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The soft-agar overlay technique was originally developed over 70 years ago and has
been widely used in several areas of microbiological research, including work with
bacteriophages and bacteriocins, proteinaceous antibacterial compounds. This
approach is relatively inexpensive, with minimal resource requirements. This technique
consists of spotting supernatant from a donor strain (potentially harboring a toxic
compound(s)) onto a solidified soft agar overlay that is seeded with a bacterial test
strain (potentially sensitive to the toxic compound(s)). We utilized this technique to
screen a library of Pseudomonas syringae strains for intraspecific killing. By combining
this approach with a precipitation step and targeted gene deletions, multiple toxic
compounds produced by the same strain can be differentiated. The two commonly
recovered antagonistic agents recovered using this technique are bacteriophages and
bacteriocins. These two agents can be differentiated using two simple additional tests.
Performing a serial dilution on a supernatant containing bacteriophage will result in
individual plaques becoming less in number with greater dilution, whereas serial
dilution of a supernatant containing bacteriocin will result a clearing zone that becomes
uniformly more turbid with greater dilution. Additionally, a bacteriophage will produce a
clearing zone when spotted onto a fresh soft agar overlay seeded with the same strain,
whereas a bacteriocin will not produce a clearing zone when transferred to a fresh soft
agar lawn, owing to the dilution of the bacteriocin.
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SHORT ABSTRACT:
We describe a simple method for screening bacterial cultures for the production of
compounds inhibitory towards other bacteria.

LONG ABSTRACT:

The soft-agar overlay technique was originally developed over 70 years ago and has
been widely used in several areas of microbiological research, including work with
bacteriophages and bacteriocins, proteinaceous antibacterial agents. This approach is
relatively inexpensive, with minimal resource requirements. This technique consists of
spotting supernatant from a donor strain (potentially harboring a toxic compound(s))
onto a solidified soft agar overlay that is seeded with a bacterial test strain (potentially
sensitive to the toxic compound(s)). We utilized this technique to screen a library of
Pseudomonas syringae strains for intraspecific killing. By combining this approach with
a precipitation step and targeted gene deletions, multiple toxic compounds produced by
the same strain can be differentiated. The two commonly recovered antagonistic agents
recovered using this technique are bacteriophages and bacteriocins. These two agents
can be differentiated using two simple additional tests. Performing a serial dilution on a
supernatant containing bacteriophage will result in individual plaques becoming less in
number with greater dilution, whereas serial dilution of a supernatant containing
bacteriocin will result a clearing zone that becomes uniformly more turbid with greater
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dilution. Additionally, a bacteriophage will produce a clearing zone when spotted onto a
fresh soft agar overlay seeded with the same strain, whereas a bacteriocin will not
produce a clearing zone when transferred to a fresh soft agar lawn, owing to the dilution
of the bacteriocin.

INTRODUCTION:

Recently, there has been significant interest in deepening our understanding of
microbial ecology (particularly the microbiomes of various environments), as well as
new antibacterial compounds to use in combating antibiotic resistant pathogens!2. An
interconnecting theme between these interests is understanding antagonistic
interactions among bacterial strains in their natural environment. There are humerous
ways in which bacteria antagonize competitors3. Bacteriocins, a diverse group of
proteinaceous, antibacterial compounds, have long been studied for their role in
mediating interbacterial antagonism, with two of the most studied species being
Pseudomonas aeruginosa*® and Escherichia coli®, important human pathogens. In
addition to bacteriocins, induced prophages can also act as anticompetitor agents,
allowing a strain to invade into a niche that is already colonized’. Pseudomonas
syringae is a plant pathogen known to produce an array of antimicrobial agents,
including single protein bacteriocins®, bacteriophage tail-derived bacteriocins® (termed
tailocins), as well as non-proteinaceous secondary metabolites®. Recently there has
been interest in understanding how these antimicrobials influence the ecology of this
organism, as well as how they can be harnessed to control plant disease 1.

