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ABSTRACT

Bacteriocins have attracted great attention as poten-
tial alternatives to antibiotics and chemical food addi-
tives. In the present study, 243 Staphylococcus isolates 
from milk samples (n = 110) of goat and sheep herds 
located in Fars province, Iran, were screened for anti-
microbial substance production. Twenty-eight isolates 
showed an antagonistic activity against the indicator 
strain Micrococcus luteus ATCC 4698. The susceptibil-
ity of all antimicrobial substances to proteolytic en-
zymes allowed us to consider them as bacteriocin-like 
inhibitory substances (BLIS). The term BLIS is applied 
to uncharacterized proteinaceous antimicrobials pro-
duced by gram-positive bacteria. Based on molecular 
identification methods, the isolates belonged to the 
species Staphylococcus chromogenes, Staphylococcus epi-
dermidis, Staphylococcus haemolyticus, Staphylococcus 
pseudintermedius, Staphylococcus aureus, and Staphy-
lococcus agnetis. Pulse-field gel electrophoresis revealed 
a high level of genotype diversity among the Staph. 
chromogenes isolates. All of the isolates harbored nukA 
or bsaA2 genes, suggesting that their BLIS were related 
to nukacin or Bsa. The antimicrobial compounds from 
test strains were not effective against gram-negative 
pathogens, including Salmonella enterica serovar Ty-
phimurium, Escherichia coli O157:H7, and Klebsiella 
pneumonia as well as the indicator mold Aspergillus 
fumigatus. All the gram-positive targets, including 
Bacillus cereus, Listeria monocytogenes, Enterococcus 
faecalis Ef37 (a tyramine-producer strain), Lactobacil-
lus saerimneri 30a (a histamine-producer strain), and 
methicillin-resistant Staph. epidermidis, were inhib-
ited by the Staph. chromogenes isolates. Staphylococcus 
haemolyticus 4S12 was able to inhibit the majority of 
gram-positive bacteria. Listeria monocytogenes strains 

were the only indicators sensitive to the antimicrobial 
agents produced by Staph. agnetis 4S97B. The other 
Staphylococcus strains were ineffective on all the or-
ganisms tested. Based on their inhibitory capacities, 
the BLIS produced by the Staph. chromogenes isolates 
seem to be interesting candidates for developing novel 
antimicrobial agents.
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INTRODUCTION

Concerns are growing over the rise of antibiotic-
resistant microorganisms and the future inefficiency of 
current therapies. These problems highlight the need 
to search for alternative strategies. On the other hand, 
the interest in biopreservation of food has consider-
ably increased due to the adverse effects of chemical 
preservatives on human health. Well-characterized 
bacterial peptides with antimicrobial activity, referred 
to as bacteriocins, have the potential to be used both 
in medicine and in the food industry (Varella Coelho 
et al., 2007; García et al., 2010; Balciunas et al., 2013). 
Yet-uncharacterized bacterial compounds with inhibi-
tory effects, like those of bacteriocins, are defined as 
bacteriocin-like inhibitory substances (BLIS; Bastos et 
al., 2009).

Compared with the classical antibiotics, bacteriocins 
display a narrow spectrum of activity, which is thought 
to exert less pressure to develop antimicrobial resis-
tance (Sandiford and Upton, 2012). Furthermore, the 
bacteriocin-producing strains often possess immunity 
to their own products through specific mechanisms, 
which may help limit resistance development as a result 
of sharing similar immunity genes (Jack et al., 1998; 
Daly et al., 2010; Sandiford and Upton, 2012; de Souza 
Duarte et al., 2013). These antimicrobial agents are 
generally recognized as safe substances, are nontoxic on 
eukaryotic cells, and become inactivated by digestive 
proteases, having little influence on the gut microbiota 
(de Souza Duarte et al., 2013).
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Many bacteriocins have been characterized so far, 
but to date the only bacteriocins approved for use 
as food additives are nisin and pediocin PA-1. Fur-
thermore, bacteriocin-containing products that are 
commercially available to prevent mastitis are based 
on nisin (Wipe Out, ImmuCell, Portland, OR), lac-
ticin 3147, or macedocin ST91KM (Kim et al., 2010; 
Braem et al., 2014). The ineffectiveness of nisin in 
some food matrices (e.g., meat) and the emergence of 
nisin-resistant bacteria would, however, compromise its 
efficacy as an antibacterial agent (de Souza Duarte et 
al., 2013). The identification of novel bacteriocins has 
attracted considerable research attention. Compared 
with the bacteriocins produced by lactic acid bacteria, 
little consideration has been given to those produced by 
Staphylococcus strains, which are referred to as staphy-
lococcins.

