
*Author for Correspondence. E-mail: sivasubramanian.m@gmail.com 

INDIAN  JOURNAL  OF APPLIED  MICROBIOLOGY                                      
Copyright  ©  2014 Indian Association of Applied Microbiologists, Chennai, India 
Volume 17 Number 2 July-December 2014, pp. 27-38.  

 

 
Biofilm Competition and Bacteriocin Mediated 
Resistance among Methicillin-Resistant Staphylococcus 
aureus Isolates from Bovine Mastitis 

Sivasubramanian.M1,2 and Bhavani.T.M.B2 

1Department of Microbiology, Prof. Dhanapalan College of Arts and Science, Padur,  
Chennai-603103 
2Department of Microbiology, SRM Arts and Science College, Kattankulathur, Chennai-603203  
 
Abstract: Biofilm forming ability is considered a major selective advantage and important 
virulence factor for Staphylococci in bovine mastitis, which facilitates bacterial persistence 
allowing their survival at high antimicrobial concentrations. Biofilm mediated bacterial 
competition may plays a role in development of antibiotic resistance in bacteria in the absence of 
any antibiotics. Bacteriocin producing ability by some bacteria in the biofilm niche also mediates 
the development of resistance to bacteriocin and other antimicrobial in the non-producers. Two 
methicillin resistant Staphylococcal isolates, Staphylococcus aureus BM7 and S. aureus SBF18, 
both organisms with biofilm forming ability were isolated from mastitis. BCN BM7, a bacteriocin 
purified from S. aureus BM7 and MIC was calculated as 2µg/ml against indicator strain. Four 
spontaneous bacteriocin resistant mutants (BCNR), S. aureus BM7RI, SBF18 RI, SBF18 RII, and 
SBF18 RIII were recovered in vitro by means of biofilm competition and bacteriocin treatment 
methods. The specific growth rate of BCNR strains was similar to that of their parent strains and 
bacteriocin resistance was stable for fifty generations in the absence of selection. In co-culture 
biofilm competition assays, the non bacteriocin producers, SBF18RI, RII, RIII and SBF18 were 
co-cultured with S. aureus BM7 or BM7RI, which produce bacteriocins, they competes and co-
exists with them and there is no exclusion was observed in the subsequent generations.  But when 
the same strains were cleared out by their parent strain, S. aureus SBF18 in subsequent 
generations.  Determination of MICs of all four BCNR mutants showed reduced susceptibilities 
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towards most of the tested antibiotics and complete resistance against antibiotic tetracycline.  
Most importantly, two BCNR mutants S. aureus BM7RI and S. aureus SBF18RI were lost the 
susceptibility to vancomycin, a last-resort antibiotic to treat MRSA infections, and the MICs were 
recorded as 4µg/ml and 2µg/ml respectively. The apparent ease with which MRSA isolates from 
bovine mastitis can develop biofilms, maintain bacteriocin resistance and cross resistance to 
antibiotics in vitro suggests, that resistance to other similar bacteriocins would arise in the clinic if 
these are employed as therapeutic agents. 
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Introduction 
Staphylococcus aureus remains a major pathogen of bovine mastitis, a major disease in dairy 
cattle. Treatment of cows suffering from mastitis due of S. aureus often fails completely because 
of biofilm forming ability of these pathogens (1,2). Numerous authors stated that bacteria in a 
biofilm are more resistant to antibiotics than in their planktonic form and several reasons for this 
biofilm mediated antibiotic resistance such as lower diffusion of antibiotics, physicochemical 
interaction of certain antibiotics with biofilms, evasion of host defense and of antimicrobial 
compounds, low metabolic activity of bacteria of the inner layers and physiological changes in the 
growth mode and allowing the persistence of bacterial infections (3,4). 