A widely utilized method for studying both bacteriocins and bacteriophage is the soft-
agar overlay technique. This method was first described by Gratia in 1936 to aid in
enumerating bacteriophage!?12,

Here we describe the application of the soft-agar overlay method, in combination with
targeted genetic manipulation and polyethylene glycol (PEG) precipitation, in
distinguishing among three different antimicrobial agents (a bacteriophage, a high
molecular weight bacteriocin, and a low molecular weight bacteriocin) produced by a
single bacterial strain. The benefit of this approach is that it is relatively simple and
cheap, which is why, despite it being decidedly ‘low-tech’, it is still widely utilized.

PROTOCOL:

1. Preparation of supernatant to be tested for activity.

1.1) Prepare a 0.5 mg/ml stock solution of mitomycin C by dissolving the appropriate
amount into sterile 0.1 M MgSOa4 buffer (e.g. 1 mg mitomycin C/ 2 ml buffer). Store stock

at 4 °C in a light protected container (mitomycin C is light sensitive).

1.2) Inoculate a single colony of P. syringae into 3 ml of King’s medium B (KB) broth4.
Incubate over night with shaking (200 rpm) at room temperature (21-25 °C).

1.3) The following morning, dilute the broth culture 1/100 into 3 ml of fresh KB broth.
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Incubate for 3-4 h with shaking at room temperature. Add mitomycin C (0.5 pg/ml, final
concentration). Incubate the culture over night with shaking at room temperature.

Note: Mitomycin C causes double stranded DNA breaks, thus stimulating the cell’'s SOS
response, leading to the production of both bacteriophage and bacteriocins.

1.4) Pellet 1-2 ml mitomycin C induced cultures by centrifugation at 20,000 x g for 5 min
in a bench top microcentrifuge.

1.5) Remove and sterilize culture supernatants either by passing the supernatant
through a 0.22 pum pore size filter or by treating the supernatant with chloroform (100 pl
chloroform per 1 ml supernatant).

1.5.1) If using chloroform, vortex the mixture for 15 s and let incubate at room
temperature for 1 h. Following incubation, centrifuge the mixture at 20,000 x g for 5 min.

Note: Chloroform efficiently kills cells by solubilizing their membranes. The benefit of
using chloroform over filter sterilization is that it is cheaper and easier to scale-up if
processing many (>20) samples at a time. There may be a possibility that a given killing
activity is lost following chloroform treatment as a result of partitioning into the organic
phase.

1.5.2) Remove the upper, aqueous phase using a 1 ml pipet to a fresh, sterile 1.5 or 2.0
ml microfuge tube. Be careful not to transfer any of the lower chloroform layer (it is
better to remove less of the aqueous phase to avoid carry-over).

1.5.3) Incubate the transferred supernatant uncapped in a fume hood to allow the
residual chloroform to evaporate (several hours). Store supernatants at 4 °C.

2. Separation and concentration of high molecular weight bactericidal
compounds by polyethylene glycol (PEG) precipitation.

2.1) To the sterile supernatant, add NaCl and PEG 8000 to 1 M and 10% final
concentrations, respectively. Repeatedly invert the sample until both the NaCl and PEG
are completely dissolved. Incubate samples in an ice bath for 1 h or overnight at 4 °C.

2.2) Centrifuge samples at 16,000 x g for 30 min at 4 °C. A pellet should form at the
bottom of the centrifuge tube. Decant the supernatant and resuspend the pellet in
desired volume (such as 1/10 or 1/100 of the original supernatant volume) of buffer (10
mM Tris, 10 mM MgSOa, pH 7.0) by repeated pipetting.

2.3) Remove residual PEG by two sequential extractions with an equal volume of
chloroform.

2.3.1) Combine chloroform with the resuspended pellet and vortex for 10 to 15 s, then
centrifuge the mixture at 20,000 x g for 5 min. Transfer the upper, aqueous phase to a
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fresh microfuge tube. Repeat this extraction until no white interface between the
aqueous and organic phase is visible (usually 2 extractions total). Allow residual
chloroform to evaporate from extracted supernatants in a fume hood.

3. Preparation of overlay and testing supernatants for activity.

3.1) Inoculate a single colony of a P. syringae strain to be tested for sensitivity into 3 ml
of KB, incubate over night with shaking at room temperature.

3.2) The following morning, back dilute the culture 1/100 into fresh KB. Incubate 3-4 h
with shaking at room temperature.