Like the other bacteriocins, staphylococcins are cur-
rently assigned to 4 major classes. Class I bacteriocins, 
posttranslationally modified peptides, are divided into 
several subgroups, including lantibiotics and sactibiot-
ics (Potter et al., 2014; de Souza Duarte et al., 2018). 
Epidermin, Pep 5, epilancin K7, epicidin 280, epidermi-
cin NI01, and epilancin 15X are well-known lantibiotics 
produced by Staphylococcus epidermidis. The nukacin-
type lantibiotics have been previously reported to be 
produced by the species Staphylococcus warneri and 
Staphylococcus hominis. The lantibiotics staphylococ-
cin C55, gallidermin, and hominicin have been isolated 
from Staphylococcus aureus, Staphylococcus gallinarum, 
and Staph. hominis, respectively (Sandiford and Upton, 
2012; Götz et al., 2014). Hyicin 4244 is the first sact-
ibiotic reported in staphylococci (de Souza Duarte et 
al., 2018).

Class II bacteriocins are small peptides with-
out any posttranslational modifications. Aureocins 53 
and A70 are the most common nonlantibiotic staphylo-
coccins described in Staph. aureus. Class III bacteriocins 
include large, heat-labile antimicrobial proteins such as 
lysostaphin. Class IV bacteriocins are defined as cyclic 
peptides, characterized by the covalent linkage between 
their carboxy and amino termini. Aureocyclicin 4185 is 
the only class IV staphylococcin that has already been 
detected (Potter et al., 2014).

The antimicrobial activity of staphylococcins is main-
ly due to pore formation in the cytoplasmic membrane 
and to cell wall inhibition or lysis. They have been shown 
to be effective against a wide range of gram-positive 
and gram-negative bacteria, including food-spoilage 
and pathogenic strains, as well as antibiotic-resistant 
organisms. Due to their broad-spectrum antimicrobial 
activity, staphylococcins have the potential to be used 
as alternatives to the current antibiotics and food pre-

servatives (Bastos et al., 2009). In the present study, 
the antimicrobial activity of bacteriocinogenic Staphy-
lococcus isolates from milk samples of goat and sheep 
herds located in Fars province, Iran, was investigated 
to detect bacteriocins with potential biotechnological 
applications.

MATERIALS AND METHODS

Sample Collection

Between June and August 2016, 110 raw milk sam-
ples (70 goats and 40 sheep) were aseptically collected 
from 50 different herds located in 4 geographical areas 
of Fars province, Iran. The samples were hand-collected 
in sterile plastic vials after disinfecting the teat and 
discarding the first few streams of milk. They were 
then transferred to the microbiology laboratory under 
refrigerated conditions (4–6°C) within 4 to 6 h of col-
lection time and analyzed immediately.

Isolation of Staphylococci

All samples were processed by both enrichment and 
direct plating culture. The enrichment procedure in-
cluded the initial centrifugation of milk samples (10,000 
× g for 15 min at 4°C) followed by resuspension of 
the pellet in Giolitti-Cantoni broth (Merck, Darmstadt, 
Germany) containing potassium tellurite (Merck) as 
a selective reagent and anaerobic incubation (with a 
layer of sterile paraffin) at 37°C for 48 h; all cultures, 
whether blackened or not, were subsequently streaked 
onto Baird-Parker agar (Merck) supplemented with 
egg yolk–tellurite emulsion (Merck). Simultaneously, 
0.1 mL of each sample was spread over the surface 
of Baird-Parker agar plates. All the plates were then 
incubated under aerobic conditions at 37°C for 24 to 
48 h. Suspected colonies were subcultured to the same 
medium and identified by positive Gram stain, the pres-
ence of catalase, and the absence of oxidase. For further 
confirmation of the isolates, PCR was performed, tar-
geting the tuf gene using a set of Staphylococcus-specific 
primers, TstaG422 (5′-GGCCGTGTTGAACGTGGT-
CAAATCA-3′) and Tstag765 (5′-TIACCATTTCAG-
TACCTTCTGGTAA-3′; Morot-Bizot et al., 2004). 
For DNA preparation, 1.5 mL of a 24-h brain-heart 
infusion (BHI) broth (Merck) culture was pelleted by 
centrifugation for 5 min at 10,000 × g at 4°C. The 
pellet was washed with distilled water. It was then 
resuspended in 600 μL of TE buffer (10 mM Tris, 1 
mM EDTA, pH 8.0) and subjected to DNA extraction 
as proposed by Fontana et al. (2005). The purity and 
concentration of the DNA extract were then checked 
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using a NanoDrop Lite Spectrophotometer (Thermo 
Scientific, Waltham, MA). The target gene fragment 
was amplified in a reaction volume of 25 μL containing 
12.5 μL of Taq DNA Polymerase 2.0× Master Mix Red 
(1.5 mM MgCl2; Ampliqon, Copenhagen, Denmark), 
0.4 µmol/L of each primer, and 50 to 100 ng of DNA 
template. The thermal cycling program consisted of 3 
min at 94°C, followed by 40 cycles of 1 s at 95°C, 30 
s at 55°C, and 30 s at 72°C, and the final elongation 
of 3 min at 72°C. The amplified 370-bp products were 
detected by electrophoresis in a 1.4% (wt/vol) agarose 
gel containing 0.5 μg/mL ethidium bromide in 1.0× 
Tris–acetate–EDTA buffer.

