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In vitro antibiogram pattern of Staphylococcus aureus 
isolated from wound infection and molecular analysis of 
mecA gene and restriction sites in methicillin resistant 

Staphylococcus aureus

Abstract

Staphylococcus aureus is a common nosocomial pathogen with property to 
develop resistance to antimicrobial agents. But in the modern era, drug resistance 
had been developed by microbes due to its continuous usage of antibiotics. This 
study was carried out to evaluate antibiotic resistant pattern of methicillin resistant 
Staphylococcus aureus (MRSA) using molecular genotyping. In view of the present 
problem, the study has been conducted to detect the molecular genotyping of mecA 
gene from MRSA and confirmation of its restriction sites using EcoRI and BamHI. 
The pus samples were swabbed out, and clinical strains were isolated using standard 
microbiological procedures. Then the strains were subjected to in vitro antibiotic 
susceptibility assay and identified MRSA. Further molecular genotyping of mecA gene 
was determined by polymerase chain reaction technique. The percentage analysis was 
done. The clinical strains were isolated from the wound infected patients. A total of 
60 samples were collected, of 60 samples, 40 (66.7%) were showed positive to strains 
of S. aureus. The in vitro antibiotic susceptibility assay was carried to find the drug 
sensitive and resistant patterns. Further methicillin resistant strains (35%) of S. aureus 
were screened and subjected to molecular genotyping of mecA gene and was confirmed 
by restriction digestion. Overall, 70% of plasmids show positive for the presence of 
mecA gene, although all strains have restriction sites. Hence, the present study revealed 
that the early detection of antibiotic resistant character using molecular genotyping 
will help the infected patient to cure short period and will reduce the development of 
multidrug resistance.

Key words: Antibiogram, in vitro, mecA gene, methicillin resistant Staphylococcus aureus, 
Staphylococcus aureus

V. Hemamalini, V. Kavitha1, 
Sridhar Ramachandran2

Department of Plant Biology and 
Plant Biotechnology, Quaid‑e‑Millath 

Government Arts College (W), 
1Department of Microbiology, Valliammal 

College for Women, 2Department of 
Biology, A.B.S.V.M., Thiruvallur, 

Tamil Nadu, India

original articlE

J. Adv. Pharm. Technol. Res.

INTRODUCTION

Staphylococcus aureus caused a wide range of major and 
minor infection in man and animals and is characterized 
by its ability to clot blood plasma by the action of the 
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enzyme coagulase. The emerging drug resistant strain of 
S. aureus associated with risk factors such as drug resistant in 
Intensive Care Unit, changes in blood cells etc., in children.[1]

Methicillin resistant Staphylococcus aureus (MRSA) is present 
account for 3–5% of all isolates of S. aureus. The recent 
research carried out by Abbas et al.[2] was reported that 
hospital acquired-MRAS and community acquired-MRSA 
were more prevalent at a tertiary care hospital. The detailed 
molecular mechanism with respect to MRSA resistant genes 
and their regulation was propounded by Sangappa and 
Thiagarajan.[3]

The present study is undertaken to investigate the antibiotic 
resistant pattern of MRSA and determination of the presence 
of mecA gene and amplification of mecA gene by polymerase 
chain reaction (PCR) and analysis of its restriction sites.

MATERIALS AND METHODS

Collection of specimens
The wound swabs were collected from patients admitted 
in Sundaram Medical Foundation, Chennai, Tamil Nadu. 
The samples were collected aseptically with ice box and 
transported to the laboratory immediately, stored in 
refrigerator, and the analysis was carried out within 2 h 
of times.

Wound swabs
A sterile dry cotton swab was pressed and rolled over the 
infected tissue, and the swab was inserted in the alkaline 
peptone water. The swab was pushed down one-third into 
the alkaline peptone water, and the cap was screwed.

