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ABSTRACT

Nosocomial infection caused by methicillin-resistant staphylococci poses a serious problem in many 
countries. The aim of this study was to rapidly and reliably detect methicillin-resistant-staphylococci 
in order to suggest appropriate therapy. The presence or absence of the methicillin-resistance gene in 
115 clinical isolates of Staphylococcus aureus and 50 isolates of Coagulase Negative Staphylococci 
(CNS) was examined by normal PCR. DNA extraction for PCR performance was then modified by 
omission of achromopeptadiase and proteinase K digestion, phenol/chloroform extraction and ethanol 
precipitation. All isolates with MIC>8 g/ml showed positive PCR. No differences in PCR detection 
have been observed when normal and modified DNA extractions have been performed. Our modified 
DNA extraction can quickly detect methicillin-resistant staphylococci by PCR. The advantage of rapid 
DNA extraction extends to both reduction of time and cost of PCR performance. This modified DNA 
extraction is suitable for different PCR detection, when staphylococci are the subject of DNA analysis.  
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INTRODUCTION

ethicillin resistant strains of Staphylo-
coccus aureus (MRSA) were identified 
shortly upon the introduction of 

methicillin into the clinical practice 1, 2. In 1980, 
the first community acquired MRSA infection was 
reported in the United States 3. There has been a 
steady increase in the prevalence of the methicillin-
resistant strains of S. aureus isolated from hospital 
in the United States over the years that in 1997
approximately 25% of nosocomial isolates of S. 
aureus were methicillin-resistant 4. Previous study 
in our center in Shiraz University affiliated 
hospitals showed MRSA had risen up to 33% 5.

Standardized methods of the susceptibility test 
have been used for the detection of resistant strain 
6, 7. However,  phenotypic  expression  of 
methicillin-resistance is usually heterogeneous 8. 
In addition, methicillin-resistance is influenced by 
culture conditions such as temperature, medium, pH 

and NaCl content in medium 9. These factors 
complicate the detection of methicillin-resistance, 
especially for strains with low level resistance.

Several PCR assays based on the DNA sequence 
information have been used for detection of MRSA 
strains 10-12. The PCR methods have high 
sensitivity and specificity and were independent of 
the physical and chemical conditions of culture. To 
carry out normal PCR, 24 hours time is needed. 
This time is required for DNA preparation, PCR 
performance and detection of PCR products into the 
gel. We modified DNA extraction for PCR to 
reduce the test period and the cost.

MATERIALS AND METHODS

Bacterial strains.  One hundered and fifteen S. 
aureus isolates and fifty Coagulate Negative 
Staphylococci (CNS) were obtained from different 
wards in Nemazi Hospital, Shiraz, Iran. The isolates 
were identified as a staphylococci based on 
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morphology, gram stain and catalase test. The S. 
aureus and CNS were differentiated from each 
other by coagulase and DNase activity. 
American Typing Culture Collections (ATCC), 
25923 and 51153, were used as a mecA negative 
and positive, respectively. Methicillin Minimum 
Inhibitory Concentration (MIC) were determined by 
agar dilution plates as recommended by National 
Committee for Clinical Laboratory Standards 
(NCCLS) 13. 

DNA extraction.  Pure DNA was prepared by 
growing bacteria in 5 ml Tripticase Soy Broth 
(TSB) for 18 h (mid log). The grown bacteria were 
centrifuged at 800 g for 10 minutes and 
supernatant was discarded. The sediments were 
resuspended in 5 ml PBS, shacked for 30 minutes 
and then recentrifugated at 800 g. The washed 
bacterial cells were transferred into 1.5-ml 
microtubes and 10 l achromopeptadiase (10,000
u/ml) was added and incubated at 55C for 30 min.  
Next, 10% SDS plus 5 l (10 mg/ml) proteinase K 
were added and incubated in water bath at 37C for 
1 hour. The resulting suspension was extracted 
twice with phenol/chloroform and once with 
chloroform. Each step of the extraction was 
performed using a sterile microtube and 
centrifigated at 12,500 g. The bacterial DNA was 
recovered from supernatant by precipitated DNA in 
pure ethanol over night at -20C freezer. 
Precipitated DNA was washed with 70% ethanol to 
separate any protein contamination and then 
resuspended in 40 l TE buffer. A volume of 2.5 l 
of this DNA was used as a DNA template. 