Screening for Antimicrobial Activities

The investigation of antimicrobial substance pro-
duction was performed according to the agar spot 
test method described in a previous report (de Souza 
Duarte et al., 2013). In brief, 4 µL of an overnight 
culture of each isolate was spotted onto a BHI agar 
plate. After 24 h of incubation at 37°C, the colonies 
were inactivated by exposure to the chloroform vapor 
for 30 min. Following the airing for 30 min, BHI agar 
plates were overlaid with 4 mL of soft BHI agar (0.6% 
wt/vol agar) seeded with 105 cfu/mL of the indicator 
strain, incubated at 37°C for 24 h, and examined for 
growth inhibition zones larger than 10 mm. The target 
microorganism was Micrococcus luteus ATCC 4698, 
which is highly sensitive to the bacteriocins (Ceotto et 
al., 2009). Two bacteriocinogenic strains, Staph. aureus 
strain C55 (staphylococcin C55 producer) and Staph. 
epidermidis DSM 3095 (Tü 3298; epidermin producer), 
were used as positive controls. The experiments were 
carried out in 3 replicates.

Characterization of the Antimicrobial Substances

The proteinaceous nature of the antimicrobial com-
pounds was determined by the method described by 
Giambiagi-Marval et al. (1990). Thus, the effects of 
trypsin, proteinase K, protease XXIII, pronase, cata-
lase (Sigma-Aldrich, St. Louis, MO), and 0.2 M NaOH 
(Merck) on antimicrobial substance activity against 
Micrococcus luteus ATCC 4698 were evaluated.

Molecular Identification and Fingerprinting

The identification of staphylococcal strains exhibiting 
bacteriocin production comprised 2 stages: (1) cluster 
analysis using a combination of random amplification 
of the polymorphic DNA (RAPD)-PCR and 16S–23S 
rRNA intergenic spacer region (ISR)-PCR patterns 

and (2) 16S rRNA or RNA polymerase B (rpoB) gene 
sequencing. The isolates were also subjected to pulse-
field gel electrophoresis (PFGE) genotyping to allow a 
more detailed examination of the genetic diversity.

RAPD-PCR and ISR-PCR. The RAPD-PCR 
analysis was conducted with a 15-base primer M13 
(5′-GAGGGTGGCGGTTCT-3′) according to the PCR 
conditions given by Ruaro et al. (2013). The oligonucle-
otide primers and the amplification program applied 
in ISR-PCR assessment were the same as previously 
described by Mendoza et al. (1998). Cluster analysis 
using a combination of 2 different typing methods was 
carried out with the pattern analysis software pack-
age GelCompar, version 4.0 (Applied Math, Kortrijk, 
Belgium). The obtained patterns were compared using 
Pearson’s product–moment correlation coefficient and 
the unweighted pair group method with arithmetic av-
erages (Simeoni et al., 2008; Ruaro et al., 2013).

rpoB and 16S rRNA Gene Sequencing. The iso-
lates with unique profiles and a representative number 
of isolates from each cluster were further characterized 
by the amplification of the 5′ end 16S rRNA gene with 
the universal primers E8F (5′-AGAGTTTGATCCTG-
GCTCAG-3′) and E1541R (5′-AAGGAGGTGATC-
CANCCRCA-3′; Baker et al., 2003). The thermal 
profile comprised an initial denaturing step of 5 min 
at 94°C, followed by 30 cycles of 30 s at 95°C, 30 s at 
59°C, and 90 s at 72°C, and a final extension step of 
72°C for 10 min. For the isolates not identified by 16S 
rRNA sequence analysis, the partial rpoB gene (899 bp) 
sequences were determined by the use of primers 1418f 
(5′-CAATTCATGGACCAAGC-3′) and 3554r (5′-CC-
GTCCCAAGTCATGAAAC-3′; Mellmann et al., 2006). 
The DNA sequencing of the reaction products purified 
with ethanol precipitation was performed at GATC 
Biotech (Konstanz, Germany) using the corresponding 
forward PCR primer. The 16S rRNA sequencing results 
underwent preliminary analysis against the EzTaxon 
database (http:​/​/​www​.ezbiocloud​.net/​eztaxon) to 
identify the closest phylogenetic relatives, and the rpoB 
gene sequences were aligned using GenBank (https:​/​/​
blast​.ncbi​.nlm​.nih​.gov/​Blast​.cgi).

