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Abstract

Introduction: Group A streptococci (GAS) is responsible of several human diseases ranging from mild infection to severe invasive toxin-
mediated disease and post-infectious sequelae. Accordingly, a GAS surveillance program based on molecular techniques is advisable for its
epidemiological control. Pulsed-field gel electrophoresis (PFGE) is the gold standard for GAS molecular subtyping, but a major disadvantage
is the length of the procedure, which takes 1-3days of work, minimum. The aim of this study was to develop a rapid and cost-effective
procedure for PFGE subtyping of GAS isolates.

Methodology: Different incubation times of GAS, immobilized in agarose miniplugs, in solutions containing lysozyme and/or mutanolysine
followed by solutions with urea instead of proteinase K, were assayed. DNA was restricted with Smal and the fingerprints were obtained in
clamped homogeneous electric field (CHEF) chambers and minichambers. The modified procedure was used to subtype 22 GAS isolates.
Results: Intact DNA molecules of GAS immobilized in agarose miniplugs were prepared incubating the cells, in situ, with a solution
containing lysozyme for 4hours, followed by the incubation in a non-enzymatic solution with urea for 2hours. SmalDNA macrorestriction
fragments were well resolved in 5hours and 14minutes by electrophoresis in a CHEF minichamber at 10V/cm. This procedure for GAS DNA
preparation was useful for fingerprinting GAS strains in the format of CHEFMapper (BioRad).

Conclusions: The procedure took 13 hours for GAS strains subtyping. Both sample preparation and electrophoresis in CHEF minichamber
represent an economic alternative for performing massive epidemiological studies of this human pathogen.
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Introduction

Streptococcus pyogenes (group A streptococci,
GAS) causes a variety of human diseases, ranging
from mild skin and mucosal surface infection to severe
invasive toxin-mediated disease and post-infectious
sequelae, such as acute rheumatic fever,
glomerulonephritis, and Sydenham's chorea [1,2].
GAS is responsible for over 600 million new
infections every year worldwide, including seasonal
outbreaks and nosocomial infections, and it is the
cause of half a million deaths annually [3].
Consequently, it is convenient to keep an
epidemiological surveillance program of this
microorganism to monitor the clones highly virulent to

humans, assess their clonality, and track infection
sources and the spread of antibiotic resistance.
Epidemiological  surveillance  programs  of
pathogenic bacteria are based on the classification of
isolates into subtypes. Molecular subtyping methods
based on DNA analysis allow for differentiating the
isolates that appear identical by conventional methods,
such as microbial susceptibility testing or serotyping.
Pulsed-field gel electrophoresis (PFGE) is a highly
reproducible and discriminating tool for the molecular
subtyping of bacteria, which is often recommended as
a reference method in outbreak investigations. It has
been successfully applied to a broad range of different
Gram-negative and Gram-positive bacteria [4-11].
Bacterial subtyping by PFGE relies on the
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determination of the relationship between different
isolates by comparing their DNA macrorestriction
patterns [12-15].

Several factors affect the discrimination power and
reproducibility of the results yielded by the PFGE
technique. DNA molecules are resolved by PFGE in
patterns that depend on the system, DNA preparation,
plug thickness, buffer, gel concentration, electric field,
temperature, pulse time, and running time [15]. For
that reason, efforts to standardize and validate PFGE
protocols for bacterial subtyping have been performed.
The use of such protocols has yielded PFGE results
with  acceptable intra- and inter-laboratory
reproducibility [16]. Nevertheless, PFGE is still a
time-consuming and technically demanding procedure.
The time consumed by the original procedure for GAS
DNA preparation was up to two to three days [17]. In
recent years, optimized PFGE protocols for bacterial
subtyping have reduced the bacterial DNA preparation
time to 2-4 hours, but they still involve the use of
solutions that contain cell-wall-disrupting enzymes
and proteases or huge amounts of restriction enzymes,
and some of them do not generate reproducible results
of good quality, probably due to inefficient bacterial
lysis [18-24]. As well, the separation of DNA
macrorestriction fragments takes between 18 and 24
hours in the CHEF chamber [18-24]. Procedures for
GAS subtyping have been reported based on these
optimized protocols, but in general, they have the
same mentioned drawbacks in relation to the DNA
preparation and the long electrophoresis times [25-30].

Immobilized DNA of Saccharomyces cerevisiae,
Pseudomonas aeruginosa, Vibrio cholerae,
Aeromonas, Salmonella, and Streptococcus
pneumoniae have been successfully prepared by non-
enzymatic methods [31-35]. S. cerevisiae, E.
histolytica, P. aeruginosa, V. cholerae, Salmonella,
and Aeromonas genomes have been analyzed by
CHEF electrophoresis in minichambers, reducing the
running time at least twofold compared to the time
needed in the CHEF chamber [32-33,35-39]. In this
paper, we present a rapid and cost-effective PFGE
procedure for subtyping GAS strains in approximately
13 hours after cell harvesting.

Methodology

Bacterial strains growth and immobilization
Reference strain S. pyogenes ATCC 12384 was

used to develop the economic PFGE subtyping

procedure, whereas S. pyogenes isolates and the

reference strains 10270, NZ131, and 6180 were used

to assess the reproducibility of this procedure.
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Twenty-two GAS clinical isolates, coded as SP1 to
SP22, were received from the clinical microbiology
laboratory of Juan M. Méarquez Pediatric Hospital in
Havana City. Isolates were identified and
characterized by standard microbiological methods
[40]. The sources of the specimens included throat and
skin swabs collected from hospitalized patients and
from the outpatients of specialty clinics.

Reference strains and clinical isolates were grown
on heart-brain broth (13.2g/L protease peptone, 9.1g/L
brain extract, 2.8g/L heart extract, 2g/L dextrose,
3.3¢/L disodium phosphate, 6.6¢g/L sodium chloride,
pH 7.4) at 37°C until the log phase was reached.
Bacterial cells were harvested by centrifugation and
washed with washing solution (0.15 M NacCl plus 0.01
M EDTA,; pH 8.0). Cells were mixed with 2% low
melting point agarose (A3054, Sigma-Aldrich, St.
Louis, USA) dissolved in washing solution at a ratio of
1, 2, or 3 x10° colony-forming units (CFU)/mL and
poured into a mold to form miniplugs of 3x3x0.7 mm
(length x height x thickness; Neuronic SA, Havana,
Cuba).

