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Cover Letter

Dear editor,

We are pleased to present our manuscript for “Antibiotic dereplication using the Antibiotic Resistance
Platform”.

Our paper describes the need for a more comprehensive method for dereplicating natural product
antibiotics derived from Actinobacteria and other microbes that does not require the use of expensive
analytical equipment or sophisticated data interpretation. To provide a solution to this problem, we
introduce the Antibiotic Resistance Platform (ARP) and Minimal Antibiotic Resistance Platform (MARP).
These platforms utilize a library of isogenic Escherichia coli strains expressing individual resistance genes
that are effective against the most commonly re-discovered antibiotics. When this library is grown in the
presence of an antibiotic-producing organism, the identity of the compound can be deduced by the
growth of the E. coli indicator strain expressing the associated resistance gene. Our E. coli library is
currently comprised of over >90 resistance genes that confer resistance to 18 antibiotic classes.

We believe that the Journal of Visualized Experiments (JoVE) is the most appropriate journal for us to
submit this manuscript to because interest for the ARP and/or MARP library has been expressed
worldwide, and in response it is important to provide users with a detailed protocol. Although this
dereplication method does not require extensive equipment or data interpretation, there are a number
of techniques that are important to be followed in order for the method to be carried out successfully.
With the help of the detailed instruction videos prepared by JoVE, our protocol can be appropriately
demonstrated and distributed to those interested.

Sincerely,
Haley L. Zubyk
Georgina Cox

Gerard D. Wright
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22 SUMMARY:
23 We describe a platform that utilizes a library of isogenic antibiotic resistant Escherichia coli for
24 the dereplication of antibiotics. The identity of an antibiotic produced by bacteria or fungi can be
25 deduced by the growth of E. coli expressing its respective resistance gene. This platform is
26  economically effective and time-efficient.
27
28  ABSTRACT:
29  One of the main challenges in the search for new antibiotics from natural product extracts is the
30 re-discovery of common compounds. To address this challenge, dereplication, which is the
31 process of identifying known compounds, is performed on samples of interest. Methods for
32  dereplication such as analytical separation followed by mass spectrometry are time-consuming
33  and resource-intensive. To improve the dereplication process, we have developed the antibiotic
34  resistance platform (ARP). The ARP is a library of approximately 100 antibiotic resistance genes
35 that have been individually cloned into Escherichia coli. This strain collection has many
36 applications, including a cost-effective and facile method for antibiotic dereplication. The process
37 involves the fermentation of antibiotic-producing microbes on the surface of rectangular Petri
38 dishes containing solid medium, thereby allowing for the secretion and diffusion of secondary
39 metabolites through the medium. After a 6-day fermentation period, the microbial biomass is
40 removed, and a thin agar-overlay is added to the Petri dish to create a smooth surface and enable
41  the growth of the E. coli indicator strains. Our collection of ARP strains is then pinned onto the
42  surface of the antibiotic-containing Petri dish. The plate is next incubated overnight to allow for
43  E. coli growth on the surface of the overlay. Only strains containing resistance to a specific
44  antibiotic (or class) grow on this surface enabling rapid identification of the produced compound.
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This method has been successfully used for the identification of producers of known antibiotics
and as a means to identify those producing novel compounds.

INTRODUCTION:

Since the discovery of penicillin in 1928, natural products derived from environmental
microorganisms have proven to be a rich source of antimicrobial compounds!. Approximately
80% of natural product antibiotics are derived from bacteria of the genus Streptomyces and other
actinomycetes, while the remaining 20% is produced by fungal species’. Some of the most
common antibiotic scaffolds used in the clinic such as the B-lactams, tetracyclines, rifamycins,
and aminoglycosides, were originally isolated from microbes?. However, due to the rise of
multidrug resistant (MDR) bacteria, our current panel of antibiotics has become less effective in
treatment®*. These include the “ESKAPE” pathogens (i.e., vancomycin-resistant enterococci and
B-lactam-resistant Staphylococcus aureus, Klebsiella pneumoniae, Pseudomonas aeruginosa,
Acinetobacter baumannii, and Enterobacter sp.), which are a subset of bacteria deemed to be
associated with the highest risk by a number of major public health authorities such as the World
Health Organization3=. The emergence and global spread of these MDR pathogens results in a
constant need for novel antibiotics3™. Regrettably, the past two decades have demonstrated that
the discovery of novel antibiotics from microbial sources is increasingly difficult®. Current
approaches to drug discovery include the high-throughput screening of bioactive compounds,
including natural product extract libraries, allowing for thousands of extracts to be tested at a
given time?. However, once antimicrobial activity is detected, the next step is to analyze the
contents of the crude extract to identify the active component and eliminate those containing
known or redundant compounds’8. This process, referred to as dereplication, is vital to prevent
and/or significantly reduce the time spent on the re-discovery of known antibiotics’°. Although
a necessary step in natural product drug discovery, dereplication is notoriously laborious and
resource-intensive®®.

Ever since Beutler et al. first coined the term “dereplication”, extensive efforts have been made
to develop innovative strategies for the rapid identification of known antibiotics'*!2, Today the
most common tools used for dereplication include analytical chromatographic systems such as
high-performance liquid chromatography, mass spectrometry, and nuclear magnetic resonance-
based detection methods'*3. Unfortunately, each of these methods requires the use of
expensive analytical equipment and sophisticated data interpretation.

