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SUMMARY: 24 
The co-culture interaction assays presented in this protocol are inexpensive, high throughput, 25 
and simple. These assays can be used to observe microbial interactions in co-culture, identify 26 
interaction patterns, and characterize the inhibitory potential of a microbial strain of interest 27 
against human and environmental pathogens.  28 
 29 
ABSTRACT:  30 
The study of interactions between microorganisms has led to numerous discoveries, from novel 31 
antimicrobials to insights in microbial ecology. Many approaches used for the study of microbial 32 
interactions require specialized equipment and are expensive and time intensive. This paper 33 
presents a protocol for co-culture interaction assays that are inexpensive, scalable to large 34 
sample numbers, and easily adaptable to numerous experimental designs. Microorganisms are 35 
cultured together, with each well representing one pairwise combination of microorganisms. A 36 
test organism is cultured on one side of each well and first incubated in monoculture. 37 
Subsequently, target organisms are simultaneously inoculated onto the opposite side of each 38 
well using a 3D-printed inoculation stamp. After co-culture, the completed assays are scored for 39 
visual phenotypes, such as growth or inhibition. These assays can be used to confirm 40 
phenotypes or identify patterns among isolates of interest. Using this simple and effective 41 
method, users can analyze combinations of microorganisms rapidly and efficiently. This co-42 
culture approach is applicable to antibiotic discovery as well as culture-based microbiome 43 
research and has already been successfully applied to both applications. 44 

Manuscript Click here to access/download;Manuscript;60275_R2.docx

https://www.editorialmanager.com/jove/download.aspx?id=1071493&guid=9bc34e64-6247-4272-b299-d0fb10c3b5d2&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1071493&guid=9bc34e64-6247-4272-b299-d0fb10c3b5d2&scheme=1


   

 45 
INTRODUCTION: 46 
 47 
In nature, microorganisms rarely exist in isolation; consequently, they are constantly interacting 48 
with other organisms in the environment. Therefore, studying how microorganisms interact 49 
with each other is essential to understanding a multitude of microbial behaviors1. Microbial 50 
interactions can be mutualistic, commensal, or antagonistic, and can critically affect not only 51 
the microorganisms themselves but also the environments and hosts that the microorganisms 52 
colonize1,2.  53 
 54 
Many scientists study microbial interactions to identify new antimicrobial molecules. One of the 55 
first clinically important antimicrobial molecules was found through the study of microbial 56 
interactions. Sir Alexander Fleming observed a contaminating Penicillium spp. isolate that 57 
inhibited the growth of a Staphylococcus strain, which led to the discovery of the commonly 58 
used antibiotic penicillin3. Characterization of the mechanisms that microorganisms use to 59 
antagonize their competitors remains a fruitful resource for the discovery of antimicrobial 60 
molecules. For example, it was recently shown that Streptomyces sp. strain Mg1 produces 61 
antibiotic linearmycins, which have a lytic and degradative activity against Bacillus subtilis4.  62 
 63 
Further, a non-ribosomally synthesized peptide named lugdunin was recently discovered after 64 
the observation that nasal commensal Staphylococcus lugdunensis inhibits Staphylococcus 65 
aureus5. Studies have also shown that mutualistic interactions between microorganisms are 66 
equally as powerful as antagonistic interactions for the discovery of antimicrobial molecules. 67 
For example, many fungus-farming ants in the tribe Attini harbor symbiotic bacteria called 68 
Pseudonocardia on their exoskeleton that produces antifungal molecules to inhibit an obligate 69 
pathogen of their fungal crop6. As the study of microbial interactions has been beneficial for 70 
discovering antimicrobial molecules, the use of high throughput screens may result in the 71 
discovery of new antimicrobial molecules. 72 
 73 
With respect to the cost and ease of performance, the methodologies used to study microbial 74 
interactions range from simple to complex. For instance, an agar plug assay is an inexpensive 75 
and simple method that can be used to investigate antagonism between multiple 76 
microorganisms7. However, an agar plug assay is not an efficient procedure and can be labor-77 
intensive for many pairwise combinations. To assess the effects of microbially produced 78 
products on target isolates of interest in a high throughput manner, many laboratories use disk 79 
diffusion assays8. These assays are easy and inexpensive and can be scalable to higher numbers 80 
of samples7. However, this assay requires the generation of microbial extracts and may produce 81 
misleading results for certain combinations of target organisms and antibiotics, such as 82 
Salmonella and cephalosporins9.  83 
 84 
The preceding approaches rely on isolated components to elicit a response in a target 85 
organism, instead of allowing microorganisms to interact with each other. This is of note 86 
because interactions between microbes may elicit the production of “cryptic” antimicrobial 87 
molecules that are not produced in monoculture. For instance, it was recently shown that the 88 



