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Abstract 

Polymerase chain reaction (PCR) techniques development allows the elaboration of many assays for identification of 
bacteria’s resistance mechanisms to antibiotics. Following this idea, the results of molecular level investigation of bacteria’s 
resistance mechanisms to antibiotics may give many opportunities to find more rapid methods for identifying the genes which 
are responsible for antibiotic resistance induction. The aim of the current study was to investigate antibiotic resistance genes in 
Staphylococcus bacteria on molecular level. Among classes of antibiotics, macrolides-lincosamides-streptogramin B (MLSB) and 

beta-lactams were used. In the proposed study, the bacterial strains were represented by 50 isolates of Staphylococcus. The 
bacterial strains were analyzed using polymerase chain reaction to identify the nuc, tuf, tst, sea, pathogenic activity genes. 
Thereafter, the bacteria were tested for ermA, ermB, ermC genes and for mecA, femA which are involved in the resistance to 
macrolides, lincosamides, streptogramin B and to beta-lactams, respectively. The presence or the absence of these genes 
confirmed that tested strains are resistant to specific antibiotic or not. Bacteria pathogenic activity was emphasized by genes as 
follows: sea (enterotoxin) which was found at all isolates, tst (toxic shock toxin) gene was not detected in any of the isolates and 

tuf gene (elongation factor) was obtained with one pair of primers. Resistance to beta-lactams was evidenced by the presence of 
mecA in all isolates and femA in some strains. Each of ermC, ermA and ermB, macrolides-lincosamides-streptogramin B 
resistance genes, was detected. 

Keywords: bacterial resistance to antibiotics, beta-lactams, molecular level investigation, pathogenic activity genes, 
Staphylococcus bacteria 

Abbreviations: BHI - Brain Heart Infusion, MLSB -  Macrolides-Lincosamides-Streptogramin B, MRSA - Methicillin 
Resistant Staphylococcus aureus, MRS - Methicillin Resistant Staphylococcus, NCBI - National Center for Biotechnology 
Information, PCR - Polymerase Chain Reaction, DNA - Deoxyribonucleic Acid, dNTP - Deoxynucleotide 
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Introduction 

Due to the attribute of Staphylococcus bacteria of rapidly 
multiplication, these pathogens can cause a variety of 
human and animal diseases. 

The rapid raising of bacterial pathogens which present 
resistance to antibiotics (Ferry et al., 2009) has prompted 

the urgent need to find rapid methods of investigating 
bacterial resistance. Currently, molecular methods tend to 
become the most efficient approaches in identifying 
bacterial genes responsible for antibiotic resistance 
induction. Overtime, analyses of pathogens responsible for 
nosocomial infections are involved in comparing the 
resistance phenotypes of bacterial strains. For example 
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pathogenic activity determined by nuc (thermonuclease), tuf 
(elongation factor), tst (toxic shock toxin), sea (enterotoxin) 
pathogenic activity genes (Samie et al., 2011; Alfatemi et al., 
2014). One of the most important enzymes produced by 
Staphylococcus aureus is recognized as thermonuclease 
encoded by nuc gene, this being responsible of DNA 
degradation of host cells, demonstrated by Kuroda et al.
(2001).  

In order to identify bacterial species, were followed the 
genes responsible of pathogenic activity and also the 
presence of specific marker genes such as mecA, femA, ermA, 
ermB, ermC. These genes were investigated in many other 
studies for different isolated strains like in the research of 
Martineau et al. (2000) for S. aureus and S. epidermidis
isolated from various countries. Even more, the genes 
mentioned were investigated on isolates from blood and 
urine specimens in Turkey (Aktas et al., 2007) or from 
unknown MRSA carriers (Harbarth et al., 2006). Other 
examples are presented as Crăciunaş et al. (2010)
investigated mecA, femA, ermA, ermB, ermC on clinical 
isolates, and Zmantar et al. (2008) used for their 
investigation Staphylococcus aureus strains isolated from 
auricular infections. 

