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Summary
Although thermophilic members of the genus Bacillus are known to tolerate extreme environmental conditions, they
appeared to be readily damaged upon mechanical manipulations. This fact was evidenced in genotyping of some
strains of thermophilic Bacillus by pulsed ﬁeld gel electrophoresis (PFGE). Consequently, a new procedure for the
preparation of agarose plugs was developed. The procedure produced interpretable genomic DNA restriction
proﬁles.

Introduction
Pulsed ﬁeld gel electrophoresis (PFGE) has been widely
used for the molecular typing of bacteria because it is a
very powerful technique in diﬀerentiating microorganisms below the species level (Tanskanen et al. 1990;
Tenover et al. 1995; Olive & Bean 1999; Vela et al. 2000;
Moschetti et al. 2001; Rivera et al. 2003), and for the
analysis of microbial genomes (Carlson et al. 1993). It
has however been experienced that not all bacteria, such
as thermophilic bacilli, could be embedded into agarose
using ordinary plug moulds and plug-making procedures, without causing physical damage to the cells. In
this report, a new procedure for the embedding of
bacteria in agarose plugs is described that avoids the
problem. Bacterial cultures were prepared on solid
media and were then suspended in cell suspension buﬀer
by manual stirring. The plugs were also formed by
mixing the agarose and cell suspension with a spatula on
the opened and one side of the reusable plug moulds.
Therefore the procedure avoided all centrifugation steps
and pipetting of the cells.

Materials and methods
Bacillus thermoglucosidasius (CECT 4038T), Bacillus
stearothermophilus (CECT43), and Bacillus kaustophilus
(CECT 4264) were obtained from Colleccion Espanola
de Cultivos Tipo (CECT), Universidad de Valencia,
Burjasof, Spain. Bacillus clausii (NRRL B-23342),
Bacillus clarkii (NRRL B-23344), and Bacillus halmap-

alus (NRRL B-23347) were obtained from the US
Agricultural Research Service Culture Collection (ARS/
NRRL; Peoria, IL, USA). Strains 3, 4, 9, 20 and 92 were
the local isolates from Balcova, Izmir. All the strains
were cultured at 55 C and were then kept at )80 C in
20% glycerol stocks.
A set of experiments was performed for the genotyping of thermophilic Bacillus by following the PFGE
procedures reported by Birren & Lai (1993), Bouton
et al. (1998), and Bio-Rad’s Manufacturer’s manual
(Catalog Nr. 170-3612 through 170-3729). In these
protocols, bacterial cells are ﬁrst pelleted by centrifugation and are then mixed with agarose by pipetting to
form agarose plugs. However, after the observation of
non-speciﬁc degradation of genomic DNA, the plug
preparation step was modiﬁed and used as described
below.
Bacterial cultures were streaked from frozen glycerol
stocks onto nutrient agar plates and were then incubated
overnight at 55 C. The reusable 15-welled plug-mould
holder (Bio-Rad) was unscrewed and agarose plugs were
prepared using only one side of the mould holder. The
cells were embedded in agarose as follows. Onto the
open moulds, 100 ll of cell suspension buﬀer (10 mM
Tris–HCl, pH 7.2; 20 mM NaCl; 50 mM EDTA, pH 8)
were pipetted. The colonies were then scraped with a
platinum loop into this cell suspension buﬀer. Using the
edge of a steel spatula, the cells were then suspended by
gentle mixing. After the cells were homogenously
suspended, 100 ll of 1.5% low melting temperature
agarose (Applichem) solution (in sterile water, kept at
50 C) were added dropwise onto the cell suspension.
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Agarose and cells were mixed by using the edge of the
spatula and by gentle stirring. The plugs were then
allowed to solidify. The cells were lysed by transferring
the plugs into 1.5 ml eppendorf tubes containing 500 ll
lysozyme solution (10 mM Tris–HCl, pH 7.2; 50 mM
NaCl; 0.2% sodium deoxycholate; 0.5% sodium
N-lauroylsarcosinate; and 1 mg lysozyme/ml), and were
then incubated for 1 h at 37 C without agitation. The
plugs were transferred into 50 ml Falcon tubes containing 2.5 ml of 1· wash buﬀer (20 mM Tris–HCl, pH 8;
50 mM EDTA, pH 8) and rinsed by gentle agitation for
45 min at room temperature on an orbital shaker. The
plugs were then transferred into 1.5 ml eppendorf
tubes containing 500 ll proteinase K buﬀer (100 mM
EDTA, pH 8; 0.2% sodium deoxycholate; 1% sodium
N-lauroylsarcosinate; 1 mg proteinase K/ml), and were
incubated for 18 h at 50 C without agitation. Prior to
restriction enzyme digestion, the plugs were washed four
times in 2.5 ml wash buﬀer: ﬁrst and second washes
were in 1· wash buﬀer plus 1 mM NaCl. Third wash
was in 1· wash buﬀer plus 1 mM PMSF (phenylmethylsulphonyl ﬂuoride). Fourth wash was in 1· wash
buﬀer.
After equilibrating the plugs in 1· SmaI restriction
enzyme buﬀer (Fermentas) for 1 h at room temperature
with gentle agitation, genomic DNA was digested with
30 units of SmaI in 300 ll reaction volume overnight at
30 C. The plugs were equilibrated in 1 ml of 1· TBE
(90 mM Tris–borate; 2 mM EDTA, pH 8), and were
then cut to the size of the combs and loaded into 1%
agarose gel (PFGE grade agarose, Bio-Rad). The
agarose wells were covered with % 1 low melting
agarose (in 1· TBE). The chamber was ﬁlled with 2 l of
1· TBE. Electrophoresis was performed in a CHEF
DRII system (Bio-Rad) with 1–8 pulse times, for 26 h at
4 V/cm at 14 C. After the electrophoresis, the gel was
stained in 3 lg/ml ethidium bromide solution for
25 min. Following 1 h destaining, the image of the gel
was analysed in a gel documentation system (Bio1D++
software, Vilber-Lourmat).
RFLP patterns were stored into and reﬁned by Adobe
Photoshop 7.0 and were then analysed by using BIO1D++ software (Vilber-Lourmat, France). The similarity between strains was determined automatically by
specifying the formula of Nei and Li (Vilber-Lourmat).
Strain clustering was performed by the un-weighted pair
group method with arithmetic averages, UPGMA
(BIO-1D++, Vilber-Lourmat).

