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SHORT ABSTRACT:
Here we present an experimental method to test the role of multicopy plasmids in the
evolution of antibiotic resistance.

LONG ABSTRACT:

Multicopy plasmids are extremely abundant in prokaryotes but their role in bacterial evolution
remains poorly understood. We recently showed that the increase in gene copy number per cell
provided by multicopy plasmids could accelerate the evolution of plasmid-encoded genes. In
this work, we present an experimental system to test the ability of multicopy plasmids to
promote gene evolution. Using simple molecular biology methods, we constructed a model
system where an antibiotic resistance gene can be inserted into Escherichia coli MG1655, either
in the chromosome or on a multicopy plasmid. We use an experimental evolution approach to
propagate the different strains under increasing concentrations of antibiotics and we measure
survival of bacterial populations over time. The choice of the antibiotic molecule and the
resistance gene is so that the gene can only confer resistance through the acquisition of
mutations. This “evolutionary rescue” approach provides a simple method to test the potential
of multicopy plasmids to promote the acquisition of antibiotic resistance. In the next step of the
experimental system, the molecular bases of antibiotic resistance are characterized. To identify

*


http://www.editorialmanager.com/jove/download.aspx?id=770074&guid=d4f3b500-f6cd-47f8-a86f-7a14eda894f4&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=770074&guid=d4f3b500-f6cd-47f8-a86f-7a14eda894f4&scheme=1

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

mutations responsible for the acquisition of antibiotic resistance we use deep DNA sequencing
of samples obtained from whole populations and clones. Finally, to confirm the role of the
mutations in the gene under study, we reconstruct them in the parental background and test
the resistance phenotype of the resulting strains.

INTRODUCTION:

Antibiotic resistance in bacteria is a major health problem®. At a fundamental level, the spread
of antibiotic resistance in pathogenic bacteria is a simple example of evolution by natural
selection?3. Put simply, the use of antibiotics generates selection for resistant strains. A key
problem in evolutionary biology, therefore, is to understand the factors that influence the
ability of bacterial populations to evolve resistance to antibiotics. Selection experiments have
emerged as a very powerful tool to investigate the evolutionary biology of bacteria, and this
field has produced incredible insights into a wide range of evolutionary problems*®. In
experimental evolution, bacterial populations initiated from a single parental strain are serially
passaged under defined and tightly controlled conditions. Some of the mutations that occur
during the growth of these cultures increase bacterial fitness, and these spread through the
cultures by natural selection. During the experiment, samples of the populations are
periodically cryogenically preserved to create a non-evolving frozen fossil record. A wide
number of approaches can be used to characterize evolving bacterial populations, but the two
most common methods are fitness assays, that measure the ability of evolved bacteria to
compete against their distant ancestors, and whole genome sequencing, that is used to identify
the genetic changes that drive adaptation. Following pioneering work by Richard Lenski and
colleagues’8, the standard approach in experimental evolution has been to challenge a
relatively small number of replicate populations (typically <10) with adapting to a new
environmental challenge, such as new carbon sources, temperature, or a predatory phage.