Isolation and biochemical screening of Staphylococcus 
aureus
The specimen was inoculated on nutrient agar and 
incubated at 37°C overnight. The biochemical tests such as 
catalase, oxidase, coagulase, and sugar fermentation were 
done for further confirmation.[4]

In vitro antibiotic susceptibility test by disc diffusion 
assay
The pure clinical isolates of S. aureus were Gram-stained 
before the test. The S. aureus cultures were inoculated 
in peptone water and incubated at 37°C to get turbidity 
equal. A sterile cotton swab was dipped into the 
inoculation, and the excess was removed by pressing 
the swab to the sides of the tube. The entire agar surface 
was swabbed. The inoculation was allowed to dry for 
15 min. Methicillin and other antibiotic discs such as 
ampicillin, chloramphenicol, gentamycin, tetracycline, 
and erythromycin were applied on the medium. The 
plates were incubated at 37°C and examined after 
18–24 h.

Plasmid isolation by alkaline lysis method
The pure culture of S. aureus was inoculated into LB broth 
with ampicillin and incubated overnight at 37°C. To 
this, 10 ml of well-growth culture was transferred into a 
centrifuge tube. The cells were pelleted at 10,000 rpm for 
5 min in a refrigerated centrifuge, and the supernatant 
was discarded. The pellet was resuspended in 150 µl 
of solution A and was incubated in ice for 30–40 min. 
Added 250 µl of solution B into the centrifuge tube and 
vortex it and then incubated on ice for 10 min. Similarly, 
150 µl of solution C was added and incubated in ice for 
60 min. Centrifugation was done at 6000 rpm for 10 min. 
The supernatant was transferred into a fresh microfuge 
tube. Added equal amount of ice cold 95% ethanol and 
kept it in −20°C for overnight. The solution D was added 
after 24 h and kept for 10 min. Then centrifugation 
was done at 6000 rpm for 10 min. The supernatant was 
removed, and the pellet was dried. The dried plasmid 
DNA was dissolved in 50 µl of Tris buffer. Loading dye 
was mixed with 20 µl of sample and run in agarose gel 
electrophoresis.

Agarose gel electrophoresis
Tris-acetate-ethylenediaminetetraacetic acid (TAE) is most 
commonly used buffer, but it gets easily exhausted during 
extended or high voltage electrophoresis. Agarose gel 
electrophoresis is carried out in a horizontal submarine 
electrophoresis unit. Prepare 1 L of tank buffer using ×100 
TAE buffer (take 10 ml of × 1 TAE buffer and then add 
990 ml of double distilled water). For the preparation of 
gel electrophoresis, dissolve by heating 1.0 g of agarose in 
100 ml of × 1 TAE buffer, before pouring into the gel cast 
add ethidium bromide. Load the gel with 15 µl of sample 
and 5 µl of gel loading dye. Electrophoresis is carried for 1 h 
depending upon the length of the gel, until the gel loading 
dye migrates more than half the length of gel. At the end of 
the electrophoresis, visualize the plasmid DNA under UV 
transilluminator (Biorad, USA).

RESULTS

The pus samples were collected from 60 wound patients for 
the isolation of MRSA. Of the 60 pus samples, 40 (66.7%) 
samples showed positive result for S. aureus. Of 40 isolated 
strains, 14 are MRSA.

The organisms were identified from the morphological, 
cultural, and biochemical testing. The S. aureus was 
isolated in nutrient agar and blood agar. In nutrient 
agar, the colony shows circular, convex, shiny, opaque, 
smooth colonies with slightly golden yellow pigment. In 
blood agar, beta-hemolytic white colonies were observed. 
S. aureus was confirmed using selective media like 
Mannitol Salt Agar. S. aureus strains are detected by the 
sugar fermentation test. Further, S. aureus was confirmed 
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from catalase, oxidase, coagulase, and various biochemical 
characterization test like indole production test, methyl red 
test, Voges–Proskauer test, citrate utilization test, urease 
production test, and Nitrate reduction test. The results are 
shown in Table 1.

The  in  v i t ro  ant ibiot ic  sensi t iv i ty  pat terns  of 
the S. aureus toward the antibiotics like ampicillin, 
penicillin, chloramphenicol, tetracycline, erythromycin, 
and methicillin. The organisms showed resistant toward 
methicillin are called as MRSA [Figure 1]. The sensitivity 
was determined from comparing the results with zone size 
interpretative chart provided by Hi-Media Laboratories Ltd. 
The results are shown in Table 2.