In an attempt to develop a dereplication method that can be rapidly performed without
specialized equipment, we established the antibiotic resistance platform (ARP)°. The ARP can be
used for the discovery of antibiotic adjuvants, the profiling of new antibiotic compounds against
known resistance mechanisms, and the dereplication of known antibiotics in extracts derived
from actinobacteria and other microbes. Here, we focus on its application in antibiotic
dereplication. The ARP utilizes a library of isogenic Escherichia coli strains expressing individual
resistance genes that are effective against the most commonly re-discovered antibiotics'*®.
When the E. coli library is grown in the presence of a secondary metabolite-producing organism,
the identity of the compound can be deduced by the growth of E. coli strains that express its
associated resistance gene'®. When the ARP was first reported, the library consisted of >40 genes
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conferring resistance to 16 antibiotic classes. The original dereplication template was designed
to encompass a subset of resistance genes per antibiotic class to provide information regarding
antibiotic subclass during the dereplication process. Today, the ARP is comprised of >90 genes
that confer resistance to 18 antibiotic classes. Using our extensive collection of resistance genes,
a secondary dereplication template has been developed and is known as the minimal antibiotic
resistance platform (MARP). This template was created to eliminate gene redundancy and to
simply provide information regarding the general antibiotic class that a dereplicated metabolite
is related to. Additionally, the MARP template possesses both wildtype and a
hyperpermeable/efflux deficient strain of E. coli BW25113 (E. coli BW25113 AbamBAtolC),
compared to the original incarnation of the ARP, which only utilizes the hyperpermeable strain.
This unique aspect creates additional phenotypes during dereplication, indicating a compounds
ability to cross the outer membrane of Gram-negative bacteria. Here, we describe a robust
protocol to be followed when dereplicating with either the ARP and/or MARP, highlight the most
critical steps to be followed, and discuss the various possible outcomes.

PROTOCOL:
1. Preparation of E. coli library glycerol stocks (from agar slants)

1.1. Streak the ARP/MARP E. coli strains from lysogeny broth (LB) agar slants onto Petri dishes
containing LB agar and the appropriate selectable marker (Table 1).

1.2. Prepare cultures for each of the E. coli strains by inoculating 3 mL of LB containing the
appropriate selectable marker with a single colony. Grow overnight at 37 °C with aeration (250
rpm).

1.3. Combine 800 pL of culture and 200 pL of sterile 80% glycerol in a 1.8 mL cryovial. Mix by
inverting the tubes 3-4 times, and store at -80 °C.

2. ARP/MARP frozen stock library plate preparation

2.1. Streak the ARP/MARP strains from the glycerol stocks prepared in section 1 onto a new set
of Petri dishes containing LB agar and the appropriate selectable marker. Grow overnight at 37
°C.

2.2. Using aseptic technique, pipette 500 uL of cation adjusted Mueller Hinton broth (MHB) from
a sterile reservoir into each well of a sterile 96 deep well plate.

2.3. With the plates prepared in step 2.1, use an applicator stick to inoculate the 96 deep well
plate in accordance with the ARP/MARP map (Supplemental Figure 1 and Supplemental Figure
2). Ensure that the appropriate selectable marker is added to each well. Incubate the deep well
plate overnight at 37 °C with aeration (250 rpm).

2.4. Ensure that there are no contaminated wells by referring to the ARP/MARP map. Repeat if



133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176

contaminated. Using a multi-channel pipettor, transfer 100 pL from each well of the deep well
plate to a sterile 96-well round bottom plate. Repeat this step to create multiple frozen stock
library plates.

NOTE: It is best to prepare at least 5 library plates at a time to keep from repeating steps 2.1-2.4
in the event of frozen stock library plate contamination.

2.5. Finish making the ARP/MARP frozen stock library plates by pipetting 100 pL of sterile 50%
glycerol into each well and mix by gently pipetting up and down.

2.6. Cover the plates with sterile aluminum seals and ensure that each well is individually sealed.

2.7. Number the plates and dedicate only one frozen stock library plate for inoculating new
templates at a given time. Keep the remainder as back-ups in the event of frozen stock library
plate contamination.

2.8. Place the plate lid on top of the aluminum seal and store at -80 °C.
3. Seed culture and dereplication plate preparation

3.1. Using an applicator stick, inoculate 3 mL of Streptomyces antibiotic medium (SAM) (or other
appropriate medium for the organism being tested) in a test tube containing one sterile glass
bead (to break-up the mycelium) with the producing strain that is to be dereplicated. For
Streptomyces, gently scrape spores from the surface of a colony.

3.2. Using the same wooden applicator stick, streak a sterility control on a Petri dish containing
Bennett’s agar.

3.3. Incubate the seed culture at 30 °C with aeration for 6 days (250 rpm) and incubate the
sterility control plate at 30 °C for 6 days.

NOTE: Refer to Table 2 for SAM and Bennett’s media recipes. The above instructions are suitable
for most actinomycetes. Alter growth media as necessary for other bacteria and fungi.

3.4. Prepare dereplication plates by aspirating 23 mL of Bennett’s agar into a serological pipette
and dispense 20 mL evenly across the surface of a rectangular Petri dish (Table of Materials),
leaving the remainder of the medium in the pipette to prevent air bubble formation.

NOTE: Ensure that the surface being used to pour plates is level and perform this step before the
agar has cooled too much; a flat surface is imperative for library pinning in the next stages.

3.5. Gently rotate the plate until the medium covers all areas of the plate and do not disturb it
until the agar has set completely.
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3.6. Prepare nitrocellulose membrane sheets (Table of Materials) by using a rectangular Petri
dish lid as a tracing template so that the sheets fit the surface of the dereplication plate. Cut the
sheets and autoclave them in a sterile pouch.

NOTE: This membrane allows for organisms to sporulate on its surface, while secondary
metabolites may be excreted into the medium below. Once grown, the membrane is removed to
provide a clean surface for dereplication. The closer fit that the membrane paper has on the
surface of the Bennett’s agar, the cleaner the dereplication result.

3.7. Check the sterility control plate to ensure that no contaminants are present after 6 days of
incubation. If contamination-free, remove the lid of the rectangular Petri dish and pipette 200 pL
of seed culture onto the surface of the Bennett’s agar.

3.8. Evenly spread the culture across the surface of the entire plate using a sterile cotton swab.

3.9. Place the nitrocellulose membrane prepared in step 3.6 over top of the culture on the
surface of the Petri dish. Begin by aligning the bottom edge of the membrane to the bottom edge
of the Petri dish, and slowly apply the membrane from the bottom edge to the top edge of the
plate.

