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Using molecular–biological methods in microbiol-
ogy allowed researchers to gain a deeper insight into
the organization of microbial communities. The
absence of a cultivation stage in such approaches makes
it possible to assess in greater detail the diversity of
microorganisms in the environment [1], since the num-
ber of cultivated cells in complex ecosystems (such as
soils) rarely exceeds 5% of the total number of micro-
organisms [2]. Moreover, it becomes possible to study
changes in the composition of microbial soil communi-
ties on exposure to various factors [3, 4] and identify
individual natural microbial populations [5, 6] or the
functional properties of communities [7, 8], as well as
to monitor the microorganisms isolated from the com-
munities [9, 10].

The first and essential stage in these studies is
obtaining DNA preparations that are at a high degree of
purity. The results of subsequent experiments depend
on the fullness and quality of the microorganism isola-
tion. However, DNA extraction from various soil sam-
ples is complicated by microorganism aggregation with
soil particles and the presence of microbial cells in var-
ious quiescent forms (spores or cysts). The chemical
composition of the soils themselves is of equal impor-
tance.

At present, two main approaches to DNA extraction
from soils are used: direct [11, 12] and indirect (incor-
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porating the stage of isolation of bacterial cells) [13, 14].
In the former case, cell lysis occurs directly in the soil
sample; however, DNA may be adsorbed in the soil par-
ticles, resulting in a decrease in the amount of the bac-
terial DNA extracted. Moreover, DNA from other com-
ponents of the soil community may also be extracted
with the DNA of microorganisms, which increases the
total amount of DNA [15]. Another problem arising
from direct DNA extraction is the contamination of the
DNA samples by humic acids. Since these substances
adversely affect the subsequent processing of nucleic
acids, the stage of definitive purification of soil DNA
samples becomes critical [16]. When bacterial cells are
isolated, their separation from soil particles may pose
considerable problems, because distinct groups of micro-
organisms differ in their affinity for soil particles [17]; as a
result the actual microbial composition of the soil sample
may be distorted. However, such an approach ensures the
extraction of longer fragments of microorganism DNA
and higher separation efficiency [18]. In addition, prelim-
inary purification of bacterial cells substantially decreases
the amount of DNA extracted from other components of a
bacterial community.

Numerous works on the methods for isolating total
DNA from soil and sediment have been published [19,
20]. The existing diversity of such methods is deter-
mined by the multitude of soil types and the goals set
by researchers with respect to subsequent studies of
samples isolated. DNA extraction depends consider-
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ably on the physical, chemical, and biological charac-
teristics of the soil, as well as on differences in the
structure of the microbial cell walls and the capacity of
microorganisms for adhesion to soil particles. In most
cases, these methods were validated for a limited num-
ber of soil types, which does not allow us to judge in
full measure on their suitability for comparative eco-
logical studies [11].

The aim of this work was to develop a simpler
method for extracting pure DNA from various soil
types, which would not be time-consuming. In assess-
ing the purity of the DNA preparations, emphasis was
placed on the possibility of their use for PCR amplifi-
cation, a basic method for use in molecular–ecological
studies.

MATERIALS AND METHODS

 

Soil samples and their main physicochemical
properties.

 

 To assess the efficiency of DNA extraction,
10 different soils, including those exposed to anthropo-
genic effects, were used. Table 1 lists their physico-
chemical characteristics. All the soils were sampled
aseptically and then kept at 

 

–20°C

 

. One gram of the
corresponding soil was used for each DNA extraction
(five replicates).

 

DNA extraction.

 

 In order to separate bacterial cells
from soil elements and remove organic admixtures (par-
ticularly humic acids), four buffers commonly employed
in DNA extraction from soil were used [11, 19, 21]. The
buffers differed in the extent of chaotropism; their com-

 

Table 1. 