   

antimicrobial keyicin is only produced by a Micromonospora sp. when co-cultured with a 89 
Rhodococcus sp. that is isolated from the same sponge microbiome10. More complex 90 
interaction methodologies circumvent this potential monoculture hindrance. For instance, the 91 
iChip is useful for isolating rare and difficult to cultivate bacteria from environmental samples 92 
and allows for the observation of microbial interactions through growth in situ11. To investigate 93 
interactions in detail, matrix assisted laser desorption/ionization time-of-flight imaging mass 94 
spectrometry (MALDI-TOF-IMS) can be used. This approach provides detailed information on 95 
the composition and distribution of small molecules and peptides produced by interacting 96 
microbial colonies with high spatial resolution. It has also been used in multiple studies of 97 
bacterial interactions to characterize the mechanisms of competition12–15. However, MALDI-98 
TOF-IMS often requires laborious sample preparation, specialized expertise to operate the 99 
equipment, and expensive and specialized mass spectrometers. For these reasons, it is a 100 
difficult technique to use for high throughput studies. Thus, a simple, scalable, and high 101 
throughput co-culture assay for microbial interactions that overcomes many limitations of the 102 
above approaches would be advantageous. 103 
 104 
Here, a protocol for high throughput microbial co-culture is presented. This assay is simple and 105 
easily incorporated into preexisting studies of microbial interactions. In contrast to many 106 
commonly used methods for the study of microbial interactions, our method is simple, 107 
inexpensive, and is amenable to investigating large numbers of interactions. These assays are 108 
not only easy to perform, but the materials are widely available from most laboratory suppliers 109 
or public resources (e.g., libraries and makerspaces). Consequently, this assay is advantageous 110 
as a first line of investigation to identify and parse interesting patterns among many pairwise 111 
combinations of microorganisms, which may be especially useful for the investigation of 112 
microbial ecology.  113 
 114 
PROTOCOL:  115 
Informed consent was obtained from the donor’s parents, and the Human Subjects Committee 116 
at the University of Wisconsin-Madison approved the study (Institutional Review Board [IRB] 117 
approval number H-2013-1044). 118 
 119 
1. Sample culture  120 
 121 
NOTE: This procedure is used here for the study of interactions among bacteria isolates from 122 
the human nasal cavity. In principle, the following methods are applicable to any culture 123 
condition. Brain-heart-infusion broth (BHI) is used for general propagation of nasal bacteria. All 124 
plates are solidified using 1.5% agar. For this study, samples are taken from saline solution 125 
flushed into a donor’s nose (nasal lavage), transferred into microcentrifuge tubes, and frozen at 126 
-80 °C.  127 
 128 
1.1. Use standard culture techniques to plate 100 µL of each of the thawed lavage samples onto 129 
BHI plates.  130 
 131 
1.2. Incubate the plates aerobically at 37 °C for 1 week.  132 



   

