
1

Discovering the Underlying Mechanisms
Driving Abnormal Killing Activity of

Pseudomonas syringae pv. Aptata Tailocins

Rationale:

Microbial competition is a significant factor in microbiome biodiversity. Bacteriocins are

a diverse set of antimicrobial proteins.  Bacteria produce tailocins under stress as a response

mechanism to protect the bacteria from competition.

Tailocins are a type of phage tail-like bacteriocins produced by bacteria (Scholl

2017).They are similar to bacteriophages except that they don’t carry genetic material. This

research focuses on, P. syringae pv. aptata (Ptt) ,the tailocin derived in the Balturs Labs from

Pseudomonas syringae. Two types of tailocins have been observed; F-type (flexible) and

R-type(rectractile). Bacteria are capable of producing both. F and R type tailocins have both been

observed in Pseudomonas aeruginosa, a minor human pathogen, capable of potentially….

(Maarten, Gherique, De Mot 2015). Pseudomonas produces R-type tailocin that can retract and

extend its spike/tube into bacteria targets (Maarten, Gherique, De Mot 2015).

Tailocins specifically lack a viral capsid containing viral DNA, a “head”,  for viral

genetic material. The structure of tailocins is made up of a large sheath protein, a tube and spike,

and receptor protein (Maarten, Gherique, De Mot 2015). Tailocins can harpoon bacteria strains

and kill them by contracting their sheath. The receptor binding protein is a baseplate that

connects the sheath and tail vibers (that attach to the target cell). Tailocins can ‘sheath’ their tube

and spike under their sheath protein. When the sheath protein contracts, the baseplate holds the

sheath in place and pushes out the spike. Tailocins seem to target and kill specific strains of
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bacteria. The strains that a tailocin target are limited to their phylogenetic family.  When tailocins

are placed on an overlay plate, they leave a ring where bacteria have been killed, “the killing

zone”. Compared to the other strains of tailocins from Pseudomonas syringae observed,

P.syringae pv. Aptatat (Ptt) has the largest target spectrum (Baltrus 2019). Furthermore, it has

been observed to have a larger area of effect. What currently is not known is why Ptt has a

relatively large target range and a phenotypically large killing zone.

Because Ptt has been observed to have a broader target range, it is important to ensure

that the bacteria do not produce other microparticles that would kill bacteria. The goal of this

research is to determine whether the bacterial genome produces anything else that is unaccounted

for in the overlay plate. The central question is: “does pseudomonas produce other proteins or

material that affects it ? Pseudomonas syringae pv. aptata (Ptt) could be producing another

antimicrobial compound that is killing while there is also tailocins. The primary hypothesis is

that there is another phage or byproduct of the bacteria that is impacting the size of the killing

zones. If the target radius of the bacteria does not change when the tailocins’ ability to function is

hindered (through the Ptt Δsheath) then it can be inferred that there is something else being

produced that influences the target radius.

A secondary hypothesis  is that  the bacterial genome of Pseudomonas affects the

efficiency of tailocin killing. In exploring this possibility  we can determine whether the specific

strain of tailocin is more efficient at killing because of an unnoticed anomaly or if more testing

needs to be done. If this research finds that nothing else is present, then it would mean that the

tailocin strain itself is more efficient for some reason and we could then explore whether it is
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because of things like the size or quantity of tailocins. This research is important because

tailocins can be applied preventatively to stop future bacterial infections (Baltrus 2021). The use

of broad spectrum antibiotics has coincided with a raise in antibiotic resistance (Tamma et al.,

2017). Finding an alternative to antibiotics for plant pathogens will be important for our

future. Tailocins could be that alternative. Tailocins could be applied to human biology if

shown  to prevent bacterial disease.

Experimental Design: Bacterial Mutation Cloning

Gateway Cloning

Using gateway cloning is used to insert the Ptt w/ Δ Sheath insert into the destination

vector. Gateway cloning is typically composed of a BP and LR reaction. Ptt w/ Δ Sheath has

specific sites on it that allow it to bypass the LR reaction by being able to swap into the

destination vector and produce the desired expression clone.

Conjugation

Three methods for conjugating have been tried in experimenting: biparental conjugation,

triparental conjugation, and electroporation. Biparental and triparental conjugation both use

Escherichia coli (E. Coli) and Ptt as parents. Triparental conjugation includes a Ptt helper

plasmid. The pMTNP1907 has TetR and SacB on its backbone. After the pMTNP1907 has the

deletion insert, it is placed in a non-selective culture. Culturing in non-selective media selects

against TetR because TetR is unfavorable for bacteria (Pseudomonas and E. Coli) without being

selected for in tetracycline. The culture is transferred onto a sucrose plate to counter-select,

where any bacteria that still have the SacB gene in the backbone of the plasmid will be

counter-selected against. Finally, the bacteria are transferred onto a set of two plates. The

bacteria are streaked across a plate of sucrose and a plate of tetracycline. Any bacterial colonies
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that grew on the tetracycline plate signal that those colonies do not have the desired plasmid and

should be avoided. Then the bacteria that grew on the sucrose plates and not the tet plates are

selected and placed on the overlay plate.

Soft Agar Overlay Assay

Pseudomonas syringae pv. B728a

The overlay plate is coated with a “lawn” of bacteria. By reproducing bacterial genomes

with specific deletions, we can compare how each deletion affects the tailocins’ ability to kill on

an overlay plate. Larger circles of ‘lawn’ being cleared shows tailocins working more efficiently

or spreading future. To prepare the the overlay and test it, start by inoculating a single colony of

a P. syringae strain to be tested for sensitivity into 3 ml of KB, incubate overnight with shaking

(200 rpm) at room temperature (27˚C). The following morning, back dilute the culture 1/100 into

fresh KB (30 µL of overnight culture into 3 mL of fresh KB media). After that, incubate 3-4 hr

with shaking at room temperature. To start the soft agar layer, melt prepared sterilized 0.4%

water agar. Make sure water agar is completely melted or else you risk having a grainy texture of

overlay. Maintain the molten soft agar in a 60 °C water bath prior to use (if not using right

away). Then using a sterile serological pipet, transfer 3 ml of soft agar to a sterile culture tube.

