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ABSTRACT 
Mycobacterium marinum (M. marinum) is a nontuberculosis mycobacterium that has been found 

to infect fish and humans. It is also closely related genetically to Mycobacterium tuberculosis. Therefore 
M. marinum is a safe, fast, and effective surrogate for the study of M. tuberculosis. M. marinum will
develop a biofilm structure that is thought to make the bacterium less susceptible to biocides and
antibiotics. Optimal growth conditions for M. marinum biofilms were determined by using the MBEC™
assay system to measure biofilm formation on rocking and stationary plates at 4 hours and at 7, 14, and
21 day points. The antibiotic susceptibility for the biofilm (as compared to planktonic or free-floating
organisms) was then assayed by growing the biofilm for 14 days and testing it with several antibiotics in
two-fold dilutions. Once treated with the antibiotics the biofilms were then sonicated and placed into
solutions of 7H9 with OADC enrichment to determine growth as measured by the turbidity. An Almar
Blue assay was also performed to compare results to those of the turbidity assay to determine if Almar
Blue can effectively be used for rapid screening of antibiotic sensitivity for M. marinum biofilms.

INTRODUCTION 
Mycobacterium marinum (M. marinum), a nontuberculosis mycobacterium (NTM) infects fish 

with granulomatous infections known as ‘fish TB’  and also causes skin lesions in the extremities of 
humans called “fish tank granuloma” (1, 9).  M. marinum is a ubiquitous acid-fast pathogen and has a 
doubling time of 4-6 hours. It also has been found to traffic through macrophages in the same way as M. 
tuberculosis (14, 2). M. marinum is also closely related to M. tuberculosis by 16s Ribosomal RNA 
analysis (14, 2). This makes M. marinum a fast, safe and effective surrogate for the study of M. 
tuberculosis since they are so closely related phenotypically and genotypically. 

Biofilms are communities of bacteria which encase themselves in a sticky extracellular matrix, 
which is thought to serve as a protective barrier in the environment (5, 12). In an aqueous setting M. 
marinum is believed to form biofilm as an environmental niche. Biofilms have been found to be 
extremely hard to eradicate because the organisms within a biofilm are less susceptible to biocides and 
antibiotics (1). This is why biofilms can be such a serious threat to human health, as they are likely to 
form on medical instruments and devices, including catheters. In industrial settings biofilms can be a 
problem for things such as water pipes (9).  

In this study we investigated the 1218R and 1218S strains of M. marinum biofilm growth in 
rocking versus stationary conditions, using the MBEC™ assay system. M. marinum biofilm was also 
studied in the presence of various antibiotics using the MBEC™ assay system. Almar Blue was also used 
in parallel with the growth experiments to determine whether it can be used effectively for rapid screening 
of M. marinum antibiotic susceptibility. 

METHODS 
Bacterial Strains and Initial Growth 
 All M. marinum experiments were performed using strains 1218R and 1218S.  The M. marinum 
1218R strain is an isolate from a fish outbreak (ATCC #927). Strain 1218S is a “smooth” or muchoid 
variant derived from 1218R.  Stock cultures were prepared in Middlebrook™ 7H9 broth, containing 10% 
OADC (BD Biosciences) enrichment, and glycerol. Cultures were grown for 7 days and then frozen in 
10ml 7H9 media (in portions of 1ml in small tubes). Frozen bacterial stocks were inoculated 1.0 ml into 
20 ml of 7H9 media and incubated at 32oC for fourteen days to obtain stationary phase organisms. The 
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stationary phase stock culture was stored at 4oC.  A volume of 0.5 ml of the stationary culture was grown 
to logarithmic (log) phase by diluting into 10ml 7H9 broth and incubating for 4-5days at 32oC.  
 
MBECTM Biofilm Optimal Growth Experiments 

For initial growth on each MBEC™ (96 peg) plate, 1.0 ml of log phase culture was centrifuged at 
14,000rpm for 10 minutes. The supernatant liquid was then poured off and replaced with 0.5ml PBS 
(phosphate-buffered saline, pH 7.4). The bacterium was passed through a needle (0.25 gauge) five times 
for re-suspension. The re-suspended culture was then used to inoculate several MBEC™ plates containing 
22ml 7H9 broth, with 100µl of culture added to each plate. Half the plates were placed on a rocking 
platform at a speed of about 2.5 rocks per minute and the other half were left in the stationary position in 
a 32oC room. The inoculum bacteria was used for dilution plate counts (DPC) by placing culture on 
Middlebrook™ 7H10, with 10% OADC, and 10µg/ml cyclohexamide agar plates and was incubated for 
7-10 days to determine the initial amount of bacteria added to each plate.  Every 2-3 days the 7H9 media 
was drained and replaced with 22 ml of fresh media for each MBEC™ plate.  