Infections caused by antibiotic resistant bacteria become a big problem when resistance is high
enough that it is not possible to increase antibiotic concentrations to lethal levels in patient
tissues. Clinicians are therefore interested in what allows bacteria to evolve resistance to high
doses of antibiotic that are above this threshold antibiotic concentration, the clinical
breakpoint. How to study this experimentally? If a small number of bacterial populations are
challenged with a high dose of antibiotic, as in a Lenski-style experiment, then the most likely
outcome is that the antibiotic will drive all of the populations to extinction. At the same time, if
the dose of antibiotic that is used is low, below the minimal inhibitory concentration (MIC) of
the parental strain, then it is unlikely that the bacterial populations will evolve clinically relevant
levels of resistance, especially if resistance carries a large cost. One compromise between these
two scenarios is to use an “evolutionary rescue” experiment®!%, In this approach, a very large
number of cultures (typically >40) is challenged with doses of antibiotics that increase over
time, typically by doubling antibiotic concentration every day'2. The hallmark of this experiment
is that any population that does not evolve increased resistance will be driven to extinction.
Most populations that are challenged in this way will be driven extinct, but a small minority will
persist by evolving high levels of resistance. In this paper, we show how this experimental
design can be used to investigate multicopy plasmid contribution to the evolution of resistance.
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Bacteria acquire resistance to antibiotics through two principal routes, chromosomal
mutations, and acquisition of mobile genetic elements, mostly plasmids®3. Plasmids play a key
role in the evolution of antibiotic resistance because they are able to transfer resistance genes
between bacteria by conjugation#!>, Plasmids can be divided into two groups according to
their size and biology: “small”, with high copy number per bacterial cell and “large”, with low
copy number®!’ The role of large plasmids in the evolution of antibiotic resistance has been
extensively documented because they include conjugative plasmids, which are key drivers of
the dissemination of resistance and multi resistance among bacterial®>. Small multicopy
plasmids are also extremely common in bacterial”!®, and they often code for antibiotic
resistance genes'®. However, the role of small multicopy plasmids in the evolution of antibiotic
resistance has been studied to a lesser extent.

In a recent work, we proposed that multicopy plasmids could accelerate the evolution of the
genes they carry by increasing gene mutation rates due to the higher gene copy number per
cell2, Using an experimental model with E. coli strain MG1655 and the B-lactamase gene blarem-
1 it was shown that multicopy plasmids accelerated the rate of appearance of TEM-1 mutations
conferring resistance to the third-generation cephalosporin ceftazidime. These results indicated
that multicopy plasmids might play an important role in the evolution of antibiotic resistance.

Here, we present a detailed description of the method we have developed to investigate the
multicopy plasmid-mediated evolution of antibiotic resistance. This method has three different
steps: first, insertion of the gene under study either in a multicopy plasmid or the chromosome
of the host bacteria. Second, use of experimental evolution (evolutionary rescue) to assess the
potential of the different strains to adapt to the selective pressure. And third, determining the
molecular basis underlying plasmid-mediated evolution using DNA sequencing and
reconstructing the suspected mutations individually in the parental genotype.

Finally, although the protocol described here was designed to investigate the evolution of
antibiotic resistance, one can argue that this method could be generally useful to analyze the
evolution of innovations acquired by mutations in any multicopy plasmid-encoded gene.
PROTOCOL:

1. Construction of the Experimental System Encoding Antibiotic Resistance Gene

Note: Here E. coli MG1655 was used as the recipient strain of the plasmid- or chromosome-
encoded antibiotic resistance gene. The antibiotic resistance gene is encoded in the

chromosome or a multicopy plasmid in an otherwise isogenic strain (Figure 1).

1.1. Insertion of the antibiotic resistance gene in the A phage integration site (attB)?° of the
chromosome of MG1655.

1.1.1. Amplify 500 bp-long regions at both sides of the chromosomal attB site by PCR. Use
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oligonucleotides YbhC-F (5'- CCTGTACCGTACAGAGTAAT-3') and attB-R (5'-
GCCCGCCACCCTCCGGGCCGGTATAAAAAAGCAGGCTTCA-3’) for the left homology region and
attB-F  (5’- AGCGCCCTAGCGCCCGCTCCTTATACTAACTTGAGCGAAA-3’) and YbhB/R (5'-
TGGCGATAATATTTCACCGC-3’) for the right one. Amplify the blarem-1 resistance gene using
primers Teml1-pBAD-F (5- TGAAGCCTGCTTTTTTATACCGGCCCGGAGGGTGGCGGGC-3’) and
Tem1-pBAD-R (5’- TTTCGCTCAAGTTAGTATAAGGAGCGGGCGCTAGGGCGCT-3’). Design primers
with approximately 20 bp (in the 5’ end) of sequence showing complementarity to the
fragment that is going to be fused to.

1.1.2. Fuse homology regions to the antibiotic resistance gene PCR product (including its
promoter region) using isothermal assembly??, at 50 °C for 30 min.