3.10. Use a sterile cotton swab to smooth out any air bubbles that may have formed between
the membrane-agar interface, ensuring that the membrane is flush to the agar.

3.11. Put the lid back on the rectangular Petri dish and place it upside down in a sealed plastic
bag. Incubate at 30 °C for 6 days.

4. Dereplication plate MHB overlay and ARP/MARP library plate preparation

4.1. After 6 days, remove the dereplication plate from the 30 °C incubator. Using sterile tweezers
(autoclaved or sprayed thoroughly with 70% ethanol), carefully remove the nitrocellulose
membrane from the surface of the Bennett’s agar.

NOTE: This step will remove the hydrophobic spores and mycelia grown on the surface of the
membrane to provide a clean surface for dereplication, facilitating step 4.2.

4.2. As described for step 3.4, ensure the work surface is level and use a serological pipette to
aspirate 23 mL of cation adjusted MHB agar. Create an overlay by dispensing 20 mL evenly across
the surface of the dereplication plate, leaving the remainder of the medium in the pipette to
prevent air bubble formation.

4.3. Gently rotate the plate until the medium covers all areas and do not disturb it until the agar
has set completely. Once cooled and solidified, return the dereplication plate to the sealed plastic
bag and store it upside at 4 °C overnight.
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NOTE: This step allows for diffusion of secondary metabolites from the fermented Bennett’s
medium into the MHB agar overlay. If the nitrocellulose membrane was not prepared properly
there will be spore growth around the edges of the plate, which have hydrophobic properties
that repel the MHB agar. Do not pour the overlay on top of these spores because it can result in
contamination of the overlay.

4.4, On the same day that the overlay is poured, inoculate a fresh ARP/MARP template by
pipetting 100 uL of cation adjusted MHB into each well of a 96-well plate.

NOTE: To reduce the chance of spreading contamination during dereplication, use a single
ARP/MARP library plate to only dereplicate 2-3 dereplication plates. Therefore, inoculate enough
96-well ARP/MARP plates based on the number of strains that will be dereplicated.

4.5, Take the frozen stock ARP/MARP library plate out of the -80 °C freezer. Remove the
aluminum seal before condensation begins to form on its underside, thereby decreasing the
chance of contaminating neighboring wells in the library plate.

4.6. Using 96-well pinning tools (or other forms of inoculation equipment), carefully pin from the
frozen stock ARP/MARP library plate and inoculate the fresh MHB-containing 96-well plates.

4.7. Put a new sterile aluminum seal on the frozen template once complete and return it to the
-80 °C freezer. Place the inoculated 96-well plates inside of a sealed plastic bag and incubate at
37 °C with aeration (250 rpm) for 18 h.

NOTE: New frozen stock library plates can be prepared from this step after ensuring that no
contamination is present. Add glycerol to the plate before storing at -80 °C as described in step
2.5.

5. Dereplicating using the ARP/MARP

5.1. Remove the ARP/MARP template from the incubator and ensure that no contaminants are
present. Always dereplicate using a template that is freshly prepared and not directly from the
frozen stock.

5.2. Remove the dereplication plates from 4 °C and allow to equilibrate to room temperature. If
there is condensation, open the lids and allow to dry in a sterile environment.

5.3. Using pinning tools (or other inoculation equipment), pin from the ARP/MARP library plate
onto the surface of the MHB agar overlay of the dereplication plates. Be careful not to pierce the
agar.

5.4. After pinning the template onto the surface of the dereplication plates, allow the template
inoculum to dry for 3-5 min. Place the inoculated dereplication plates upside down in a sealed
plastic bag and incubate overnight at 37 °C.
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5.5. Analyze dereplication results the following day by comparing growth on the dereplication
plate to wells that correspond to the ARP/MARP map (Table 3 and Table 4).

REPRESENTATIVE RESULTS:
The following results were obtained when a collection of antibiotic-producing strains of interest
were dereplicated using the ARP and/or MARP.

A diagram of the ARP/MARP dereplication workflow is depicted in Figure 1, and library plate
maps are shown in Supplemental Figure 1 and Supplemental Figure 2. Figure 2 demonstrates a
positive dereplication result wherein the environmental extract WAC 8921 is identified as a
chloramphenicol producer. Figure 3 shows a lack of ARP growth entirely, which indicates the
presence of either an unknown antibiotic or a less commonly found antibiotic that is not
accounted for in the ARP/MARP library plate. Figure 4 demonstrates a growth pattern that is
unique to the MARP because of its utilization of both wildtype E. coli BW25113 and a
hyperpermeable and efflux deficient mutant E. coli BW25113 AbamBAtolC. This result suggests
the presence of a compound with antimicrobial activity that is unable to surpass an intact outer
membrane. Figure 5 shows an E. coli growth pattern that suggests the improper sterilization of
pinning tools and Figure 6 shows an example of ARP/MARP frozen stock library plate
contamination. Figure 7 demonstrates what happens if the agar overlay is pierced during
dereplication. Lastly, Figure 8 shows MHB overlay related contamination that can occur during
the dereplication process.

FIGURE AND TABLE LEGENDS:

Figure 1: A schematic of the dereplication process. The producing strain to be dereplicated is
streaked onto a rectangular Petri dish as a lawn and a nitrocellulose membrane is placed on top.
The plate is then incubated for 6 days wherein the producing-strain related biomass grows on
the surface of the membrane while and secondary metabolites produced are secreted into the
Petri dish media. After a 6-day fermentation period, the membrane is removed and an MHB
overlay is added to the surface of the antibiotic-containing media to provide a smooth surface
for pinning. The ARP/MARP E. coli library, which is arranged in a 96-well plate format according
to the ARP/MARP Maps, is then pinned onto the surface of the overlay. After incubating the tray
overnight at 37 °C, the growth of E. coli strains expressing specific resistance genes indicates the
identity of the compound produced.

Figure 2: Dereplication of a known antibiotic. The producing strain WAC 8921 was dereplicated
using the ARP template. Growth of E. coli BW25113 AbamBAtolC pGDP1:CAT on the surface of
the MHB agar overlay indicates that WAC 8921 is a chloramphenicol producer.