 133 
1.3. After incubation, select ≥2 colonies of each distinct morphotype per plate and passage the 134 
isolates aerobically on BHI plates by streaking a colony from the initial plate onto a new BHI 135 
plate and incubating the plate at 37 °C. Repeat until the bacterial cultures are pure. 136 
 137 
NOTE: Bacterial isolates can be identified through colony morphology, gram-staining, 16S rRNA 138 
gene sequencing, or another method. However, knowing the isolate’s identity is not necessary 139 
for continuing the protocol. 140 
 141 
1.4. Cryopreserve all bacterial isolates at -80 °C after combining 1 mL of 50% glycerol with 1 mL 142 
of bacterial overnight culture (see section 3) in cryotubes. 143 
 144 
2. 3D printing stamps 145 
 146 
NOTE: Polycarbonate was selected as the stamping material due to its high glass transition 147 
temperature (147 °C) that exceeds standard autoclave temperatures (121 °C), which minimizes 148 
the potential for deformation after repeated uses.  149 
 150 
2.1. Load the 3D printer with polycarbonate filament. 151 
 152 
2.2. Apply white school glue (polyvinyl acetate) to the print bed to aid in the adhesion and 153 
minimize warping of the inoculation stamp during the print. 154 
 155 
2.3. Load the .STL model file (Supplementary Data File) for the inoculation stamp (Figure 1) into 156 
the 3D printer software. 157 
 158 
2.4. Print the inoculation stamp at a 290 °C nozzle temperature, 60 °C bed temperature, and 159 
layer height of 0.38 mm.  160 
 161 
2.5. Wrap the stamp in the aluminum foil and sterilize by autoclaving for 1.5 h on a gravity cycle 162 
with 15 min of drying.  163 
 164 
NOTE: Though polycarbonate is hygroscopic, the stamps only retain approximately 0.5% water 165 
weight after autoclaving. 166 
 167 
3. Preparation of overnight cultures 168 
 169 
3.1. Using a serological pipette, pipette 3 mL of sterile BHI broth into 14 mL culture tubes.  170 
 171 
3.2. Using a sterile 1 µL inoculating loop, inoculate a bacterial colony into the broth. Swirl the 172 
loop to ensure the clump disperses into the broth. Vortex the culture tubes briefly before 173 
incubation.  174 
 175 
3.3. Incubate the culture tubes at 37 °C overnight (~16 h) on a shaker at 250 rpm. 176 



   

 177 
3.4. Vortex to break up the clumps of cells once the bacterial cultures reach enough turbidity 178 
(OD600 ≥1). 179 
 180 
4. Preparation of bioassay plates 181 
 182 
NOTE: Bioassay plates are prepared in a laminar flow hood to maintain sterility. 183 
  184 
4.1. Prepare BHI media with 1.5% agar and sterilize by autoclaving according to manufacturer 185 
instructions. 186 
 187 
4.2. After autoclaving, cool the BHI media to 55 °C in a temperature-controlled water bath. 188 
 189 
4.3. Using a serological pipette, pipette 3 mL of molten BHI media into each of the 12 wells on a 190 
12 well plate. Ensure that the wells are as exact and even as possible. One liter of media will 191 
yield ~27 bioassay plates. 192 
 193 
4.4 Allow the agar to set overnight. 194 
 195 
5. Inoculating bioassay plates with the test organism 196 
 197 
NOTE: A test organism refers to the organism for which the production of inhibitory activity 198 
(e.g., antibiotic production) is determined using the co-culture interaction assay. For this 199 
experiment, the test organisms are Actinobacteria isolated from nasal lavages samples. 200 
 201 
5.1. Inoculate the test organism on a bioassay plate by inserting a sterile 10 µL inoculating loop 202 
into the overnight culture and streaking a culture droplet over the left third of a plate well. 203 
 204 
NOTE: It is recommended to only streak one-third of the well, as overgrowth of the well 205 
prohibits later inoculation of target organisms. 206 
 207 
5.2. Repeat until all 12 wells on the plate have been inoculated with the test organism.  208 
 209 
5.3. Incubate plates upside down at the appropriate temperature for 7 days. At higher 210 
temperatures (≥37 °C) or in drier climates, store the plates in a humid container to prevent the 211 
plates from drying out.  212 
 213 
6. Preparation of target organisms  214 
 215 
NOTE: A target organism refers to the organism whose inhibition status is determined using the 216 
co-culture interaction assay. For this experiment, the target organisms are Staphylococcus spp. 217 
isolated from nasal lavages samples. 218 
 219 



   