3.3) Prepare sterilized water agar by autoclaving a suspension 0.35-0.7% (w/v) agar in
ultrapure water.

Note: A stock of soft water agar can be melted in a microwave and reused repeatedly,
fresh overlay does not need to be prepared for each experiment. If water agar is reused,
it is critical to ensure it is completely melted following microwaving. If not, the overlay
will have a grainy texture upon solidifying that will make interpretation difficult. If this
occurs, melt the agar for several minutes longer in the microwave than done previously.

3.4) Maintain the molten soft agar in a 60 °C water bath prior to use. Using a sterile
serological pipet, transfer 3 ml of soft agar to a sterile culture tube. Return the culture
tube to water bath to maintain in a molten state.

3.5) To pour the overlay, first allow the molten agar to cool (it should feel warm but not
hot to touch), but do not allow to solidify.

3.6) In a sterile hood, inoculate 100 pul of the tester strain culture into the soft agar and
vortex to mix. Rotate culture by hand for 10-15 s, then pour onto a bottom agar (KB
agar). Tilt the plate in all directions to ensure the soft agar evenly covers the bottom
agar.

Note: The bottom agar can be any solidified (1.5% agar) medium on which the test
strain grows vigorously. For a standard 100 mm diameter Petri dish, use ~20 ml melted
medium. The bottom agar can be prepared several weeks ahead of time (if maintained
at 4 °C without drying) or can be prepared the same day. If prepared the same day as
performing the overlay, it is best to do so prior to step 3.4.

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

3.8) Once solidified, spot 2-5 pl of supernatant (generated in sections 1 and 2, above)

onto the overlay. Allow the plates to incubate over night at room temperature. Observe
and record results the following morning.
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Note: It may be useful to perform and spot from a serial dilution of the supernatant. This
will allow researchers to distinguish between bacteriophage and bacteriocin clearing
activity. In this case, it is recommended to perform 1:5 or 1:10 dilutions.

REPRESENTATIVE RESULTS:

The combination of the soft agar overlay and PEG precipitation can be used to identify
and characterize different antimicrobial agents produced by the same strain. Figure 1
shows two strains of P. syringae (A and B) that are inhibited by a third strain of the
same species. The two strains, however, are inhibited by different bacteriocins. The
clearing zone on strain A exhibits a sharp edge, whereas the clearing zone on strain B
is larger, and exhibits a non-sharp border. Genetic manipulations within the producing
strain that specifically inactivate either the tailocin (tailocin deficient) or low molecular
weight bacteriocin (bacteriocin deficient) confirm that strains A and B are sensitive to
distinct bacteriocins. Figure 2 shows that bacteriophage-mediated killing can be
distinguished from other non-replicative antimicrobials by comparing a dilution series.
Because both bacteriocins and prophage can be induced by mitomycin C treatment,
activities of these two agents can closely resemble each other (particularly if the
activated phage is abundant). In the case of bacteriophage-mediated clearing, dilution
of the supernatant will resolve into individual plaques (clearing zones) while bacteriocin-
mediated clearing will not resolve into such plaques.

Figure 1: Phenotypic distinction of multiple antimicrobial agents produced by the
same strain. Strain A is sensitive to a high molecular weight bacteriocin (tailocin) but
not an alternative low molecular weight bacteriocin, as evidenced by lack of clearing in
the tailocin deficient strain, but not the bacteriocin deficient strain. Conversely, strain B
is insensitive to the tailocin, but is sensitive to the low molecular weight bacteriocin. The
tailocin is efficiently recovered following PEG precipitation, while lower molecular weight
bacteriocins are not. WT: wild type.

Figure 2: Distinguishing between non-replicative antimicrobials and
bacteriophages. A) Dilution of a high titer of bacteriophages results in individual
plaques that become less numerous (high titer top, low titer bottom). B) Dilution of
bacteriocins results in uniformly less clearing that does not resolve into individual
plaques.