Therefore, as according to the aim of the study, to 
investigate antibiotic resistance genes in Staphylococcus
bacteria on molecular level, the first step was to detect the 
pathogenic activity determined by nuc, tuf, tst, sea. Further 
on, Staphylococcus bacteria resistance to betalactams was 
highlighted by determining the presence of mecA and femA
genes. For resistance detection to MLSB was followed the 
presence of ermA, ermB and ermC resistance genes. 

 

Materials and Methods  

Clinical isolates  
A number of 50 staphylococcal strains were isolated 

from Clinical Hospital for Infectious Diseases in Cluj-
Napoca, Romania, from different hospital sectors such as 
long-term health care facilities, medical wards and surgical 
intensive care unit by our collaborators from hospital. The 
strains that were collected between late year of 2013 and
early year of 2014, included: S. aureus and coagulase 
negative staphylococci S. epidermidis, S. haemolyticus, S. 
hominis species. First, the molecular analysis was used in 
order to detect bacterial species with pathogenic activity 
determined by nuc, tuf, tst, sea genes following by the 
detection of genes responsible for resistance to betalactams 
and macrolide – lincosamide – streptogramin B antibiotics,
mecA, femA, ermA, ermB and ermC genes, using the 
polymerase chain reaction.  

The strains were kept in BHI (Brain Heart Infusion) 
semi-solid agar with 10% glycerol at -80 ºC. For 
reconstitution of strains, after thawing, the strains were 
inoculated on Columbia blood agar with 5% sheep blood 
and Chapman agar, as per suggested by Percival et al.
(2004). The authors recommended this type of isolation to 
be used for Staphylococci strains from a variety of clinical 
specimens, which is in the context of the present study. 
According to Percival as well, the procedure followed an 
incubation period of 18-24 hours at 35-37 °C. 

Gould et al. (2010) presented the multiple antibiotic 
resistance profiles tested against 14 antimicrobial drugs and 
in another study, Saderi et al. (2011) presented their work 
based on determination of the prevalence of macrolide, 
lincosamide and streptogramin B (MLSB) phenotypes and 
genotypes in erythromycin-resistant strains of 
Staphylococcus. Also, in order to analyse the pathogens 
responsible for nosocomial infections, Naber (2008) 
describeed a method by which biotypes and serotypes can be 
compared with antimicrobial susceptibility profiles. 
Molecular techniques and DNA (deoxyribonucleic acid) 
analysis became popular based on the ability of displaying 
increased time efficiency (Nakipoglu et al., 2012). 

By using PCR (polymerase chain reaction) methods and 
gene specific primers, it can be identified the bacterial genes 
responsible for resistance to different antibiotics and 
diagnose in time efficiently the bacterial infections (Singh et 
al., 2006; Francois and Schrenzel, 2008).  

Singh (2006) also sustained that the molecular methods 
as well as microbial genotyping has been found to be 
medically useful and economically justified. According to 
Francois (2008), respectively Baddour (2007), genetic 
advances have enabled the identification of the 
characteristics of clinical isolates in real-time. Likewise, the 
molecular techniques mostly based on polymerase chain 
reaction have been used for the rapid detection of bacterial 
strains resistant to antibiotics. 

Accessory genome or dispensable genetic material of 
staphylococci bacteria contains virulence factors such as 
chromosomal cassettes (Donnio et al., 2005), pathogenicity 
islands (Che et al., 2014), genomic islands (Juhas et al., 
2008), bacteriophages (Orlova, 2012), plasmids and 
transposons (Bennet, 2008). These contain the responsible 
genes for resistance to antibiotics, like mecA gene which is 
responsible for resistance to methicillin (Singh et al., 2006; 
Ferry et al., 2009). Transmission of these mobile genetic 
elements of a staphylococci strain to another one is realized 
through horizontal gene transfer as described by Donnio et 
al. (2005). Methicillin resistant Staphylococcus (MRS) is 
considered the main cause of nosocomial infections 
prevalence. For instance, Francois (2008) detailed about 
understanding the epidemiology of Methicillin resistant
Staphylococcus aureus (MRSA) and the relationship between 
genome content and virulence. Baddour (2007) confirmed 
in his study that MSRA strains have been implicated in 
serious infections and nosocomial infectious, the strains 
being detected with several conventional methods. 
Following the affirmation that MRSA is considered the 
main cause of nosocomial infections prevalence, Donnio 
(2005) demonstrated that in French hospitals, MRSA 
strains increased until that time of the study. As well as 
Dickinson (2000) confirmed that Staphylococcus aureus
clinical isolates tend to be either very susceptible or very 
resistant to methicillin.  