Cell lysis and DNA deproteinization

Immobilized DNA molecules were prepared
following a reported protocol based on an enzymatic
method [17] or by the procedure with a single Iytic
enzyme and protease-free solution developed in this
work.

The protocol used to prepare immobilized DNA in
agarose miniplugs by the enzymatic protocol was as
follows. Agarose miniplugs containing 2x10° CFU/mL
were incubated for 16 hours at 37°C in a lysis solution
(LS) containing 0.01 M Tris, 0.1 M EDTA, 1%
sarcosyl, 1% Nonidet P-40 [pH 8.0] plus 2 mg/mL of
lysozyme (L7651, Sigma-Aldrich) and 10ug/mL of
mutanolysin ~ (M9901, Sigma-Aldrich).  Then,
miniplugs were incubated in a deproteinization
solution (NDS) containing 0.01 M Tris, 0.5 M EDTA,
1% sarcosyl [pH 9.5], and 1 mg/mL of proteinase K
(P2308, Sigma-Aldrich) for 16 hours at 50°C. Finally,
the miniplugs were washed three times with TE-100
(0.01 M Tris, 0.1 M EDTA; pH 8.0) at room
temperature for 15 minutes each. The ratio of
miniplug/solution volume was 20 miniplugs/mL in all
steps.

For developing the single Iytic enzyme and
protease-free procedure, the lysis step of GAS
immobilized in agarose miniplugs was assayed in the
lysis solution containing a single (lysozyme or
mutanolysin) or both lytic enzymes followed by the
deproteinization step with NDSUPIus solution (0.01 M
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Tris, 0.1 M EDTA, 1% sarcosyl, 1% Nonidet P-40,
and 4 M urea; pH 9.5) instead of proteinase K for 16
hours of incubation each at 37°C and 45°C,
respectively. The incubation of the miniplugs with
lysozyme was assayed for 2, 4, 8, or 16 hours at 37°C,
followed by NDSUPIlus for 2, 4, 8, or 16 hours at
45°C. Additionally, the miniplugs were incubated in
NDSUPIus alone for 16hours at 45°C.

In all cases, after the deproteinization step,
miniplugs were washed three times for 15 minutes
with TE-100 (0.01 M Tris, 0.1 M EDTA; pH 8.0).
Immobilized DNA in miniplugs were then subjected to
endonuclease digestion or stored at 4°C in fresh TE-
100.

Restriction enzyme digestion of immobilized DNA

Each miniplug was washed three times in 1mL of
TE-0.5 (0.01 M Tris-HCI, 0.0005 M EDTA; pH 8.0) at
4°C for 10 minutes each. After pre-incubation of each
miniplug in 200 pL of restriction enzyme buffer SA
1x(10x buffer SA contained 330 mM Tris-acetate [pH
7.9], 100 mM Mg acetate, 660 mM potassium acetate,
and 5 mM dithiothreitol [B7531, Sigma-Aldrich]) at
4°C for 10 minutes, the DNA was digested with 10U
of Smal (R4503, Sigma-Aldrich) in 100 pL of 1xfresh
restriction enzyme buffer SA at 37°C for 2 hours.
DNA prepared by fully enzymatic protocol was
digested with 20U of Smal at 37°C for 4hours.
Digestion was stopped by replacing the reaction buffer
with 1 mL of TE-100.

PFGE electrophoresis

DNA agarose miniplugs prepared by the standard
enzymatic protocol and the modified procedure
developed here were restricted and loaded into 1.5%
agarose (A2929, Sigma-Aldrich) CHEF gel and
minigel in 0.5X Tris-borate-EDTA running buffer
(44.5mM Tris, 44.5mM boric acid, 1ImM EDTA; pH
8.3). The separations were performed in the CHEF
minichamber (miniCHEF) of a Guefast-06 system [41]
(Neuronic SA) and in a homemade CHEF chamber
[38]. The homemade CHEF chamber has a separation
between electrodes of opposite polarities of 28.7 cm,
whereas Guefast miniCHEF has a separation of 14.5
cm [38-39]. DNA fragments were separated by
applying 5 V/cm and switching time intervals from 50
to 3 seconds during 21 hours in the homemade CHEF
chamber and 10 V/cm in the miniCHEF, keeping the
running buffer temperature at 20°C. The switching
times applied in the miniCHEF were predicted using
the equations that describe the DNA migration in the
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CHEF incorporated in the Guefast Simulator software
[41-42].

The modified procedure based on a single lytic
enzyme and protease-free solutions developed in this
work was used to prepare immobilized DNA of three
GAS reference strains and analyze them in the
CHEFMapper (BioRad, Richmond, USA). Smal DNA
fragments were separated in the CHEFMapper,
applying 6 V/cm and switching time intervals from 1
to 5 seconds for 2hours followed by 5 to 40 seconds
over 22 hours at 14°C.

The gels were stained in ethidium bromide
solution and photographed. DNA band patterns in the
digital images of the gels were scanned by means of
GuefastScan software (Neuronic SA), and the
densitometric profile was obtained [32].

Statistical analysis

The efficiency of each modification included in the
different assays was estimated by calculating the
percentage R (%). R was defined as the amount of
DNA suitable for PFGE and was estimated from the
densitometry profiles of SmalDNA band patterns of S.
pyogenes using the method described by Loépez-
Cénovas et al. [32]. To estimate R(%), the following
formula was used:

(1- [S/T])%100, in which T was the total peak areas
(proportional to DNA/miniplug) and S the area of the
peak at slot (proportional to DNA unable to enter to
the gel).