Figure 3: Dereplication of an unknown antibiotic. The producing strain WAC 9941 was
dereplicated using the ARP template. A lack of E. coli library growth was seen on the surface of
the rectangular Petri dish, indicating that either WAC 9441 is producing an unknown
antimicrobial compound or a rare antibiotic that is not accounted for in the ARP.
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Figure 4: Identification of an antimicrobial compound that cannot traverse an intact outer
membrane. The producing strain WAC 4178 was dereplicated using the MARP template. Strains
of E. coliBW25113 are capable of growing on the surface of the secondary metabolite-containing
media, whereas all strains of E. coli BW25113 AbamBAtolC cannot grow. This suggests that WAC
4178 is producing an antimicrobial compound that cannot traverse an intact outer membrane.

Figure 5: Contamination due to non-sterile pinning tools. The producing strain WAC 7094 was
dereplicated using the ARP template. The presence of E. coli library growth in areas that did not
have an assigned E. coli strain suggests that the pinning tools used to inoculate the MHB agar
overlay of the rectangular Petri dish were not properly sterilized. This results in the transfer of
unknown E. coli strains across the overlay.

Figure 6: Contamination due to a contaminated frozen stock ARP/MARP template. The
producing strain WAC 3683 was dereplicated using the ARP template. Three distinct E. coli
colonies grew on the rectangular Petri dish surface: two correspond with E. coli BW25113
AbamBAtolC expressing STAT, a streptothricin resistance enzyme, and the other corresponds to
E. coli BW25113 AbamBAtolC expressing VIM-2ss, a B-lactam resistance enzyme. Due to a lack of
replicating blavivzss colony growth, in addition to the lack of cross-resistance known to occur
between these two antibiotic classes, it can be assumed that a strain other than E. coli
AbamBAtolC pGDP1: blavimass is growing in the respective frozen library plate well.

Figure 7: Pierced MHB agar overlay. The producing strain WAC 5106 was dereplicated using the
ARP template. This strain was found to be a streptomycin producer, as indicated by the growth
of E. coli BW25113 AbamBAtolC pGDP3:aph(6)-la. Puncture holes can be seen on the surface of
the MHB agar overlay along the perimeter of the plate. While this does not affect the
dereplication results, it can make the data difficult to interpret at first glance.

Figure 8: Contamination of the MHB agar overlay. Contaminated MHB agar produces an
irregular growth pattern on the surface of the overlay that becomes visible after incubating the
plate overnight at 37 °C. Although E. coli growth may still be visible through the contamination,
it is advised to repeat the experiment before extrapolating data from the plate.

Table 1: Selectable markers used in the pGDP plasmid series. Streak the ARP/MARP E. coli strains
onto LB agar Petri dishes containing the appropriate selectable marker at the right concentration
for each plasmid.

Table 2: Recipes for SAM and Bennett’s media, and Czapek mineral mix. Adjust SAM and
Bennett’s to pH 6.8 before autoclaving, and filter sterilize the Czapek mineral mix.

Table 3: Well designation table for the minimal ARP strains. This table indicates which well of a
96-well plate that each of the minimal ARP strains can be found in according to the minimal ARP
library plate map. The table also lists which antibiotic class each gene confers resistance to.
Please note that some genes may confer resistance to more than one antibiotic within the given
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antibiotic class.

Table 4: Well designation table for the ARP strains. This table indicates which well of a 96-well
plate that each of the ARP strains can be found in according to the ARP library plate map. The
table also lists which antibiotic class each gene confers resistance to. Please note that some genes
may confer resistance to more than one antibiotic within the given antibiotic class.

Supplemental Figure 1: Library plate map used for the original antibiotic resistance platform
(ARP) template. Organize the respective E. coli strains in a 96-well plate using this format to
ensure that all necessary controls and duplicates are included. This figure has been modified from
Cox et al.*0.

Supplemental Figure 2: Library plate map used for the minimal antibiotic resistance platform
(MARP) template. Organize the respective E. coli strains in a 96-well plate using this format to
ensure that all necessary controls and duplicates are included.

DISCUSSION:

The protocol described above can be applied to both the discovery of novel antimicrobial
compounds and adjuvants that can be used in conjunction with existing antibiotics to rescue their
activity. The platform takes advantage of the high substrate specificity of resistance mechanisms
and their cognate antibiotics, to dereplicate compounds within crude natural product extracts.
Although the time required for dereplication plates to be prepared is lengthy (~2 weeks), the
dereplication process itself is complete after a single overnight incubation period, which is rapid
in comparison to the time it can take to isolate and characterize a compound from crude extracts.
Additionally, no expensive or highly specialized equipment is required, making this platform
accessible and cost-effective.

Another major benefit of this platform is its flexibility. The ARP can be expanded to contain
resistance genes that encompass more antibiotic classes. This is achieved by monitoring
literature for the emergence of novel resistance enzymes and using basic molecular cloning
techniques to add the genes to the E. coli library. Furthermore, the dereplication template is
customizable based on the desired level of broad or narrow range substrate specificity that an
individual wants to use when dereplicating. Any combination of genes in the E. coli library can be
used to make novel library plates with the ability to detect compounds with different profiles.
For example, a B-lactamase expressing E. coli template could be developed to allow for the highly
specific dereplication of B-lactams and their different subclasses.

While this platform was initially designed to dereplicate compounds on solid media, it also been
works in liquid media. This is useful when working with compounds that have already been
purified wherein only a limited amount is available for testing, or when working with compounds
that do not diffuse easily or consistently in solid media. Lastly, while this protocol was described
using the E. coli strains BW25113 and BW25113 AbamBAtolC, the platform can be used with the
resistance gene library expressed in different strains of E. coli (dereplication phenotypes may
vary). Ultimately, the Antibiotic Resistance Platform is flexible, has many applications, and is
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advantageous over other dereplication methods.