Results and discussion
Prior to the new plug preparation technique, a number
of other methods were repeatedly tried for the embedding of thermophilic bacilli into agarose plugs (Birren &
Lai 1993; Bouton et al. 1998; CHEF DR II Manufacturer’s manual, Bio-Rad). At the beginning of the study,
after observing un-interpretable DNA proﬁles, sequential modiﬁcations were made on the method by changing
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Figure 1. (A) Incubation of the agarose plugs overnight at 4 C.
(B) Incubation of the agarose plugs in SmaI buﬀer overnight at 30 C.
(C) SmaI digested plugs. All the groups include the following Bacillus
cells in the same order: Lane 1, Bacillus thermoglucosidasius (CECT
4038T); lane 2, Bacillus kaustophilus (CECT 4264); lane 3, Bacillus
stearothermophilus (CECT 43); lane 4, isolate 4; and lane 5, isolate 9.

one parameter at a time to ﬁnd out where the DNA was
degraded. These included elimination of centrifugation
steps, decreasing the amount of lysozyme, decreasing the
EDTA concentration in the cell suspension buﬀer,
decreasing the amount of restriction enzyme and the
incubation time, eliminating proteinase K digestion, and
decreasing the number of washing steps (data not
shown). It was ﬁnally found out that DNA was
degraded during the embedding of bacteria into the
agarose plugs.
Five diﬀerent Bacillus members, Bacillus thermoglucosidasius (CECT 4038T), Bacillus kaustophilus (CECT
4264), Bacillus stearothermophilus (CECT 43), 4 and 9
(isolated strains) were each embedded into three sets of
agarose plugs. One set of the plugs was incubated in cell
suspension buﬀer overnight at 4 C and was then
analysed by PFGE (Figure 1A). The second group was
further treated with lysozyme and proteinase K. After
the washing steps, they were kept overnight at 4 C in 1·
SmaI restriction enzyme buﬀer instead of restriction
enzyme digestion (Figure 1B). The third set of agarose
plugs were digested with SmaI restriction endonuclease
after the lysozyme and proteinase K treatments, and
washing steps (Figure 1C). Since non-speciﬁc degradation of DNA was observed in all lanes, this experiment
indicated that genomic DNA shearing started at the
plug preparation procedure and that physical manipulations, even micropipetting for example, could introduce some physical damage to the cells and initiate
subsequent shearing of the chromosomal DNA.
The problem was overcome by using the new plug
preparation method (Figure 2): in the gel three type
strains, Bacillus thermoglucosidasius (CECT 4038T),

PFGE of thermophilic Bacillus
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Figure 2. (A) SmaI digested samples of thermophilic Bacillus: Lane 1, Bacillus thermoglucosidasius (CECT 4038T); lane 2, isolate 4; lane 3, isolate
9; lane 4, isolate 20; lane 5, isolate 3; lane 6, isolate 92; lane 7, Bacillus kaustophilus (CECT 4264); and lane 8, Bacillus stearothermophilus (CECT
43). (B) SmaI digested samples of mesophilic Bacillus Lane 1, Bacillus clarkii (NRRL B-23344); lane 2, Bacillus halmapalus (NRRL B-23347); lane
3, Bacillus clausii (NRRL B-23342). (M) 8–48 kb DNA Ladder (Bio-Rad).

Figure 3. Cluster analysis: Restriction enzyme proﬁles of three reference strains and ﬁve local isolates were compared. The restriction
fragmentation patterns (left) and respective names of the strains (right) were shown.

Bacillus kaustophilus (CECT 4264), and, lanes 1, 7, and 8,
respectively, could be readily diﬀerentiated. It was also
obvious that four of our local isolates (lanes 2, 3, 5, and
6) had identical fragmentation patterns. These ﬁndings
were also evident in the cluster analysis (Figure 3). Two
main clusters were apparent: One of the clusters
contained two of the reference strains, B. thermoglucosidasius and B. stearothermophilus, together with isolate
20. Four of the local isolates (4, 9, 3, and 92), on the other
hand, showed 100% similarity within themselves, and
were clustered with B. kaustophilus.
To determine whether the new plug-making procedure
could work with other bacteria, chromosomal DNA
patterns of three reference strains of mesophilic Bacillus,

Bacillus clausii (NRRL B-23342), Bacillus clarkii
(NRRL B-23344), and Bacillus halmapalus (NRRL B23347) were also analysed by PFGE using the new
procedure (Figure 2B). This procedure will be further
improved by PFGE-genotyping of our local thermophilic Bacillus isolates.
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