Mean R values were calculated from at least three
independent replicas and compared through one-way
analysis of variance (ANOVA) followed by Duncan’s
multiple range test. Transformation of data was sin’

! V 0.01xR to achieve normality of sample
distributions. Homocedasticity of the data was verified
by the Levene test. The relative standard deviation
(RSD) of R(T-S) was also calculated.

Resolutions between consecutive bands of the
patterns were compared through student’s t-test for
independent samples.

All the statistical tests were performed at a
significance level of 0.05 by the STATISTICA 8
program package (StatSoft, Inc, 2007. STATISTICA,
data analysis software system, version 8.0.
www.statsoft.com).

GAS isolates DNA band-based dendrograms were
generated with GuefastScan (Neuronic SA) by means
of the calculation of Dice coefficient and the
unweighted pair group method using arithmetic
averages (UPGMA) analysis and a position tolerance
setting of 1%.
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Results
DNA preparation with a single lytic enzyme and
protease-free solutions

Agarose miniplugs containing 2x10°CFU/mL of S.
pyogenes ATCC 12384 rendered band patterns of
adequate intensities in miniCHEF minigels after Smal
restriction of the immobilized DNA molecules (Figure
1). When miniplugs were cast at concentrations of
3x10°CFU/mL or 10°CFU/mL, overloaded or faint
DNA bands were obtained in the minigels,
respectively (results not shown).

The incubation of the miniplugs in NDSUPIlus
alone gave smearing background due to poor DNA
deproteinization, insufficient DNA release, and/or
degradation of DNA sample by residual cellular
endonucleases, even when overnight incubations were
assayed (Figure 1, lane NDSUPIus).

Replacement of proteinase K with NDSUPIlus
solution, even in the absence of one disrupting cell
wall enzyme (lysozyme or mutanolysin), caused no
gualitative changes in the banding pattern with respect
to standard protocol (Figure 1). In all cases, the
miniCHEF chamber resolved identical numbers of
bands between 20 and 400 kb when DNA molecules
were digested with Smal (Figure 1). However, the
efficiency of the treatments assayed differed based on
the comparison of DNA suitable for PFGE in each
pattern, calculated as R(%) mean (F[3,9] = 24.4, p <
0.001). R(%) mean was 99.1% when the samples were
prepared using the standard enzymatic protocol (Table
1), while it differed statistically from the R value
obtained when the samples were prepared replacing
proteinase K with NDSUPlus solution (L + M +
NDSUPIus) or when a single lytic enzyme followed by
NDSUPIus solution was used (L + NDSUPIus or M +
NDSUPlus) (o = 0.05, Duncan’s multiple range test;
Table 1). Although these results indicated most
efficient DNA release in S. pyogenes ATCC 12384
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Figure 1. MiniCHEF analysis of SmalDNA from
Streptococcus pyogenes ATCC 12384
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DNA was prepared by the standard enzymatic or the modified
procedure using a single lytic enzyme and protease-free solutions after
the immobilization of 2x10°CFU/mL. Lane M: ladder size marker; L:
lysozyme; M: mutanolysin; Pk: proteinase K; NDSUPIus: 0.01 M Tris,
0.1 M EDTA, 1% sarcosyl, 1% Nonidet P-40, and 4 M Urea (pH 9.5).
Running conditions: 1.5% agarose gels, 0.5X TBE buffer. Switching

times were ramped from 25 to 3 seconds at 10V/cm and 20°C over
5hours and 14minutes in the miniCHEF chamber.

DNA samples prepared by the standard enzymatic
protocol (L+M+PKk), the rest of the variants yielded
enough DNA quantity and good-quality SmalDNA

S

Table 1. Percentages of immobilized DNA suitable for restriction and PFGE analyses obtained from Streptococcus pyogenes
ATCC 12384 samples prepared by the standard enzymatic protocol or the modified procedure developed in this work

Areas (DO/mm?)

Treatment Mean + MSE R (%)
n Area at slot peak Total peak areas RSD of (T-S)
S (pixels) T (pixels)
L+ M+ Pk 4 0201 20.35£1.25 99.1 +0.4* 11.7
L + M+ NDSUPIlus 3 0.45 £ 0.09 18.25+1.24 97.6 +0.31°¢ 11.2
L+ NDSUPIus 3 157+0.12 22.13+1.02 92.9 +0.56° 85
M + NDSPlus 3 0.25+0.04 8.5+0.52 97 +0.48° 9.1

L: lysozyme; M: mutanolysin; Pk: proteinase K; NDSUPIus solution; DO: optical density. T was the total peak area (proportional to DNA/miniplug) and S the area
of the peak at slot (proportional to DNA unable to enter into the gel). Percentage of DNA suitable for PFGE was R(%)=[1-(S/T)] x 100. MSE: mean standard error;
RSD: relative standard deviation. Mean R with the same letter are not significantly different by Duncan’s multiple range test at a significant level of 0.05.
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patterns at visual inspection, as well as consistent
amounts of DNA suitable for electrophoresis (Figure
1, Table 1). RSD of R values ranged from 8.5 to
11.7% (Table 1), which demonstrated the
reproducibility of these assays. The incubation with
lysozyme or mutanolysin followed by NDSUPIus gave
patterns reaching R values over 90%, but mutanolysin
was a more efficient cell wall disrupting agent than
was lysozyme (o = 0.05, Duncan’s multiple range test;
Table 1). However, as the variant
lysozyme/NDSUPIlus also gave good-quality patterns
and was the most economical option, the cell wall lysis
and deproteinization times were optimized using these
reagents. Miniplugs containing cells of S. pyogenes
ATCC 12384 strain were treated at 2, 4, 8, or 16 hours
with lysozyme followed by a NDSUPIlus overnight
incubation (16 hours, non-enzymatic deproteinization)
(Figure 2A). Notwithstanding the procedure used to
prepare the samples, the miniCHEF resolved an
identical number of bands when DNA molecules were
digested with Smal, and the patterns had similar
quality by visual judgement. However, in all cases, the
patterns showed less intense bands than did the ones
resolved from the miniplugs subjected to the standard
enzymatic treatment (Figure 2A). R mean values did
not differ between the patterns obtained from samples
incubated with lysozyme for different times (F[3, 13]
=1.06, p =0.399).