In  bacterial  systems,  competition  is  often  driven  by  the  production of bacteriocins; narrow 
spectrum proteinaceous toxins that serve to kill closely  related  species  providing  the  producer  
better  access  to  limited  resources. Bacteriocin producers have been shown to competitively 
exclude sensitive, non-producing strains. Staphylococcins, bacteriocins produced by 
Staphylococci show wide functional diversity and not only active against closely related species 
but also against many other microbes (5).  Several bacteriocins have been tested against mastitis 
pathogens in vitro and positive results have been reported for in vivo studies performed with 
intramammary formulations containing bacteriocins (6-8). Though bacterial resistance towards 
these bacteriocins does not appear to be common in nature, resistance against one of the potential 
commercial bacteriocin, Nisin has already been reported in S. aureus (9).   

However, there is not enough information available to show how the competition between co-
evolving bacterial strains in biofilms can generate antibiotic resistance and data lacking on 
bacteriocin mediated cross resistance to antibiotics. We present here the comprehensive 
investigation on biofilm competition and bacteriocin mediated antibiotic resistance development 
among MRSA isolates in the absence of any antibiotics under in vitro conditions. We assessed the 
fitness costs and stability of BCNR mutants under laboratory conditions. We also investigated the 
competitive exclusion of bacterial strains while growing on biofilms. Finally we examined the 
susceptibility of BCNR mutant strains against some commonly used antimicrobials. 

 

 



Biofilm Competition and Bacteriocin Mediated Resistance among Methicillin-Resistant…….      29 

INDIAN JOURNAL OF APPLIED MICROBIOLOGY                                      Vol. 17 No. 2 Jul.-Dec.  2014 

Materials and Methods 

Bacterial Isolates and Growth Conditions 
The major bacterial strains used in this study are listed in Table 1. The bacteriocin producing 
strain Staphylococcus aureus BM7 and the indicator strain, S. aureus SBF18 were recovered from 
clinical mastitis. The isolates were identified on the basis of microscopic, colonial and 
biochemical characteristics (10).S. aureus isolates were tested for methicillin resistance using the 
oxacillin disk diffusion method outlined by the Clinical and Laboratory Standards Institute (11).  
Oxacillin disk (1 µg) was used in this study. The zones of inhibition were measured after 18–20 
hours incubation at 350C. Isolates with zone sizes less than 10 mm for oxacillin were considered 
methicillin resistant according to the criteria of CLSI (11). Biofilm forming ability was detected 
and confirmed by phenotypic methods (12, 13). Standard growth media was BHI medium or 
Tryptic Soy medium for all the strains used in this study. For high level production of BCN BM7, 
BHI medium was supplemented with 1% glucose, 0.5% Tween 80 and 1.5%NaCl (14, 15). All the 
strains were propagated in Brain Heart Infusion broth (BHI) at 370C 

Table 1: Bacterial Strains and Characteristics  

S.No Organism BCNa Phenotypes Other Phenotypes 

1 S. aureus  
BM7 BCN+ve, BCNR BF+ve, MetR, PenR, TetS, GenR,  

EryR, ClnR, CPS, VanS 

2 S. aureus  
SBF18 BCN-ve, BCNS BF+ve, MetR, PenR, TetS, GenR,  

EryR, ClnR, CPR, VanS 

3 S. aureus  
BM7RI BCN+ve, BCNR BF+ve, MetR, PenR, TetR, GenR,  

EryR, ClnR, CPS, VanI 

4 S. aureus  
SBF18RI BCN-ve, BCNR BF+ve, MetR, PenR, TetR, GenR,  

EryR, ClnR, CPR, VanS 

5 S. aureus  
SBF18RII BCN-ve, BCNR BF+ve, MetR, PenR, TetR, GenR,  

EryR, ClnR, CPR, VanS 

6 S. aureus  
SBF18RIII BCN-ve, BCNR BF+ve, MetR, PenR, TetR, GenR,  

EryR, ClnR, CPR, VanS 

Note:  
a :BCN, Bacteriocin;  BCN+ve, Bacteriocin producing strain;  BCN-ve, Bacteriocin non producer;  BCNR, 
Bacteriocin resistant;  BCNS, Bacteriocin sensitive  
b :BF+ve, Biofilm forming strain; MetR, Methicillin resistant; PenR, Penicillin resistant; TetR, 
Tetracycline resistant; GenR, Gentamycin resistant; EryR, Erythromycin  resistant; ClnR, 
Clindamycin resistant; CPR, Chloramphenicol resistant; VanS, Vancomycin sensitive; VanI, 
Vancomycin intermediate 



