a syringe. The columns are rinsed with alcohol, centrifuged, and warm TE 

is added to remove the purified DNA from the column. The result is a microcentrifuge with a 

DNA solution. It is important to keep DNA samples on ice as much as possible to prevent DNA 

degradation. 

 The DNA is then digested using restriction digests in order to create segments of DNA 

that will create unique bands when electrophoresed. The following restriction digest enzymes 

were used to prepare the DNA for a gel electrophoresis: 

 Bam HI  

 Cla I 

 Eco RI 

 Hae III 

 HindI III 

 Pst I 
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 Electrophoresis uses an electrical current to separate particles of different weights. A dye is 

added to a sample of restricted DNA and this mixture is carefully loaded into the electrophoresis 

gel. A ladder control fragment is added to be used for predicting the length of the restriction 

segments. Lambda 10kbp ladder was used. The electrophoresis is performed and the bands are 

analyzed against gels available on the HHMI wiki website.  

Results 

 Harvesting Soil Sample and Extracting Timshel. Sample A was taken from a grassy 

median in a parking lot of a busy shopping area. The specific GPS coordinates are: 

33°11'29.75"N and  97° 5'48.62"W. Samples were harvested with a metal spoon and placed into 

a plastic Ziploc bag. Sample A came from very dry soil and was harvested at about an inch 

depth. Local soils tend to be alkaline though this was not tested. The ambient temperature was in 

the mid 90s and the sample was collected shortly before noon. Sample A has a finer texture 

compared to Sample B. 

 Enrichment plating was used on Sample A while direct plating was used on Sample B. 

Sample A yielded three different plaque morphologies (Figure 1). There were large clear 

plaques, large bull’s eye plaques and small cloudy plaques evident on the 10
-3

 plate. The direct 

plating of Sample B yielded no results. 

 Purifying Timshel and Creating the Medium- and High-Titer Lysates. After a 

successful enrichment plating, purification of Timshel began with a spot test (Figure 2). Five 

separate plaques were picked and tested on a grid plate to ensure they were actually plaques. All 

five yielded a clearing, though one spot labeled Fuzzy was disregarded because the spot bled into 

the positive control grid. Purifications proceeded with the plaques labeled Tex and Bull’s Eye. 



7 
 

The first purification was disregarded because human error produced unusable results, so 

the next round of purification is considered the first in purifying Timshel. The first round of 

purification (re-picked from the original enrichment plating) yielded two different sizes of bull’s 

eye plaques on the 10
-1

 plate that was plated from the plaque called Bull’s Eye (Figure 3). A 5 

mm diameter plaque was labeled A and used for the next purification. A 2 mm diameter plaque 

was labeled B and also used for the next purification. Both sizes of bull’s eye plaques were used 

on different plates to test whether or not the different sizes yielded different sizes on successive 

plates. After this round of purification, the decision was made to carry on purification with only 

Bull’s Eye.  

 For the second round of purification, the results for the plaque labeled B (the 2 mm 

plaque) are as follows (Figure 4-B and Figure 4-A for comparison). On the 10
-3

 plate, there was 

a similar ratio of large (3 mm) to small (1 mm) plaques as on the first round of purification 

plates. The morphology of the bull’s eye plaques was also similar. Two plaques were used for 

the next round of purification to further ensure the size difference was reproducible. Plaque A 

was 4 mm in diameter and Plaque C was 1 mm in diameter. 

 The 10
-3

 plate of the third purification yielded only one plaque – a 5 mm diameter, cloudy 

plaque with a poorly defined bull’s eye pattern. This plaque was used for a fourth purification. 

These results were confusing. The 10
-1

 plate was a near lysis, the 10
-2

 plate had approximately 

200 “small plaques,” the next plate had a mix of two small plaques and two larger bull’s eye 

plaques, the fourth plate had no plaques. Despite these results, the decision was made to move 

forward with making a medium-titer lysate. The 10
-1

 plate of the fourth purification was used to 

make this lysate.  
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 A spot tests was performed on the lysate to determine how many pfu there are per 

milliliter. In order to determine how many plaques it would take to make a web pattern, the 

average size of the two different plaque sizes was calculated. Using the size of a plate and the 

average plaque size, the number of pfu required to completely lyse a plate was determined. 