PFGE. The PFGE profiles were obtained by the 
method introduced by Jorgensen et al. (1996). Elec-
trophoresis was performed using the CHEF Mapper 
system (Bio-Rad Laboratories, Hercules, CA) with a 
switch time increased from 2 s to 35 s over 21 h at 13°C 
at a constant voltage of 6 V/cm (Santos et al., 1999; 
de Souza Duarte et al., 2013). XbaI-digested genomic 
DNA of Salmonella serotype Braenderup H9812 was 
used as the molecular size marker (Hunter et al., 2005). 
The band profiles were then analyzed with BioNumer-
ics software (version 7.1; Applied Math, Sint-Martens-

http://www.ezbiocloud.net/eztaxon
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi
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Latem, Belgium) using the unweighted pair group 
method with arithmetic averages clustering method 
with the band-based Dice similarity coefficient.

Detection of Staphylococcin Structural Genes

We carried out PCR amplification to detect the 
structural genes of known staphylococcins (aureocin 
A70, aureocin A53, staphylococcin C55, Pep5, epider-
min, epilancin K7, epicidin 280, nukacin ISK-1, and 
Bsa) using the primers and conditions indicated by de 
Souza Duarte et al. (2013). The primers used for each 
gene, the annealing temperature for each set of primer 
pairs, and the expected size of the product amplified 
are listed in Table 1. Each individual PCR mixture 
comprised 1× PCR buffer (Sigma-Aldrich), 2 to 3 mM 
MgCl2 (Sigma-Aldrich), 1 µmol/L of each primer, 200 
µM dNTP (Sigma-Aldrich), 1.25 U of Taq DNA poly-
merase (Sigma-Aldrich), and 50 to 100 ng of genomic 
DNA in a final volume of 25 µL. The PCR fragments 
were then sequenced in both strands (GATC Biotech), 
and homology search was made with BLAST (https:​
/​/​blast​.ncbi​.nlm​.nih​.gov/​Blast​.cgi). Staphylococcus au-
reus C55 and Staph. epidermidis DSM 3095 were used 
as reference strains.

Cross-Immunity Assessment

Functionally related bacteriocins have been shown 
to exhibit cross-immunity (dos Santos Nascimento et 
al., 2005; Ceotto et al., 2009; Fagundes et al., 2011; de 
Souza Duarte et al., 2013). Therefore, the antagonistic 
activity of all the bacteriocin-producing strains, includ-
ing fresh isolates from raw milk samples, as well as 2 

reference strains (Staph. aureus C55 and Staph. epider-
midis DSM 3095) against each other was investigated 
using the agar spot test method.

Inhibitory Spectrum

The agar spot test was also used to evaluate the 
antimicrobial activity of bacteriocinogenic isolates and 
2 reference strains against several food spoilage and 
pathogenic organisms: Bacillus cereus (from ready-
to-eat food), Listeria monocytogenes ATCC 1297, L. 
monocytogenes R4S88, Enterococcus faecalis Ef37, Lac-
tobacillus saerimneri 30a, Salmonella enterica serovar 
Typhimurium ATCC 14028, Escherichia coli O157:H7 
ATCC 43895, E. coli O157:H7 R4S96, Klebsiella pneu-
monia ATCC 700603, and Aspergillus fumigatus PTCC 
5009. The indicator strains L. monocytogenes R4S88 
and E. coli O157:H7 R4S96 have been isolated from 
the same milk samples. Enterococcus faecalis Ef37 is a 
tyramine-producer strain isolated from traditional Ital-
ian goat cheese. Lactobacillus saerimneri 30a (formerly 
known as Lactobacillus 30a), an isolate from the horse 
stomach, is able to produce histamine from histidine.

RESULTS

Screening for Bacteriocin Production

Among a total of 243 staphylococcal strains isolated 
from milk samples, 28 isolates from 19 different herds 
were found to produce antimicrobial substances. The 
diameter of the inhibition zones ranged from 10 to 43 
mm, and about 54% were larger than 36 mm (Figure 
1). Treatment with sodium hydroxide and catalase 

Table 1. The primers used for detection of genes encoding known staphylococcins (de Souza Duarte et al., 2013)

Staphylococcin   Genes to be amplified   Primers (5′→3′)
Ta1 
(°C)

Amplicon 
size (bp)

Aureocin A70 aurABCD P4B CCTTATAACTTCGAATGCT 50 525
P5 AAATATTAACAAGAGAAA

Aureocin A53 aucA auc1 GAAGTTGTGAAAACTATTA 50 322
auc2 CATAAAACAAAGAGCCAAAGT

Staphylococcin C55 sacaA and sacbA C55F AGCGTGGTGATTCTTATG 53 499
C55R TCTGATTTATTTAGTTCTGGATA