1.1.3. Electroporate MG1655 cells containing plasmid pKOBEG.

Note: pKOBEG is a thermosensitive vector that contains the A Red machinery, promoting
homology-based allelic exchanges between the chromosome and PCR products?2.

1.1.3.1. Use 1 pL of the product from step 1.1.22 into 40 L of electrocompetent cells in 2 mm
cuvettes at 4 °C and 2.5 kV. Resuspend cells in 1 mL of LB broth + 0.2% arabinose to maintain
the expression of the A Red machinery.

1.1.3.2. Transfer the total volume to a microfuge tube and incubate 2 h at 30 °C (permissive
temperature for pKOBEG) with intense shaking (200 rpm in an orbital shaker) to allow for the
phenotypic expression of the resistance markers inserted in the chromosome.

1.1.3.3. Plate the cells on LB agar containing the appropriate antibiotic to select for the
antibiotic resistance gene (ampicillin or carbenicillin at 100 mg/| for blatem-1).

1.1.4. Plate 100 pL on one Petri dish, and spin down the rest of the volume, resuspend it in 100
uL of fresh LB broth and plate it on another Petri dish. Incubate overnight at 42 °C.

Note: This temperature is non-permissive for the replication of pKOBEG. The colonies able to
grow in these conditions will have lost pKOBEG and will present the resistance gene integrated
into the attB site (for simplicity this strain will be called MG1655::resA from here on).

1.1.5. Test for the loss of pKOBEG by replicating the colonies of interest in plates with
chloramphenicol (the antibiotic against which pKOBEG contains a resistance marker).

Note: Lack of growth in chloramphenicol plates at the permissive temperature of 30°C is
indicative of the absence of the plasmid.

1.1.6. In order to verify clones, PCR amplify the construction using external primers YohC-Extern
(5’-TTTGTGACCAGAAGACCGCA-3’) and YbhB-Extern (5’-CTCATCAGTAACGATCTGCG-3’), verify
through gel electrophoresis the correct size of the amplicon and sequence the purified product
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to ensure that the sequence of the inserted gene is correct.
1.2. Insert the antibiotic resistance gene in a multicopy plasmid.

Note: Because plasmids with very-high copy number tend to impose a large reduction in
bacterial host fitness, we recommend the use of multicopy plasmids with a natural origin of
replication, such as p3655 (pSU18T-pBADgfp2, ColEl-type origin of replication??). These
plasmids usually present a moderate copy number of about 15-20 copies per cell.

1.2.1. PCR amplify the antibiotic resistance gene of choice (including promoter region),
phosphorylate the PCR product and ligate it to the PCR-amplified backbone of the plasmid:

1.2.1.1. PCR amplify the antibiotic resistance gene; for blatem-1 use primers Tem1-pBAD-F (5'-
TGAAGCCTGCTTTTTTATACCGGCCCGGAGGGTGGCGGGC-3') and Tem1-pBAD-R (5-
TTTCGCTCAAGTTAGTATAAGGAGCGGGCGCTAGGGCGCT-3’).

1.2.1.2. Phosphorylate the purified product using T4 polynucleotide kinase, following
manufacturer’s instructions.

1.2.1.3. PCR amplify the plasmid backbone using a high-fidelity polymerase and
oligonucleotides pBAD-F (5-CGTTGATCGGCACGTAAGAG-3’) and pBAD-R (5'-
AAACGACGGCCAGTGCCAAG-3’).

1.2.1.4. Ligate both PCR fragments using T4-ligase following manufacturer’s guidelines.

1.2.2. Electroporate, as described previously, 40 uL of electrocompetent E. coli DH5-a cells with
a maximum of 1 pL of the ligation product and select on the appropriate antibiotics for the
antibiotic resistance gene (ampicillin or carbenicillin at 100 mg/L for blatem-1) and the plasmid
backbone.

Note: Supplementing LB with arabinose here is unnecessary.