30  SIVASUBRAMANIAN .M AND BHAVANI .T.M.B 
 

INDIAN JOURNAL OF APPLIED MICROBIOLOGY                                      Vol. 17 No. 2 Jul.-Dec.  2014 

Bacteriocin Purification and Activity Determination 
Bacteriocin, BCN BM7 was produced and purified as described by (5) with some modifications 
(14, 15). MICs of BCN BM7 were determined with the broth micro dilution technique as 
described by CLSI (11). The MIC was defined as the lowest concentration of bacteriocin that 
produces complete inhibition of growth.     

In vitro selection of bacteriocin resistant mutants (BCNR) of S. aureus 
Two different approaches were performed.    

i) Biofilm competition method 
Biofilms were developed using the static microtiter plate model established by (16).  A co-culture 
biofilm competition method was developed to test the antagonistic interactions between S. aureus 
BM7 and S. aureus SBF18 from the method described by (17) with some modifications. Briefly, 
Overnight cultures of S. aureus BM7 and S. aureus SBF18 were inoculated on half-strength BHI 
in 96 well microtiter plates to develop biofilm as follows: Three tests were conducted: (i) S. 
aureus SBF18 was inoculated first and allowed to grow overnight as the early colonizer before S. 
aureus BM7 was inoculated as the later colonizer, (ii) vice versa, and (iii) both strains were 
inoculated at the same time. The biofilm was grown at 370C as static culture and for every 24 
hours, the medium was replaced with fresh medium and biofilm was allowed to develop for 7 
days. After that the biofilms were scraped and suspended in 1 ml of phosphate buffer. The 
appropriate dilutions were plated on TSA (A)(without chloramphenicol) and TSA (B),(containing 
chloramphenicol 10µg/ml, for selection of S. aureus SBF18). After 24 hours the colonies from 
TSA (B) plates were checked for their resistance against bacteriocin BM7 and ability for 
bacteriocin production. The BCNR mutant with CPR and BCN –ve was named as S. aureus SBFRI 
and the bacteria from TSA (A) plates with BCN+ve, BCNR and CPS was named as S. aureus 
BM7RI.  

ii) Bacteriocin mediated isolation of BCNR mutants 
Two more BCN BM7 resistant mutants (S. aureus SBF RII and SBF RIII) of S. aureus SBF18 
were obtained as described by (18), with few modifications. Briefly, aliquots of culture of S. 
aureus SBF18 grown in TSY broth to an optical density at 660 nm of 1 were spread on TSA 
plates containing BCN BM7. Resistant mutants S. aureus SBF RII and SBF RIII were isolated 
after exposure to two different concentrations of BCN BM7 such as 4 X MIC and 16 X MIC 
respectively.  

Stability of bacteriocin resistance 
The stability of the spontaneous bacteriocin resistance was monitored for at least fifty generations 
of exponential growth in BHI broth without bacteriocin selection (19).  At regular intervals the 
cultures were tested for bacteriocin resistance, i.e., ability to grow on TSA plates containing 16 X 
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MIC of bacteriocin BM18. The corresponding wild-type strains were included as sensitive 
controls. 

Fitness costs of bacteriocin resistance 
The growth rate of strains having developed resistance was compared to the parental wild type 
strain without bacteriocin selection as described by (20) with some modifications. BHI broths 
inoculated with about 6 X 107 CFU/ml. S. aureus SBF18 or S. aureus SBF RI/SBFII/SBFRIII, 
respectively (adjusted to the same OD values) were incubated at 370C. OD values and viable 
count were monitored for 12 hours at 2 hours intervals.        