Knowing all of these, a rapid detection of patients 
carrying methicillin resistant S. aureus, represents a must, so 
that MRSA transmission can be minimized. In this way, the 
diagnostic time of infection is reduced to 1 day instead of 2 
or 4 days during standard methods (Saderi et al., 2011). 

According to this data, using molecular level 
investigation, the study focused on the detection of 
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PCR (Polymerase chain reaction) 
The bacterial suspension was prepared in an Eppendorf 

tube using 2 µl as matrix for PCR amplification. The PCR 
protocol consisted in the preparation of a PCR mixture. In 
each PCR tube specific quantities were introduced (Table 1). 

After centrifugation for one second, the tubes were 
introduced into a thermal cycler, where the amplification 
was performed using parameters as presented in Table 2. 

A thermal cycler is an apparatus which can be used for 
any thermal cycling reaction, most commonly being used to 
amplify segments of DNA. The advantage is that a thermal 
cycler offers temperature uniformity and distribution, 
modern versions of thermal cyclers being based on the 
Peltier effect (Jiang et al., 2012; Okuwaki and Yamaguchi, 
2014) through which the high and low temperatures can be 
controlled (Fig. 1).  

For this study was used a Gradient Palm-Cycler™, 
Corbett Life Science thermal cycler, heated and cooled by 
eight Peltier devices (Fig. 1) at set parameters corresponding 
to one cycle, as presented in Table 2. 

After this process, the amplicons have been separated 
and visualised on 1.5% agarose gel, stained with 500 ng/µl
ethidium bromide. All these steps followed the McPherson's 
and Møller's protocol, (McPherson and Møller, 2001) and 
Roux (2003). The images were captured using Bio-Profil gel 
documentation system (Vilber Lourmat, Marne-La-Vallée 
Cedex 1, France).  

The primers (Table 3) were designed with the Primer 
programme, from DNA Sequence Analysis, according to 
the sequences found at NCBI (National Center for 
Biotechnology Information) data base.  

The primers sequence were manually double checked in 
order to provide a higher accuracy for using the most optim 
ones. So as, for mecA it were considered the primers 
sequence 2 and 3 (Table 3). 

For the amplification were used oligonucleotidic 
primers produced by Eurogentec S.A. Laboratories, Liege, 
Belgia; as molecular marker genes being used O’Range Ruler 
100 DNA Ladder, SM1143 Fermentas kits.  

 

Results and Discussion 

During the experiment, sea was detected at all MRSA 
isolates (Fig. 2) while tst gene was not detected in any of the 
tested isolates. In several studies, authors aimed to detect the 
virulence genes like sea, tst as were considered for the current 
study. For example, Alfatemi et al. (2014) noted that among 
all tested isolates, 148 were detected as MRSA and from 
these ones the frequency of tst, sea genes was 11.64% and 
27.39% respectively. 

To be certain of the tst absence, the authors succeeded
co-amplification with sea and nuc genes, in the same 
conditions and with the same reactives (Fig. 3). 

The tst gene was not detected. Tuf gene was detected 
with the second pair of primers from Table 3 in almost all 
isolates (lane 15 - blank) (Fig. 4). Most frequent, tuf gene is 
identified in all tested isolates, confirming S. aureus presence 
(Samie and Shivambu, 2011). In the current study instead,
the tuf gene was not detected in one of the isolates. 

MecA which is considered the principal gene responsible 
for MRSA (Singh et al., 2006; Ferry et al., 2009) was 
detected in all isolates species (100%) (Fig. 5) while femA
responsible for MRSA was not detected in any of the 
isolates (Fig. 6). 