Pep5 pepA pepAF AGAGGAGGTGGTTATATATG 50 427
pepAR TGAGTTCCATGCCCAGTG

Epidermin epiA epiAF GGAGTGTTTAAAATGGAAGC 55 431
epiAR CCTTTTCCCAGTCTATTTTG

Epilancin K7 elkA K7F CTCAAAAGAGTGATTTAAGTCCGC 50 115
K7R2 CCACCAGTAATATTGCAACCGC

Epcidin 280 eciA 280F CGGAGGGATATATTATGG 50 195
280R CAATCACTACTATTGACAATCAC

Nukacin ISK-1 nukA nukAF AGGAGGTAACAAACATGG 50 195
nukAR CCCCTTTTTATGAACAACAAG

Bsa bsaA2 BsaF TTAACAGCAGAAGCTATTAAAACTACCAG 53 144
BsaR ATGGAAAAAGTTCTT GATTTAGACG

1Annealing temperature.

https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi


Journal of Dairy Science Vol. 102 No. 4, 2019

BACTERIOCINOGENIC STAPHYLOCOCCI FROM MILK 5

had no effect on the activity of all the antimicrobial 
compounds, but they were sensitive to at least 1 of 
the proteolytic enzymes tested; this confirms their pro-
teinaceous nature, which means that these biologically 
active compounds could be referred to as BLIS.

Molecular Identification and Fingerprinting

By combining the 2 molecular typing methods, 
RAPD-PCR and ISR-PCR, a total of 16 different pro-
files were obtained from the 28 staphylococcal isolates 
(Figure 2). The isolates with identical band patterns 
were designated as the same genotype. At a relative ge-
netic similarity of 65%, the isolates were divided into 5 
major clusters and a single profile. Based on the results 
of cluster analysis and rpoB or 16S rRNA gene sequenc-

ing, strains belonging to genotypes 1 to 3 and 13 were 
identified as Staph. epidermidis (n = 7). The 11 strains 
included in genotypes 5 to 11 were distinguished as 
Staphylococcus chromogenes. The isolates confirmed as 
Staphylococcus haemolyticus (n = 6) were of the same 
genotype (genotype 14) except for isolate 4S35, which 
showed unique fingerprints. The remaining 4 isolates 
were recognized as Staphylococcus pseudintermedius (n 
= 2), Staph. aureus (n = 1), and Staphylococcus agnetis 
(n = 1).

Isolates belonging to the same species were further 
compared by PFGE. The results of PFGE analysis of 
the SmaI-digested DNA are shown in Figure 3. At the 
90% similarity level, the Staph. chromogenes isolates 
were divided into 6 pulsotypes: A (subtypes A1 and 
A2), B, C, D (subtypes D1 and D2), E, and F. The 

Figure 1. Agar spot test showing the growth inhibition of Micrococcus luteus ATCC 4698 by representative Staphylococcus strains: 4S02, 
Staph. epidermidis; 4S09, Staph. epidermidis; 4S77, Staph. chromogenes; 4S95, Staph. aureus; 4S38, Staph. haemolyticus; 4S97A, Staph. pseud-
intermedius.
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only bacteriocinogenic strain isolated from sampling 
region 3 (4S77) indicated the lowest genetic similarity 
value (62%). Pulsotype G was the predominant pat-
tern among the Staph. haemolyticus isolates, which 
was discriminated into 3 subtypes (G1–G3) with more 
than 93% similarity; as expected, isolate 4S35 showed 
a distant genetic relationship (about 63% similarity) 
with the isolates included in pulsotype G. Although 2 
Staph. pseudintermedius isolates originated from differ-
ent herds, they exhibited an identical PFGE banding 
pattern (pulsotype I). The Staph. epidermidis isolates 
were linked at a similarity level of 37%; among them, 
4 isolates could not be differentiated from each other 
with the enzyme used in the present study. Isolates 
4S01, 4S09, and 4S93, however, appeared to be distinct 
isolates of this species.

Amplification of Staphylococcin Structural Genes

The structural genes encoding aureocin A70, au-
reocin A53, staphylococcin C55, Pep5, epidermin, 
epilancin K7, and epicidin 280 were not detected in 

any of the BLIS-producing strains. A 195-bp fragment 
corresponding to the gene nukA was amplified in all iso-
lates of Staph. epidermidis and Staph. haemolyticus as 
well as Staph. agnetis isolate, which showed a complete 
homology to the published sequences for the nukacin 
ISK-1 structural gene. However, only 4 isolates, includ-
ing 4S02, 4S08A, 4S13B, and 4S25, presented strong 
amplicons of the expected size without any nonspecific 
bands (Figure 4a). The 4S01, 4S09, 4S38, and 4S97B 
isolates also revealed the presence of the gene bsaA2. 
A weak DNA band of the size expected for bsaA2 was 
found in the isolates belonging to the species of Staph. 
chromogenes, Staph. pseudintermedius, and Staph. au-
reus as well (Figure 4b). The BLAST analysis of PCR 
products indicated a high degree of identity with the 
genes encoding gallidermin and epidermin.