6.1. After incubating the bioassay plates for 6 days, prepare overnight cultures of the specified 220 
target organisms, as done above (see section 3). 221 
  222 
7. Target organism inoculation 223 
 224 
NOTE: After overnight incubation, ensure that the cultures are turbid (OD600 ≥1). Some bacterial 225 
cultures may flocculate at the bottom of the culture tube. Vortex the culture tubes to disperse 226 
clumps and assess the culture turbidity.  227 
 228 
7.1. Prepare the target plate by filling each well of an empty 12 well plate with 1.8 mL of BHI 229 
and 200 µL of the target overnight culture.  230 
 231 
7.2. Unwrap and place a sterile inoculation stamp into the target plate. Gently swirl the cultures 232 
around in the wells, taking care to ensure that the cultures do not cross contaminate 233 
neighboring wells.  234 
 235 
7.3. Lift the inoculation stamp and ensure that there is a droplet of diluted target culture on 236 
each stamp tip.  237 
 238 
7.4. Prepare a monoculture control plate by placing the inoculation stamp on an uninoculated 239 
bioassay plate and gently rock the stamp so that a culture drop inoculates each well. Once the 240 
inoculation stamp is removed, a droplet of culture should be visible in the wells of the bioassay 241 
plate. 242 
 243 
7.4.1. If any wells are not inoculated with the inoculation stamp due to uneven levels of media, 244 
spot 3 µL of diluted overnight culture onto the right side of the wells using a pipette. 245 
 246 
7.5. Inoculate the bioassay plates as done above (see step 7.4.1), but align the stamp so that 247 
the tips align with the right side of the 12 well plate. Ensure that the stamp does not contact 248 
the existing bacterial colony when inoculating the wells. 249 
 250 
7.6. Carefully remove the stamp and place back into the target plate. 251 
 252 
7.7. Repeat the inoculation for each bioassay plate until all the plates are inoculated. 253 
 254 
7.8. Incubate bioassay plates upside down at the appropriate temperature for 7 days.  255 
 256 
8. Scoring 257 
 258 
8.1. After co-culturing the test and target organisms for 1 week, score the interactions based on 259 
the following visual assessment: 260 
 261 
8.1.1. Score the wells with target organism growth that exhibits growth that is indistinguishable 262 
from the monoculture control as “0” (no inhibition) (Figure 2A,B). 263 



   

 264 
8.1.2. Score the wells with target organism that exhibits diminished growth compared to the 265 
control as “1” (weak inhibition) (Figure 2C). 266 
 267 
8.1.3. Score the wells where the target organism did not grow as “2” (strong inhibition) (Figure 268 
2D). 269 
 270 
REPRESENTATIVE RESULTS: 271 
 272 
Co-culture interaction assays can be used to understand microbial interactions, identify 273 
patterns of interest, and uncover microbial isolates with intriguing activities. In these assays, a 274 
test organism is monocultured on one side of a 12 well agar plate and incubated for 7 days. 275 
Subsequently, a target organism is spotted next to the test organism and the two microbes 276 
were co-cultured for 7 days before scoring for the growth phenotype of the target organism. 277 
The assays are scored based on a visual analysis of the growth or inhibition of the target 278 
organism.   279 
 280 
These co-culture assays were recently used to assess the inhibitory activity of Actinobacteria 281 
(test organisms) toward Staphylococcus spp. (target organisms) isolated from the human nasal 282 
cavity (Figure 2)16. The co-culture assays were used to identify specific inhibition patterns 283 
between Actinobacteria (n = 21) and Staphylococcus isolates (n = 39) and showed that 284 
Actinobacteria isolates showed variation in their ability to inhibit coagulase-negative 285 
staphylococci (CoNS). A total of 812 pairwise combinations were tested. In particular, 286 
Corynebacterium propinquum strongly inhibited CoNS (Figure 2D), especially compared to other 287 
Corynebacterium that weakly inhibited CoNS (Figure 2C) or had no effect on CoNS (Figure 2B), 288 
and compared to the monoculture control (Figure 2A)16.  289 
 290 
Using comparative genomics, a biosynthetic gene cluster for siderophore production was 291 
identified in C. propinquum genomes that was absent in the genomes of other Corynebacterium 292 
isolates16. Siderophores are chelators produced by microorganisms to scavenge iron from the 293 
environment17. Siderophore production by C. propinquum was confirmed and the siderophore 294 
was identified as dehydroxynocardamine16. This result led to the hypothesis that inhibition of 295 
CoNS was due to siderophore-mediated iron depletion. Subsequently, by performing co-culture 296 
interaction assays between C. propinquum and CoNS on both standard and iron-supplemented 297 
BHI medium, it was determined that the inhibition phenotype was iron-dependent (Figure 2E). 298 
Together, these results suggested that siderophore-mediated iron depletion was responsible 299 
for the strong inhibition of CoNS by C. propinquum16. 300 
 301 
FIGURE AND TABLE LEGENDS: 302 
 303 
Figure 1: Photograph of the bioassay inoculation stamp.  304 
 305 
Figure 2: Co-culture interaction assays uncover siderophore-mediated inhibition of CoNS by 306 
Corynebacterium propinquum. (A) Monoculture of CoNS (target organism) inoculated on a BHI 307 