Competitiveness assays 
The competition between any two bacterial strains was evaluated using co-culture biofilm method 
as described earlier with some modifications (17) and here both the competing strains were 
introduced at the same time as explained below. Briefly, Overnight cultures of S. aureus BM7 and 
S. aureus SBF18 were adjusted to OD660=1 and diluted tenfold. Next, 100µl of bacterial culture 
(S. aureus SBF18 [107, 106, 105, 104cells] and S. aureus BM7[107cells]) was mixed well and the 
mixed culture was allowed to form biofilm. After 24 hours of incubation at 370C, the bacterial 
colonies growing on biofilm were scraped and suspended in 1 ml of phosphate buffer. The 
appropriate dilutions were plated on TSA (A)(without chloramphenicol) and TSA (B), (containing 
chloramphenicol 10µg/ml, for selection of S. aureus SBF18). After 24 hours the colony forming 
units (CFUs) grown on TSA (A) and TSA (B) plates were determined, and we calculated the 
percent population of the S. aureus SBF18 strain. Percentage Ratio of S. aureus SBF18 calculated 
as follows: 100 X CFU of TSA (B) / TSA (A). In the same way the competition, i) Between an 
bacteriocin producers and BCNR mutants (S. aureus BM7 or S. aureus BM7RI and        S. aureus 
SBF18RI or SBF18RII or SBF18RIII);  ii) Between bacteriocin negative wild type strain and 
BCNR mutants (S. aureus SBF18 and S. aureus SBF18RI or SBF18RII or SBF18RIII) (The TSA 
plates containing 16 X MIC of bacteriocin BM7 were used to select resistant mutants).          

Antimicrobial Susceptibility of BCNR mutants 
The bacterial isolates were tested for their susceptibility to some commonly used antimicrobial 
agents such as penicillin, oxacillin, tetracycline, gentamycin, erythromycin, clindamycin, 
chloramphenicol, vancomycin and BCN BM7 by using agar dilution method according to the 
recommendations of CLSI (11). The breakpoints of CSLI for the tested antibiotics were used to 
determine the susceptibility profiles. All antimicrobial susceptibility testing assays were repeated 
at least 3 times 

Results 
Two Staphylococcal isolates, S. aureus BM7 and S. aureus SBF18 were recovered from bovine 
mastitis with biofilm producing ability and methicillin resistant characters. Among this, S. aureus 
BM7 was a bacteriocin producer and   S. aureus SBF18 was a non-producer (Table 1). The 
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bacteriocin, BCN BM7 was isolated and purified from S. aureus BM7 and its minimum inhibitory 
concentration against indicator strain was determined as 2µg/ml.       

Two BCNR mutants, S. aureus BM7RI and S. aureus SBF18RIwere recovered from co-culture 
biofilm competition between wild strains S. aureus BM7 and S. aureus SBF18, when both the 
wild strains were inoculated at the same time for biofilm formation. Two more resistant mutants, 
S. aureus SBF18RII and S. aureus SBF18RIII  were isolated by exposing the S. aureus SBF18 
strain to two different concentrations of BCN BM7 such as 4 X MIC and 16 X MIC respectively.  

 
Figure 1: Specific growth rate of S. aureus isolates   

In exponential phase up to an optical density of 0.5 the BCNR mutants grew with the same growth 
rate as the wild types, after which they grew slower rate but reached a somewhat similar density 
of wild types (Fig 1). The BCNR phenotype was stable in the absence of bacteriocin selection in 
all four strains for >50 generations, with no reduction in bacteriocin susceptibility observed.  