Allow the molten agar to cool (it should feel warm but not hot to touch), but do not allow it to

solidify, to pour the agar. In a sterile hood, inoculate 100 µL of the tester strain culture into the

soft agar and vortex to mix. Rotate culture by hand for 10-15 sec, then pour onto a bottom agar

(KB agar). Tilt the plate in all directions to ensure the soft agar evenly covers the bottom agar.

Cover the plate and allow it 20-30 min to solidify. Be careful not to disturb the plate while

solidifying. Once solidified, spot 5 µl of tailocin supernatant onto the overlay. Allow the plates to

incubate overnight at room temperature or in a 27˚C incubator. Observe and record results the
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following morning.

Electroporation

Electroporation of pDONR1-K18MS into Ptt starts with preparing 6 mL of Ptt in an overnight

culture. The next day, spin down 2 mL at a time of the recipient culture of ptt at 11,000 rpm for 6

minutes. Decant the supernatant between spins. Then, wash the pellet by adding 2 mL of 300

mM sucrose 2X with the previous spin settings. Decant the supernatant. Add 100 μL of 300 mM

sucrose to concentrate the cells. Place 100 μL of the concentrated cells to an electroporation

cubitt and add 5 μL of the plasmid-prepped DNA (pDONOR-k18MS w/ Ptt Δ Sheath). Then

electroporate at 2.4 kV. Immediately place cells in 1 mL of KB media. Incubate the cells for 1-2

hours, shaking at 27 ℃. Spin down 1 mL at 11,000 rpm for 5 minutes. Decant the supernatant

and add 1 mL of 10 mM MgCl2. Pipette up and down the solution to resuspend the pellet.

Finally, spread 250 mL of the solution onto a selective plate (antibiotics are Kanamycin and

Nitrofurantoin) KB plate. Incubate at 27 ℃.

Soft Agar Overlay Assay

To begin, back dilute the overnight culture 1:1000 into fresh KB (30 µl of overnight culture into

3 mL of fresh KB media). Incubate for 3-4 hours in a shaking incubator at room temperature.

Then. melt prepared sterilized 0.4% water agar. Make sure the water agar is completely melted in

a 60°C water bath prior to use (if not using immediately). Using a sterile serological pipet,

transfer 3 mL of soft agar to a sterile culture tube. To pour the overlay, 1st allow the molten agar

to cool (it should feel warm but not hot to the touch), but do not allow the agar to solidify. Cover

the plate with the water agar layer and allow it 20-30 minutes to solidify. Be careful to not

disturb the plate as it solidifies. Once the soft agar solidifies, spot 5 µl of tailocin supernatant
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onto the overlay. Allow the plates to incubate overnight, at room temperature or in a 27°C

incubator.

Tailocin (PH) Isolation

Back dilute an overnight culture of Ptt (1:100). Then grow a single colony of Ptt in 3 mL of

media. When back diluting, take 30 µL into 3 mL. Next, incubate that for 3 hours (allow culture

to reach mid log phase). Add.5 mg per ML concentration of mitomycin C. Add 2mL of

mitomycin C to 3 mL of culture and incubate overnight in a shaking incubator at 27 ℃.

Mitomycin C is added because it produces an “SOS: response and instigates tailocin production

in bacterial colonies.

Results
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After attempting to transfer the Ptt w/ Δ Sheath, Ptt colonies with the insert did not appear. A

PCR shows the presence of the Ptt w/ Δ Sheath in E. Coli (the pDONR1-KM18). The first

column is a 1K+ ladder. The second and third columns show E. Coli. S17 w/ Δ Ptt sheath. The

fourth column is the positive control, which is plasmid pDONR207 w/ Δ Ptt sheath. The 5th

column contains pDONR207 and does not contain ΔPtt Sheath.
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This is an overlay plate of Ptt, Ptt +Peg, USA001, USA001, and USA001+Peg. Ptt has the largest

target radius between the four strains.

Discussion

After running the final attempt, no colonies of Ptt were found. The conjugation may have been

successful at a low frequency and the cells that took in the deletion died because taking in the

insert might have been lethal. An alternative interpretation of the outcome is that the conjugation

was not successful, occurred at too low of a frequency to create colonies with the desired trait,
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and when the culture was plated, Ptt without the insert were selected against.

Conclusions

Overall, the experiment was inconclusive. Since there were no Ptt colonies w/ Δ Sheath,

plating the colonies on a soft agar overlay assay to observe the tailocins killing zones was not

done. Since we were unable to produce Ptt Colonies w/ Δ Sheath, future steps would include

modifying the experiment. If the specific insert was lethal to Ptt, then redesigning the insert may

solve the problem. Because this experiment required multiple low frequency events to occur,

rerunning the experiment for longer periods of time may also produce colonies. It is important to

note, for future research, that this deletion may be lethal to Ptt.

If evidence is found to support our hypothesis, then Ptt may be producing other phages,

bacteriocins, or there are missing parts of the genome that affect the killing zone. This conclusion

would lead to more research about the other proteins that Ptt produces. If there is a lack of

evidence supporting our hypothesis, then it may be reasonable to conclude that something about

the tailocin is strongly correlated with varying killing zones.
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