To determine whether the rocking or the stationary plates develop more biofilm, 4 hour, 7 day, 14 
day, and 21 day time points were taken. At each time point, 4 pegs from each plate were sterilely cut with 
pliers and placed into 1.0 ml PBS (Phosphate buffered saline). Each peg was vortexed briefly to remove 
any planktonic bacteria, and then transferred into 0.5ml PBS with .01% SDS solution with sterile 
tweezers. The pegs were sonicated on ice using a VibraCell sonicator with cup horn attachment (Model 
VCX 500, Sonics, Newtown,CT) in 5s on/5s off cycles. Each peg was then used for DPC. The DPC was 
done in 0.9ml of PBS +0.01% SDS. 100µl of each preceding solution was transferred into the subsequent 
to reach the desired dilution ( 10-100,000 CFU typically depending on the time point). Then 20µl of the 
desired dilutions were placed onto 7H9 +OADC +cyclohexamide agar plates and incubated for seven 
days to determine the CFU (colony forming units) for each peg.   

The data from all the experiments was compiled and the mean of the averages was used to 
determine the standard error and the p-value (from the Paired T-Test). 
 
Biofilm Antibiotic Susceptibility Experiments   

A log phase 1218R culture was grown for 14 days in a 96-peg MBEC plate with 22ml 7H9 broth 
to obtain stable biofilm. The biofilm was washed by taking the top of the 96-peg MBEC plate and placing 
it into a 96-well plate containing 200µl PBS solution and was sonicated in a Branson 2200 pan sonicator 
(Branson Electronics Inc.) for 10 seconds to remove any planktonic bacteria. A volume of 20µl Stock 
solutions of Amakacin, Kanamycin, and Streptomycin, were diluted with 180µl water to create a 
concentration of 1.28mg/ml and serially diluted into two-fold dilutions in a 96-well MBEC plate. Then 
10µl of each dilution of antibiotics was then transferred to a new 96-well plate set up as with controls. 
The plates were then placed in a hood with a Bunsen burner lit to dry. A volume of 200µl of 7H9/OADC 
was then added to each of the wells in the antibiotic plate (excluding controls with water). The biofilm 
peg top was then placed in the antibiotics and put into the 32oC incubator for 48 hours. 

 The 96-peg top was then placed into a fresh 96-well plate with 200 µl of PBS solution and 
sonicated for 10 seconds to remove planktonic organisms and to antibiotics. The top was placed into 
another 96-well plate containing 200µl 7H9/OADC +Glycerol with .01% SDS solution and sonicated for 
20 minutes to remove the biofilm from the pegs.  Then 20µl of sonicated solution was transferred from 
each well and placed into another 96-well plate containing 180µl 7H9 with 10% OADC and incubated at 
32oC for 7 days to determine the turbidity. 100µl sonicated solution was transferred to another 96-well 
plate and placed into the incubator for 48 hours. 

 25µl Almar Blue solution was added to each well of the 100µl sonicated solution after 48 hours 
(1:1:2 water, 20% tween, Almar Blue dye) and incubated in foil until the control wells turn pink. After 
this, pictures were taken of each plate. 

This methodology is under construction and is part of an ongoing experiment. Therefore; this is 
subject to revision at a later date to more accurately outline the final experimental protocol.    
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RESULTS AND DISCUSSION 
Biofilm Optimal Growth Analysis 
 The MBEC™ assay was used to determine the colony forming units (CFU) per peg for each plate 
inoculated with Mycobacterium marinum (1218R and 1218S strains) for both the rocking and stationary 
plates.  Four pegs were cut at the 4 hour, 7 day, 14 day and 21 day time points to determine the growth 
curve of the biofilm. Figures 1 and 2 are representative experiments that illustrate the trends of 1218R and 
1218S biofilm formation respectively.   
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Rocking Vs Stationary: 1218S
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Figures 1 And 2: These are representative examples of one of each complete experiment for 1218R and 
1218S respectively. The average is shown between each peg and not the average of the total mean from 
the overall experiments. The Y-error bars represent the standard error for each individual experiment. 
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 Figures 1 and 2 illustrate that for both the 1218R and 1218S strains, there is an apparent 
difference in the amount CFU between the rocking and stationary biofilms. In most cases the stationary 
plates were shown to have significantly more CFU than the rocking plates. The mean of the averages was 
taken for all experiments for both the 1218R and 1218S stains. Each trend was analyzed using standard 
error and the Paired T-Test.  The Paired T-Test is used to compare two sets of data in which there is a 
relation. If the difference (or p-value) from the T-test is less than 0.10 (for this experiment) there is likely 
a significant difference between the two sets of data. For the p-value in these experiments, each time point 
for the rocking biofilm was measured against the corresponding time points for the stationary biofilm.  
 
