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| ABSTRACT |

Successful detection and characterization of microbacterial DNA in the environment require
efficient extraction of the DNA from environmental samples and adequate purification from the
coextracted comaminants that inhibit PCR. Previously reported methods for direct isolation and
purification of DNA from microorganisms in soil have multiple steps, laboratory equipment’s and
labour-intensive, and result in loss of extracted material. This has promoted the initiative to develop
an efficient, nonselective method for direct DNA extraction from the environment that is required
for rapid and thorough analvsis of introduced microorganisms in environmental samples and for
diversity analysis of microbial community in soil. The newly developed method is based on the
combination of hot-detergent treatment and commercial spin columns. Fidelity and effectiveness of
the procedure were investigated by identifving several phylogenetic groups representing different
components of the soil microbial community. In addition, the use of HotStar Tag DNA polymerase
has provided the opportunity for simultaneous detection of a variety of microorganisms in a single
tibe, using multiplex PCR., The ability to simultaneously exiract and amplify DNA from many types
of microorganisins using a simple extraction and purification step is desirable for many
applications in molecular microbial ecology.
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I INTRODUCTION —| words, studies on genetic composition and
ecology of native bacterial populations have

t 1s one of the fundamental dilemmas in been considerably constrained by their
~microbial ecology that only a fraction dependence on  culture-based  methods.
(0.01 to 10%) of bacteria known to occur Environmental microbiologists have,

it natural habitats can be cultivated on therefore, initiated their efforts to explore the
laboratory media (Wilson, 1997). In other use of molecular methods to circumvent the

bias of culture-dependent technique (Wilson,
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1997). The direct extraction of total DNA from
environmental samples has made it possible to
investigate the diversity of microbial
communities without prior cultivation (Miller,
et al., 1999; Ogram ef al., 1987).

PCR analysis provides a sensitive and
specific  means to detect and monitor
microorganisms in complex environmental
samples (Miller, 2001). Successful detection
and characterization of microbacterial DNA in
the environment require efficient extraction of
the DNA from environmental samples and
adequate purification from the coextracted
contaminants that inhibit PCR. Soils and
sediments vary greatly in chemicai and organic
composition. In addition, they contain
abundant humic and fulvic acids that are
inhibitory to Taq DNA polymerase and other
enzymes (Miller, 2001). Soils are, therefore,
one of the most challenging environmental
matrices to obtain microbial DNA that will
support PCR analysis (Miller, 2001).

Previously reported methods for direct
isolation and purification of DNA from
microorganisms in soil (Kuske er al., 1998;
Erb and Wagner-Dobler, 1993; Porteus er al.,
1993), have multiple steps that need laboratory
equipment’s and are labour-intensive, which
resuft in loss of extracted material (Miller er
al., 1999). In addition, they use chemicals such
as  phenol,  chloroform, guanidinium
hydrochloride, cesium chloride and butanol
that require special storage, handling, and
disposal (Miller, 2001).

The current report describes a newly
developed method for efficient direct
purification of high-quality DNA from soil.
The combination of hot-detergent treatment
and the spin columns (Qiagen, Germany)
conferred successful elimination of Taq
polymerase inhibitors. Furthermore, it reduces
the time required for sample purification to
less than 30 min, compared with the standard
multiple steps, labour-intensive, direct DNA

extraction methods in soil. In  addition,
commercial spin  columns use no toxic
chemicals and avoids sample mix-up due to
tube transfer. Finally, the use of HotStar Taq
DNA polymerase has provided the opportunity
for simultancous detection of a variety of

microorganisms in 4 single tube, using
multiplex PCR.
B MATERIALS AND METHODS |

Site and Sample Description

Soil samples were recovered between
May 1999 and June 2001 from an industrial
drain in the Nile Delta named the "Defsho
drain”. Defsho is located at the city of Kafr El-
Dawwar, 20 Km south of Alexandria, and it
flows northwards wuntil it meets the
Mediterranean Sea through Abu-Kier bay. The
first company dumping in Defsho is an
artificial silk company, followed immediately
by a factory for textile dyes and pesticides. As
Defsho heads north, it accumulates wastes
from various industries that represent most of
the pollutant repertoire. Industrial wastes from
the outlet of the dye and pesticides companies
have contaminated nearby soil, surface water
and water with heavy metals and Polycyclic
Aromatic Hydrocarbons (PAHs) compounds
and have threatened the Detsho drain as well
as local ground water supplies. Each soil
sample was collected and individually sealed
in a sterile plastic sample bags, placed on ice,
and immediately taken to the Lab. at Research
Department, GEBRI, Alexandria. Then, direct
DNA extraction was immediately initiated.
Additional soil sampies were stored at 4°C,

Direct Soil DNA Extraction

Hot-detergent method (Ogram er al,
1987) was used for direct DNA extraction
from soil samples. Soil 0.5 g was added to 0.5
ml of 2x TENS buffer (I1x TENS is 50 mM
Tris-HCI pH 8.0, 20 mM EDTA, 100 mM
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NaCl, 1% (w/v) sodium dodecy! sulfate).
Samples were vortexed briefly, and incubated
at 70°C for 10 min. They were then
centrifuged at 12,000 xg for 10 min at room
temperature.  Finally, the  supernatant,
containing DNA, was subjected to ethanol
~ precipitation.