 

 Physicochemical characteristics of soils

Site of soil
sampling Type of soils Climatic zone

H
um

id
ity

Content, %

pH

D
ep

th
 o

f 
so

il
sa

m
pl

in
g,

 c
m

sa
nd

cl
ay

Arable
lands

Girona, Spain, 
March 2003

loamy *Mediterranean. Average temperature 
in January: 4–5

 

°

 

C; average tempera-
ture in July: 23–29

 

°

 

C. Rainfall:
300–1000 mm per year

15 53 21 8.3 0–20

Gistel, Belgium, 
March 2000

loamy Temperate, maritime. Average tem-
perature in January: –4 to +5

 

°

 

C; aver-
age temperature in July: +19 to +14

 

°

 

C. 
Rainfall: 700–1500 mm per year

17 47 20 7.6 0–15

Bellem, Belgium, 
March 2000

sandy loam 23 87 4 6.7 0–15

Stellenbosch, 
SAR, 1998

sandy loam,
alluvial

Subtropical. Average temperature
in January: +27 to +35

 

°

 

C; average 
temperature in July: +10 to +15

 

°

 

C.
Rainfall: 502 mm per year

49 69 22 6.0 0–10

Pushchino,
Moscow oblast,
November 2003

gray forest, 
loamy

**Temperate continental. Average 
temperature in January: –10

 

°

 

C;
average temperature in July: +17

 

°

 

C. 
Rainfall: 450–650 mm per year

27 2.3 41 6.5 0–20

Soils of
natural
ecosystems

Girona, Spain, 
March 2003

loamy, forest See* 29 51 16 8.1 0–20

Pushchino,
Moscow oblast, 
November 2003

gray forest, 
loamy, forest

See** 40 1.8 38 5.5 0–20

Pushchino,
Moscow oblast, 
November 2003

gray forest,
loamy, meadow

32 2.2 40 6.1 0–20

Vorkuta,
February 2004

tundra,
peat-gley

Temperate continental with the features 
of circumpolar maritime. Average tem-
perature in January: from –20 to –17

 

°

 

C; 
average temperature in July: +11 to 
+15

 

°

 

C. Rainfall: 610 mm per year

No data 
avail-
able

– – 5.0 10–20

Sosvyatskoe, 
Tver oblast,
January, 2005

peat Temperate continental. Average
temperature in January: –9

 

°

 

C; average 
temperature in July: +17

 

°

 

C.
Rainfall: 650 mm per year

92 – – 3.9 10–20
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position is described below. Buffer 1 (TE buffer):
30 mM Tris–HCl and 10 mM EDTA (pH 8.0); buffer 2
(phosphate buffer): 0.12 mM 

 

Na

 

2

 

HPO

 

4

 

 (pH 8.0); buffer
3: 30 mM Tris–HCl, 10 mM EDTA, 0.1 M NaCl, 1%
PVPP, and 2% SDS (pH 8.0); and buffer 4: 30 mM
Tris–HCl, 10 mM EDTA, 1% CTAB (cetavlon), and
1.5 M NaCl (pH 8.0).

To extract DNA, 1 g of soil was ground in a mortar
at 

 

4°C

 

 and suspended in 4 ml of the corresponding
buffer, incubated at 

 

4°C

 

 for 10 min, and then centri-
fuged (800 

 

g

 

). The supernatant fluid was sampled and
kept at 

 

4°C

 

. The corresponding buffer (2 ml each) was
added to the pellet, mixed in a shaker at 

 

37°ë

 

 for 5 min,
and centrifuged once again. The latter procedure was
performed twice. Three supernatant fluids were pooled
and centrifuged at 1000 

 

g

 

 and 

 

4°ë

 

 for 10 min, to
remove lighter soil particles.

The bacterial cell fraction was prepared by centri-
fuging the supernatant (obtained after removing the soil
particles) at 10 000 

 

g

 

 and 

 

4°C

 

 for 8 min. The cells were
then washed twice with the same buffer.

Cell lysis and further purification of the DNA prep-
arations were according to the method described previ-
ously [22]. For this purpose, the pellet was resuspended
in the TE buffer; an equal volume of the lyzing buffer
(0.2 M NaOH, 1% SDS) was added, and the contents
were incubated at 

 

60°C

 

 (with periodic stirring) for

30 min. On completion of the incubation, an equal vol-
ume of 2.5 M potassium acetate was added, and the
mixture was centrifuged at 10000 

 

g

 

 for 8 min. Further
DNA purification was performed using the Wizard
MaxiPrep technology (Promega, United States) in
accordance to the recommendations of the manufac-
turer, with insignificant modifications. The DNA prep-
arations obtained were kept in a freezer (at 

 

–18°C

 

).

The degree of DNA preparation purity was assessed
spectrophotometrically by the 

 

Ä

 

260

 

/Ä

 

280

 

 and 

 

Ä

 

260

 

/Ä

 

230

 

ratios.

 

Amplification of 16S rRNA gene and its frag-
ments.