 

Table 1. PCR mixture 

Compounds Quantities (μl) 

10 x PCR reaction buffer 5 

MgCl2 50 mM 1.5 

dNTP (Deoxynucleotide) Mix 10 mM 1 

Primer Fw (Forward) (10 μM) 1 

Primer Rv (Reverse) (10 μM) 1 

Taq polymerase* (5 U/μl) 0.5 

Bacterial suspension (matrix) 2 

Water UV/UP (sterile/ultrapure) (to 50 μl) 37.1 

 *Taq polymerase - enzyme isolated from the thermophilic bacterium Thermus aquaticus 
 

Table 2. Parameters  for PCR amplification 

Phase Time (min) Temperature (°C) 

                    Initial denaturation 5 95 

Denaturation 

30-36 cycles 

1 95 

                    Alignment 1 45- 62 (depending on the primer) 

                   Elongation 1 72 

                   Final elongation 10 72 

 

 

Fig. 1. Thermal cycler- Peltier effect 
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Table 3.  Gene-specific primers 

Genes Function 
Primers 

Sequence 5’ → 3’ (forward/reverse) 

Amplicon size 

(bp) 

NCBI 

number 

mecA 

Resistance to meticilin 

 

 

2.CTATCCTCTAGAAAAAGCGACTTCAC/ 

AGTTGTAATCTGGAACTTGTTGAGC 

 

3.TATGTTGGTCCCATTAACTCTGAAG/ 

AGTTGAACCTGGTGAAGTTGTAATC 

472 

 

 

450 

 

NC002951 

nucA Thermonuclease 
GCGATTGATGGTGATACGGTT/ 

AGCCAAGCCTTGACGAACTAAAGC 
267 EF529608 

tst Toxic shock toxin 
ATGGCAGCATCAGCTTGATA/ 

TTTCCAATAACCACCCGTTT 
350 

J02615 

 

femA 

Resistance to meticilin 

 

 

1.Caggtaatgctggtaatgattgg/ 

acggaatgcatttgatgtacc 

 

2.Cttactgctgtacctgttatgaaagtg/cattaccatgttcttcttgtagacg 

 

3.Gagttaaagcttgctgaaggttatg/ 

gtaagttatctcgcttgttatgtgc 

 

4.Aacagctaaagagtttggtgcc/ 

catcacgatcagcaaaagct 

644 

 

 

757 

 

 

769 

 

647 

NC007793 

sea Enterotoxin ggatattgttgataaatataaagggaaaaaag/gttaatcgttttattatctctatatattcttaatagt 439 DQ6411670 

tuf Elongation factor 

1.GCCAGTTGAGGACGTATTCT/ 

CCATTTCAGTACCTTCTGGTAA 

 

2.baagagtttgatcctggctag/ 

ttgaccgtgtctcagttcca 

412 

 

 

320 

DQ414206 

ermA Resistance to  MLSB 
gaaccagaaaaaccctaaagacac/ 

acagagtctacacttggcttaggatg 
513 NC002952 

ermB Resistance to  MLSB 
GAAAAGGTACTCAACCAAATA/ 

AGTAACGGTACTTAAATTGTTTAC 
639 U35228 

ermC 

 

 

Resistance to  MLSB 

1.atatctttgaaatcggctcagg/ 

gtgagctattcactttaggtttagg 

2.Cgtaactgccattgaaatagacc/ 

gtgagctattcactttaggtttagg 

420 

 

356 

NC007792 

 

 

Fig. 2. Agarose gel electrophoresis of PCR products after amplification of sea genes (lanes 2-16) (10 µl/lane); lane 1–molecular 
marker (O’Range Ruler 100 DNA Ladder, SM1143 Fermentas). 500 bp (base pairs) lane was marked 
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Even though, it is well known that femA gene exists in S. 
aureus and is absent in coagulase negative staphylococcus 
strains, the gene being successfully considered for detection of 
MRSA (Oshima et al., 1993; Liu et al., 2016), the results 
showed in this case that femA gene was not detected in any of 
the isolates tested. 