To ensure that reproducible and non-contaminated results are obtained, it is critical to follow
appropriate sterilization and aseptic techniques. Failure to do so will result in contamination of
the pinning tools, library plate, or the dereplication plate itself. While selectable markers are
present in the E. coli library, which can help prevent contamination caused by bacteria missing
the marker, it does not prevent the cross-contamination of strains using the same marker. To
reduce the risk of this happening it is essential to carefully sterilize the bacterial pinning tools
before pinning from the library plate. Each library plate should only be pinned from 3-4 times
maximum before discarding for a new template. This prevents the spread of contamination
across all dereplication plates if a library plate becomes contaminated during the pinning process.
Additionally, no antibiotics are used when inoculating the dereplication plate and so great care
must be taken to prevent contamination before it is left to ferment for six days. Another possible
source of contamination is in the MHB agar overlay of the dereplication plate. If the overlay
media is contaminated, growth will only appear after the overnight incubation at 37 °C post-
pinning. Overlay contamination can make it extremely difficult to analyze the growth of the E.
colilibrary on the overlay surface. To reduce the chances of overlay contamination, prepare MHB
agar fresh before pouring the overlay. It is recommended that until an individual is comfortable
with this method, dereplication plates should always be prepared in duplicate or triplicate such
that in the event of contamination of one plate, data can still be extracted from the hopefully
non-contaminated plates.

Lastly, it is important to note that the ARP/MARP has limitations. This protocol is not suitable for
the de-replication of producing-strains that produce more than one bioactive compound. Each
strain in the E. coli library has been designed to express a single resistance gene. If two antibiotics
are being produced by an organism, neither resistance gene will confer resistance to the second
antibiotic, thereby resulting in cell death of both strains. Thus, this possibility must be considered
when dereplication results suggest the presence of a novel antibiotic because the production of
multiple antibiotics cannot be detected by the current single construct E. coli library. One
approach that can be taken to combat the challenge of dereplicating strains that produce more
than one antibiotic involves using the agar-plug procedure described in the original ARP paper by
Cox et al.1 In this method, a portion of a fermented solid medium is removed from an antibiotic-
producer containing plate and placed onto a lawn of indicator ARP strain. The indicator strain can
be any of the resistant E. coli strains in the ARP library. Zones of inhibition are then used to
compare the bioactivity of a producing-strain against the ARP strains and a wild-type strain. ARP
strains that form an inhibitory zone of decreased size compared to the wild-type strain can resist
the compound being produced. This method has proven to be effective at identifying strains
capable of producing multiple antibiotics®.

In summary, for obtaining the best results when dereplicating with the ARP/MARP it is
recommended that dereplication plates are prepared in duplicate or triplicate. Other critical
steps in the protocol include pinning from a fresh library plate (never frozen) and removing as
much biomass as possible from the producing-strain during the membrane removal stage. If all
necessary steps are followed, one should have successful dereplication results for a producing-



441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484

strain of interest within a two-week time frame.

ACKNOWLEDGMENTS:

Research in the Wright lab pertaining to the ARP/MARP was supported by the Ontario Research
Fund and Canadian Institutes of Health Research grant (FRN-148463). We would like to
acknowledge Sommer Chou for assisting in the expansion and organization of the ARP library.

DISCLOSURES:
The authors have nothing to disclose.

REFERENCES:

1. Lo Grasso, L., Chillura Martino, D., Alduina, R. Production of Antibacterial Compounds from
Actinomycetes. actinobacteria. In Basics and Biotechnological Applications. Edited by
Dhanasekaran, D., Jiang, Y., IntechOpen. (2016).

2. Thaker, M. N. et al. Identifying producers of antibacterial compounds by screening for
antibiotic resistance. Nature Biotechnology. 31, 922-927 (2013).

3. Gajdacs, M. The Concept of an Ideal Antibiotic: Implications for Drug Design. Molecules. 24,
892 (2019).

4. Boucher, H. W. et al. Bad bugs, no drugs: no ESKAPE! An update from the Infectious Diseases
Society of America. Clinical Infectious Diseases. 48, 1-12 (2009).

5. Gajddcs, M. The Continuing Threat of Methicillin-Resistant Staphylococcus aureus. Antibiotics.
8, 52 (2019).

6. Gaudéncio, S. P., Pereira, F. Dereplication: Racing to speed up the natural products discovery
process. Natural Product Reports. 32, 779-810 (2015).

7. Ito, T., Masubuchi, M. Dereplication of microbial extracts and related analytical technologies.
The Journal of Antibiotics (Tokyo). 67, 353—360 (2014).

8. Van Middlesworth, F., Cannell, R. J. Dereplication and Partial Identification of Natural Products.
Methods in Biotechnology. 279-327 (2008).

9. Tawfike, A. F., Viegelmann, C., Edrada-Ebel, R. Metabolomics and Dereplication Strategies in
Natural Products. In Metabolomics Tools for Natural Product Discovery: Methods and Protocols.
Edited by Roessner, U., Dias, D. A., 227-244, Humana Press. Totowa, NJ (2013).

10. Cox, G. et al. A Common Platform for Antibiotic Dereplication and Adjuvant Discovery. Cell
Chemical Biology. 24, 98-109 (2017).

11. Hubert, J., Nuzillard, J. M., Renault, J. H. Dereplication strategies in natural product research:
How many tools and methodologies behind the same concept? Phytochemistry Reviews. 16, 55—
95 (2017).

12. Beutler, J. Dereplication of phorbol bioactives: Lyngbya majuscula and Croton cuneatus.
Journal of Natural Products. 53, 867—-874 (1990).

13. Mohimani, H. et al. Dereplication of microbial metabolites through database search of mass
spectra. Nature Communications. 9, 1-12 (2018).

14. Baltz, R. H. Marcel Faber Roundtable: Is our antibiotic pipeline unproductive because of
starvation, constipation or lack of inspiration? Journal of Industrial Microbiology and
Biotechnology. 33, 507-513 (2006).