 

 A full-size copy of the gene and its 5'-region
fragment (about 520 bp) was obtained on an Eppendorf
Gradient Mastercycler (Germany) using universal
primers [23] 11F: 5'-GTTTGATCMTGGCTCAG-3';
519R 5'-GWATTACCGCGGCKGCTG-3'; and 1492R
5'-TACGGYTACCTTGTTACGACTT-3', where M = C
or A; Y = C or T; K = G or T; W = A or T. The reaction
mixture (25 

 

µ

 

l) had the following composition: buffer
(2 mM 

 

MgCl

 

2

 

, 17 mM 

 

(NH

 

4

 

)

 

2

 

SO

 

4

 

, 67 mM Tris–HCl,
pH 8.8); BioTaq polymerase; 6 nM of each of the four
deoxytriphosphates (dNTP

 

3

 

); 20 ng of DNA template;
6.25 pM of direct and reverse primer each; and 1.5 U of
BioTaq DNA polymerase (Dialat Ltd., Russia). The
protocol used is described below. The first cycle: 

 

94°C

 

,
9 min; 

 

50°C, 1

 

 min; and 

 

72°C, 2

 

 min; 30 subsequent

 

Table 2. 

 

 Characteristics of the DNA preparations extracted from microbial soil communities with different methods

Tundra, turf-gley, Vorkuta, February 2004

Buffer*

 

1 2 3 4

 

A

 

260

 

/A

 

280

 

1.80 

 

±

 

 0.21** 1.92 

 

±

 

 0.30 1.97 

 

±

 

 0.21 1.69 

 

±

 

 0.27

A

 

260

 

/A

 

230

 

0.57 

 

±

 

 0.03 0.30 

 

±

 

 0.05 0.51 

 

±

 

 0.06 0.46 

 

±

 

 0.04

 

Amount of DNA per 1 g of soil, 

 

µ

 

g

 

2.10 

 

±

 

 0.09 0.60 

 

±

 

 0.07 1.50 

 

±

 

 0.09 1.50 

 

±

 

 0.10

 

Gray forest, loamy, mixed forest, Pushchino, Moscow oblast, November 2003

Buffer

 

1 2 3 4

 

A

 

260

 

/A

 

280

 

1.74 

 

±

 

 0.26 1.38 

 

±

 

 0.22 1.63 

 

±

 

 0.20 1.61 

 

±

 

 0.32

A

 

260

 

/A

 

230

 

0.23 

 

±

 

 0.06 0.30 

 

±

 

 0.04 0.37 

 

±

 

 0.09 0.45 

 

±

 

 0.02

 

Amount of DNA per 1 g of soil, 

 

µ

 

g

 

1.90 

 

±

 

 0.10 2.00 

 

±

 

 0.10 1.40 

 

±

 

 0.10 2.90 

 

±

 

 0.05

 

Peaty, Sosvyatskoe, Tver oblast, January, 2005

Buffer

 

1 2 3 4

 

A

 

260

 

/A

 

280

 

1.35 

 

±

 

 0.57 1.28 

 

±

 

 0.46 1.53 

 

±

 

 0.38 1.57 

 

±

 

 0.59

A

 

260

 

/A

 

230

 

0.68 

 

±

 

 0.13 0.70 ± 0.20 0.50 ± 0.12 0.89 ± 0.20

Amount of DNA per 1 g of soil, µg 0.18 ± 0.06 0.21 ± 0.06 0.17 ± 0.05 0.23 ± 0.06

  * The description of the buffers is given in the section MATERIALS AND METHODS.
** Mean of 10 determinations plus standard deviation (SD).
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cycles: 94°C, 1 min; 50°C, 1 min; and 72°C, 2 min;
definitive polymerization: 72°C, 7 min. The analysis of
PCR products was with gel electrophoresis (1% agar-
ose) in a TAE buffer (containing ethidium bromide) at
a field intensity of 6 V/cm. The results of electrophore-
sis were documented using a Biometra BioDoc II gel
documentation system (Germany).

RESULTS AND DISCUSSION

The acquisition of DNA preparations from different
microbial communities is the critical stage in a compar-
ative study of certain groups of microorganisms inhab-
iting various soil communities.

DNA recovery from bacterial communities is com-
plicated by the adsorption of bacterial cells to soil par-

ticles. When preparing soils for microbiological analy-
sis, it is important to destroy soil aggregates, desorb
microorganisms from the surface of the soil particles,
and to dissociate the agglomerates of microorganisms.
This is usually achieved by treating soil suspensions
with ultrasound, weak alkaline solutions, or by a long-
term shaking with glass beads. However, soil powder-
ing changes its structure and adversely affects cell
integrity and DNA molecules. Taking into account the
forgoing, more sparing conditions for mixing soil sus-
pensions in the shaker were used.