ErmC, ermA and ermB associated with MLSB resistance, 
were detected as follows: ermC gene at 23 strains (Fig. 7), ermA 

gene at 12 strains (24%) (Fig. 8) and ermB gene was detected at 
6 strains (12%) (Fig. 9). In literature, ermC is often identified at 
staphylococci strains in proportion of 45-80% meaning that 
this gene is responsible for the majority of resistance bacteria to 
MLSB antibiotics (Martineau et al., 2000; Aktas et al., 2007). 
The statement is supported as well by the hereby obtained 
results, where ermC gene was found as being predominant at 
23 strains (46%) from the tested isolates. 

 
Fig. 3. Agarose gel electrophoresis of PCR products after amplification of sea + tst and nuc + sea genes (10 µl/lane); lanes: 1-9 –
sea gene products; 10-16 amplification products of sea + nuc genes; lane 17 - molecular marker (O’Range Ruler 100 DNA 
Ladder, SM1143 Fermentas) 
 

Fig. 4. Agarose gel electrophoresis of PCR products after amplification of tuf gene (10 µl/lane); lanes: 2 - 14 and 16 amplification 
products for tuf with second pair of primers; lane 15- blank; lane 1 - molecular  marker (O’Range Ruler 100 DNA Ladder, 
SM1143-Fermentas); 500 bp, 1000 bp and 1500 bp lanes were marked 
 

Fig. 5. Agarose gel electrophoresis of PCR products after amplification of mecA gene at S. aureus (lanes 2-6) (10 µl/lane) and at S. 

epidermidis (lanes 7-16) (10 µl/lane); lane 1 – molecular marker (O’Range Ruler 100 DNA Ladder, SM0623-Fermentas); 500 bp 
lane was marked 
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Fig. 6. Agarose gel electrophoresis of PCR products after amplification of femA at S. aureus (lanes 2 - 14) (10 µl/lane); lane 1 –
molecular marker (O’Range Ruler 100 DNA Ladder, SM0623 Fermentas); 500 bp, 1000 bp and 1500 bp lanes were marked 
 

 
Fig. 7. Agarose gel electrophoresis of PCR products after amplification of ermC gene (lanes 2-20, 10 µl/lane) at S. aureus; lane 1 –
molecular marker (O’Range Ruler 100 DNA Ladder, SM0623-Fermentas); 500 bp lane was marked 
 

 
Fig. 8. Agarose gel electrophoresis of PCR products after amplification of ermA gene at S. aureus (lanes 2-4, 12 and 14) (10 
µl/lane), S. hominis (lanes 5, 6 and 11), S. haemolyticus (lanes 7 and 10), S. epidermidis (lanes 8, 9 and 13); lanel 1 –molecular 
marker (O’Range Ruler 100 DNA Ladder, SM1203-Fermentas); 500 bp lane was marked 
 

Fig. 9. Agarose gel electrophoresis of PCR products after amplification of ermB gene at S. aureus (lanes 2-3) (10 µl/lane), S. 

epidermidis (lanes 4 - 16); lane 1 –molecular marker (O’Range Ruler 100 DNA Ladder, SM1203-Fermentas); 500 bp lane was 
marked 
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The PCR method was used to identify the genes which 

give resistance to different antibiotics and also the genes 
responsible for pathogenic activity.  

In comparison with other studies such as the ones 
mentioned for each gene in the description above, the 
current results show that the mentioned genes are identified 
approximately in a similar number as can be found in 
literature (Harbarth et al., 2006; Zmantar et al., 2008; 
Crăciunaş et al., 2010). 

With these obtained results, the author can sustain the 
assertion that the main S. aureus genes involved in the
resistance to antibiotics for the studied isolates are: mecA, 
femA, ermA, ermB and ermC.  

 

Conclusions 

Analyses of pathogenic activity genes for the 50 
staphylococcal strains revealed the presence of nuc, tuf and 
sea genes acting as thermonuclease, elongation factor and 
enterotoxin. It was not detected the tst gene, which means 
that, in this case, pathogenic activity was not caused by toxic 
shock toxin. Among the Staphylococcus isolates, resistance to 
MLSB antibiotics was expressed by finding ermA gene at 12 
strains (24%), ermB at 6 (12%) strains, ermC at 23 (46%) 
strains while the resistance to beta-lactams was expressed in 
proportion of 100% by mecA, although femA genes were not 
detected in any of the MRSA isolates. 
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