                Rocking                    Stationary 

1218R 4hr   7d 14d 21d 4hr 7d 14d 21d 
Average 42.75 656.67 8366.67 53000.00 25.00 5433.33 37516.67 128000.00
StDev 27.50 639.52 5753.14 21213.20 18.46 5067.41 24312.17 73539.11 

StError 13.75 261.02 2348.22 15044.82 9.23 2068.33 9923.33 52155.4 

p-value 0.095 0.035 0.010 0.232     

1218S 4hr 7d 14d 21d 4hr 7d 14d 21d 
Average 543.33 10966.67 136666.67 125000.00 626.67 14300.00 224666.67 465000.00
StDev 256.58 10484.43 20816.66 7071.07 518.68 15690.44 136474.66 120208.15

StError 148.31 6060.36 12032.75 5015.39 299.81 9069.62 78887.10 85254.01 

p-value 0.34 0.40 0.16 0.073     
Table 1: These numbers reflect the average mean of all the experiments and the p-value between the 
rocking and the stationary values for the 1218R (upper) and 1218S (lower) strains. 
 
 The data from Table 1 illustrates that there is a significant (p<0.1) difference between the rocking 
and the stationary biofilm (1218R) for the seven and fourteen day time points. The twenty-one day time 
point is not as significant according to the p-value, however there is a trend indicating more biofilm is 
made in the stationary plates.  

The data points plus or minus standard error from the Table 1 are graphed in Figures 3 and 4 
(1218R and 1218S respectively). According to the standard error there is a significant difference in the 
1218R strain for the seven, fourteen, and twenty-one day time points, due to the error bars not over-
lapping. There is a significant difference (p<0.1) in the CFU of 1218R at these time points between the 
rocking and the stationary biofilm. 
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Fig 3: This shows the overall trend of all the averages in the experiments conducted with 1218R. The Y-
error bars represent the standard error for these experiments. Experiments were repeated three or more 
times. 
 
 

       

Rocking Vs. Stationary: 1218S

-50000.00
0.00

50000.00
100000.00
150000.00
200000.00
250000.00

300000.00
350000.00
400000.00
450000.00
500000.00
550000.00
600000.00

4hr 7d 14d 21d
Time

A
ve

 C
FU

/p
eg

Rocking
Stationary

       
Fig 4: This show the overall trend of all the averages combined for these experiments for 1218S. The Y-
error bars represent the standard error for these experiments. Experiments were repeated three or more 
times. 
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Figure 4 indicates that more biofilm developed without shaking for the 1218S strain, at the 7 day, 

14 day, and 21 day time points, but these differences are not as significant as the corresponding time 
points for the 1218R strain (p > 0.1 for 1218S) as shown in Table 1. However, there is a definite trend for 
the fourteen and twenty-one day time points, indicating more biofilm formation in the stationary plates. 
Currently the 21 day time point was only performed two times and there is too large a range of numbers 
from these experiments to conclude whether or not it there is a significant difference from the p-value 
alone. The standard error as graphed in Figure 4 indicates there is more difference in the fourteen and 
twenty-one day time points. There is also a definite trend in all experiments performed that indicates that 
the 1218S strain forms more biofilm than does the 1218R strain, as measured by CFU. 

There is enough evidence to assert a significant difference in the amount of biofilm developed at 
the 7, 14, and 21 day time points for the 1218R strain, and the 14 and 21 day time points of the 1218S 
strain. Both strains develop more biofilm in the stationary plates. This goes against our original 
hypothesis that there would be more biofilm growth in the rocking plates than in the stationary plates. 
According to these results, we now hypothesize that it is more likely for fish to become infected with 
Mycobacterium marinum (1218R) biofilms in non-moving pools of water or along rocks and edges due to 
less agitation of the biofilm. Therefore; the new hypothesis is: both 1218R and 1218S strains form more 
CFU in less agitated growth conditions. 

Comparing the amount of biofilm between the 1218R and 1218S strains, there is significantly 
greater CFU and each time point for the 1218S strain, according to individual experiments as shown in 
Figures 1 and 2. This is also illustrated in Figures 3 and 4 and Table 1 which show the mean of the 
averages of the composite experiments. This is likely due to the fact that the 1218R strain is rougher and 
waxier. This makes the bacteria clump together more readily, which leads to a decrease in CFU even 
though as many or more individual bacteria may be present. Conversely, the 1218S strain produces more 
smooth or muchoid bacteria colonies and individual organisms do not clump as much. There are more 
single bacteria in suspension of 1218S, including those harvested from biofilms, and this could increase 
the number of CFU for a given experiment. 
 
Biofilm Antibiotic Susceptibility Analysis 
  The antibiotic experiment as outlined in the methods section is part of an ongoing experiment 
which is currently under construction. As the experiment is more developed, more accurate results will be 
shown. However; there is no conclusion at this time and the results may be reported after the protocol is 
established.  
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