Four hours was the minimum duration of the
incubation with lysozyme in the cell lysis step (Figure
2A). Different NDSUPIus incubations times (2, 4, 8,
and 16 hours) were assessed. Regardless of the
incubation time of the miniplugs in NDSUPIus, the
miniCHEF resolved an identical number of bands
when the DNA molecules were digested with Smal
(Figure 2B). In addition, there were no differences
between R values obtained for samples incubated 4
hours with lysozyme followed by 2, 4, or 16 hours
with NDSUPIus (F[2,13] = 0.087, p =0.92). Based on
these results, the developed procedure was finally
established by an initial step of lysis with lysozyme
over 4 hours followed by the deproteinization with
NDSUPIlus solution for 2 hours.

MiniCHEF and CHEF electrophoresis

SmalDNA samples of S. pyogenes ATCC 12384
were loaded into the CHEF and miniCHEF gels. In the
miniCHEF chamber, the S. pyogenes fingerprints were
obtained at 10 V/cm and 20°C in 5hours and
14minutes (Figure 3A, miniCHEF) by applying a
discontinuous ramp (25 seconds and 35 pulses, 20
seconds and 45 pulses, 15 seconds and 60 pulses, 10
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Figure 2. Cell lysis and deproteinization times optimization
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SmalDNA band patterns of S. pyogenes ATCC 12384 using the
standard enzymatic or the modified procedure using a single lytic
enzyme and protease-free solutions to prepare the samples. M:
molecular weight marker; C+: enzymatic treatment: lysozyme +
mutanolysin + proteinase K. A: The lysis step was performed in a
solution containing lysozyme for 2, 4, 8, or 16hours of incubation time
at 37°C followed by the deproteinization with NDSUPIlus solution
over 16hours. B: The deproteinization step was done in NDSUPIlus
solution for 2, 4, 8, or 16hours of incubation time at 45°C after 4
hours of incubation with lysozyme. DNA molecules prepared by the
modified procedure were digested with 10 U of Smal for 2 hours.
Running conditions: 1.5% agarose gels, 0.5X TBE buffer. Switching
times were ramped from 25 to 3 seconds at 10V/cm and 20°C for
5hours and 14minutes in the miniCHEF chamber.

seconds and 200 pulses, 5 seconds and 900 pulses, and
3 seconds and 80 pulses; switching times and number
of pulses, respectively), while in the homemade CHEF
chamber, the switching times were ramped from 50 to
3 seconds at 5 V/cm for 21 hours.

The simple enlarging of the photograph of the
miniCHEF minigel reproduced the CHEF DNA band
patterns, which had approximately 10 fragments
between 20 and 400 kb (Figure 3A). The comparison
of the resolutions between the consecutive pairs of
bands in the two patterns showed that only the
resolution between the bands at approximately 120
and 194 kb (Figure 3A, bands tagged with *) was
different between them (t=6.76, df=5, p < 0.05). This
result indicated that the miniCHEF was able to provide
the same level of discrimination among restriction
fragments of S. pyogenes DNA as was the
conventional CHEF if the equivalent electric field
strength, pulse times, and number of pulses were
applied.
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Figure 3. Band patterns of SmalDNA restriction fragments of
Streptococcus pyogenes in CHEF and miniCHEF

A B
1 M 2 M 3 4 5 M
kb kb
3395 -
2425 _ 3395
194.0+ 2425
194.0
. - 145.5
97.0 - 97.0
485 - 48.5

miniCHEF CHEF CHEF Mapper

A: DNA from strain ATCC 12384 was prepared by the modified (lane
1) or enzymatic procedure (lane 2) and resolved in the miniCHEF and
in the homemade conventional CHEF chamber, respectively. M:
molecular weight marker. Switching times were ramped from 50 to 3
seconds at 5V/cm and 20°C over 21 hours in CHEF chamber or from
25 to 3 seconds at 10V/cm and 20°C for 5hours and 14minutes in the
miniCHEF. B: DNA molecules from strains ATCC 10270 (lane 3),
NZ131 (lane 4), and 6180 (lane 5) were prepared with the modified
procedure (lysozyme and NDSUPIus), digested with 10 U of Smal for
2 hours, and resolved in CHEFMapper chamber (BioRad). M:
Molecular weight marker. Switching times were ramped from 1 to
5seconds for 2hours and from 5 to 40 seconds for 22 hours and 14°C.
Lanes M, ladder size markers. Running conditions: 1.5% agarose gels
in 0.5X TBE buffer. * Tags the pair of bands with different resolution
in the CHEF and miniCHEF
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Figure 4. PFGE analysis of group A streptococci isolates
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Dendrogram and the corresponding SmalDNA band patterns
illustrating the genetic diversity of all GAS isolates (SP1 to SP22)
fingerprinted. DNAs were prepared by the modified procedure. M:
molecular weight marker. Running conditions: 1.5% agarose gels,
0.5X TBE buffer. Switching times were ramped from 25 to 3 seconds
at 10V/cm and 20°C over 5 hours and 14 minutes in the miniCHEF

chamber.

Table 2. Comparison of the solutions used and time consumed in the main steps of the fully enzymatic protocols used to
prepare DNA from Streptococcus pyogenes suitable for PFGE and the procedure developed in this work

Previous procedures

Modified procedure

Main steps .
P Standard enzymatic*

Rapid enzymatic™

Single lytic enzyme and
protease-free solutions***

In situ
2 mg/mL lysozyme and 10 ng/mL
mutanolysine for 16 h at 37°C in
lysis buffer

Cell wall disruption

N 1 mg/mL Proteinase K for 16 h at
DNA deproteinization 50°C in NDS
20 U of Smal at 37°C for 4 h
CHEF chamber (homemade),
switching times from 50-3 s for
21h
57 hours

Enzymatic restriction
Running conditions

Total time (approx.)