Cross-Immunity

The results of cross-immunity assays summarized 
in Table 2 indicated that all of the BLIS-producing 
strains exhibited immunity to their own antimicrobial 

Figure 2. Unweighted pair group method with arithmetic averages dendrogram obtained from the combined analysis of M13 random 
amplification of the polymorphic DNA (RAPD)-PCR and 16S–23S rRNA intergenic spacer region (ISR)-PCR profiles of the bacteriocin-like 
inhibitory substance-producing Staphylococcus strains. The scale bar represents the percentage of similarity, and the vertical dotted line indicates 
the 65% similarity level for clustering the isolates. Restriction patterns with a similarity index of <90% were classified as different genotypes 
with the exception of isolate 4S25 analyzed by visual interpretation of the banding patterns. Asterisks (*) indicate identification by 16S rRNA 
and RNA polymerase B (rpoB) genes sequencing.
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agents. All of the Staph. chromogenes isolates showed 
identical inhibitory profiles regardless of pulsotypes, 
indicating a possible relatedness between their BLIS. 
Considering the Staph. epidermidis strains, the profiles 
were pulsotype dependent. The inhibitory substances 
produced by the Staph. chromogenes isolates inhibited 
the growth of all the strains belonging to other species, 
including the 2 reference strains (Staph. aureus C55 
and Staph. epidermidis DSM 3095), suggesting the ap-
parent distinction of these compounds from staphylo-
coccin C55, epidermin, and BLIS from the other tested 
strains. The inhibitory compounds of all the isolates of 
Staph. epidermidis, except for isolate 4S01, seem to be 
related—but not identical—to each other and to those 
of Staph. aureus C55 and Staph. epidermidis DSM 3095. 
Staphylococcus haemolyticus and Staph. pseudinterme-
dius isolates were the only strains not affected by BLIS 

4S01, showing the presence of cross-immunity between 
these strains. The BLIS produced by the 4S97B strain 
was probably different from staphylococcin C55. The 
BLIS-producing strains belonging to the species Staph. 
haemolyticus, Staph. pseudintermedius, and Staph. au-
reus were not able to inhibit or be inhibited by Staph. 
aureus C55 and Staph. epidermidis DSM 3095, which 
may reflect relatedness among their respective antimi-
crobial substances.

Inhibitory Spectrum

The inhibitory effect of the isolates on the growth 
of target organisms is shown in Table 3. None of the 
bacteriocinogenic isolates was able to inhibit gram-neg-
ative pathogens. They also showed no activity against 
A. fumigatus. All of the Staph. chromogenes isolates ex-

Figure 3. Dendrogram showing the genotypic relatedness of bacteriocin-like inhibitory substance–producing Staphylococcus strains based on 
SmaI-pulsed-field gel electrophoresis fingerprints. A Dice coefficient and the unweighted pair group method using arithmetic averages clustering 
algorithm were used with position tolerance and optimization both set at 1%. The scale bar represents the percentage of similarity, and the 
vertical dotted line indicates the 90% similarity level for comparative purposes.
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hibited an inhibitory activity against the gram-positive 
target strains. They also gave similar inhibition zone 
diameter against the same indicator strain. Listeria 
monocytogenes ATCC 1297 and Lac. saerimneri 30a 
were the most and least sensitive strains to the BLIS 
produced by Staph. chromogenes isolates, respectively. 
The isolate 4S12 was the only Staph. haemolyticus 
strain able to inhibit the majority of gram-positive 
strains used in the present study. It showed the average 
inhibition zones larger than 2.0 cm against L. monocy-
togenes strains. Staphylococcus agnetis 4S97B was only 
antagonistic to L. monocytogenes strains with an inhibi-
tion zone diameter of 1.0 cm. All indicator strains were 
resistant to the BLIS produced by Staph. epidermidis, 
Staph. pseudintermedius, and Staph. aureus strains. The 
positive control strains, Staph. aureus C55 and Staph. 
epidermidis DSM 3095, inhibited a low percentage of 
gram-positive indicators (17 and 33%, respectively).

DISCUSSION

Reports on the prevalence of bacteriocin-producing 
strains among Staphylococcus isolates from different 
sources varied from 6% to 51% (Giambiagi-Marval et 
al., 1990; dos Santos Nascimento et al., 2005; Ceotto et 
al., 2009; Brito et al., 2011; Fagundes et al., 2011; de 
Souza Duarte et al., 2013; Braem et al., 2014). How-
ever, no information is available on the bacteriocino-
genic potential of the Staphylococcus strains recovered 