1.2.3. Extract the plasmid using the commercial mini-prep kit of the reader’s choice:

1.2.3.1. Harvest 5 mL of an overnight culture by centrifuging at 12000 x g at room temperature.
Resuspend the cells in 250 pL of resuspension solution and mix well. Add 250 L of lysis solution
and mix well. Add 350 pL of neutralization and mix well.

1.2.3.2. Transfer the supernatant to the DNA binding column provided with the kit, centrifuge
for 1 min and discard the flow through. Wash twice the column with 500 pL of washing
solution, centrifuging for one minute and discarding the flowthrough at each wash. Centrifuge

the empty column for 1 additional min to remove residual washing buffer.

1.2.3.3. Place the column in a clean tube and add 50 pL of ultra-pure water to the membrane to
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elute the purified DNA. Centrifuge for 1-2 min and collect the flow through that contains the
purified plasmid. Sanger sequence the gene of interest in the plasmid using primers from
outside the inserted sequence to confirm that the sequence is correct and that no mutations
are present in the resistance gene prior to the evolution experiments.

1.2.4. Once the sequence is verified, electroporate the plasmid in the E. coli MG1655 strain, as
described above.

Note: This yields strain MG1655/pRESA.
2. Evolutionary Rescue Approach to Experimentally Evolve Antibiotic Resistance (Figure 1)

2.1. Streak out the strains under study on LB plates: MG1655::resA and MG1655/pRESA plus the
susceptible parental strain, MG1655.

Note: Plasmid pRESA should be stable in MG1655, so there is no need to add antibiotics to the
LB plates. Mutation rates in E. coli are low enough so once the construction is verified it is not
necessary to verify plasmid sequence at each step.

2.2. Prepare 96-well plates with 200 pL of LB in each well and inoculate 48 isolated colonies of
each strain in independent wells (one plate per strain). Incubate the plates overnight at 37 °C
and 200 rpm. Keep a frozen stock of these founder populations.

Note: To prevent and control for culture cross-contamination in the 96-well plates, use a
checkerboard plate design by intercalating inoculated wells with bacteria-free medium
throughout the 96-well plate. Use this plate design during the entire experimental evolution.

2.3. Start the evolutionary rescue experiment by inoculating 2 uL from each well of the plates
with the founder populations in new 96-well plates with 198 uL of LB in each well with a sub-
inhibitory concentration of the antibiotic under study. For the evolutionary rescue approach
start with % or 1/8 of the minimal inhibitory concentration (MIC, determined previously?) of
the antibiotic in LB for each of the three strains and double the concentration of the antibiotic
daily. Use this approach to maximize the chances of populations to acquire resistance
mutations?®. Incubate the plates at 37 °C and 200 rpm for 20 h.

Note: Measure the overnight OD of the founder populations. If there are significant differences
in OD among strains correct the initial inoculum to start the experiment with the same number
of cells per well.

2.4. Every day, measure the OD of each population after overnight culture and perform a
transfer of the cultures, as described in 2.3, to new 96-well plates with double the
concentration of the antibiotic than the day before. Incubate the plates 20 h at 37 °C and 200
rpom.
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Note: The 1:100 dilution factor produces approximately 6—7 generations per day.

2.5. In parallel, propagate control populations of each strain in the same conditions as
described in 2.3 and 2.4, but in the absence of antibiotics.

Note: Control populations will help discriminate between mutations arising due to the presence
of the antibiotics and general mutations helping bacteria to adapt to the experimental
conditions. Parallel mutations arising in the absence of antibiotics are likely to be helping
bacteria to adapt to the experimental conditions and not related to antibiotic resistance.

2.6. Track the number of surviving populations every day by measuring the absorbance at a
wavelength of 600 nm (OD) of the cultures using a plate reader.

Note: Optical density values lower than 0.1 indicate the extinction of the population. See Figure
2 for an example of survival curves.

2.7. Keep a frozen stock of all of the populations periodically (every 3-5 days).

2.8 Use log-rank tests [package “survival” in RStudio (Version 0.99.486)] to determine statistical
differences in the survival of populations of the different strains over time under increasing
concentration of antibiotics*?.