DISCUSSION:

The soft-agar overlay technique described here has been widely applied for many
decades by researchers interested in bacteriophages or bacteriocins. The main benefits
of this approach are that it is simple, cheap and relatively easy to interpret. By
combining the soft-agar overlay with PEG precipitation and serial dilution, antimicrobial
agents can be separated into high vs. low molecular weight agents, and replicative vs.
non-replicative agents (i.e. bacteriophage vs. tailocin, respectively). Finally,
incorporation of targeted genetic manipulation (deletion and complementation) of
putative bacteriocin or prophage loci can firmly establish the identity of a given
antagonistic compound. We have recently used this method to describe a new
bacteriophage-derived bacteriocin prevalent among Pseudomonas syringae strains®.
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The growth media and conditions indicated in this protocol work well for Pseudomonas
syrignae and would likely suffice for other Gram-negative bacteria that grow vigorously
under these conditions. However, researchers using this method will want to optimize
the timing, culture medium, induction method, and incubation temperature for their
system. The critical parameters include inducing the producing culture while in the
logarithmic growth phase, as well as seeding the soft-agar overlay with sufficient
logarithmic phase culture to ensure a uniform bacterial distribution, but not excessive
culture, which will obscure potential clearing zones. There are many bacteriocins that
are not induced as part of the SOS response, but rather are induced through peptide-
based quorum sensing systems (particularly Gram-positive bacteriocins'®), thus, a
researcher may want to screen several different induction methods (such as modifying
nutrient content of inducing medium, or allowing for extended incubation of the
producing strain).

When using this technique, the soft-agar overlay must be thoroughly melted and
maintained at 55-60 °C prior to the addition of the seeding strain. We have had several
experiments where the soft-agar was not thoroughly melted (though visually it appeared
to be) and resulted in an overlay with a grainy appearance. Results from a grainy
overlay can still be generally interpretable, however, this is dependent on the strength of
the inhibition (weaker inhibition will be more difficult to observe). A final, confounding
variable to consider when using this technique is that the temperature of the molten
agar is allowed sufficient time to cool prior to inoculation with the seeding strain, so as
to avoid killing the seeding strain. To avoid this issue, we ensure the soft-agar is warm,
but not hot, to touch. Along these lines, we have also observed that if we give
inadequate time for a seeding culture to acclimate to the molten agar, prior to pouring
the overlay, we recover generally poor bacterial growth, which makes interpretation of
specific inhibition difficult or impossible to interpret. This is why we allow 10-15
additional seconds of incubation between vortexing and pouring the overlay. The trade-
off between maintaining the agar in a completely molten state (hotter is better) but not
lethal to the seeding strain (hotter is not better) is one that will likely need to be
determined by a researcher through trial and error.

If a PEG precipitation step is used, it would be beneficial to include a negative control
where a sterile broth medium is processed identically to the culture supernatant. This
will ensure that killing activity is not the result of residual PEG or chloroform within the
sample supernatant.

As both bacteriophages and bacteriocins tend to be highly specific, it is not uncommon
to encounter no apparent killing activity with a given combination of strains. This can
result from a variety of strain-specific resistance mechanisms, one being that the tester
strain either lacks or has an unrecognized version of the receptor needed for targeting
by a given bacteriocin or bacteriophage.

An alternative method, bacteriocin screening method has been described by Kawai et
al., but suffers from drawbacks and has not been widely adopted?®. Specifically, this
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technique requires observing broth samples at time intervals that can be burdensome,
and does not allow for the discrimination between bacteriophage-derived and
bacteriocin-derived killing activities.

The main limitations of this technique is that it is not well suited for organisms that do
not grow robustly (and thus will lack easily discernable clearing zones) or that harbor
prophages or bacteriocins that are not robustly produced under laboratory conditions.
Adaption of this technique to detect bacteriocins produced in environmental samples
would both expand the utility of this technique and facilitate greater insight into the role
of bacteriocins within natural settings.
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Excel Spreadsheet- Table of Materials/Equipment

Name of Material/Equipment
Mitomycin C

Chloroform

Polyethylene Glycol (PEG)
Bacteriological grade agar
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Materials/Equipment reagent list.xIsx

Company

Santa Cruz Biotechnology
Sigma-Aldrich

Amresco

Genesee Scientific

Catalogue Number
sc-3514

34854

0159

20-274
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independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MylJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the wuse, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JOVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JOVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.