   

bioassay plate. (B,C,D) Co-cultures between different strains of Corynebacterium spp. (test 308 
organisms, left) and the same strain of CoNS (target organism, right) inoculated on BHI bioassay 309 
plates. Each panel is a representative image showing interactions with (B) no inhibition (score = 310 
0), (C) weak inhibition (score = 1), or (D) strong inhibition (score = 2). (E) Comparison of 311 
interactions between Corynebacterium pseudodiphtheriticum (siderophore non-producer) or 312 
Corynebacterium propinquum (siderophore producer) with the same strain of CoNS on BHI 313 
media (BHI) and BHI media supplemented with 200 µM FeCl3 (BHI + iron). 314 
 315 
DISCUSSION:  316 
 317 
Antibiotics and other secondary metabolites that mediate microbial interactions are useful for a 318 
multitude of applications, including drug discovery. Herein, a protocol for co-culture assays to 319 
assess large numbers of microbial interactions is presented. These co-culture interaction assays 320 
are a simple, affordable, scalable, and high throughput means to investigate many pairwise 321 
combinations of microorganisms in tandem. Target organisms are spotted next to test 322 
organisms in a well of a 12 well plate using an inoculation stamp, and inhibition of the target 323 
organisms is scored based on visual inspection of the target organism’s phenotype. The 324 
majority of materials used in these assays are readily available through most laboratory 325 
suppliers or through public resources. Therefore, the assays can be easily tailored to many 326 
laboratory environments. In the laboratory, these co-culture assays have been successful in 327 
investigating the interactions of microorganisms associated with many hosts from a variety of 328 
environments.  329 
 330 
While there are many benefits to this technique, there are also a few limitations. The first 331 
notable limitation is that patterns from the co-culture assays are difficult to interpret without 332 
other metadata. In two recent papers that employed these co-culture assays16,18, inhibition 333 
patterns of interest were only identified in conjunction with other metadata, such as the 334 
taxonomic identity of the test organisms. Nevertheless, even without accompanying metadata, 335 
the methods outlined in this paper are amenable to identifying bacterial isolates with inhibitory 336 
activity toward specific pathogens or target microbes of interest.  337 
 338 
An additional limitation is that these assays are not commercially available, and the bioassay 339 
plates must be hand-prepared, which can limit the assay’s efficiency. Plate preparation is 340 
critical to the experiment, and care should be taken while preparing the plates. If the wells are 341 
uneven, then the inoculation stamp may not be able to inoculate all wells. However, missed 342 
wells can simply be inoculated by directly pipetting the target organism culture onto the right 343 
side of each uninoculated well. Indeed, even if a few wells on each plate are missed by the 344 
stamp, the procedure is still more efficient than directly pipetting the target organism into 345 
every single well. Alternatively, users can forgo the inoculation stamp and pipette the target 346 
organism into each well, but this process is more time-consuming, especially compared to 347 
stamping 12 wells simultaneously.  348 
 349 
Finally, the test organism may consume the available nutrients in the well during monoculture 350 
before the target organism is inoculated. Though nutrient depletion may affect the observed 351 



   

inhibition patterns, it appears to be uncommon among the pairwise combinations that have 352 
been tested thus far. Notably, depletion of iron in the wells by C. propinquum allowed for the 353 
discovery of siderophore-mediated competition from members of the human nasal 354 
microbiota16.  355 
 356 
These co-culture interaction assays are customizable by modifying the media composition, 357 
timing, or even including multiple organisms or microbial consortia as the test organism. 358 
Furthermore, different scoring systems can be used depending on the desired level of detail 359 
required to describe the interaction phenotype. Examples scoring scales include those from 0–2 360 
used to describe competitive interactions among bacteria isolated from the human nasal 361 
cavity16 (Figure 2) and from 0–3 used to assess the antimicrobial potential of Streptomyces 362 
isolated from insect microbiomes18. However, with more nuanced scales, scoring becomes 363 
increasingly difficult. Thus, inhibition is most easily recognized using a binary scoring system 364 
(e.g., 0 is defined as no inhibition and 1 as inhibition), which can eliminate any confusion and 365 
standardize scoring across multiple individuals. Moreover, in addition to scoring for inhibition 366 
phenotypes, these assays can also be scored for other phenotypes, including pigment 367 
production, sporulation, or any other phenotype that can be assessed visually. As these assays 368 
are highly scalable with analysis based on visual inspection of the target organism, training sets 369 
for machine learning algorithms can be generated to facilitate phenotype scoring and further 370 
increase assay throughput.  371 
 372 
A major strength of these co-culture assays is their ability to facilitate screening many 373 
combinations of pairwise interactions inexpensively and rapidly to uncover activities or 374 
inhibition patterns of interest. Subsequently, more complex and intensive methods (i.e., 375 
genomic characterization, MALDI-TOF-IMS, or natural product isolation and characterization) 376 
may be used for deeper characterization of the microbes and interactions of interest identified 377 
by co-culture assays. As a recent example, these co-culture inhibition assays were used to show 378 
that insect-derived Streptomyces can inhibit gram-negative bacteria and fungi better than their 379 
soil-derived counterparts. The inhibition assays allowed for quick and efficient visualization of 380 
inhibition patterns among 2,003 Streptomyces isolates and led to the discovery of a new 381 
antifungal called cyphomycin, which is active against drug-resistant fungal pathogens18. Thus, 382 
these co-culture interaction assays are a powerful tool for microbiome research, antimicrobial 383 
discovery, and gaining deeper insights into patterns of microbial interactions. 384 
 385 
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Name of Material/Equipment Company Catalog Number