 

Figure 2:  Co-culture biofilm competition between S. aureus BM7 and S. aureus SBF18 
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A co-culture biofilm competition assay was developed between antagonistic interactions between 
strains. We used S. aureus BM7 in the competition assay with S. aureus SBF18 and there is no 
growth inhibition was observed in competing pair (Fig 2). When S. aureus BM7 or S. aureus 
BM7RI was co-cultured with S. aureus SBF18RI, which does not produce bacteriocin, there was 
no competition or exclusion and the population of mutant was similar to that of the wild type. 
Similar results were observed for S. aureus SBF18RII and RIII to with S. aureus BM7 or S. 
aureus BM7RI.  When wild type S. aureus SBF18 was co-cultured with S. aureus SBF18RI, the 
mutant population was significantly lower at any S. aureus SBF18RI/ S. aureus SBF18 ratio (Fig 
3). Similarly S. aureus SBF18RII and RIII also mutually excluded by wild type strain.      

 

Figure 3: Co-culture biofilm competition between S. aureus SBF18 and S. aureus  
SBF18RI/SBF18 RII/ SBF18 RIII 

Table 2:  Minimal Inhibitory Concentration (MICs) of S. aureus isolates against bacteriocin, BCN BM7. 

Isolates BCN BM7  
MIC (µg/ml) Description 

S. aureus BM7 4 Wild type isolated from bovine mastitis 

S. aureus SBF18 2 Wild type isolated from bovine mastitis 

S. aureus BM7RI > 16 Mutant of S. aureus BM7 isolated on co-culture biofilm 

S. aureus BF18RI > 16 Mutant of S. aureus SBF18 isolated on co-culture biofilm 

S. aureus SBF18RII > 32 Mutant of S. aureus SBF18 isolated from bacteriocin treatment 
(BCN BM7,  8 µg/ml) 

S. aureus SBF18RIII > 32 Mutant of S. aureus SBF18 isolated from bacteriocin treatment 
(BCNBM7,  32 µg/ml) 
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The resistance levels of the spontaneous mutants were assessed by comparing the mutant and 
corresponding wild type MICs for BCN BM7. All four mutants were unaffected by the high 
concentration such as 32 and 64 µg BCN BM7/ml used (Table 2).  The possibility that 
Bacteriocin resistance and biofilm competition might mediate cross-resistance to other 
antibacterial agents was explored by performing MIC determinations with the antibiotics 
methicillin, penicillin, oxacillin, gentamycin, tetracycline, erythromycin, clindamycin, 
chloramphenicol and vancomycin and the results were tabulated at table 3. All the four BCNR 
mutants showed reduced susceptibility towards most of the tested antimicrobials compared to 
wild strains (Table 3). All the mutants developed resistance towards tetracycline. Most notably, 
the S. aureus BMRI and S. aureus SBFRI, resistant mutants recovered from biofilm competition 
shown the reduced susceptibility to vancomycin. The MICs for these two isolates were recorded 
as 4µg/ml and 2µg/ml respectively. 

Table 3: Minimal Inhibitory Concentrations (MICs) of S. aureus isolates against antimicrobial agents 
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1 Oxacillin  
0.12-
256 