from small ruminants. In the current study, 11.5% of 
the isolates exhibited high bacteriocin activity against 
the indicator organism M. luteus ATCC 4698. The 
isolates belonging to the same species showed similar 
inhibition zone diameters, with the exception of the 
Staph. epidermidis group. The PFGE type M Staph. 
epidermidis strains with the average inhibition zone of 
39 mm were found to be positive for the gene nukA 
encoding nukacin ISK-1. Nukacin-type bacteriocins 
have been previously reported in Staphylococcus species 
other than Staph. epidermidis, including Staph. war-
neri (Sashihara et al., 2000; Minamikawa et al., 2005), 
Staph. hominis (Wilaipun et al., 2008), Staphylococcus 
simulans (Ceotto et al., 2010b), and Staph. chromogenes 
(Braem et al., 2014). Because bacteriocin production is 
often linked with the mobile genetic elements (Hurtado 
et al., 2011), the results suggest the possibility of hori-
zontal transfer of the bacteriocin genes among differ-
ent Staphylococcus species. Four pulsotype M isolates 
originated from the same region but from different 
herds and displayed a similar inhibitory profile, which 
might indicate the identity of their antimicrobial agent. 
They were not able to inhibit or be inhibited by Staph. 
epidermidis DSM 3095 (the epidermin-producer strain). 
In the study conducted by dos Santos Nascimento et 
al. (2005), although the nukacin-producer strain Staph. 
simulans 3299 did not inhibit this epidermin producer, 
its growth was negatively affected by Staph. epidermidis 
DSM 3095. Therefore, compared with Staph. simulans 

Figure 4. (a) Representative PCR amplification of the nukA gene encoding nukacin ISK-1. A: 100-bp DNA ladder; B: 4S35; C: negative 
control; D: 4S02; E: 4S08A; F: 4S13B; G: 4S25. (b) Representative PCR amplification of the bsaA2 gene encoding Bsa. A: 100-bp DNA ladder; 
B: 4S01; C: 4S09; D: 4S38; E: 4S77; F: 4S94; G: 4S95; H: 4S97B.
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3299, the nukacin producer isolates obtained in this 
study seem to have either a more efficient immunity 
system or much resistance against epidermin, the con-
firmation of which awaits further experiments.

A weak band of the expected size for nukA was de-
tected in all Staph. haemolyticus (a mean inhibition 
zone of 14 mm) and Staph. agnetis (inhibition zone of 
11 mm) isolates and in other Staph. epidermidis strains 
belonging to different pulsotypes. Several these isolates 
(4S01, 4S09, 4S38, and 4S97B) showed a weak band 
during the amplification of the gene bsaA2 as well. 
These strains seem to produce bacteriocins related to 
nukacin ISK-1 and Bsa (an epidermin-like bacterio-
cin); their inhibitory activities against each other and 
against 2 reference strains revealed that the antimicro-
bial substances were unrelated. It is worth mentioning 
that although similar bacteriocins produced by dif-
ferent strains generally display cross-immunity, a few 
researchers have reported opposite findings (Daly et al., 
2010). Despite the discovery of bacteriocin production 
in numerous species of Staphylococcus, to the best of 
our knowledge, no such activity has ever been reported 
in Staph. agnetis.

There is little evidence of antibacterial activity in 
Staph. chromogenes, and to date nukacin L217 is the only 
well-characterized bacteriocin in this species, which is 
identical to the other nukacin-type bacteriocins (Braem 
et al., 2014). However, the BLIS of Staph. chromogenes 
isolates investigated in this study are assumed to be 
different from nukacin ISK-1 and its natural variants 
because none of them were positive for the gene nukA. 
Moreover, these strains and pulsotype M Staph. epider-
midis isolates (producers of nukacin-type bacteriocins) 
did not exhibit cross-immunity to each other. These 11 
isolates of Staph. chromogenes originated from 10 dif-
ferent herds located in geographically distant regions in 
Fars province and belonged to different pulsotypes; all 
of them, however, exhibited identical inhibitory profiles 
and similar zone sizes (38–40 mm) and conferred cross-
immunity to each other. Their relevant bacteriocins, 
therefore, seem to be similar. Besides, the gene bsaA2 
was present in all the strains, which, not surprisingly, 
showed a high level of homology to the genes encod-
ing gallidermin and epidermin. The inhibitory agents 
of Staph. chromogenes isolates could be consequently 
considered to be epidermin-like bacteriocins.

The bsaA2 gene was also found in the coagulase-
positive species Staph. aureus and Staph. pseudinter-
medius. Few bacteriocins from the latter species have 
been described in the literature and seem to be differ-
ent from each other. A well-characterized bacteriocin 
is a protease-resistant peptide designated as BacSp222, 
whereas the other one is sensitive to the proteolytic 
enzymes (Pinto et al., 2013; Wladyka et al., 2015). In T
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the present study, the isolates of Staph. pseudinterme-
dius and Staph. haemolyticus exhibited cross-immunity 
with strain 4S01 from the Staph. epidermidis group, 
which inhibited the growth of all the other isolates. 
The PFGE typing revealed that strain 4S01 was more 
related to the Staph. pseudintermedius and Staph. 
haemolyticus clusters than to other strains of Staph. 
epidermidis (data not shown), which can vindicate the 
cross-immunity between these isolates. Furthermore, 
they showed a comparable zone of inhibition (10–14 
mm). Although the unique inhibitory profile of BLIS 
4S01 precludes us from considering it as identical to the 
antimicrobial agents produced by Staph. pseudinterme-
dius and Staph. haemolyticus, they may be related to 
some extent.

