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Genomic DNA/RNA isolation is the first and the
most important requirement in carrying out molecular
biology techniques such as PCR, restriction enzyme
analysis, Southern hybridization, genomic DNA
library construction [1], mutation detection or linkage
analysis [2, 3], as well as DNA microarray gene
expression profiling [4]. Furthermore, bacterial fin�
gerprinting methods such as random amplification of
polymorphic DNA (RAPD), restriction fragment
length polymorphism (RFLP), repetitive extragenic
palindromic (REP) and enterobacterial repetitive
intergenic consensus (ERIC) are the most dominant
ways for the evaluation of genetic variations [5–9]. All
these techniques require a reasonable amount of DNA
with good enough quality, fidelity and concentration
[10]. Therefore, an efficient procedure for DNA
extraction is required, combining simplicity with high

yields of pure DNA suitable for molecular biology
studies.

Most of the routinely used protocols for prepara�
tion of bacterial chromosomal DNA are primarily
based on two strategies including either cetyl trimethyl
ammonium bromide (CTAB) or lysozyme/detergent�
based method followed by improvement of the proce�
dure by removal of protein and RNA contamination
[11, 12]. However, many of gram�positive bacteria,
such as Staphylococcus aureus, are resistant or weakly
susceptible to lysozyme due to their cell wall structure
[1]. Further, substances such as polysaccharides, gly�
coproteins, and lipopolysaccharides were reported to
interfere with the extraction process through co�pre�
cipitating with DNA, thus imposing inadvertent
extraction problems [1]. Accordingly, problems such
as poor yields and interference with restriction
enzymes digestion have been reported to be associated
with some standard DNA extraction protocols
[13, 14].
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In general, many existing protocols are laborious,
time�consuming, and, moreover, restricted to certain
types of bacteria [15]. Furthermore, due to chemo�
typic heterogeneity and different characteristics of the
extracellular material of different bacterial species,
development of an optimal DNA extraction procedure
with a single protocol appears to be required for attain�
ing such goals [14, 16]. Thus, an ideal protocol needs
to be a rapid, efficient and safe procedure that should
be applicable to a wide range of bacteria. To deal with
these problems, we aimed to optimize a method to
provide an effective extraction of genomic DNA from
different types of bacteria with different cell wall struc�
ture (i.e. gram�negative and gram�positive).

MATERIAL AND METHODS

Bacterial Strains and Culturing Condition

Bacterial isolates representing 9 different types of
species (differing in cell wall structure and extracellu�
lar material) were obtained from the Persian Type Cul�
ture Collection (PTCC), Tehran�Iran. Reference
strains of Staphylococcus aureus (PTCC 1112), Sta�
phylococcus epidermidis (PTCC 1435), Enterococcus
faecalis (PTCC 1319), Bacillus subtilis (PTCC 1720),
Rhizobium radiobacter (PTCC 1654), and Micrococcus
luteus (PTCC 1109) were used. We also used some bac�
teria which were isolated from soil (Rhodococcus sp.
and Streptomyces sp.) and yogurt samples (Lactobacil�
lus sp).

Extraction Procedure

General DNA extraction kit with some modifica�
tions was exploited for isolation of various bacterial
chromosomal DNA [17–19].

The extraction process was carried out as follows:
(1) Selected colonies of bacteria (i.e., 2–3 colo�

nies) were ground into a fine powder in liquid nitrogen
using precooled mortar and pestle. In order to extract
DNA from liquid culture, the bacterial pellet obtained
by centrifugation was freezed using liquid nitrogen in
a 1.5 ml Eppendorff tube and then transferred to the
mortar.

(2) The lysing buffer (2% CTAB (Merck, Hohen�
brunn, Germany), 100 mM Tris⎯HCl (Merck, Darm�
stadt, Germany), 1.4 M NaCl (Merck, Darmstadt,
Germany), 1% PVP (AppliChem, Darmstadt, Ger�
many), 20 mM disodium salt of ethylenediaminetet�
raacetic acid (Na2EDTA; Merck, Darmstadt, Ger�
many), 0.2% LiCl (Merck, Darmstadt, Germany).
The pH was adjusted at ~8 for the solution used before
autoclaving). Then 800 μl of solution was added to the
sample, mixed vigorously and then transferred to a
1.5 ml centrifuge tube.

(3) The sample was incubated at 65°C (30 min for
gram�negative bacteria; 2 h for gram�positive bacte�
ria). The sample was gently shacked every 10 min.

(4) The sample was centrifuged at 6160 g
(10000 rpm) for 5 min at 4°C.

(5) The supernatant was transferred into a new tube
and an equal volume of chloroform�lsoamilalchol
(Merck, Darmstadt, Germany) (24 : 1 vol/vol) was
added. Then the tube was gently flipped several times.

(6) The sample was centrifuged at 8870.4 g
(12000 rpm) for 8 min at 4°C. The centrifugation
speed (g) should be adjusted to the designated value to
avoid shearing stress and obtain intact DNA. The
upper phase was then transferred into a new tube.

(7) In order to increase the yield of extracted DNA,
100 μl of 5 M sodium acetate (Merck, Darmstadt,
Germany) was added into the tube and mixed by gen�
tle flipping.