Using this number, an empirical assay was performed. 

The first attempt yielded strange results (Figure 5). The x1/5 plate yielded about 30 “pin 

prick”  and some small bull’s eye plaques. The x1/2 plate was completely lysed. The calculated 

plate had only 20 plaques – a mix of pin pricks and bull’s eye plaques. The x2 plate had about 30 

plaques and the x5 plate had about 100 plaques. The empirical assay was attempted again with 

similar results – there was no understandable order in the succession of pfu per plate. It would be 

assumed that there would be increasingly more plaques from x1/5 to x5, but this was not the 

case. Eventually it was realized that, in order to conserve the medium-titer lysate, the x5 and x2 

samples had  been diluted by a factor of 10. But rather than use ten times more of the diluted 

stock, ten times less of the diluted stock was used that what was calculated. This caused the 

discrepancy. Once the mistake was sorted out, a large plate infection was completed. 

The large plate infection (ten plates) was flooded by the teaching aid Stephanie Simon, 

but plaque morphology was not recorded. The plates were allowed to sit in phage buffer for 8.5 

hours before harvesting and filtering. The 10
0
-10

-10 
dilutions were performed and 10

-5
-10

-10
 

dilutions were plated. Plaques were only visible on the 10
-5

 and 10
-6

 plates. These results were 

used to calculate the high-titer wich was 3.1x10
9
 pfu/mL. 

The DNA purification steps were completed three times. The first time, the DNA yield 

was low due to human error while trying to replace the plunger on the syringe filled with DNA-
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water-resin mix. The second and third times produced a significant amount of DNA. The final 

DNA concentration was 360.5 ng/μL with 154 μL yielding 55.5 μg of DNA. When the DNA 

concentration was analyzed in the spectrophotometer, a definitive spike was noted at the 260 nm 

wavelength – the wavelength of DNA. 

Electron Microscopy and Preparing and Analyzing the Phage Genomic DNA. An 

electrophoresis gel can show if a phage may belong to an already discovered phage family or if 

the phage is possibly unique. Because there is a relationship between band size and distance 

travelled, it can be used to estimate the size of fragments created by each restriction enzyme. 

 The gel electrophoresis was done twice. The first gel electrophoresis (done on the second 

DNA purification) yielded no results (Figure 6). None of the restriction bands cut, even Hae III, 

which usually cuts for mycobacteriophages. Because the first gel yielded no results, a second gel 

was done. The second time, both viable DNA concentrations were used and an additional 

restriction digest, Pst I was used (Figure 7). All three sets of gels used the same DNA ladder as a 

reference point for band length. The second gel yielded bands on Hae III and Pst I for both DNA 

samples. Using the logarithmic relationship between band size and distance traveled and a 

reference graph made from the ladder’s measurements, it was determined that the approximate 

length of Timshel’s genome is about 53.05 kbp (kilo-basepairs). 

When viewed under the EM Timshel gave interesting results (Figure 8-A and Figure 8-

B for comparison). Initial analysis from the class professors labeled Timshel as impure; however, 

subsequent gel electrophoresis analysis reversed this verdict. Timshel is approximately 275 

nanometers long from head to visible tail. The grid-making process was not delicate enough to 

preserve tail fibers. The head is hexagonal and just under 100 nanometers in diameter. There 



10 
 

appear to be slightly larger, rounder heads in the background of the EM pictures (which 

prompted the initial concerns about Timshel’s purity). Upon closer analysis, it appears that none 

of these larger “heads” have tails attached. 

Discussion 

 Harvesting Soil Sample and Extracting Timshel. There were no issues with collecting 

either soil sample. Both were taken off the top of the top layer of soil. There was a bit more 

decaying matter in Soil Sample A than Soil Sample B, though Sample B was taken after a few 

days of rain. The enrichment plating of Sample A was successful – it yielded plaques (as 

confirmed by a spot test). The direct plating of Sample B, however, was not successful – there 

were no plaques on these plates. This could have been due to human error or an insufficient 

amount of phage in the sample. Time and resource constraints prevented me from trying 

additional samples. Once I had plaques, I moved on to the purification process. The success of 

Sample A was most likely due to the enrichment process which encourages growth. 