Bacteriocins are generally active against closely re-
lated species, which could explain the inefficiency of 
test isolates in inhibiting gram-negative bacteria and 
the indicator mold A. fumigatus (Bastos et al., 2009). 
In total, the literature on the inhibitory spectrum of 
staphylococcins indicates their efficiency against B. ce-
reus and L. monocytogenes (Villani et al., 1997; Carnio 
et al., 2000; dos Santos Nascimento et al., 2005; Prema 
et al., 2006; Saeed et al., 2006; Ceotto et al., 2009, 2010a; 
Brito et al., 2011; Fagundes et al., 2011; de Souza Du-
arte et al., 2013; Fagundes et al., 2016). Compared with 
the partially purified staphylococcin from Staph. aureus 
AB188, Bac188 (which has been found to produce only 
a weak zone of inhibition against B. cereus; Saeed et 
al., 2006), Staph. chromogenes isolates investigated in 
our study exhibited a remarkable antagonistic activity 
against this indicator strain. The inhibitory effect of 
Staph. haemolyticus 4S12 on B. cereus was similar to 
that of Staph. epidermidis DSM 3095.

The antilisterial activity of the BLIS from Staph. 
chromogenes isolates and Staph. haemolyticus 4S12 
seems to be comparable with that found by de Souza 
Duarte et al. (2013) for staphylococcins aureocin A70 
and hyicin 4244 with inhibition zone diameters of 2.1 
to >3 cm. However, a less antilisterial action has been 
reported for warnerin, produced by Staph. warneri 
(Prema et al., 2006), and aureocin A70, produced by 
Staph. aureus A70 (inhibition zone diameters of 1.75 to 
2.05 cm; Fagundes et al., 2016).

Much less has been published regarding the antimi-
crobial effects of Staphylococcus strains on the amine 
producers (Mah and Hwang, 2009). In a complemen-
tary study (Rahmdel et al., 2018), Staph. epidermidis 
4S93 was found to be resistant to methicillin. The an-
timicrobial compounds of Staph. chromogenes isolates 
also exhibited an inhibitory effect against this strain, 
suggesting their potential application as antibiotic al-
ternatives.

The BLIS from pulsotype M Staph. epidermidis iso-
lates were unable to inhibit any of the bacterial species 
tested. These strains produce nukacin-type bacteriocins 
that have been shown to be effective against Listeria 
innocua, Bacillus subtilis, and Streptococcus bovis as 
well as mastitis-causing pathogens (Streptococcus spp. 
and Staph. aureus) but not E. coli (Asaduzzaman et 
al., 2009; Braem et al., 2014; Roy et al., 2014). These 
bacteriocins can therefore be used to target particular 
organisms.

CONCLUSIONS

The indications for the application of staphylococ-
cins as alternatives to the current antibiotics and food 
preservatives are promising but less established. In the 
present study, 28 bacteriocinogenic Staphylococcus iso-
lates were recovered from raw milk of goats and sheep, 
belonging to the species Staph. chromogenes, Staph. 
epidermidis, Staph. haemolyticus, Staph. pseudinter-
medius, Staph. aureus, and Staph. agnetis. Four Staph. 
epidermidis isolates belonging to the same pulsotype 
(M) seemed to produce nukacin-type bacteriocins, 
which have previously been reported in other Staphylo-
coccus species. The antimicrobial compounds produced 
by the other isolates were found to be related, but not 
identical, to nukacin or Bsa. The Staph. chromogenes 
isolates, Staph. haemolyticus 4S12, and Staph. agnetis 
4S97B displayed a remarkable antagonistic activity 
against B. cereus and L. monocytogenes. Furthermore, 
little evidence is available on the inhibitory effects of 
staphylococcins against amine-producing strains, the 
growth of which was inhibited by the antimicrobial 
compounds of all the Staph. chromogenes isolates and 
Staph. haemolyticus 4S12. Given the spectrum of activ-
ity of the BLIS produced by the Staph. chromogenes 
isolates and Staph. haemolyticus 4S12, they have the 
potential to be used for biocontrol of food spoilage and 
pathogenic organisms. The antimicrobial substances of 
Staph. chromogenes strains appear to be active toward 
antibiotic-resistant infections as well. However, they 
need to be fully characterized in the context of their 
safety, efficacy, and ease of use in food systems or pa-
tients. On the other hand, the BLIS-related gene cluster 
can be inserted into a suitable host with a potential to 
be used as a food starter culture.
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