Note: This experiment will determine if multicopy plasmids potentiate the evolution of
antibiotic resistance for the particular antibiotic and gene under study.

3. Molecular Basis of the Evolution of Antibiotic Resistance (Figure 1)

3.1 Perform total DNA extractions from a representative number of populations and clones
across strains and treatments. Include the parental strains (MG1655, MG1655::resA and
MG1655/pRESA) to be able to detect the mutations accumulating during the experiment.

Note: For examples of DNA extraction kits see the table of materials. Each kit has different
protocols; follow manufacturers instructions.

3.2 Quantify DNA quality and concentration. There are different methods to determine DNA
quality and concentration. Determine the quality measuring the ratios of absorbance
260nm/280nm and 260nm/230nm. Use a fluorescent, DNA-binding dye to measure DNA
concentration following manufacturer’s instructions, and agarose gel electrophoresis to confirm
that there is no DNA degradation or RNA contamination.

3.3 Use deep DNA sequencing from samples of whole populations and individual clones to
investigate the genetic basis of antibiotic resistance.

Note: We conducted all sequencing at the Wellcome Trust Centre for Human Genetics, Oxford,
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UK. For more details see San Millan et al. 201612

3.4 Use the breseq 0.26.1 pipeline?’?® to detect the mutations, using polymorphism mode to
estimate the frequency of mutations in populations. Compare the different evolved genomes to
the parental genome to detect mutations that have accumulated during the experiment.

3.5 Compare the mutations accumulated in parallel in the control populations with those of the
populations evolved under increasing concentration of antibiotics to differentiate between
mutations helping bacteria to adapt to the general experimental conditions (those found in the
control populations) and those involved in antibiotic resistance (those found exclusively in
populations subjected to antibiotic pressure).

Note: The number of parallel mutations is usually low, so different parallel mutations between
treatments can be easily assessed. Apart from the mutations in the antibiotic resistance gene
under study it is quite likely to find other mutations associated with antibiotic resistance in the
chromosome, such mutations in porins or efflux systems?*2.

3.6 Reconstruct the mutations in the antibiotic resistance gene in the parental strain using the
same approach as in section 1 of this protocol. Follow points 1.1 and 1.2 of the protocol to
introduce the new mutations in the parental background (using the evolved genes as a PCR
template). Analyze the antibiotic resistance phenotypes of these new constructions to confirm
the role of the mutations.

REPRESENTATIVE RESULTS:

In our previous work, the evolution the B-lactamase gene blatem-1 towards conferring resistance
to the third generation cephalosporin ceftazidime'? was investigated. This gene was selected
because, although TEM-1 does not confer resistance to ceftazidime, mutations in blatem-1 can
expand the range of activity of TEM-1 to hydrolyze cephalosporins such as ceftazidime?°.
Mutations in antibiotic resistance enzymes such as B-lactamases or aminoglycoside modifying
enzymes leading to changes in their range of activity are common?>3°, This experimental
system is ideal to explore the evolution of this type of enzymes. For a detailed report of a
successful experiment following this protocol please see San Millan et al. 20162

Here, an example of the possible outcomes of this experimental system is presented to
illustrate the protocol (note that the data used for this example is not real). To investigate the
potential role of multicopy plasmids in the evolution of the antibiotic resistance gene under
study in this example (let’s call it resA), we develop the experimental system following section 1
of the protocol described above. The experiments produce three strains: MG1655,
MG1655::resA and MG1655/pRESA. The evolution of resistance to two different B-lactam
antibiotics (ceftazidime and meropenem) was tested following the steps described in section 2
of the protocol. Figure 2 shows the survival curves of the populations under study. In this
example, there is a significant increase in the survival of populations belonging to
MG1655/pRESA evolving in ceftazidime compared to those from MG1655 or MG1655::resA
(log-rank test, P< 0.05). On the other hand, in the case of meropenem, there are no significant
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differences in the survival of the populations belonging to the different strains (log-rank test, P>
0.05). Therefore, these results suggest that the presence of gene resA in a multicopy plasmid
potentiates the evolution of resistance to ceftazidime but not to meropenem.