CORRESPONDING AUTHOR:

Name: Kevin L. Hockett
Department: Plant Sciences
Institution: University of Arizona
Article Title:

Aevern 7%&&1%’
Signature:
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Date:

Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd on the JoVE submission site;

2) Faxthe documentto +1.866.381.2236;

3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945.9051
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Rebuttal Comments Click here to download Rebuttal Comments

Response_to_reviewers_comments.docx

Editorial comments:

Please sign the Article and Video Licence Agreement, either digitally or by hand.
Please scan and upload it with your manuscript files.

Unfortunately, | am currently unable to scan and upload a signed version of the
Article and Video License Agreement today as | am currently traveling. | have
uploaded an electronically signed version, and will be able to upload a scanned
version later in the evening tomorrow (9/1/16).

*Formatting:

-2.1 - "To sterilized supernatant, add" Unless the supernatant was sterilized prior
to this step (as part of the protocol), please change to "To the sterile supernatant,
add”.

Modified as indicated

-References — Please abbreviate journal titles.
The journal titles have been abbreviated.

*Discussion: Please include alternative methods in discussion of significance and
include independent citations. Please also discuss the limitations and future
applications of the method.

Discussion of a recently published technique has been included, as well as
discussion of limitations and future applications of the agar overlay technique
(lines 299-313).

Reviewers' comments:

Reviewer #1:

Manuscript Summary:

In this manuscript Hockett and Baltrus describe a strategy for the screening of
culture supernatants on the presence of antagonism-mediating compounds. This
method allows to distinguish between bacteriophage, high and low molecular
weight bacteriocins. The experimental set-up of the experiment is clear and
potential errors that may occur during the experiment are described in sufficient
detail. Interaction phenotypes that a researcher may be looking for are clearly
mentioned as well, which | appreciate.

Major Concerns:
There are no major concerns

Minor Concerns:

| have some small textual comments:

- Sentence L56 reads difficult? Word missing?
Sentence has been revised to read more smoothly.

L]


http://www.editorialmanager.com/jove/download.aspx?id=543648&guid=b355dc9e-8406-4547-ba0a-37c7fb58262c&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=543648&guid=b355dc9e-8406-4547-ba0a-37c7fb58262c&scheme=1

- L61: Pseudomonas
Typo has been corrected.

- 2.1 L110: I would expect that stirring is needed to dissolve the NaCl and the
PEG? Or not?

A sentence was included indicating that the sample should be repeatedly
inverted until both the NaCl and PEG are dissolved.

- Figure 1: 1 would have expected strain A on the left side of the panel? This
doesn't pose any dfficulty towards interpretation though...

- L229: of the producing?

The sentence was modified to include ‘the’, which was originally omitted (line
235).

- L269: ref 4 is a bit outdated if it concerns work on Pseudomonas bacteriocins.
The authors may want to replace the ref by Ghequire and De Mot. 2014. FEMS
Microbiol Rev. 38:523?

We agree that inclusion of the Ghequire and De Mot reference benefits the
manuscript. We think inclusion of the Michel-Briand and Baysse reference, dated
as it may be, is still beneficial as it includes more biochemical detail not included
in the more contemporary review.

Additional Comments to Authors:
N/A

Reviewer #2:

Manuscript Summary:

The authors describe the use of a soft-agar overlay to screen for inhibitory
compounds. Through targeted gene deletion and PEG precipitation, one can
distinguish between a phage, high molecular weight bacteriocin and low
molecular weight bacteriocin. It represents a relatively inexpensive way to screen
supernatants collected from a number of strains.

Major Concerns:
N/A

Minor Concerns:

1. In line 33, the wording of the sentence is a bit awkward "bacteriophages and
bacteriocins, proteinaceous antibacterial compounds.

This sentence has been slightly modified, with agents replacing compounds.

2. The introduction describes Pseudomonas aeruginosa and E. coli as being
known to produce bacteriocins but doesn't explain the reason why P. syringae
was used. It would be helpful to add in a bit more information about known



bacteriocins or inhibitory compounds that are secreted by P. syringae.

Two sentences have included into the introduction both indicating briefly the
different sorts of antimicrobial agents produced by P. syringae, as well as the
current interest in antimicrobials from this organism (lines 67-72).