In suspension
0.1 mg/mL lysozyme for 10 min at
37°Cin CSB

1 mg/mL proteinase K and 1% SDS
(inside the plug) plus 0.15 mg/mL
proteinase K (outside the plug) for

2h at54°Cin CLB
10 U of Smal at 37°C for 2 h

CHEFMapper (BioRad), switching
times from 4-40s, for 20 h

24 hours

In situ
2 mg/mL lysozyme for 4 h at
37°C in lysis buffer

NDSUPIlus for 2 h at 45°C

10 U of Smal at 37°C for 2 h
CHEF minichamber (Guefast-06)

switching times from 25-3 s for 5

h, 14 min
13 hours

*Based on the procedure described by Stanley et al. [17]; **Based on the procedure described by Chiou et al. [25]; ***Procedure developed in this work;
lysis buffer: 0.01 M Tris, 0.1 M EDTA, 1% sarcosyl, 1% Nonidet P-40 (pH 8.0); NDS: 0.01 M Tris, 0.5 M EDTA, 1% sarcosyl (pH 9.5); CSB: 0.01 M Tris,
0.001 M EDTA (pH 8.0); CLB: 0.05 M Tris, 0.05 M EDTA, 1% SDS (pH 8.0); NDSUPIus: 0.01 M Tris, 0.1 M EDTA, 1% sarcosyl, 1% Nonidet P-40, 4 M
urea (pH 9.5)
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DNA samples of the S. pyogenes reference strains
10270, NZ131, and 6180 were prepared by the
modified procedure developed here using the
accessories of CHEFMapper (BioRad) and resolved in
this equipment after Smal restriction. High-quality
patterns were obtained after applying 6 V/cm at 14°C
and two lineal switching time ramps from 1-5seconds
for 2hours and from 5-40seconds for 22hours (Figure
3B).

Repeated subtyping of the S. pyogenes ATCC
12384 strains using DNA samples prepared by the
modified procedure yielded band patterns that were
reproduced from run to run, Yyielding similar
fingerprints in CHEF chambers and minichambers,
even after five years of storage in TE-100 (results not
shown).

Subtyping of clinical isolates

The modified procedure developed here and the
running conditions assayed in the miniCHEF chamber
were used for subtyping 22 GAS clinical isolates.
SmalDNA restriction fragments were clearly resolved
in 9 to 12 bands at 10V/cm, 20°C, and 25-3 seconds of
switching time for 5hours and 14minutes. Most of the
fragments were in the size range between 20 and 500
kb (Figure 4). The analysis of the clonal relationship
between the isolates identified 17 different PFGE
patterns and three subtypes among the 22 isolates
(Figure 4). The results suggest that the procedure
developed in this work is useful to discriminate GAS
isolates. From an epidemiological point of view, these
results also suggest that there is an abundant clonal
diversity among the isolates that circulate in the child
population of Havana City. As additional result, the
typeability by miniCHEF electrophoresis of 22 GAS
clinical isolates prepared using a single lytic enzyme
and protease-free solutions was 100% (Figure 4).

Discussion

A single incubation step with NDSUPIus solution
was successfully used to prepare P. aeruginosa, V.
cholerae, Salmonella, and Aeromonas spp. DNA
suitable for PFGE fingerprinting [32-33,35]. However,
an initial step of cell lysis with lytic enzymes
(lysozyme or mutanolysin) was necessary for
preparing GAS DNA, probably due to the different
composition of the cell walls of Gram-positive and
Gram-negative bacteria. In addition, the resistance to
in situ lysis of the cell wall of Gram-positive bacteria
is known [23].

The releasing of DNA suitable for PFGE was
achieved more efficiently using a standard enzymatic
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protocol  (lysozyme/mutanolysine/proteinase  K).
However, the lysis step with only one lytic enzyme
(lysozyme or mutanolysine) followed by incubation
with urea instead of proteinase K gave reproducible
and good-quality DNA macrorestriction patterns on
visual inspection. In addition, this procedure yielded
patterns with more than 90% of DNA suitable for
electrophoresis based on R(%) value calculation
(Table 1, Figure 2). This result permitted the selection
of the most economical option (lysozyme) in the lysis
step and reduced the incubation times, helped by the
small thickness of the miniplugs (0.07 cm) [33].

There are other rapid PFGE protocols reported for
subtyping Gram-positive bacteria [19,23-25,34,43-45].
Matushek et al. reported a rapid procedure for DNA
preparation of Gram-positive bacteria for pulsed field,
reducing the incubation times to 4 or 5 hours in some
cases. However, they included lytic enzymes, DNase-
free RNase, and proteinase K in their protocol [45].
Benson and Ferrieri used elevated enzyme
concentrations (10 mg/mL of lysozyme and 20 mg/mL
of proteinase K) and high incubation temperatures
(55°C) for DNA sample preparation, and they
increased the running buffer temperature from 10°C to
14°C in order to reduce the complete procedure to 39
hours [44]. Immobilized DNA of Gram-positive cocci
have been prepared without proteinase K, although
lysostaphin was required in the incubation solutions
[43]. Only the protocol developed by McEllistrem et
al. eliminated the cell lysis step and performed DNA
release and deproteinization without the addition of
complex buffers or enzymes [34]. However, this
procedure is only applicable to S. pneumoniae, due to
the unique ability of this bacterium to undergo
autolysis [46-47] On the basis of PulseNet’s Listeria
monocytogenes PFGE protocol established in 1998,
Chiou et al. fingerprinted 179 S. pyogenes clinical
isolates in approximately 24hours by incubating the
cell suspension with lysozyme, treating the
immobilized bacteria with proteinase K, and applying
20hours of electrophoresis for separating the DNA
restriction fragments [25] (Table 2). Unlike to this
rapid enzymatic protocol to prepare GAS DNA, where
the lysis time is only 10 minutes, our procedure
required more time because all the treatments were
performed in situ (Table 2). However, the GAS DNA
preparation in situ with a single lytic enzyme,
protease-free solutions, and the miniCHEF run
required a total time of approximately 13hours, which
is 7hours less than the time required for only
separating  bands by  conventional CHEF
electrophoresis.
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On the other hand, in our previous experience, the
rapid enzymatic protocol for S. pyogenes has the same
reproducibility problems as the original PulseNet
protocol for L. monocytogenes reported by Halpin et
al. [23]. The modifications developed in 2010 by
Halpin et al. [23] to the PulseNet protocol for L.
monocytogenes, which mainly were increasing the
lysis temperature to 56°C, may also improve the
reproducibility of S. pyogenes DNA preparation for
PFGE. However, in our opinion, the reproducibility
problems of these rapid protocols are most related to
the cell lysis in suspension per se rather than the lysis
temperature used. Lysozyme hydrolizes the bacterial
cell walls mainly of Gram-positive bacteria. The
presence of hypothonic solutions, such as water or
Tris-EDTA buffers at low concentrations, could
provokes lysis, which is not necessarily preceded by
formation of protoplast [48]. In consequence, the
breakdown of cell walls exposes the genomic bacterial
DNA to the mechanical shearing during the pipetting
for casting the plugs. The lysis incubation time should
be carefully monitored to guarantee a homogeneous
protoplast formation and to avoid an extensive
bacterial lysis before the immobilization, which could
be a factor hindering the reproducibility of the
protocols. Another factor conspiring against the
reproducibility of the lysis step could be the different
sensitivities to lysozyme of the cell walls of the
diverse bacterial genus and species [48]. For that
reason, the lysis step with lysozyme in situ, though it
requires more time, could give more consistent and
reproducible results. Further optimization of the
procedure reported here could include increasing the
lysozyme incubation temperature of immobilized
bacteria in order to reduce even more the total
procedure time.

