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A disadvantage of genotyping bacterial strains by pulsed-field gel electrophoresis is that the procedure
requires up to 6 days to complete. We modified a standard pulsed-field gel electrophoresis method (B. E.
Murray, K. V. Singh, J. D. Heath, B. R. Sharma, and G. M. Weinstock, J. Clin. Microbiol. 28:2059–2063, 1990)
so that it could be completed in less than 3 days. We successfully applied this method to the analysis of a variety
of gram-positive and gram-negative bacteria.

Pulsed-field gel electrophoresis (PFGE) is a highly repro-
ducible and discriminating tool for the molecular typing of
bacteria. It has been successfully applied to a broad range of
different gram-negative and gram-positive organisms and my-
cobacterial species in epidemiological studies of populations
where diseases are endemic, as well as in outbreaks (2, 4, 5). Its
major disadvantage is that it requires up to 6 days from isola-
tion of a pure colony of a bacterial strain until results are
available. Here we present a rapid PFGE method that yields
results in less than 3 days from the time of isolation of the
organism.
Selection of bacterial strains. The bacterial strains tested

were obtained from the clinical microbiology laboratory at
Rush Presbyterian St. Luke’s Medical Center and were se-
lected to represent a variety of gram-negative and gram-posi-
tive organisms. Eight to ten unique strains of each of the
following bacteria were tested: Escherichia coli, Klebsiella pneu-
moniae, Serratia marcescens, Staphylococcus aureus, Streptococ-
cus pneumoniae, Enterococcus faecalis, and Enterococcus faecium.
Strains were considered unique if PFGE patterns differed by
more than three bands (8). DNA from each strain was analyzed
in parallel by both the standard method and the rapid method.
Standard DNA extraction procedure. A modification of the

method of Murray et al. was used as the standard procedure
for preparation of genomic DNA (6). All gram-negative bac-
teria and S. aureus strains were incubated overnight in 5 ml of
brain heart infusion broth. Enterococcus spp. were grown over-
night in brain heart infusion broth containing 1.8% glycine. S.
pneumoniae strains were inoculated onto tryptic soy agar con-
taining 5% sheep blood, incubated overnight in 10% CO2, and
then suspended in 5 ml of brain heart infusion broth. All
incubations were at 378C. Cells were harvested by centrifuga-
tion and then resuspended in 2.5 ml of PIV buffer (1 M NaCl,
10 mM Tris hydrochloride [pH 7.4]). A 0.5-ml aliquot of this
suspension was combined with 0.5 ml of molten 1.6% low-
melting-temperature agarose (SeaPlaque GTG; FMC Bio-
products, Rockland, Maine) made up in sterile, distilled,
deionized water and tempered to approximately 508C. This
mixture was then pipetted into a plug mold (Bio-Rad Labora-
tories, Hercules, Calif.) and allowed to solidify. Each plug was
placed into 10 ml of 13 lysis solution (6 mM Tris HCl [pH 7.4],

1 M NaCl, 10 mM EDTA [pH 7.5], 0.5% Brij, 0.2% deoxy-
cholate, 0.5% sodium lauroyl sarcosine) to which lysozyme
(Sigma, St. Louis, Mo.) at 0.5 mg/ml and RNase A (DNase
free; Sigma) at 10 mg/ml were added fresh on the day of the
experiment. For S. aureus isolates, lysostaphin (Sigma) at 100
mg/ml was also added to the lysis solution. Plugs were incu-
bated overnight at 378C with gentle shaking. After incubation,
the lysis solution was replaced with ESP (10 mM Tris HCl [pH
7.4], 1 mM EDTA), to which proteinase K (Sigma) at a final
concentration of 100 mg/ml and 1% sodium dodecyl sulfate
were added fresh on the day of the experiment, and the plugs
were incubated overnight at 508C. Plugs were washed with 15
ml of dilute TE (10 mM Tris HCl [pH 7.4], 0.1 mM EDTA)
twice for 30 min each time and then placed into fresh TE for
storage at 48C until restriction digestion.
Rapid DNA extraction procedure. For the rapid DNA ex-

traction procedure, 2.5 ml of each overnight bacterial culture
was harvested by centrifugation and then resuspended in 0.5 ml
of 23 lysis solution containing lysozyme at 1.0 mg/ml and
RNase A (DNase free) at 20 mg/ml. This mixture was imme-
diately added to 0.5 ml of tempered 1.6% low-melting-temper-
ature agarose, vortexed briefly, pipetted into a plug mold, and
allowed to solidify. Plugs were then incubated sequentially in
the following solutions for the indicated times: 3 ml of 13 lysis
solution containing lysozyme at 0.5 mg/ml and DNase-free
RNase at 10 mg/ml at 378C for 2 h with gentle shaking; 3 ml of
ESP containing proteinase K at 100 mg/ml and 1% sodium
dodecyl sulfate at 508C for 1 h; and 7 ml of sterile, dilute TE at
508C for 1 h. Lysostaphin at 100 mg/ml was added to the 13
lysis solution when S. aureus strains were analyzed. Care was
taken to remove all residual ESP solution prior to the di-
lute-TE wash. The TE was replaced with 5 ml of fresh dilute
TE in a clean tube for storage of plugs at 48C until restriction
digestion.
Restriction digestion and PFGE of DNA. A plug slice 2 to 4