In the final step of the experiment, the molecular basis of antibiotic resistance is investigated,
as explained in section 3 of the protocol. First, DNA sequencing will reveal the mutations in resA
that could be responsible for the resistance phenotype. And second, reconstruction of resA
mutations in the parental MG1655 (both in the chromosome and plasmid) will confirm or
discard their role on the antibiotic resistance phenotype.

FIGURE AND TABLE LEGENDS:

Figure 1. Schematic representation of the different phases of the protocol. From left to right:
(i) Construction of the experimental system: MG1655, MG1655::resA and MG1655/pRESA.
Bacterial chromosome is represented in brown, the plasmid in blue and the resA gene in red. (ii)
Evolutionary rescue approach to experimentally evolve antibiotic resistance: several
populations of the different strains are propagated under increasing concentration of the
antibiotic. (iii) Analysis of the molecular basis of antibiotic resistance: sequencing of DNA
samples from the evolved populations and clones, detection of the antibiotic resistance
mutations and reconstruction of these mutations in the parental strain.

Figure 2. Survival curves with increasing concentrations of antibiotics. Representation of the
number of viable populations belonging to strains MG1655, MG1655::resA, and MG1655/pRESA
over time. 48 populations of each strain were propagated under increasing concentrations of
antibiotics ceftazidime and meropenem, starting with 1/8 of the MIC on day 1 and doubling the
antibiotic concentration every day. The red dashed vertical line represents the MIC of the
antibiotics under study. Note that in the case of ceftazidime there are significant differences in
the survival of the populations belonging to different strains over time (log-rank test, P< 0.05).
Crucially, only populations carrying the plasmid are able to survive up to high-level
concentrations of antibiotic. On the other hand, in the case of meropenem, there are no
significant differences in the survival of the different populations over time (log-rank test, P>
0.05).

DISCUSSION:

We present a new protocol combining molecular biology, experimental evolution and deep
DNA sequencing designed to investigate the role of multicopy plasmids in the evolution of
antibiotic resistance in bacteria. Although this protocol combines techniques from different
fields, all the methods required to develop it are simple, and can be performed in a regular
microbiology laboratory. The most critical steps in the protocol probably are the construction of
the model system strains and the reconstruction of the mutations observed after the
experimental evolution (which are performed using the exact same method). However, the
isothermal assembly system?!, simplifies significantly this protocol so any user with an
intermediate level of experience in molecular biology can implement it.

Another critical step of the protocol is the experimental evolution under increasing
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concentrations of antibiotics. As an example, this protocol starts the experiment with %-1/8 of
the MIC of the strains and then doubling the concentration of antibiotic every day. However, a
lower rate of antibiotic change could increase the chance of evolutionary rescue from
extinction?®. Therefore, the rate of change of antibiotic concentrations is one of the parameters
that can be modified to promote the evolution of antibiotic resistance.

DNA sequencing and analysis are also key aspects of the experimental design. Results are more
straightforward when sequencing is performed on DNA samples both from whole populations
and from individual clones, at different time points in the experiment. Sequencing results from
populations will reveal general differences in the mutation profiles among treatments, as well
as selective sweeps of beneficial mutations over time and potential events of clonal
interference. When analyzing sequences from populations, it is better to filter mutations that
never surpassed 10% frequency in any population. Sequences from individual clones help
confirm the results obtained from populations and, most importantly, reveal the specific
combinations between the different mutations observed at the population level. These specific
associations may help uncover epistatic interactions between mutations, which play a critical
role in bacterial adaptation3..