The DNA size range reported for S. pyogenes
DNA restricted with Smal is between 20 and 500 kb,
and these fragments are resolved in approximately 10
to 20 bands in the CHEF (BioRad) chamber [27-
28,30]. In our experiments, the Smal DNA from S.
pyogenes resolved in the miniCHEF showed band
patterns similar to those previously reported [27,30],
but they were obtained 3.8-4.5 times faster due to the
fact that the miniCHEF uses greater electric field
strength. We were able to reproduce in the miniCHEF
the patterns obtained in CHEF conventional chambers
by applying equivalent running conditions as had
previously been reported [32-33,35]. These results
confirm that equations that describe the DNA
migration in CHEF [42] were also able to bring the
suitable running conditions for rapid DNA
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fingerprinting of S.
electrophoresis.

The procedure reported here was as reproducible
as the standard enzymatic protocol (Table 1), and was
time saving (DNA preparation in only 6hours, DNA
restriction in 2hours and electrophoresis in 5hours and
14minutes) and cost-effective compared with any
other previous reported protocol because NDSUPIlus
solution contains neither expensive chemical reagents
nor proteases (Table 2).

We used the procedure reported here to prepare
intact DNA and fingerprinting by miniCHEF
electrophoresis 22 GAS isolates, which gave
reproducible results and easily interpretable banding
patterns. The results suggest that this procedure should
allow more feasible evaluation of large numbers of
isolates in shorter periods of time.

pyogenes by miniCHEF

Conclusions

The resources saved and the achievement of fast
separation could make our fingerprinting procedure a
useful tool in the control of infectious outbreaks
caused by GAS. It is noticeably shorter than the one-
to three-day minimum previously reported [25-30].
The procedure reported here was also useful to
prepare, in 6hours, immobilized DNA from S.
pyogenes in the sample format of the CHEFMapper
(BioRad) and to obtain well-resolved patterns. Finally,
further multi-laboratory validation of this procedure
and/or additional optimizations are also advisable.

Acknowledgements

We would like to acknowledge the financial support of
Instituto de Ciencia y Tecnologia del Distrito Federal
(ICYTDF), Mexico to the project Monitoring of Group A
Streptococci subtypes associated with the early onset of tics
and / or obsessive-compulsive disorders in children’
(ICYTDF/345/2010).We thank Mr. Alfredo Padilla for his
helpful technical assistance in the preparation of images
files.

References

1. Cunningham MW (2000) Pathogenesis of group A
streptococcal infections. Clin Microbiol Rev 13:470-511.

2. Friaes A, Pinto FR, Silva-Costa C, Ramirez M, Melo-Cristino
J (2012) Group A streptococci clones associated with invasive
infections and pharyngitis in Portugal present differences in
emm types, superantigen gene content and antimicrobial
resistance. BMC Microbiol 12:280.

3. Sitkiewicz |, Hryniewicz W (2010) Pyogenic streptococci--
danger of re-emerging pathogens. Pol J Microbiol 59: 219-
226.

717



Lépez et al. - GAS DNA preparation and miniPFGE subtyping

10.

11.

12.

13.

14.

15.

16.

Pappa O, Mandilara G, Vatopoulos A, Mavridou A (2013)
Typing of Pseudomonas aeruginosa strains isolated from
Greek water samples by three typing methods: serotyping,
Random Amplified Polymorphic DNA (RAPD) and Pulsed
Field Gel Electrophoresis (PFGE). Water Sci Technol 67:
1380-1388.

Szalus-Jordanow O, Chrobak D, Pyrgiel M, Lutynska A,
Kaba J, Czopowicz M, Witkowski L, Kizerwetter-Swida M,
Binek M, Frymus T (2013) PFGE and AFLP genotyping of
Staphylococcus aureus subsp. anaerobius isolated from goats
with Morel's disease. Arch Microbiol 195: 37-41.

Galvao NN, Chiarini E, Destro MT, de Aguiar FM, Nero LA
(2012) PFGE characterisation and adhesion ability of Listeria
monocytogenes isolates obtained from bovine carcasses and
beef processing facilities. Meat Sci 92: 635-643.

Furukawa T, Takahashi H, Yoshida T, Suzuki Y (2011)
Genotypic analysis of Enterococci isolated from fecal-
polluted water from different sources by pulsed-field gel
electrophoresis (PFGE) for application to microbial source
tracking. Microbes Environ 26: 181-183.