3. It would be useful to explain the reason for mitomycin C addition earlier.
A note has been added regarding the role of mitomycin C within the protocol
(lines 104-105).

4. Can a negative control be added to the protocol? PEG can be difficult to get rid
of and can kill bacterial strains.

This is an excellent suggestion, a note on inclusion of a negative control has
been included within the discussion (lines 269-272).

5. Is there an advantage to adding chloroform to supernatants in step 1.5.1? It
would be helpful if the authors included the benefits to adding chloroform to
supernatants.

A note has been included indicating that chloroform is cheaper and easier to
scale-up if processing many samples at a time (lines 118-119).

6. In Figure 1, would one expect to see a larger zone of inhibition for PEG
precipitated tailocin as compared to untreated supernatants? PEG treatments
removes low molecular weight which would enrich for tailocins so would that
increase activity? What is known about the effective concentration of tailocins
and relative amounts produced by P. syringae strains?

Tailocins (because of their size) are limited in their mobility within the agar matrix
and do not diffuse away from the spot of inoculation (as noted within the
representative results section). The best way to distinguish between samples
with differing tailocin concentrations would be through comparing extinction
points for serial dilution of each sample.

7. It would helpful if the authors included a potential result of a strain being
immune to the supernatants collected from another strain. Would that mean the
strain also contains the same bacteriocin locus? What are other possible
explanantions?

A short note has been added at the end of the discussion regarding this
comment (lines 277-281).

Additional Comments to Authors:
N/A

Reviewer #3:
Manuscript Summary:
This is a very clearly written protocol, describing a simple but effective and very



useful technique for identification of producer of either replicative or non-
replicative antimicrobial agents. | have used the technique in my own lab for
screening both phage host ranges and antimicrobial activity of macro algae frond
sections for antimicrobial activity. As such | believe a visual presentation and
written protocol of this technique would be exceptionally useful and widely
accessed. It appears that the authors have made every attempt to fully address
the original reviewers comments. | have a few points of a minor nature which the
authors should address prior to final acceptance

Major Concerns:
None

Minor Concerns:

Line 55-56 "is an understanding antagonistic" should read "is an understanding
of the antagonistic”

This sentence has been revised in an alternative way to what the reviewer has
indicated, but in a way that is grammatically correct.

Protocol 1.1 - although the authors mention the reason for using mitomycin C in
lines 185-6, it might be useful to the viewer/reader to describe why mitomycin C
is added to the culture at this stage, rather than (or in addition to) later on in the
manuscript.

See response to reviewer #2, comment 3 above.

Line 93-94 - perhaps add a few words on what chloroform does here - is there a
worry that perhaps active agents might partition into the chloroform as in a crude
solvent extract? | think this should be considered and may be worth mentioning.
These concerns have been addressed within the note describing the difference
between filter sterilization and chloroform treatment (lines 118-122).

Line 180-1 - the manuscript should contain details of the strains used - what are
the genetic manipulations?

While we agree with the reviewer that inclusion of details regarding the genetic
manipulations within manuscripts should normally be included, we believe such
description would be beyond the scope of this manuscript, which focuses on the
agar-overlay protocol and only uses the mutant strain for illustrative purposes.

Line 215 "We've" to "We have”
This change has been made.

Line 227 - is circuits the appropriate term here? QS regulated pathways?
Circuits has been modified to systems.

Line 233-5 - this sentence might be confusing for the reader - how will the
individual know if it is properly melted, especially as you state that it may visually
appear melted? | would be included to remove "(though it visually appeared to



be)”

We agree that our description is seemingly contradictory, however, this coming
from our experience with this protocol. We believe that that the final sentence of
this paragraph indicating that trial and error will be necessary will help resolve
this issue for researchers.

Line 246 - "between maintain the agar" should read "between maintaining the
agar’
Good catch, this mistake has been corrected.

Additional Comments to Authors:
N/A

[Editorial recommendation: Please keep JoVE’s protocol requirements in mind
as you address the above comments - the protocol must contain sufficient detail
in order to enable users to accurately replicate your technique. We recommend
NOT removing any details from the protocol text.]