> 4 2-3 4 >128 >128 >128 >128 >128 >128 

2 Penicillin 
0.12-
128 

> 2 0.25-2 0.1 >32 >32 >32 >32 >32 >32 

3 Tetracycline 
0.5-
128 

> 16 8 <4 2 2 >64 >32 >32 >32 

4 Gentamycin 
0.5-
256 

> 16 8 <4 >32 >32 >256 >256 >256 >256 

5 Erythromycin 
0.5-
256 

> 8 1-4 <0.5 >32 >32 >128 >128 >128 >128 

6 Clindamycin 
0.12-
128 

> 4 1-2 <0.5 8 8 >64 >64 >64 >64 

7 
Chlorampheni
col  

0.5-
512 

> 32 16 <8 4 >64 6 >256 >256 >256 

8 Vancomycin 
0.12-
16 

> 8 2-8 1 1 1 4 2 1 1 
a: As per CLSI standards 
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Discussion 
The use of antibiotics is one of the most commonly used therapies to reduce the intramammary 
infections, among others, beta-lactams, tetracycline, aminoglycosides, macrolides, and 
sulfonamides (21, 22). However, the uncontrolled use of these agents has led to appearance of 
microbial strains more resistant to classic antimicrobials [23] along with residual antibiotics in 
milk that are hazardous to public health and interfere with production of dairy products [24].   
Current treatments for mastitis have met with limited success and cure rates vary considerably and 
are considered inadequate, especially towards S. aureus, which is responsible for chronic 
infections and huge economic losses (26).  S. aureus appears to have already conquered 
vancomycin as a threat to terminate its existence (VISA and VRSA), just as it dismissed beta-
lactam antibiotics half a century ago by developing MRSA [25]. Alternative antimicrobial agents 
such as bacteriocin treatment in general has already been proposed as a mechanism for control of 
disease that is cheap, effective, and nontoxic to animals and humans.  
The efficacies of various bacteriocins and Staphylococcins for the treatment of mastitis have been 
reported (5, 7, 27, 28, 29). Several parameters measured in vitro can be employed to predict the 
clinical resistance potential for an antibacterial agent (30). These include an assessment of the 
ease with which resistance arises, the impact that resistance exerts upon bacterial growth and 
competition, and the stability of resistance in the absence of selection (31, 32). This study, 
evaluating these parameters for BCN BM7 suggests that this bacteriocin does not present a 
significant barrier to resistance development and maintenance in S. aureus SBF18 and S. aureus 
BM7. The developed resistance conferred eight fold reduction in BCN BM7 susceptibility in S. 
aureus BM7RI and S. aureus SBF18RI, while two other mutants, S. aureusSBF18RII and S. 
aureus SBF18RIII resulted in up to 16 fold reduction in bacteriocin susceptibility.    Furthermore, 
resistance was stable in the absence of selection and in most instances was not associated with a 
growth or competitive disadvantage in vitro. Similar reports have been reported in S. aureus for 
Nisin resistance (9).   
In addition to BCN BM7 resistance development in response to bacteriocin selection, BCNR 

mutants in this study are capable of demonstrating cross-resistance to some commonly used 
antibiotics. All the mutants showed reduced susceptibilities towards the tested antibiotics. 
Similarly Nisin mediated Nisin resistance leads to cross resistance against antibiotic daptomcin 
have been reported (33). 
Bacteria carrying biofilms are highly resilient to commercial antibiotics and this can involves 
several reasons. Bacterial competitions for biofilm formation also have been reported (3). In order 
to assess the potential spread of resistant mutants in natural populations of S. aureus the BCNR 
mutants were competed with the wild types in co-culture systems. In competition assays on 
biofilms demonstrated in this study, exclusion of resistant mutants by their corresponding parent 
strain was observed. At the same time the resistant mutants were co-exist and form biofilms with 
bacteriocin producing strains without any growth inhibition or exclusion. Similar observations 
have been made by (20).  
However, there is not much report about biofilm mediated bacterial competition in the same niche 
could mediate the development of antibiotic resistance in the absence of any antibiotics. In this 
study we found BCNR mutants evolved from bacteriocin and biofilm competition in vitro have 
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reduced susceptibilities towards commonly used antibiotics. This behavior, was a new finding not 
reported so far and we studied further on their susceptibilities and found that two BCNR mutants, 
S. aureus BM7RI and S. aureus SBF18RI, initially susceptible to vancomycin and become VISA 
(vancomycin  intermediate resistant S. aureus) once they acquire resistance to bacteriocins. While 
other BCNR mutants remain susceptible to vancomycin the reduced susceptibilities to vancomycin 
in S. aureus BM7RI and S. aureus SBF18RI confirmed the role played by bacterial competition in 
biofilms.      
Bacteriocin such as BCN BM7 may exhibit potential antibacterial activity in vitro and may 
represent useful candidates for the development of alternative antibacterial agents for clinical use. 
However our results suggest that possible development of stable bacteriocin resistance and cross 
resistance to other antibiotics in biofilm mediated bacterial competition.  Reduced vancomycin 
susceptibilities among mutants from biofilm competition also have to be considered and needs 
further extensive study on molecular mechanisms involved before used for any commercial 
applications. 
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