Behringer M, Miller WG, Oyarzabal OA (2011) Typing of
Campylobacter jejuni and Campylobacter coli isolated from
live broilers and retail broiler meat by flaA-RFLP, MLST,
PFGE and REP-PCR. J Microbiol Methods 84: 194-201.
Kawamori F, Hiroi M, Harada T, Ohata K, Sugiyama K,
Masuda T, Ohashi N (2008) Molecular typing of Japanese
Escherichia coli O157: H7 isolates from clinical specimens
by multilocus variable-number tandem repeat analysis and
PFGE. J Med Microbiol 57: 58-63.

Zhang W, Pan JC, Meng DM, Ye R, Wang HQ (2007) PFGE
of Shigella flexneri 4c isolates from food-poisoning outbreaks
and sporadic diarrhea patients. Zhonghua Yu Fang Yi Xue Za
Zhi 41: 50-53.

Pang JC, Chiu TH, Helmuth R, Schroeter A, Guerra B, Tsen
HY (2007) A pulsed field gel electrophoresis (PFGE) study
that suggests a major world-wide clone of Salmonella
enterica serovar Enteritidis. Int J Food Microbiol 116: 305-
312.

Tenover FC, Arbeit RD, Goering RV, Mickelsen PA, Murray
BE, Persing DH, Swaminathan B (1995) Interpreting
chromosomal DNA restriction patterns produced by pulsed-
field gel electrophoresis: criteria for bacterial strain typing. J
Clin Microbiol 33: 2233-2239.

Kudva IT, Davis MA, Griffin RW, Garren J, Murray M, John
M, Hovde CJ, Calderwood SB (2012) Polymorphic Amplified
Typing Sequences and Pulsed-Field Gel Electrophoresis
Yield Comparable Results in the Strain Typing of a Diverse
Set of Bovine Escherichia coli O157:H7 Isolates. Int J
Microbiol 2012: 140105.

Petersen RF, Litrup E, Larsson JT, Torpdahl M, Sorensen G,
Muller I, Nielsen EM (2011) Molecular characterization of
Salmonella typhimurium highly successful outbreak strains.
Foodborne Pathog Dis 8: 655-661.

Swaminathan B, Matar GM (1993) Molecular Typing
Methods. In: Pershing DH, Smith TF, Tenover FC, White TJ,
editors. Diagnostic Molecular Microbiology: Principles and
Applications. Washington, DC: American Society for
Microbiology. 26-50.

Centers for Disease Control and Prevention (2014) Pulsenet
Pathogens & Protocols. Available:
http://Amww.cdc.gov/pulsenet/pathogens/. Accessed December
2014.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

J Infect Dev Ctries 2015; 7(9):710-719.

Stanley J, Linton D, Desai M, Efstratiou A, George R (1995)
Molecular subtyping of prevalent M serotypes of
Streptococcus pyogenes causing invasive disease. J Clin
Microbiol 33: 2850-2855.

Ribot EM, Fitzgerald C, Kubota K, Swaminathan B, Barrett
TJ (2001) Rapid pulsed-field gel electrophoresis protocol for
subtyping of Campylobacter jejuni. J ClinMicrobiol 39: 1889-
1894,

Graves LM, Swaminathan B (2001) PulseNet standardized
protocol for subtyping Listeria monocytogenes by
macrorestriction and pulsed-field gel electrophoresis.Int J
Food Microbiol 65: 55-62.

Ribot EM, Fair MA, Gautom R, Cameron DN, Hunter SB,
Swaminathan B, Barrett TJ (2006) Standardization of pulsed-
field gel electrophoresis protocols for the subtyping of
Escherichia coli O157: H7, Salmonella, and Shigella for
PulseNet. Foodborne Pathog Dis 3: 59-67.

Cooper KLF, Luey CKY, Bird M, Terajima J, Nair GB, Kam
KM, Arakawa E, Safa A, Cheung DT, Law CP, Watanabe H,
Kubota K, Swaminathan B, Ribot EM (2006) Development
and validation of a PulseNet standardized pulsed-field gel
electrophoresis protocol for subtyping of Vibrio cholerae.
Foodborne Pathog Dis 3: 51-58.

Parsons MB, Cooper KLF, Kubota KA, Puhr N, Simington S,
Calimlim PS, Schoonmaker-Bopp D, Bopp C, Swaminathan
B, Gerner-Smidt P, Ribot EM (2007) PulseNet USA
standardized pulsed-field gel electrophoresis protocol for
subtyping of Vibrio parahaemolyticus. Foodborne Pathog Dis
4: 285-292.

Halpin JL, Garrett NM, Ribot EM, Graves LM, Cooper KL
(2010) Re-evaluation, optimization, and multilaboratory
validation of the PulseNet-standardized pulsed-field gel
electrophoresis  protocol for Listeria monocytogenes.
Foodborne Pathog Dis 7: 293-298.

Félix B, Brisabois A, Dao TT, Lombard B, Asséré A, Roussel
S (2012) The use of Pulsed Field Gel Electrophoresis in
Listeria monocytogenes sub-typing: harmonization at the
European Union level. Gel Electrophoresis: Principles and
Basics 1: 241-254.

Chiou CS, Liao TL, Wang TH, Chang HL, Liao JC, Li CC
(2004) Epidemiology and molecular characterization of
Streptococcus pyogenes recovered from scarlet fever patients
in central Taiwan from 1996 to 1999. J Clin Microbiol
42:3998-4006.

Hasenbein ME, Warner JE, Lambert KG, Cole SE,
Onderdonk AB, McAdam AJ (2004) Detection of multiple
macrolide-and lincosamide-resistant strains of Streptococcus
pyogenes from patients in the Boston area. J Clin Microbiol
42: 1559-1563.

Bahnan W, Hashwa F, Araj G, Tokajian S (2011) emm
Typing, antibiotic resistance and PFGE analysis of
Streptococcus pyogenes in Lebanon. J Med Microbiol 60: 98-
101.