15. Baltz, R. H. Antibiotic discovery from actinomycetes: Will a renaissance follow the decline and



485  fall? Archives of Microbiology. 55, 186—196 (2005).
486



Figure 1 - Schematic for Dereplication Click here to access/download;Figure;Figure 1 - Schematic for

ARP Dereplication Revised.ai

A) Prepare Dereplication Plate

L 2 Place nitrocellulose membrane on 3 Remove the biomass-covered 4 Pour an MHB agar overlay on the
Antibiotic Producer top of streaked bacteria nitrocellulose membrane surface of the antibiotic-containing

rectangular petri dish
Incubate for 6 days at 30 °C

Biomass grows on membrane
e surface while antibiotics are
[ secreted into media

1 Confluently streak a lawn of
antibiotic-producing bacteria onto
the rectangular petri dish surface

B) Dereplicate using the ARP

2 Inoculate pinning tools with the

Resistant E. coli ARP E. colilibrary

4 The growth of E. coli expressing
Incubate for 18 hours at 37 °C. specific resistance genes is used to
identify which antibiotic was
produced

d
123456785 0un ’

e
123456789 0un

3 Pin the ARP E. coli library onto the
surface of the antibiotic-containing
rectangular petri dish prepared in Step A

1 Arrange the ARP E. coli library in a
96-well plate according to the ARP Map

EH


https://www.editorialmanager.com/jove/download.aspx?id=1091111&guid=1c55e8b5-8ada-4851-8ea3-21505f24d230&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1091111&guid=1c55e8b5-8ada-4851-8ea3-21505f24d230&scheme=1

Figure 2 - Chloramphenicol Producer Click here to access/download;Figure;Figure 2 - WAC 8921 =
Chloramphenicol Producer.ai



https://www.editorialmanager.com/jove/download.aspx?id=1091112&guid=babc2a23-6aec-4968-8a4b-1069127746ac&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1091112&guid=babc2a23-6aec-4968-8a4b-1069127746ac&scheme=1

Figure 3 - No ARP Growth Click here to access/download;Figure;Figure 3 - WAC 9441 =
No Growth.ai



https://www.editorialmanager.com/jove/download.aspx?id=1091113&guid=6f578b3a-7ba5-4561-862f-9a2112742cdb&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1091113&guid=6f578b3a-7ba5-4561-862f-9a2112742cdb&scheme=1

Figure 4 - Compound cannot pass outer
membrane

Click here to
access/download;Figure;Figure 4 - WAC

I+


https://www.editorialmanager.com/jove/download.aspx?id=1091114&guid=db29bfc8-42d3-4fab-8fb7-3fbc9cd97cbe&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1091114&guid=db29bfc8-42d3-4fab-8fb7-3fbc9cd97cbe&scheme=1

Figure 5 - Contaminated pinning tool

Click here to
access/download;Figure;Figure 5 - Pinning

I+


https://www.editorialmanager.com/jove/download.aspx?id=1091119&guid=12eccb2c-e5fe-4794-91f0-4175e59e0d4d&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1091119&guid=12eccb2c-e5fe-4794-91f0-4175e59e0d4d&scheme=1

Figure 6 - Contaminated frozen stock
template

Click here to
access/download;Figure;Figure 6 -

I+


https://www.editorialmanager.com/jove/download.aspx?id=1091124&guid=6f6a1fc3-a1d2-49cd-8497-05ae0a9f47a3&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1091124&guid=6f6a1fc3-a1d2-49cd-8497-05ae0a9f47a3&scheme=1

L]

Figure 7 - Pierced agar overlay Click here to
access/download;Figure;Figure 7 - Pierced



https://www.editorialmanager.com/jove/download.aspx?id=1091125&guid=d24c813e-7bbe-40d0-903d-ca1d27da7911&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1091125&guid=d24c813e-7bbe-40d0-903d-ca1d27da7911&scheme=1

Figure 8 - Contaminated overlay

Click here to
access/download;Figure;Figure 8 - Overlay

I+


https://www.editorialmanager.com/jove/download.aspx?id=1091128&guid=195803c8-28c5-4dcb-acde-f0ff8242eb92&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1091128&guid=195803c8-28c5-4dcb-acde-f0ff8242eb92&scheme=1

Table 1 - pGDP selectable markers Click here to access/download;Table;Table 1 - pGDP selectable 2
markers - JOVE.xIsx

Plasmid Selectable Marker
pGDP1 ,
Kanamycin 50 mL
GDP2 y ug/
pGDP3 .
Ampicillin 100 mL
0GDP4 P He/

None -
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Media Ingredient Amount
SAM Glucose 15g
Soya peptone 15¢g
NacCl 5g
Yeast extract lg
CaCOs 1lg
Glycerol 2.5mL
ddH,0 Toll
Bennett's Potato starch 10g
Casamino acids 2g
Yeast extract 18¢g
Czapek mineral mix (2 mL
Agar (optional) 15g
ddH,0 Toll
Czapek mineral mix |KCI 10g
MgS0O,-7H,0 10g
NaNO; 12 g
FeS0O,-7H,0 0.2g
Concentrated HCI 200 pL
ddH,0 To 100 mL

*
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Strain well designation table.xIsx