mm wide was suspended in a total volume of 227 ml of the
manufacturer’s recommended restriction buffer and 20 U of
XbaI (Gibco Bethesda Research Laboratories, Gaithersburg,
Md.) (for E. coli, K. pneumoniae, and S. marcescens DNAs) or
20 U of SmaI (Gibco Bethesda Research Laboratories) (for S.
aureus, S. pneumoniae, E. faecalis, and E. faecium DNAs).
Digestion mixtures were incubated at 258C for 2 h for the rapid
procedure and overnight for the standard procedure. After
digestion, plug slices prepared by the standard procedure were
washed in dilute TE for 1 h at 378C before loading onto the gel.
The digested DNA was electrophoresed in a 1.2% agarose
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(SeaKem LE; FMC Bioproducts)–0.53 TBE (13 TBE is 89
mM Tris HCl [pH 7.4], 89 mM boric acid, and 25 mM EDTA
[pH 8.0])–0.05% ethidium bromide gel with a CHEF-DRII
apparatus (Bio-Rad) for 21 h at 200 V with switching times
ramped from 1 to 20 s.
The standard and rapid methods gave essentially indistin-

guishable results for all of the strains tested (Fig. 1). In some
examples, more DNA was extracted by one method, resulting
in resolution of additional bands on the gel. DNA extraction
did not appear to be consistently more efficient for one or the
other procedure, however.
Although rapid PFGE methods have been developed for S.

aureus, Staphylococcus epidermidis, and Enterococcus spp. (1, 3,
4, 7), the procedure outlined in this report is the first we know
of that has been successfully applied to multiple different bac-
terial genera. We shortened the standard PFGE assay primar-
ily by reducing the time allowed for all enzymatic reactions, a
modification employed by others to condense similar proce-
dures (1, 3, 4, 7). Long incubation periods were initially rec-
ommended so that buffers and enzymes used in DNA extrac-
tion and restriction digestion steps would have sufficient time
to diffuse into the plug. We did not attempt to determine the
minimum incubation times needed to give adequate results,
but very lengthy incubations appear to be unnecessary for most
of the bacterial strains evaluated. However, 2 of 20 S. marc-
escens strains and 1 of 4 Enterococcus avium strains subse-
quently tested required overnight incubation in 13 lysis solu-
tion before interpretable results were obtained (data not
shown).

A second alteration made in the standard procedure was to
electrophorese the DNA in agarose and buffer containing a
low concentration of ethidium bromide, thus eliminating the
need to stain and destain the gel. A disadvantage of this ap-
proach is that it results in an increase in ethidium bromide
waste. However, by making this alteration and shortening in-
cubation times, we were able to complete the entire protocol in
fewer than 3 days. As the rapid procedure is written, the steps
performed on the second day take approximately 9 h to com-
plete. If this work day needs to be shortened, restriction diges-
tion can proceed overnight rather than for 2 h and electro-
phoresis can begin on the morning of the third day. Even with
this modification, the procedure can be completed in approx-
imately 72 h.
Other rapid PFGE methods have been shortened by elimi-

nating proteinase K digestion of crude, agarose-embedded
DNA extracts (1, 3). We were unable to obtain satisfactory
results for all strains when applying this modification; a smear
suggestive of degraded or randomly sheared DNA was some-
times seen. This may have been due to degradation of the
DNA sample by residual cellular endonucleases in our prepa-
rations that were destroyed by proteinase K in the standard
method.
Occasionally, it may be necessary to extend the electro-

phoresis period beyond 21 h to discern minor banding differ-
ences between bacterial strains. We generally maintain the
electrophoresis time between 21 and 27 h by varying the
switching times if finer separation of bands is desired. For
example, separation of 150- to 300-kb fragments of SmaI-

FIG. 1. PFGE of restriction enzyme-digested total genomic DNA extracted by standard and rapid methods from representative gram-positive (A) and gram-
negative (B) bacterial strains. Gram-positive bacterial DNA was digested with SmaI, and gram-negative bacterial DNA was digested with XbaI. Shown are paired DNA
preparations from each bacterial strain. The first lane of the pair contains DNA prepared by the standard procedure, and the second lane contains DNA prepared by
the rapid procedure. (A) Lanes: 1, lambda concatemers used as molecular size markers; 2 and 3, Staphylococcus aureus DNA; 4 and 5, Streptococcus pneumoniae DNA;
6 and 7, Enterococcus faecalis DNA; 8 and 9, Enterococcus faecium DNA. (B) Lanes: 1 and 2, Serratia marcescens DNA; 3 and 4, Klebsiella pneumoniae DNA; 5 and
6, Escherichia coli DNA; 7, lambda concatemers used as molecular size markers.
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digested E. faecium DNA is enhanced if switching times are
changed to 5 and 35 s and the run time is increased to 24 h.
PFGE is a powerful tool for subtyping of bacteria. We hope

that this modified rapid PFGE procedure will prove useful to
hospital epidemiologists and others who wish to quickly deter-
mine the genetic relatedness of bacterial isolates during an
outbreak investigation. It should also allow more practical and
timely evaluation of large numbers of bacterial isolates.
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