The plasmid profile was done by alkaline lysis method 
[Figure 2] and was carried out to study the level of 
sensitivity pattern between the antibiotic resistant strains 
of MRSA and determining the presence of mecA gene by 
PCR [Figure 3] and analyzing of its restriction sites using 
EcoRI and BamHI [Figures 4 and 5].

DISCUSSION

In the recent years, there has been more report on the 
prevalence and drug resistant of S. aureus. As these 
bacteria are increasingly gaining resistance to commonly 
used antibacterial agents, there is immediate need for 
finding authentic detection of drug resistant strains for 
controlling risk factors due to infection. Therefore, the 
present study has made an attempt in exploring molecular 
detection of mecA gene from MRSA from wound infected 
patients and confirmation of its restriction sites using 
EcoRI and BamHI.

Qureshi et al.[5] had screened the clinical isolates of S. aureus 
using a set of primers specific for mecA gene. The researchers 
reported that 76.44% were identified as MRSA and 19.6% 
as MRSA. The mecA gene was found positive in 89 (MRSA 
and MSSA) isolates (87.22%), 20 of 98 isolates that were 
categorized as MSSA by disc diffusion method, 11 showed 
amplification of mecA gene by PCR. Sasirekha et al.[6] had 
evaluated different conventional phenotypic methods in 
detecting MRSA and determined the prevalence of bioflim 
producer among MRSA. A total of 153 clinical isolates of 
S. aureus were subjected to antibiotic susceptibility test by 
disc diffusion. Of 153 isolates, 42 (57.7%) were found to be 
methicillin resistant, and drug resistance patterns of MRSA 

Table 1: The biochemical test for the 
identification of isolated Staphylococcus aureus
Test Result
Preliminary test

Gram’s staining +
Motility +
Catalase +
Oxidase +
Coagulase +

Biochemical test
Indole −
Mr +
Vp +
Citrate −
Urease +
Nitrate +

Sugar fermentation
Sucrose +
Mannitol +
Maltose +

(+): Positive, (-): Negative, Mr: Methyl red, Vp: Voges-Proskauer Figure 1: Staphylococcus aureus showing methicillin resistant

Table 2: In vitro antibiotic sensitivity pattern of Staphylococcus aureus
Antibiotics Diameter of zone (mm)

I1 I2 I3 I4 I5 I6 I7 I8 I9 I10 I11 I12 I13 I14

Methicillin R R R R R R R R R R R R R R
Erythromycin R R I R R R R R I I I I I I
Gentamycin S I I R R R R R S I R I R R
Chloramphenicol R R R R I R R R I I I I I I
Ampicillin R R R R R R R I I I I I I I
Tetracyclin R R R R R R R R I I I I I I
R: Resistance, S: Sensitive, I: Intermediate, I1 to I14 -Strains
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isolates were performed. The another study conducted by 
Kaur et al.[7] had estimated the frequency of Panton-Valentine 
leukocidin (PVL) positive S. aureus in Belgaum, South 
India. The clinical isolates were identified, phenotypically 
characterized as methicillin sensitive and methicillin resistant 
strains of S. aureus by disc diffusion method by employing 
oxacillin disc (1 µg) and genetically by multiplex PCR for 
mecA and femB genes. The researchers were confirmed 38.6% 
as MRSA by PCR for mecA and also showed high percentage 
of PVL positive MRSA and MSSA, respectively.

Hussain et al.[8] had screened the antimicrobial susceptibility 
pattern of S. aureus. They were isolated 80 strains, in 
which 53 (66.25%) strains were found to be methicillin 
resistant while the rest of the 27 (33.75%) strains were 
methicillin-susceptible. In contrast to the present study, 
we had isolated 66.7% of S. aureus, of which 35% of clinical 
strains were showed resistance to methicillin.

The plasmid DNA was extracted by alkaline lysis method 
and bands observed on agarose gel electrophoresis revealed 

that there is no remarkable change in the molecular 
level between MRSA strains. The isolated plasmid DNA 
was used as template in the PCR study. The protocol 
developed by Merlino et al.[9] was followed in the present 
study for amplification of plasmid DNA. Amplification 
was performed using specific primers mecA gene forward 
primer (5’-AAAATCGATGGTAAAGGTTGGC-3’) and mecA 
reverse primer (5‘-AGTTCTGCAGTACCGGATTTGC-3’).