Resistance
Antibiotic Class Antibiotic Gene E. coli Strain Well Position
AbamB AtolC
trept i h(3”)-1 B3, G1
Streptomycin aph(3”)-la BW25113 3,G10
AbamB AtolC
2-D treptami tB F3, C1
| . eoxystreptamine rm BW25113 3, C10
Aminoglycosides
Apramycin apmA Abams AtolC C5, F8
pramy P BW25113 :
AbamB AtolC
ti i h(9)-1 B5, G
Spectinomycin aph(9)-la BW25113 5, G8&
B-lactams C Psnllcmm ' NDM-1 AbamB AtolC B4, G9
ephalosporin BW25113 ,
Carbapenam
Lincosamides Lincosamides ermC
Macrolides Macrolides ermC AbamB AtolC D4 ES
) Type B BW25113 ’
Type B Streptogramins ) ermC
Streptogramins
, Type A AbamB AtolC
T A Strept tD C3, F10
ype reprogramins Streptogramins va BW25113 ’
AbamB AtolC
hrici hrici TAT D3, E1
Streptothricin Streptothricin S BW25113 3, E10
Tetracyclines Tetracycline tet (A) AbamB AtolC D5, E8
Y Y BW25113 /
AbamB AtolC
hl henicol hl henicol AT E4, D
Chloramphenicols Chloramphenicols G BW25113 , D9
AbamB AtolC
Fosf i Fosf i A F 7
osfomycins osfomycins fos BW25113 6,C
AbamB AtolC
Rif i Rif i E3, D1
ifamycins ifamycins arr BW25113 3, D10
Polymyxins Polymyxins MCR-1 wild-type BW25113 C6, F7
Echinomycins Echinomycins UVrA Abams AtolC F4,6 C9
Y Y BW25113 /
AbamB AtolC
i i Al i huB 4 F
Sideromycins bomycin fhuB mutant BW25113 C4, F9
Tuberactinomycins Viomycin vph AbamB htolC F5, C8
Y Y P BW25113 /
C1, C12, F1, F12,
N/A N/A N/A wild-type BW25113
E5, D8
AbamB AtolC AL Al2 B, B12,
N/A N/A N/A D6, D7, E6, E7, G1,
BW25113

G12,H1, H12

L]
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Antibiotic Class Antibiotic Resistance Gene | E. coli Strain Well Position
AbamB AtolC
h(3”)-1
| aph(3”)-la BW25113 B2, 611
Streptomycin AbamB AtolC
h(6)-1 C6,F7
aph(6)-la BW25113 ®
AbamB AtolC
ti i h(9)-1 A2 H11
Spectinomycin aph(9)-la BW25113 ,
AbamB AtolC
- A3 H1
aac(3)-la BW25113 3,10
AbamB AtolC
t(2”)-1 A5 H
ant(2")-la BW25113 > H8
AbamB AtolC
Aminoglycosides Gentamicin h(2”)-1 A4 H
&Y aph(2”)-1d BW25113 9
armA AbamB AtolC A6, H7
BW25113
6’)-aph(2”)- AbamB AtolC
aac(6’)-aph(2”) amB Ato 85, G8
la BW25113
AbamB AtolC
h(3’)-1 B4
. aph(3’)-la BW25113 /69
Kanamycin AbamB AtolC
h(3’)-1ll B 1
aph(3’)-liia BW25113 3,610
AbamB AtolC
H i h(4)-1 B 7
ygromycin aph(4)-la BW25113 6,G
AbamB AtolC
A icilli TEM-1 F 7
moxicillin BW25113 6, C
AbamB AtolC
ftazidi TX-M-1 F
Ceftazidime C 5 BW25113 5, C8
AbamB AtolC
XA-1 B
. O 0 BW25113 G5, B8
Oxacillin
OXA-48 AbamB AtolC HS A8
BW25113 ’
B-lactams
IMP-7ss AbamB AtolC G4, B9
BW25113 ’
AbamB AtolC
Meropenem -2 B
P KpC BW25113 G, B7
NDM-1 AbamB AtolC HE. A7
BW25113 ’
AbamB AtolC
i -2
Imipenem VIM BW25113 F4, C9
AbamB AtolC
ermC am ° C4, F9

linrAcAmidnAe

linrAcAmidAe

BW25113
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Liricusaliinuco

Liricuaaliinuco

AbamB AtolC

Inu(A C5, F8
nu(A) BW25113 /
ermC AbamB AtolC C4. F9
BW25113
. . AbamB AtolC
Macrolides Macrolides mphA am ° C3, F10
BW25113
AbamB AtolC
mphB am®= 2o C2, F11
BW25113
AbamB AtolC
C C4, F9
Type B Type B erm BW25113
Streptogramins | Streptogramins AbamB AtolC
Ptog Ptog Vgb am®= 8o D4, E9
BW25113
Type A | Type A | vatD AbamB AtolC D5, £8
Streptogramins | Streptogramins BW25113
AbamB AtolC
hrici hrici TAT D3, E1
Streptothricin Streptothricin S BW25113 3, E10
Tetracyclines Tetracycline tet (M) Abams htolC ES5, D8
Y Y BW25113 /
Chloramphenico AbamB AtolC
hi henicol AT E4,D
Chloramphenicols < G BW25113 , D9
AbamB AtolC
Fosf i Fosf i A H4, A
osfomycins osfomycins fos BW25113 , A9
AbamB AtolC
Rif i Rif [ E3, D1
ifamycins ifamycins arr BW25113 3, D10
A1, Al12, B1,
AbamB AtolC | B12, D6, D7, E6,
N/A N/A N/A
BW25113 E7, G1, G12, H1,

H12




Table of Materials

Name of Material/Equipment

Agar

AlumaSeal CS Films for cold storage
Ampicillin Sodium Salt

BBL Mueller Hinton Il Broth (Cation-Adjusted)
BBL Phytone Peptone (Soytone)
Calcium Carbonate

Casamino acid

Cotton-Tipped Applicators

CryoPure Tube 1.8ml mix.colour
D-glucose

Disposable Culture Tube, 16x100mm
Ethyl Alcohol Anhydrous

Glass Beads, Solid

Glycerol

Hydrochloric Acid

Instant sealing sterilization pouch
Iron (Il) Sulfate Heptahydrate
Kanamycin Sulfate

LB Broth Lennox

Magnesium Sulfate Heptahydrate

MF-Millipore Membrane Filter, 0.45 um pore size

Microtest Plate 96 well, round base
New Brunswick Innova 44

Nunc OmniTray Single-Well Plate
Petri dish 92x16mm with cams
Pinning tools

Potassium Chloride

Potato starch

Sodium Chloride

Sodium Nitrate

Wood Applicators

Yeast Extract
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Company

Bio Shop

Sigma-Aldrich
Bio Shop

Becton Dickinson
Becton Dickinson
Bio Shop

Bio Basic

Fisher Scientific
Sarstedt

Bio Shop

Fisher Scientific
Commercial Alcohols
Fisher Scientific
Bio Shop

Fisher Scientific
Fisher Scientific
Sigma-Aldrich
Bio Shop

Bio Shop

Fisher Scientific

Millipore-Sigma
Sarstedt
Eppendorf
Thermo Fisher
Scientific
Sarstedt

ETH Zurich
Fisher Scientific
Bulk Barn
Fisher Scientific
Fisher Scientific
Dukal Corporation
Fisher Scientific