PCR conditions. PCR mixture consists of 0.25
M of each primer (5 AAA TCA GAT GGT AAA 
GGT TGG C3) and (5AGT TCT GCA GTA CCG 
GAT TTG C3)  (TLB Mol Bio Synthese Labor), 
200 M dNTP, 2.5 mM Mg2Cl, 1.25 unit Taq 
polymearse (Cinna gen, Iran) and 2.5 l of DNA 
template. DNA amplification was carried out for 40
cycles in 50 l of reaction mixture as follows: 
denaturation at 95C for 30 s, annealing at 55C for 
30 s and extension at 72C for 1 minutes with a 
final extension at 72C for 5 minutes. PCR products 
(10 ml) were analyzed in 1.5% agarose gel. The gel 
containing amplified DNA was stained by 
immersion into the ethidium bromide suspension 
(10 mg/ml) for 10 min and destained with distilled 
water for 10 minutes. The PCR products were 
observed by visualized 533 bp band under 
automatic UV transiluminator (Uvtec, Sigma, 

Germany). The image was stored in the computer 
for further analysis.

Modified DNA extraction method. For rapid PCR 
performance, the bacterial suspension was swabbed 
on Tripticase Soy Agar (TSA) while the surface of 
the medium was covered with standard vancomycin 
discs (3 discs for each plate) and incubated over 
night. The bacterial colonies from edges of the zone 
of inhibition were then resuspended in sterile 
distilled water and matched to 0.5 MacFarland 
standard (approximately 108 cfu/ml). The bacterial 
suspension was heated at 95C for 15 min and 
cooled at room temperature. Cured lysate mixture 
(2.5 l) was used as a DNA template when 
modified DNA extraction for PCR performance was 
carried out.

RESULTS

Based on MIC values, all S.  aureus strains were 
classified into three categories: Methicillin 
Sensitive S. aureus (MSSA, MIC = 0.25-1 Mg/ml), 
Borderline Methicillin-resistant S. aureus (BL, MIC 
2-8 Mg/ml) and Methicillin-Resistance S. aureus
(MRSA, MIC>8 g/ml). MIC values for CNS 
showed up to 56% (28 out of 50) of these strains are 
methicillin resistant. These results are shown in 
Table 1.

Normal DNA extraction for PCR detection was 
optimized and modified for all isolates. No 
difference in PCR results have been observed when 
our rapid and normal DNA extraction have been 
performed (Fig. 1). All staphylococci with MIC>8
g/ml, coagulase positive and negative strains, 
showed positive PCR results (Table 1). The time for 
rapid DNA extraction and PCR performance was 6
h instead of 24 hours.

DISCUSSION

Methicillin-resistant S. aureus produces a low-
affinity penicillin-binding protein (PBP2/ or PBP 
2a) in addition to usual PBP 14, 15. Available data 
show that structural genes of this PBP (mecA) are 
present in resistant strains but not in susceptible 
ones 4. The mecA genes and its associated 
elements are located in chromosome [16]. It has 
been proposed that extensive -lactam antibiotic 
usage selected resistant strains. In our Hospital, 
there has been a 10% increase in the incidence of 
MRSA during  the last four years (from 33% to 
43%). These results are consistent with reports from 
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other countries [17-20]. If the strategy for antibiotic usage   is    not     changed,    we      should     expect 
Table 1.  Frequency of methicillin MIC for 115 S.aureus isolates and 50 Coagulase Negative Staphylococci (CNS) and their 

correlation to PCR results.
MIC g/ml 0.25 0.5 1 2 4 8 16 32 64 128 256 >256
No/CNS(%) 4/8 5/10 2/4 3/6 2/4 6/12 2/4 1/2 4/8 8/16 5/10 8/16
PCR result - - - - - - + + + + + +
MIC range 0.25-1 g/ml (MSCNS) 2-8 g/ml (BLCNS) MIC>8 g/ml  (MRCNS)
Total No/CNS% 11/22 11/22 28/56