1 μL disposable polystyrene inoculating loops, blue VWR 12000-806

10 μL disposable polystyrene inoculating loops, yellow VWR 12000-810

12-well cell culture plate, sterile with lid Greiner bio-one 665 180

14 mL polystyrene round bottom tube, 17 x 100mm style, nonpyrogenic, sterile Falcon 352057

2.0 self standing screw cap tubes with caps, sterile USA scientific 1420-9710

25 mL serological pipet Cell Treat 229225B

Agar, bacteriological VWR J637

Brain Heart Infusion Broth Dot Scientific DSB11000-5000

Polycarbonate filament, white, 3mm diameter Keene Village Plastics 12.1-3MM-WH-581.2-1KG-R

School Glue Elmer's EPIE304

Taz 6 3D printer Lulzbot
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The highlighted sentences are reposted in italics. Editorial questions are displayed below in plain 
text. Author comments follow in bold. 
 
1. Independent Scholar (Line 9) 
 
We cannot have independent scholar as an affiliation. Please include the name of the 
university, institute, hospital, company. 
 
The specified author does not have an affiliation with a university, institute, or hospital. The 
specified author is related to the corresponding author and completed work on the project 
during their own time and independently of their profession.  
 

 
2. Load the 3D printer with polycarbonate filament (Line 146).  
 
How much? 
 
Akin to an inkjet printer, 3D printers are loaded with a whole roll of filament and the print job 
uses the necessary amount. 
 

 
3. NOTE: A test organism refers to the organism for which the production of inhibitory activity 
(e.g., antibiotic production) is determined using the co-culture interaction assay (Lines 192-3). 
 
Is this the bacterial culture from the nasal gavage? Please bring out clarity with respect to the 
nasal culture. 
 
We added the following sentence: “For this experiment, the test organisms were 
Actinobacteria isolated from nasal lavages samples.” (Lines 193-4) 
 

 
4. NOTE: A target organism refers to the organism whose inhibition status is determined using 
the co-culture interaction assay. (Lines 210-1). 
 
Is this from nasal culture? Please bring out clarity with respect to the nasal culture used.  
 
We added the following sentence: “For this experiment, the test organisms were 
Staphylococcus spp. isolated from nasal lavages samples.” (Lines 193-4) 
 

 
5. These co-culture assays were recently used to assess the inhibitory activity of Actinobacteria 
(test organisms) toward Staphylococcus spp. (target organisms) isolated from the human nasal 
cavity (Figure 2). 
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Please bring out this clarity in the protocol as well.  
 
See above points 3 and 4. 
 

 
Using comparative genomics, a biosynthetic gene cluster for siderophore production was 
identified in C. propinquum genomes that was absent in the genomes of other Corynebacterium 
isolates. 
 
Any results figure or table to show the same?  
 
Comparative genomics and biosynthetic gene cluster prediction are beyond the scope of the 
protocol that we present in this manuscript. We have included a reference to our recent 
manuscript (Stubbendieck et al. 2019 Appl. Environ. Microbiol.) and added the following 
sentence: “This result led to the hypothesis that inhibition of CoNS was due to siderophore-
mediated iron depletion.” (Lines 284-6) 
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