The simplicity of acquisition and the degree of
purity of the DNA preparations depend on the type of
microbial community analyzed. For example, DNA
extraction from active silt or freshwater (from a river or
a lake) frequently requires only insignificant purifica-

(a)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1481 bp

1481 bp

1481 bp

(b)

(c)

Fig. 1. Amplification of full-length 16S rRNA gene from
DNA extracts of bacterial communities (prepared using dif-
ferent methods): (a) turf-gley soil (Vorkuta), (b) gray forest
soil (Pushchino, Moscow oblast), and (c) peaty soil (Sos-
vyatskoe, Tver oblast). The arrow indicates the target frag-
ment. (1) DNA marker; (2–4) DNA extracted with mode 1;
(5–7) DNA extracted with mode 2; (8–10) DNA extracted
with mode 3; (11–13) DNA extracted with mode 4;
(14) Escherichia coli DNA (positive control); (15) control
in the absence of DNA template.

508 bp

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
(a)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

508 bp

508 bp

(b)

(c)

Fig. 2. Amplification of the 5'-terminal region of 16S rRNA
gene from DNA extracts of bacterial communities (pre-
pared using different methods): (a) turf-gley soil (Vorkuta);
(b) gray forest soil (Pushchino, Moscow oblast); (c) peaty
soil (Sosvyatskoe, Tver oblast). The arrow indicates the tar-
get fragment. The digital designations are as for Fig. 1.
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tion, while the extraction from soils is complicated by
the presence of different organic contaminants. In addi-
tion, many soils contain xenobiotics, which are very
difficult to remove. At the first stage, we worked
through the procedure of DNA extraction from three soil
samples differing substantially in their physicochemical
characteristics: turf-gley, gray forest, and peat.

Four buffers were used to obtain bacterial cell frac-
tions. The first buffer (TE) is the most commonly used
for DNA extraction from bacterial cells. The second
buffer (phosphate) aids in cell desorption from soil par-
ticles. The third and fourth buffers are the TE buffer
supplemented with PVPP and SDS or CTAB. The soils
rich in organic matter contain humus components,
which are heterogeneous and contain mostly aromatic
phenol-type structures and nitrogen-containing com-
pounds. PVPP and CTAB eliminate such substances
with equal efficiency. This determines their use in the
latter two buffers.

To extract DNA from bacterial cells, we selected the
method of alkaline lysis with the a subsequent purifica-
tion of the DNA preparations by ion-exchange chroma-
tography. The efficiency of this procedure was con-
firmed by the many years of practice in our laboratory,
extracting DNA from a broad range of prokaryotes.
This method is neither time-consuming not laborious,
and the DNA preparations obtained are characterized
by a high degree of purity.

The quantitative and qualitative characteristics of
the DNA preparations obtained with different methods
from three soil samples are shown in Table 2. The com-
parison of the results showed that not all the modes
used ensure the acquisition of sufficiently pure DNA

preparations. As seen from the table, only the use of
buffer 3 and buffer 4, as evidenced by the Ä260/Ä280
ratio, provides a relatively stable quality of DNA prep-
arations. On the other hand, the Ä260/Ä230 ratio indicat-
ing a contamination of the nucleic acid preparations
with the aromatic compounds was low (0.3–0.9) in all
cases. Subsequent studies showed that only some of the
DNA preparations obtained were suitable for perform-
ing amplification. The contaminants present in certain
DNA preparations are not necessarily related to the pres-
ence of humic acids (which preclude their use in PCR).

The best result in terms of the amount of DNA
extracted per 1 g of soil was noted in the first mode. The
average DNA yield was slightly lower for the third and
fourth modes, and the lowest yield was observed when
the second buffer was used. It should also be noted that
DNA yield from peat was invariably low for all the meth-
ods, which is consistent with the literature data [24].