Borek AL, Wilemska J, lzdebski R, Hryniewicz W,
Sitkiewicz | (2011) A new rapid and cost-effective method for
detection of phages, ICEs and virulence factors encoded by
Streptococcus pyogenes. Pol J Microbiol 60: 187-201.

Kiska DL, Thiede B, Caracciolo J, Jordan M, Johnson D,
Kaplan EL, Gruninger RP, Lohr JA, Gilligan PH, Denny FW
Jr (1997) Invasive group A streptococcal infections in North
Carolina: epidemiology, clinical features, and genetic and
serotype analysis of causative organisms. J Infect Dis
176:992-1000.

718



Lépez et al. - GAS DNA preparation and miniPFGE subtyping

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Ho PL, Johnson DR, Yue AWY, Tsang DNC, Que TL, Beall
B, Kaplan EL (2003) Epidemiologic analysis of invasive and
noninvasive group a streptococcal isolates in Hong Kong. J
Clin Microbiol 41:937-942.

Higginson-Clarke D, Perez-Perez G, Lopez-Canovas L,
Riveron Rojas AM (1994) Non-enzymatic deproteinization of
immobilized DNA suitable for pulsed field gel
electrophoresis. Anal Lett 27: 1255-1264.

Lopez-Canovas L, Bravo L, Herrera J, Riveron AM, Javer E,
Sanchez A, Fando R, Noa MD, Fernandez A (2006) DNA
fingerprinting of Vibrio cholerae and Aeromonas species by
pulsed-field minigel electrophoresis. Electrophoresis 27:
2857-2864.

Lopez-Canovas L, Sanchez-Alonso A, Higginson D, Ariosa
C, Clark H, Riveron AM (2003) Nonenzymatic protocol for
Pseudomonas aeruginosa DNA preparation and rapid
subtyping by mini pulsed-field gel electrophoresis.
Electrophoresis 24: 1152-1158.

McEllistrem MC, Stout JE, Harrison LH (2000). Simplified
protocol for pulsed-field gel electrophoresis analysis of
Streptococcus pneumoniae. J Clin Microbiol 38: 351-353.
Lopez-Canovas L, Riveron AM, Garrido Y, Corrales F,
Aguila A, Cardenas Y (2009) Adapting to contour-clamped
homogeneous electric field minichamber technology the
PulseNet protocols to resolve Xbal-DNA fragments of
Salmonella serotype Braenderup. Anal Biochem 388:339-341.
Leon K, Riveron AM, Arencibia O, Santamaria Y, Lopez-
Canovas L (2013) Two-dimensional Pulsed Field miniGel
Electrophoresis with high throughput sample format. J Food
Safety 33: 215-221.

Riveron AM, Lopez-Canovas L, Baez-Camargo M, Flores E,
Perez-Perez G, Luna-Arias JP, Orozco E (2000) Circular and
linear DNA molecules in the Entamoeba histolytica complex
molecular karyotype. Eur Biophys J 29: 48-56.

Riveron Rojas AM, Lopez-Canovas L, Herrera-Isidron J,
Baez-Camargo M, Higginson-Clarke D, Orozco E (1995) Fast
Pulsed Field minigel Electrophoresis of large DNA
molecules. Anal Lett 28: 1973-1991.

Riveron AM, Lopez-Canovas L, Arencibia Diaz O, Herrera
Isidron J, Perez Perez G, Orozco Orozco E, Canino Ramos C,
Batista Santiler L, Gigato Perez R, Ruiz Esquivel L, Noa
Blanco MD, Javert Higginson E (2011) Pulsed Field Gel
Electrophoresis chambers, accessories and methods of use for
the separation of DNA molecules. US Patent 8,034,225.

Bisno AL, Gerber MA, Gwaltney JM Jr, Kaplan EL,
Schwartz RH (2002) Practice guidelines for the diagnosis and

41.

42.

43.

44,

45.

46.

47.

48.

J Infect Dev Ctries 2015; 7(9):710-719.

management of group A streptococcal pharyngitis. Infectious
Diseases Society of America. Clin Infect Dis 35:113-125.
Neuronic S.A. (2007) Technical Information of Guefast
System for Rapid DNA fingerprinting of Microorganisms.
(spanish) Available:
http://www.neuronicsa.com/modulos/producto/guefast.htm/.
Accessed December 2014

Lopez-Canovas L, Galan L, Orozco E, Riveron AM (1998)
Kinetic properties of DNA migration under clamped
homogeneous electric field conditions. DNA size, migration
velocities and reorientation time determined in a single
clamped homogeneous electric field run. J Chromatograph A
806: 123-139.

Goering RV, Winters MA (1992) Rapid method for
epidemiological evaluation of gram-positive cocci by field
inversion gel electrophoresis. J Clin Microbiol 30: 577-580.
Benson JA, Ferrieri P (2001) Rapid pulsed-field gel
electrophoresis method for group B streptococcus isolates. J
Clin Microbiol 39: 3006-3008.

Matushek MG, Bonten MJ, Hayden MK (1996) Rapid
preparation of bacterial  DNA for pulsed-field gel
electrophoresis. J Clin Microbiol 34: 2598-2600.

Mosser JL, Tomasz A (1970) Choline-containing teichoic
acid as a structural component of pneumococcal cell wall and
its role in sensitivity to lysis by an autolytic enzyme. J Biol
Chem 245: 287-298.

Garcia P, Paz GM, Garcia E, Garcia JL, Lopez R (1999) The
molecular characterization of the first autolytic lysozyme of
Streptococcus pneumoniae reveals evolutionary mobile
domains. Mol Microbiol 33: 128-138.

Salton MRJ (1958) The lysis of micro-organisms by
lysozyme and related enzymes. J Gen Microbiol 18: 481-490.

Corresponding author

Professor Lilia Lopez-Canovas

Postgraduate Program in Genomic Sciences
Autonomous University of Mexico City

San Lorenzo 290. Col. del Valle. Del. Benito Juarez
CP 03100 Mexico DF, Mexico

Phone: +52 55 1107 0280 ext. 15314

Email: llopezcanovas@yahoo.com

Conflict of interests: No conflict of interests is declared.

719