Irayyif et al.[10] had identified MRSA by a rapid PCR 
technique. The researchers were collected blood sample 
from the wound infected patients. The bacterial genomic 
DNA was isolated and amplified using the forward 
primer, 5’CTGCTATCCACCCTCAAACAG3’ and the 
reverse primer, 5’CACCTTGTCCGTAACCTGAATC3’, 
respectively. Further, the plasmid isolation was done by 
alkaline lysis method, and confirmation of the clones was 
subjected to restriction digestion using BamH1 and EcoR1. 
Another study conducted by Khan et al.[11] had amplified 
mecA and nuc genes in multidrug resistant S. aureus strains 
from hospital personnel. The mecA gene was amplified 
using primer 5’AGTTGTAGTTGTCGGGTTT-3’ and 

Figure 2: Extraction of plasmid DNA from methicillin resistant 
Staphylococcus aureus

Figure 3: Polymerase chain reaction amplification of mecA gene

Figure 4: Restriction analysis of plasmid DNA by EcoRI
Figure 5: Restriction analysis of plasmid DNA by BamHI
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5’AGTGGAACGAAGGTATCATC-3’. The result revealed 
that of 17 clinical isolates, 7 (41.18%) strains were showed 
the present of mecA gene.

For molecular genotyping, the gene of interest is mecA 
gene that is responsible for the resistance to the drug called 
methicillin and codes for penicillin-binding protein 2A.[12] 
But in the recent year, apart from studying mecA gene, the 
researchers[13,14] were found a new mechanism of MRSA for 
screening mecC gene for genotypic confirmation of MRSA.

The PCR was performed in thermal cycler (Eppendorf 
Company, USA) using PCR conditions. The final PCR 
products were resolved in 1% agarose using TE buffer.

The results clearly indicated that 4 strains among 6 carried 
mecA gene. The resistance for the remaining 2 strains may 
have been encoded by different gene, such as femA gene.[15]

The difference in strains may also be analyzed by screening 
for restriction sites using restriction enzymes. Hence, 
screening for restriction sites were carried out by employing 
EcoRI and BamHI restriction enzymes. The results in our 
study showed that the presence of restriction sites for both 
the enzymes in all the positive strains.

CONCLUSIONS

S. aureus is a common nosocominal pathogen with property 
to develop a resistant to antimicrobial agents. In the present 
study, isolation of clinical strains from wound sample, 
microbiological characterization of S. aureus, Plasmid 
isolation, mecA gene amplification by PCR and restriction 
digestion pattern of the MRSA were carried out. Among 
60 samples from the infected patients, 40 (66.7%) samples 
were showed positive for S. aureus. From this, 14 (35%) were 
resistant to the antibiotic-methicillin, so called MRSA. All 
the MRSA isolates have the same molecular weight plasmid. 
The plasmid DNA on restriction digestion with EcoRI and 
BamHI showed banding pattern that confirms the presence 
of restriction sites. Dialyzed plasmid DNA was amplified 
for the confirmation of the presence of mecA gene. Seventy 
percentage of plasmids show positive for the presence of 
mecA gene.

Several research works[16-23] had been conducted in India 
with reference to the molecular detection of mecA gene 
from MRSA. But no studies have been reported in India 
by detecting mecA gene using mecA gene forward primer 
(5’-AAAATCGATGGTAAAGGTTGGC-3’) and mecA gene 
reverse primer (5 ‘-AGTTCTGCAGTACCGGATTTGC-3’), 
which was prescribed and developed by Merlino et al.[9] 
To the best of our knowledge, this constitutes the first report 
in India on the molecular detection of mecA gene from 
S. aureus. In addition, 70% of MRSA plasmids confirm the 
presence of mecA gene although all MRSA strains have 

restriction sites. Henceforth, early detection of MRSA 
could reduce morbidity and mortality and also reduce the 
development of multidrug antibiotic resistance.
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