(8) Equivalent volume of cold (–20°C) isopro�
panol (Merck, Darmstadt, Germany) was added to
precipitate the DNA, then the sample was stored at
⎯20°C for 30 min. Isopropanol should be added drop�
wise and mixed gently, since rapid addition may cause
DNA fragmentation.

(9) The sample was precipitated at 12073.6 g
(14000 rpm) for 10 min at 4°C.

(10) For the first washing step, the supernatant was
removed and 500 μl of 96% ethanol (Merck, Darms�
tadt, Germany) (4°C) was added to the sample which
was then centrifuged at 8870.4 g (12000 rpm) for 5 min.

(11) For the second washing step, the supernatant
was removed and 500 μl of 70% ethanol (4°C) was
added to the sample which was then centrifuged at
8870.4 g (12000 rpm) for 5 min.

(12) The supernatant was discarded and the pellet
was dried at room temperature. Note: higher centrifu�
gation speeds or excessive drying period may decrease
the water solubility of the pellet.

(13) The pellet was dissolved in 50 μl TE buffer
[10 mM Tris�HCl (pH 8.0), 1 mM EDTA (pH 8.0),
(Merck, Darmstadt, Germany)] and DNA solution
was stored at –20°C.

Quantity and Quality Assessment
of the Extracted DNA

Quantity and quality of extracted DNA. The extracted
DNA was quantified using a NanoDrop 1000 Spectro�
photometer (NanoDrop Technologies, Wilmington,
DE, United States). The A260/A280 absorbance ratio was
used to determine undesired contaminations.

To evaluate the quality and intactness of the
extracted DNA, gel electrophoresis was used. The
extracted DNA (5 μl) was loaded on 1% agarose gel
(Invitrogen, California, United States), which con�
tained ethidium bromide (1 μg/ml) for DNA staining.
For image acquisitions, a G:Box™ gel documentation
system (Syngene, Cambridge, United Kingdom) was
used.

RAPD analysis. Analysis of RAPD was carried out
in order to test the intactness/fidelity of the genomic
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DNA and to determine the possible inhibitory materi�
als which may interfere with the reaction. PCR reac�
tion was performed in a 25 μl volume, consisting of:
12.5 μl PCR Master Kit (2×), (Cinagen Inc., Tehran,
Iran), 0.4 μM; primer set as P17: 5'�CCTGGGCTTG�
3' (Cinagen Inc., Tehran, Iran) and 50 ng/μl genomic
DNA. The amplification program consisted of one
initial denaturation at 94°C for 5 min followed by
40 cycles of 60 s at 94°C for denaturation, 60 s at 40°C
for primer annealing, 60 s at 72°C for extension and
DNA synthesis and final extension at 72°C for 10 min.
The products were separated on 1.5% agarose gel con�
taining ethidium bromide (1 μg/ml), then images were
taken using a G:Box™ gel documentation system
(Syngene, Cambridge, United Kingdom).

Digestion with restriction enzymes. The restriction
enzyme digestion methodology was used to assess the
purity, quality and intactness of the extracted DNA.
Each reaction was carried out in a total volume of 20 μl
containing the following: 1 μg DNA, 4 μl of 10× Tango
buffer (Fermentas, GmbH, Germany) and 0.5 μl of
restriction enzyme, EcoR I (10 u/μl) (Fermentas,

GmbH, Germany) incubated at 37°C for 4 h. The
products were separated on 1.5% agarose gel contain�
ing ethidium bromide (1 1 μg/ml), and images were
obtained using G:Box system.

RESULTS

The extracted genomic DNA from 9 different spe�
cies of bacteria was found to be intact by agarose gel
electrophoresis even though it was exposed to several
steps of extraction/purification (Fig. 1).

The spectrophotometric analysis for A260/A280
resulted in average about 1.90. This indicates that the
extracted DNA was free from protein contamination
(table).

Furthermore, in order to check the efficiency and
reliability of the method, the RAPD technique was
applied and the PCR product yielded a clear band pat�
tern and adequate intensity (Fig. 2). Although many of
the PCR�based techniques do not necessarily require
high�quality DNA, pure DNA is recommended for
PCR�based assays such as RAPD, which is susceptible
to artifactual polymorphism [7, 20].

Extracted DNA obtained using this protocol was
directly used for quality assessment with restriction
digestion and the result for digestion with EcoRI
showed that the isolated DNA was very pure with high
quality for enzymatic reaction, in which a minimal
inhibitory effect of the extraction process was observed
(Fig. 3).

DISCUSSION

Many protocols have been developed for extraction
of bacterial genomic DNA; however, only a few of
them provide for optimal DNA isolation from wide�
spread types of bacteria. Having applied some classical
modifications in the currently used protocols, we
aimed to optimize such protocols to achieve an easy�

10000 bp

1000 bp

M 1 2 3 4 5 6 7 8 9

Fig. 1. Electrophoretic analysis of total DNA on 1% agaros
gel. Lanes 1⎯9 represent Staphylococcus aureus, Bacillus
subtilis, Staphylococcus epidermidis, Streptomyces sp.,
Enterococcus faecalis, Micrococcus luteus, Rhodococcus sp.,
Rhizobium radiobacter and Lactobacillus sp., respectively.
M = 1 kb Plus DNA Ladder (GeneRulerTM, Fermentase,
GmbH, Germany).