No/CPS % 4/3.5 8/7 15/13 14/12.2 11/9.6 14/12.2 6/5.2 5/4.3 3/2.6 6/5.2 7/6.1 22/19
PCR result - - - - - - + + + + + +
MIC range 0.25-1 g/ml (MSSA) 2-8 g/ml (BLCPS) MIC>8 g/ml (MRSA)

Total No/CPS% 27/23.5 39/34.1 49/42.4

No, number; CPS, coagulase positive staphylococci; MSCNS, methicillin sensitive  coagulase negative staphylococci; BLCNS, 
borderline resistant of coagulate negative staphylococci; MRCNS, methicillin resistant coagulase negative staphylococci; MSSA, 
methicillin Sensitive S.aureus; BLCPS, borderline resistant of coagulase positive staphylococci; MRSA, methicillin-resistant  S. 
aureus; (-), negative PCR result; (+), positive PCR result.

more than 60% of staphylococci isolated from 
patients be methicillin-resistant in the near future. In 
the cases of CNS, 56% of the strains isolated from 
patients in the Hospital have already emerged 
methicillin- resistance. Therefore, it would be wise 
to change the patterns of antibiotic usage to reduce 

selective pressure upon sensitive strains. However, 
we need reliable methods such as PCR for 
differentiation of sensitive and resistant strains that 
are independent of physical and chemical conditions 
of bacterial culture. This would be a guide for the 
clinician to use  appropriate  antibiotics.  It has been 

Fig. 1.  Tracks 1 and 2 A, mecA positive (533 bp) and negative respectively when modified DNA extraction was carried out 
(precipitated DNA and proteins into the wells number1 & 2 are clearly observable); tracks 3 A and B, size markers; tracks 1 and 2 B, 
mec A negative and positive (533 bp) respectively when normal DNA extraction was carried out. bp., base pair.
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suggested to use vancomycin for patients infected 
with mecA positive strains, whereas pencillinase 
resistant penicillins are the drug of choice for 
patients infected with mecA negative strains 21.

PCR is a sensitive, specific and rapid method for 
the detection of mecA positive strains. Nevertheless, 
staphylococci cell walls are surrounded by the thick 
peptidoglycan [22]. To weaken staphylococcal cell 
wall in normal DNA extraction, usually achromo-
peptidase or lysostaphin is recommended 23. 
Whereas, in the case of Gram-negative bacteria like  
E. coli, with (1-3 nm diameters), thin peptidoglycan  
EDTA or lysozyme can be used to open cross-
linked in peptidoglycan. Gram-negative bacteria 
treatment in this way can be simply lysed using 
SDS or boiling. On the other hand, for 
staphylococci with thick peptidoglycan (20-80 nm 
diameters), it would be difficult to penetrate into the 
cell wall except by specific enzymes 
(achromopeptidase or lysostaphin) adding to  the 
lysis buffer [23]. We used vancomycin discs (cell 
wall inhibitor antibiotic) instead of expensive 
enzymes, because almost all staphylococci are 
sensitive to this antibiotic [24], and can weaken a 
thick bacterial cell wall. As a consequence, boiling 
of suspension containing several colonies of 
bacteria from the edge of inhibition zone will 
readily open the disintegrated cell wall.

Our method of DNA extraction is suitable for all 
PCR approaches where staphylococci are subject of 
the DNA analysis. Nevertheless, for some sensitive 
molecular methods such as restriction fragments 
length polymorphisms (RFLP) or DNA sequencing, 
at least one step phenol/chloroform extraction plus 
ethanol perception is needed to get rid  of DNase 
and contaminated proteins 25.
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