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A modified pulsed-field gel electrophoresis (PFGE) protocol was developed and applied to clinical isolates of
Staphylococcus aureus and enterococci to reduce the cost of using lysostaphin. This protocol reduces the
expenses of PFGE typing of S. aureus and enterococci as it removes the use of lysostaphin during the
spheroplast formation from these bacteria.

© 2010 Elsevier B.V. All rights reserved.

Methicillin-resistant Staphylococcus aureus (MRSA) and vancomy-
cin resistant enterococci (VRE) are pathogens often associated with
nosocomial infections (Emori and Gaynes, 1993; Engemann et al.,
2003; Schramm et al., 2006). Nosocomial infections have a tremen-
dous impact on the morbidity, mortality and costs of hospitalization.
Annually, two million patients are estimated to develop nosocomial
infections in the United States (Richards et al., 1999).

Molecular typing methods are used to study the outbreak
investigations at hospital and to trace the source of infections.
Pulsed-field gel electrophoresis (PFGE) is a gold standard and a
powerful typing technique for contradistinction of bacterial strains
causing hospital-acquired infections (Birren and Lai, 1993; Leonard
et al., 1995; Maslow et al., 1993; Swaminathan and Matar, 1993;
Tenover et al., 1995). Problems arise when this technique is applied to
differentiate MRSA isolates since spheroplast formation from this
organism needs lysostaphin (McDougal et al., 2003; Wenming et al.,
2008), which is very expensive. Similarly, this enzyme also is used for
DNA extraction from enterococci (Hogan et al., 2008; Murray et al.,
1990; Saeedi et al., 2002; Sulakvelidze et al., 2000).

In this study we successfully developed a novel protocol to
eliminate lysostaphin from the DNA extraction.

We used protocol described by Murray et al. (1990) for DNA
extraction of enterococci and protocol described McDougal et al.
(2003) in order to gain genomic DNA of S. aureus.

The bacterial strains used in this study were isolated from
nosocomial infection specimens (clinical isolates of S. aureus and
clinical isolates of Enterococcus faecalis). S. aureus ATCC29213 and E.
faecalis ATCC29212 were used as controls. We used Salmonella
serotype Branderup strain H9812 as marker (Hunter et al., 2005).
Enterococcous faecium strain D366 with van B phenotype (kindly
provided by B. Murray, Texas University) was also included as control
in this experiment.

Initially, one colony from each strain was sub-cultured from
plates containing trypticase soy agar with sheep blood into 5 ml
Brain Heart Infusion Broth (BHI) in 15×100 mm screw-cap tubes.
The tubes were then incubated for 16–18 h at 35–37 °C with gentle
shaking until the optical density of suspension reached to 0.8–1.2 at
600 nm for S. aureus strains and 1.3–1.7 for enterococci. From this
suspension, 350 μl was transferred into 1.5 ml micro-centrifuge tube
and the cells were spinned at 12,000 rpm (13,684.32 g) for 5 min.
The supernatant was removed and the pellet was re-suspended
in 300 μl TEN buffer (100 mM EDTA, 0.15 M NaCl, 100 mM Tris pH
7.5) and centrifuged at 12,000 rpm (13,684.32 g) for 5 min.
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Subsequently, the sediments were suspended in 150 μl of EC buffer
(100 mM EDTA, 1 M NaCl, 6 mM Tris–HCl (pH 7.6), 0.2% deoxycho-
late–0.5% Sarkosyl and 0.5% Brij-58). The suspension was heated in
boiling water for 5–10 min before mixing it with an equal volume of
2% low melting point agarose (LMP). The LMP agarose was prepared
in EC buffer and placed in a 50 °C water bath until use. The mixture
was poured into plug molds. The plugs were solidified for 5 min at
4 °C. They were then transferred into 50 ml falcon tubes containing
10 ml EC buffer and lysozyme (25 mg/ml) and then placed in 36 °C
water bath overnight with gentle shaking. The plugs were trans-
ferred to 9900 μl of lysis buffer II (0.5 mM EDTA, 1% Sarkosyl) plus
100 μl of 20 mg/ml proteinase K (the final concentration of
proteinase K was 0.2 mg/ml) and incubated in water bath at 50 °C
for 4 h with gentle shaking. They were washed three times with
10 ml of TE buffer for 30 min. The restriction digestion step was done
by adding 30 U SmaI enzyme for 4 h incubation at 25 °C after 30 min
preincubation at 30 °C.

The plugs were placed in wells of 1.0% agarose gels (Bio-Rad)
made with 0.5X TBE, sealing with the same agarose. Restriction
fragments of DNA are separated in 1% agarose in 0.5X TBE using
clamped homogeneous electric fields (CHEF DRIII, Bio-Rad). The
electrophoretic conditions were 6 V/cm; 120° switch angle at
14 °C, and a run time of 24 h divided into two different blocks. The
first block had a run time of 20 h, an initial switching time of 5 s,
and a final switching time of 35 s, whereas the second block used a
switch time ramp of 5 s–10 s for 4 h. The gel was stained with
0.5 mg/ml ethidium bromide for 20 min and de-stained in water
for 20 min.

Despite omitting lysostaphin in our DNA extraction procedure,
there were no differences of DNA bands using this new method
compared to the standard protocol (Fig. 1) The results were
reproducible when further experiments were performed on more
clinical strains (Fig. 2). Another advantage of our method is cost
saving of proteinase K which is also expensive as we used 0.2 mg/ml
of this reagent comparedwith other studies that used at least 1 mg/ml
(Murray et al., 1990; Sulakvelidze et al., 2000).

The PFGE patterns obtained for strains of S. aureus and enterococci
are shown in Fig. 1. As the picture shows there is no significant
difference between using lysostaphin, or boiling, in order to obtain
whole DNA. The type ability and repeatability of our new method
were checked with further experiments using other isolates of S.
aureus (n=30) and enterococci (n=30) (data is not shown).

In conclusion, the protocol described in this article allows a cost-
saving and reproducible alternative to previously published PFGE
typing protocols for typing of staphylococci, enterococci and,
potentially, other gram-positive bacteria. We expect that the
procedure will be of value during epidemiological investigations of
MRSA and VRE outbreaks and for comparative characterization of
MRSA and VRE strains isolated in different geographic loci.

This project was supported by Tehran University of Medical
Sciences, project No. 8740.
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Fig. 2. DNAfingerprinting of Staphylococcus aureus and enterococci after digestion of genomic DNAwith SmaI and resolution by PFGE. DNAswere extractedwithout using lysostaphin. Lanes; 1:
S. aureusATCC29213, 2–8: clinical isolates of S. aureus, 9–17: clinical isolates of E. faecalis, 12 and13:Repetitive isolates fromanother lung transplantedpatient atdifferent timeswhich equivalent
to lane 4 of Fig. 1 (same patient), 14 and 15: Repetitive Isolates from a lung transplanted patient at different times which equivalent to lane 3 of Fig. 1 (same patient). The numbers show the
molecular sizes of fragments in kilo base pairs.
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