 Errors in the initial round of purification were due to human error so the initial round of 

purification is disregarded and the next performed purification is considered the first as the 

plaques were re-picked from the enrichment plate 10
-4

. For the first included round of 

purification, the plate was incubated for 48 hours and plaque sizes varied between 5 mm in 

diameter to 2-3 mm in diameter. The second purification was only incubated for 24 hours and 

plaques were either 4 mm in diameter or 1 mm in diameter. The ratios of large to small plaques 

is extremely similar between purifications. The difference in plaque size is assumed to be due to 

the difference in incubation times. The second purification plates mentioned in the above 

analysis were created from a plaque that was 2 mm in diameter. This small plaque yielded both 
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small and large plaques. An additional round of purification was performed to ensure this pattern 

was due to the phage itself and not to contamination, poor plaque picking or other human error. 

 For the third round of purification the quantity of phage greatly decreased. There was 

only one plaque on the 10
-3

 plate. This was slightly concerning because it did not allow for ratios 

to be evaluated between plaque sizes. The lone plaque on this plate was about 5 mm in diameter 

and the bull’s eye pattern was difficult to see. Even more concerning were the results of the 

fourth purification. The large bull’s eye plaque yielded a web pattern of small plaques on the 10
-1

 

plate, about 200 small plaques on the 10
-2

 plate and a mix of two small plaques and two bull’s 

eye plaques on the 10
-3

 plate. Because the 10
-3 

plate had the recognized ratio of large and small 

bull’s eye plaques, the decision was made to move forward with creating the medium-titer lysate. 

 When a spot test was performed from the medium-titer lysate, the results were strange. 

On the 10
-1

 grid space, there was a larger clearing with two darker spots inside the clearing. On 

the 10
-2

 space, there were two small dark spots. The appearance of different spots on this test 

pointed toward a possible contamination or a truly unique phage. The latter was assumed and the 

decision was made to move forward to the empirical assay. The titer was used to determine what 

concentration and volume of stock solution would be required to make a web pattern on a plate. 

 The empirical assay was yet another setback. Not only was the succession of x1/5 to x5 

plaque quantity out of order, but there was a disturbing plaque morphology. Rather than having a 

web pattern of solely bull’s eye plaques, there was a mix of “darker” bull’s eye plaques on the 

background with “brighter” plaques in the foreground that decimated the bacterial lawn more 

completely than the bull’s eye plaques. The empirical assay was redone because of the erroneous 

quantity progression with the same results – the quantities of plaques did not follow the assumed 
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pattern due to dilution and the mixed plaque morphology was again visible. Once the error in 

calculations was discovered, the empirical assay was repeated a third time and harvested 48 

hours later by teaching aid Stephanie Simon and were allowed to sit for 8.5 hours in order to 

increase the titer. The titer was increased due to the increased soaking time and was calculated 

from the 10
-6

 plate to be 3.1x10
9 

pfu/mL. 

The mixed morphology was thought to be a result of differences in pre-plating M. smeg 

incubation or different growing conditions due to top agar or incubation times. It was also 

thought that the brighter plaques may have been “hiding” in the bacterial lawn because 

throughout the purification steps the M. smeg cultures tended to clump on the plate making it 

difficult to see anomalies on the plates. Because of the mixed morphology on the empirical 

assay, and additional purification was performed. Dr. Benjamin picked the plaque and the 

remaining plating steps were completed independently. The results of this plating confirmed that 

the phage was pure.  

Timshel is considered a lysogenic phage because of the consistent bull’s eye pattern 

throughout purifications. The phage incorporates its DNA into the bacterial cell rather than 

immediately lysing the cell. This allows the virus to travel with the cell and reproduce when 

conditions are more favorable. 

Electron Microscopy and Preparing and Analyzing the Phage Genomic DNA. The 

class prepared their EM grids before undertaking DNA extraction. The EM process required 

careful technique and a steady hand. The EM pictures were initially concerning. The professors 

believed the phage was not pure due to the appearance of large, round head-like bodies in the 

EM pictures. However, none of these “heads” are attached to tails. Only the hexagonal heads 
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have tails attached. The purity of the phage was again confirmed by the gel electrophoresis 

results. 