Since the suitability of the DNA preparations for
performing PCR was the main criterion in selecting
DNA extraction methods, all of them were used for
obtaining samples for the amplification of both the full-
length 16S rRNA gene (about 1500 bp) and its frag-
ments (about 520 bp). Full-length amplicons are most
commonly used when a detailed analysis of microbial
communities is made, while partial amplicons are used
for the qualitative assessment of biodiversity. In addi-
tion, the acquisition possibility of a full-length ampli-
con gives evidence of a higher degree of intact DNA in
the preparations analyzed. As seen from the results of
Figs. 1 and 2, full-length 16S rRNA gene amplicon was
obtained using DNA extracted with modes 2 and 3. In
the other two cases, the yield of amplicons was weak
(loamy soils) or PCR did not proceed at all. As a result

Table 3.  Quantitative and qualitative characteristics of the DNA extracted from different soil types using method 3

Types of soils

Arable lands Soils of natural ecosystems

Loamy
(Girona, Spain),

March 2003

Loamy
(Gistel,

Belgium), 
March 2000

Sandy loam 
(Bellem,

Belgium), 
March 2000

Sandy loam, 
alluvial

(Stellenbosch, 
SAR), 1998

Gray forest, 
loamy (Push-
chino, Mos-
cow oblast), 
November 

2003

Loamy,
forest (Giro-
na, Spain),

March 2003

Gray forest, 
loamy, mead-
ow (Pushchi-
no, Moscow 
oblast), No-
vember 2003

1 2 3 4 5 6 7

A260 0.176 ± 0.018* 0.183 ± 0.019 0.094 ± 0.016 0.048 ± 0.007 0.196 ± 0.017 0.052 ± 0.009 0.095 ± 0.015

A280 0.120 ± 0.005 0.112 ± 0.007 0.028 ± 0.005 0.039 ± 0.008 0.120 ± 0.005 0.048 ± 0.008 0.025 ± 0.003

A230 0.576 ± 0.015 0.412 ± 0.016 0.334 ± 0.014 0.056 ± 0.007 0.448 ± 0.015 0.072 ± 0.008 0.320 ± 0.014

A260/A280 1.47 ± 0.16 1.63 ± 0.20 1.40 ± 0.29 1.92 ± 0.37 1.62 ± 0.15 1.81 ± 0.38 1.81 ± 0.31

A260/A230 0.31 ± 0.03 0.37 ± 0.04 0.30 ± 0.05 0.30 ± 0.06 0.40 ± 0.04 0.31 ± 0.05 0.38 ± 0.06

Amount of 
DNA per 1 g 
of soil, µg

1.32 ± 0.10 1.40 ± 0.10 0.70 ± 0.10 0.36 ± 0.05 1.47 ± 0.10 0.39 ± 0.07 0.71 ± 0.10

* Mean of 10 determinations plus standard deviation (SD).
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of the comparison between the data obtained (on DNA
susceptibility to amplification and the qualitative char-
acteristics of DNA preparations (the Ä260/Ä280 ratio)), it
can be concluded that washing bacterial cells isolated
from all types of soils with buffers 1 and 4 does not
seem to sufficiently ensure the removal of specific
PCR-inhibiting contaminants.

Based on the analysis performed, mode 3 was rec-
ognized as the most optimal for DNA extraction from
microbial soil communities. It was additionally
approved for seven different soil samples, both from
intact natural ecosystems and localities with increased
anthropogenic loads. Some of these soils (loamy, sandy
loam, alluvial, etc.) differed substantially in their phys-
icochemical characteristics from the three types ana-
lyzed before (Table 1). The analysis of the results
showed that, with mode 3, we succeeded in obtaining
DNA preparations of acceptable purity (Table 3) for all
the ten soil types analyzed. Significant variations in the
amount of DNA seem to reflect both differences in the
content of bacterial biomass in various soil types and
the complexity of DNA extraction from specific soil
types. The results of amplification showed that DNA
preparations extracted using mode 3 are stable and suit-

able for obtaining amplicons of both full-length 16S
rRNA gene and its fragment (Fig. 3).

Thus, the suitability of the proposed method for
DNA extraction was demonstrated for a broad range of
soils substantially differing in their physicochemical
characteristics. The necessity of testing this method for
the soils obtained from sites with an increased anthro-
pogenic load is due to the fact that, as a rule, reclama-
tion causes significant changes in the physicochemical
properties of a soil and the composition of its microf-
lora. Moreover, the remnants of fertilizers used in fields
may affect DNA extraction processes.

The studies conducted by us showed that the pro-
posed method allows DNA to be efficiently extracted
from bacterial communities inhabiting both natural
ecosystems and sites with an increased anthropogenic
load. The method is rather simple but not time-consum-
ing (10 soil samples may be processed in 3 to 4 h), and
it does not require complex equipment.
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