Bacterial species and results of absorbance ratio measured
by NanoDrop 1000 Spectrophotometer

Species Yield (ng/µl) A260/280 A260/230

S. aureus 652.4 2.00 1.98

B. subtilis 246.2 1.92 1.63

S. epidermidis 432.2 1.82 1.33

Streptomyces sp. 131 1.85 1.21

E. faecalis 570.9 1.94 1.99

Rhodococcus sp. 132.7 1.87 1.20

M. luteus 90 1.95 1.40

R. radiobacter 96 1.80 1.31

Lactobacillus sp. 138.6 1.73 1.20

M1 2 3 4 5 6 7 8 9

Fig. 2. PCR amplification of DNA extracted from 9 spe�
cies of bacteria using random primer P17; about 50 ng of
DNA was used for the PCR reaction. Amplified PCR
products were electrophoresed on an agarose gel (1.5%).
Lanes 1 to 9 were ordered as on Fig. 1 (GeneRulerTM, Fer�
mentase, GmbH, Germany).
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to�handle and less toxic (yet highly efficient) extrac�
tion system. This new DNA isolation method may
provide a platform for biotechnological investigations
where the intactness and quality of the DNA appears
to be a crucial requirement.

In this study, selection of bacteria was performed
based upon the structural complexity of cell wall,
amount of extracellular material (Lactobacillus sp.,
S. aureus, B. subtilis, and Streptomyces sp.), economi�
cal importance (some species of Streptomyces and
Lactobacillus, as well as B. subtilis), and bacterial sig�
nificance in clinical (S. aureus, S. epidermidis,
E. faecalis and M. luteus) and biotechnological
researches (B. subtilis, Streptomyces sp., and R. radio�
bacter). It is now well documented that gram�positive
bacteria possess an intricate cell wall architecture,
together with the extensive concentration of pepti�
doglycan within their cell wall [3, 13, 16]; the extrac�
tion of the DNA from these bacteria appears therefore
to be challenging and problematic. Hence, we exam�
ined this protocol for chromosomal DNA extraction
in various bacteria including gram�positive as well as
one gram�negative one (i.e., R. radiobacter) to assess
its effectiveness, reproducibility and comprehensive�
ness as a universal system.

This protocol requires a single step for lysing the
bacterial cells, which is then followed by straightfor�
ward isolation of DNA with chloroform–isoamyl
alcohol and ethanol for precipitation and purification
of the genomic DNA. In order to eliminate RNA from
the extracts, LiCl was used in the lysing buffer to selec�
tively precipitate the large molecules of RNA [21, 22].
This selective precipitation is more advantageous than
RNase treatment, in which the RNA is enzymatically
degraded into smaller fragments, but not removed
from the extracts [21, 22]. Furthermore, in this
method we do not utilize β�mercaptoethanol that may
be toxic to some extent [23]. CTAB was used as an
effective detergent which separates the polysaccha�
rides from DNA during extraction [11, 23]. The func�
tion of EDTA is to bind DNA thus protecting it from
degradation [2, 24]. To eliminate polysaccharides and
secondary metabolites during precipitation, potas�
sium acetate in combination with isopropanol were
utilized [25, 26]. In addition, high concentrations of
PVP were employed to promote the precipitation of
phenolic compounds through interaction with them.
PVP can protect DNA against the oxidative activity of
secondary metabolites and DNase enzymes in lysed
bacteria [24, 27].

Considering all these issues, our protocol seems to
be a comprehensive, relatively simple and rapid
method that is an efficient approach with high yields
of pure DNA in comparison with other existing meth�
ods. Moreover, our studies revealed (see Fig. 1 and
table) that application of this protocol can provide a
robust podium for the preparative isolation of high�
quality and pure genomic DNA from any types of bac�
teria in a relatively time�efficient manner. Since this

protocol provides high�quality genomic DNA for
PCR amplification (Fig. 2), restriction enzyme diges�
tion (Fig. 3) and presumably some other related
molecular biology studies, it may be used for a range of
techniques that require high�quality genomic DNA.
Besides, this method requires no enzymatic processes;
hence its low cost makes this protocol very attractive
for the large�scale isolation of genomic DNA.

In general, the intactness of DNA is the prime cor�
nerstone of genomic investigation in the era of omics
technologies. In particular, rapid molecular detection
of life�threatening and clinically important bacteria
appears to be largely dependent on development of an
efficient DNA isolation method. With trivial differ�
ences, our protocol yielded high�quality intact DNA
from various bacterial species implying its accuracy
and robustness. Thus, upon our examinations and pre�
vious results, we propose that this present protocol
could serve as a universal competent method for isola�
tion of genomic DNA from a variety of samples (e.g.,
plants, fungi, animal and microorganisms) even
though they contain different types of extracellular
materials as well as dissimilar cellular envelops archi�
tecture.
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