Catalog
Number
AGR003.5
7722642-
50EA
AMP201.100
212322
211906
CAR303.500
3060
23-400-101
72.379.992
GLU501.5
14-961-29
PO16EAAN
11-312C
GLY001.4
A144-212
01-812-54
F7002-250G
KAN201.50
LBL405.500
M63-500

HAWP00010
82.1582.001
M1282-0000

264728
82.1473.001
P217-500
279
BP358-10
S343-500
9000
BP1422-2
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Antibiotic dereplication using the Antibiotic Resistance Platform

Author(s):

Haley L. Zubyk,Georgina Cox, Gerard D. Wright

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

QStandard Access

Item 2: Please select one of the following items:

D Open Access

QThe Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and 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 Mylove 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.

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.

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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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
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rights permitted under such 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. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. 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.
10. 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 use, 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.

11. 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
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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
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.

12. 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
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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 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.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of 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.

14. 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 is required per submission.

CORRESPONDING AUTHOR
Name:
Haley L. Zubyk
Department: ] ] ] ] ]
Biochemistry and Biomedical Sciences
Institution: . .
McMaster University
Title: Ph.D. Candidate
Signature: J{’MZMY\, Date: | Jyly 4, 2019

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Fax the document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Editorial comments:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or
grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be
present in the published version.

The appropriate edits have been made.

2. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit permission can
be expressed in the form of a letter from the editor or a link to the editorial policy that allows re-prints. Please upload
this information as a .doc or .docx file to your Editorial Manager account. The Figure must be cited appropriately in
the Figure Legend, i.e. “This figure has been modified from [citation].”

The appropriate edits have been made and copyright permission has been obtained.

3. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™),
registered symbols (®), and company names before an instrument or reagent. Please remove all commercial
language from your manuscript and use generic terms instead. All commercial products should be sufficiently
referenced in the Table of Materials. You may use the generic term followed by “(Table of Materials)” to draw the
readers’ attention to specific commercial names. Examples of commercial sounding language in your manuscript are:
Omni Trays, Millipore-Sigma, Thermo Fisher Scientific,

The appropriate edits have been made.

4. Please revise the Protocol text to avoid the use of personal pronouns (e.g., I, you, your, we, our) or colloquial
phrases.
The appropriate edits have been made.

5. Please revise the Protocol to contain only action items that direct the reader to do something (e.g., “Do this,”
“Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever
possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text
that cannot be written in the imperative tense may be added as a “NOTE.” Please include all safety procedures and
use of hoods, etc. However, notes should be used sparingly and actions should be described in the imperative tense
wherever possible. Please move the discussion about the protocol to the Discussion.

The appropriate edits have been made. NOTE is used for minor explanations for why a step is being performed and
what is important to keep in consideration.

6. Please remove the embedded table from the manuscript and upload it separately to your Editorial Manager
account in the form of an .xls or .xIsx file. Reference the table in the relevant step. Each table must be accompanied
by a title and a description after the Representative Results of the manuscript text.

The appropriate edits have been made.

7. The Protocol should be made up almost entirely of discrete steps without large paragraphs of text between
sections. Please simplify the Protocol so that individual steps contain only 2-3 actions per step and a maximum of 4
sentences per step. Use sub-steps as necessary.

The appropriate edits have been made. Paragraphs within the protocol have now been turned into sub-steps.

8. References: Please do not abbreviate journal titles; use full journal name.
The appropriate edits have been made.

9. Figure 1: Please replace “Omni Tray” with a generic term.
The appropriate edits have been made.

10. Table of Materials: Please remove any ™/®/© symbols. Please sort the materials alphabetically by material
name.
The appropriate edits have been made.

Reviewers' comments:

Reviewer #1:

Manuscript Summary:

The manuscript entitled "Antibiotic dereplication using the Antibiotic Resistance Platform" discusses a very interesting
a current topic, as MDR pathogens are a serious concern for clinicians worldwide. The paper is extremely well-written
and methodologically sound, and will be interesting to anyone working in the field on antimicrobial drug design and
discovery. | have the following remarks:

Overall, the paper is extremely well-written (both from an organisational and language perspective), only minor
changes are needed (which will be detailed below). The M&M section is impeccably written and the results are

L]
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https://www.editorialmanager.com/jove/download.aspx?id=1092334&guid=8df3d96b-68f0-4647-984b-74202bb83df3&scheme=1

presented/discussed in a similar fashion.

My main concern is the introduction of the paper, which may hinder the manuscript from reaching a very wide
readership.

Thank you very much for your feedback. Regarding your concerns for the introduction restricting the readership of
this article, we have added additional discussion on the need for new antibiotics and specific pathogens that we hope
will add additional information to orient the non-expert reader.

Minor Concerns:

The authors should discuss the current problem pathogens in a few sentences (namely the ESKAPE pathogens, i.e.
MRSA, VRE, ESBL- and carbapenemase-producers etc.), with the inclusion of the following references:

Molecules 2019, 24(5), 892; https://doi.org/10.3390/molecules24050892

MRSA: Antibiotics 2019, 8(2), 52; https://doi.org/10.3390/antibiotics8020052

Clin Infect Dis. 2009 Jan 1;48(1):1-12. doi: 10.1086/595011.

The appropriate edits have been made.

Reviewer #2:

Manuscript Summary:

This manuscript describes an E coli platform that has about 100 antibiotic resistance genes cloned into individual
strains. These allow for rapid screening for new antibiotics with dereplication (identification of previously known
antibiotics)

Major Concerns:
None - the manuscript is well-prepared, useful, easy to read and merits publication

Minor Concerns:
None

Thank you very much for your feedback.
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