Using this method, we have recently shown that multicopy plasmids accelerate the evolution of
antibiotic resistance, first by increasing the rate of appearance of novel mutations and then by
amplifying the effect of mutations due to increased gene dosage!?. Therefore, we developed
the method as a tool to investigate the evolution of antibiotic resistance, but it may have a
much broader range of applications. Namely, this system could be used to investigate the
ability of any bacterial gene to evolve towards a new or improved function in a more general
way. This system could be used, for example, to test the ability of a metabolic enzyme/pathway
to use new carbon substrates3?. Also, it could be used instead of hypermutators (bacteria with a
defect in the cellular systems involved in DNA mismatch repair) to investigate adaptive gene
evolution in bacteria, avoiding the mutational bias introduced by hypermutators.
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Materials Table

Name of Material/ Equipment

Thermocycler

Electroporator
Electroporation cuvettes
NanoDrop 2000/2000c
Incubator

Incubator (shaker)
Electrophoresis power supply
Electrophoresis chamber

Pippettes

Multi-channel pippetes
Plate reader Synergy HTX
Inoculating loops

96-well plates

LB

LB agar

Phusion Polymerase
Gibson Assembly
Resctriction enzymes
Antibiotics

QlAprep Spin Miniprep Kit
Kit

DNeasy Blood & Tissue Kits
Electroporation cuvettes
Petri dishes

Cryotubes

96-well plates (-802C storage)
QuantiFluor dsDNA System
Agarose

Company

BioRad

BiorRad

Sigma-Aldrich

Thermo Fisher Scientific
Memmert

Cole-Parmer Ltd

BioRad

BioRad

Biohit

Biohit

BioTek

Sigma-Aldrich

Falcon

BD Difco

Fisher scientific

Thermo Fisher Scientific
New England Biolabs
Fermentas FastDigest
Sigma-Aldrich

Qiagen

Promega

Qiagen

Sigma-Aldrich
Sigma-Aldrich

ClearLine

Thermo Fisher Scientific
Promega

BioRad

Catalog Number

C1000

1652660
Z706078
ND-2000
UF1060

SI1500

1645070
1704405
725020, 725050,
725060, 725070
728220, 728230,
728240

BTS1LF

18388

351172
DF0446-17-3
BP1425-500
F533S

E2611S

27104
Al1120
69506
Z706078
D9054
390701
249945
E2670
1613100
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Comments/Description

Determine DNA quality measuring the ratios of absorbanc

Agarose gel electrophoresis
Agarose gel electrophoresis

Plasmid extraction kit
gDNA extraction kit
gDNA extraction kit

Quantification of DNA concentartion
Agarose gel electrophoresis

*
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T4 Polynucleotide Kinase Thermo Fisher Scientific  EK0031
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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
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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
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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.

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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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 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,
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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
expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or
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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.
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Dear JoVE Editor, 10/01/2017

Please find enclosed a revised version of the manuscript entitled “Testing the
role of multicopy plasmids in the evolution of antibiotic resistance” for consideration
for publication in JoVE. We would like to thank the editor for the helpful comments
and suggestions. Here, we provide a point-by-point description of how we have
addressed the comments.

Editorial comments:

1. Please ensure that all text in the protocol section is written in the imperative tense
as if telling someone how to do the technique (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.” However, notes should be concise and used sparingly. Please
include all safety procedures and use of hoods, etc.

These changes have been done.

2. If a step is highlighted please ensure that it provides a clear explanation on how to
do the procedure. Only hard experimental steps can be filmed.

OK.

3. In the JOVE Protocol format, “Notes” should be concise and used sparingly. They
should only be wused to provide extraneous details, optional steps, or
recommendations that are not critical to a step. Any text that provides details about
how to perform a particular step should either be included in the step itself or added
as a sub-step. Please consider moving some of the notes about the protocol to the
discussion section. Also please ensure that no commercial terms are used. Please
use generic terms to specify the individual steps.

OK.

4. Please reduce the instance of personal pronouns (we, you, our, etc.) to less than
20.

We have reduced it.
5. Please ensure that after all the formatting the protocol is no more than 10 pages

longs and highlighted steps are no more than 2.75 pages (hard cut limit) including
heading and spacing.

I+
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Done.
6. Please address individual comments marked in the manuscript as well.

We have addressed the comments.

Sincerely,

Alvaro San Millan and Jose Antonio Escudero.