The DNA purification steps were completed three times due to human error and initially 

low yields among the class. The first time the steps were completed distilled water was used. The 

second and third times the water was omitted because it was deemed unnecessary. It was easier 

than expected to push the samples through the column. The DNA yield for the second and third 

trials was consistently large – both were over 200 ng/μL. They also both had peaks at the 260 nm 

wavelength which is the wavelength of DNA. This means that the DNA samples were relatively 

free of bacterial RNA and were considered to be samples of unadulterated DNA. 

The gel electrophoresis was performed twice because of possible human error in the first 

trial. This trial yielded no cut bands at all – even in Hae III which cut for everyone in the class 

except for Timshel. Assumed mistakes are mislabeling and improper pipetting technique at the 

small volumes required to prepare the restriction digest reaction tubes. The electrophoresis was 

performed again with better technique and results. The addition of the Pst I enzyme was 

beneficial because it was the only restriction enzyme (other than Hae III) that cut. This was used 

to estimate the DNA’s length in kilo-basepairs. The length (about 53.05 kbp) was another 

indicator of Timshel’s purity as it fell well in the range of known mycobacteriophages. The 

second restriction digest also suggests that Timshel belongs to the A4 family of phages. 

Sequencing Addendum 

The class chose Timshel to send in for sequencing. A draft copy of the genome was 

received in mid-February. From this draft version we have confirmed that Timshel belongs to the 

A4 family of phages, has a 10 bp sticky end, is linear, and has approximately 80 open reading 
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frames (based on Glimmer predictions, Fig. 7), and is approximately 53.49 kbp long. Gene 

annotation is being completed using GBrowse and Apollo. Figure 9 shows a GBrowse 

screenshot of the Glimmer predictions. 
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Images 

Figure 1 – Enrichment Sampling

 

10
-3

 plate from the enrichment plating of 

Soil Sample A. This plate was not used for 

plaque picking, but the varied plaque 

morphologies is evident on this plate. 

Figure 3 – First Purification B

 

10
-1

 plate from the first (repeated) round of 

purification of Bull’s Eye. The two different 

plaque sizes are visible on this plate.

Figure 2 – Spot Test

 

The initial spot test to confirm putative 

plaques as actual plaques and not anomalies 

on the enrichment plates. Fuzzy bled into the 

positive control so it was disregarded. Tex 

and Bull’s Eye were used for successive 

purifications. 

 

Figure 4-A – Second Purification A

 

10
-2

 plate from the second round of 

purification of Bull’s Eye. This plate was 

made from a plaque that was 5 mm in 

diameter. The plaque sizes varied between 4 

mm and 1 mm in diameter. 

  



16 
 

Figure 4-B – Second Purification B

 

10
-2

 plate from the second round of 

purification of Bull’s Eye. This plate was 

made from a plaque that was 2 mm in 

diameter. The plaque sizes varied between 

the 4 mm and 1 mm in diameter. 

Figure 5 – Empirical Assay 1 

 

X ½ empirical assay plate from the first trial. 

Note the varied plaque morphologies.

Figure 6 – Electrophoresis 1

 

The first gel electrophoresis. Lanes from left 

to right: Ladder, Uncut, Bam HI, Cla I, Eco 

RI, Hae III, and HindI III. Note there are no 

bands on Hae III. 
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Figure 7 – Electrophoresis Gel 2

 

Gel electrophoresis trial number 2. Lanes 

from left to right: Ladder, Uncut, Bam HI, 

Cla I, Eco RI, Hae III, and HindI III, Pst I. 

Cuts on Hae III and Pst I. 

Figure 8-A – EM picture A

 

Clearly defined phage in middle of picture 

showing both negative and positive staining. 

Note the round “heads” in bottom left corner 

have no tails attached. 

Figure 8-B – EM picture B

 

Three well defined phage in the middle of 

the image. Note the heads scattered around 

the edges of the frame.  
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Figure 9 – Glimmer predictions in GBrowse 

 

 
 

There are approximately 80 Glimmer 

predicted genes in Timshel’s genome. 