Modified Method for Soil DNA Purification

The following modified method is based
on the combination of the hot detergent
method (Ogram et al., 1987) and the use
QIAamp spin columns (Qiagen, Germany). It
is noteworthy that all columns and buffers,
described herein, are provided with the
aforementioned kit. The hot-detergent method
was carried out and the supernatant, which
contains soil DNA, was collected and loaded
onto QlAamp spin columns rather than
performing ethanol precipitation as described
by the method (Ogram et al., 1987). Five
hundred micro liters of buffer AW1, provided
with the kit, were added to the QlAamp spin
column, closed, centrifuged for 1 min, and
placed in a clean 2ml collection tube. The tube
containing the filtrate was discarded. This step
was repeated with AW2 buffer. DNA was

finally eluted with the addition of 50 ui of
nuclease-free HyO.

PCR Amplification of Soil DNA

Purified soil DNA was tested by PCR
amplification of rDNA gene fragments of
several phylogenetic groups representing
different components of the soil microbial
community. These groups include members
with a broad range of microbial cell size,
composition, and growth habitats (Table 1).

For the detection of Polycyclic Aromatic
Hydrocarbons (PAHs) degrading native genes,
primers specific for nahAc gene were
employed (Table 2). The nahAc gene encodes
the large subunit of the iron-sulfur component
of naphthalene dioxygenase, the initial enzyme
m the naphthalene catabolic pathway (Herrick
et al., 1993).

DNA amplifications were carried in an
ABI GeneAmp PCR system 9700 cycler with
a denaturing step at 95°C for 5 min and the
step cycle program set for 45 cycles (with a
cycle consisting of denaturing 94°C for 30s,
annealing at 55°C for 30s and extension step
at 72°C for 30s), followed by a final extension
step at 72°C for 10 min.

Table (1): PCR product sizes used to detect phylogenetic groups of native microorganisms and

plant material in Defsho soil.

Organism Primer sequences Reference Amplified product
group (5-3) (bp)
. AGAGTTTGATCCTGGCTCAG .
Bacteria TGCGGCTGGATCACCTCOTT Wilson (1997) 1492
L ATTAGATACCTGGTAGTCC .
Baciflus TACCTTGTTACGACTTTA Wilson (1997) 723
AACTGGAGGAAGTGTGGG .
Plants AGGAGGTGATCCAACCGC Wilson (1997) 315
Fungi GACCCTATGCAGCTTCTACT Wilson (1997) 735

TTATCCCTAGCGTAACTTTAT
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Table (2): PCR primers used to detect nahAc gene in Defsho soil.

Primer sequences

Amplified product

(5°-3) Reference (bp)
GTTTGCAGCTATCACGGCTG . P ;
o 2
TTCGAACAAATGGTGGTAGC H.emg:k et al. (1993) 220

| RESULTS AND DISCUSSION |

Soil DNA was prepared using hot-
detergent method (sec materials and methods).
The purified soil DNA was then tested by PCR
amplification of rDNA gene fragments of
several phylogenetic groups representing
different components of the soil microbial
community (Fig. 1). No amplified products
were detected suggesting that the soil DNA
contains  impurities that inhibit Tag
pelymerase. This has promoted the initiative to
dilute these samples, hoping to dilute the
impurities to a level of non-inhibitory to Tag
polymerase. The fact that even with one
thousand time dilutions, no amplified products
were detected (Fig. 1, Lanes: 2 & 3),
suggesting that these impurities are present in
high concentrations. In addition, parameters of
the PCR and primer concentrations were
modified without success. These negative
results were not surprising in the light of
previous reports, that materials native to the
sediments, such as humic substances and
mineral constituents could be inhibitory to Tag
polymerase of extracted DNA (Miller, 2001),

DNA was then purified using the
modified method which is based on the
combination of the hot detergent-method and
QlAamp spin columns. The detection of
amplified product, similar to the expected size
of Bacillus (Table | and Fig. 1, Lane 4)
suggests that the use of these columns has
successfully eliminated Taq polymerase
inhibitors. This suggests that commercial
columns are effective in purifying the

extracted soil DNA from other contaminants
that coextracted with DNA irom soil without
the need for further purification. This
suggestion is further supported by the fact that
QlAamp purified soil DNA does not require
dilution to bring the impurities to the non-
inhibitory level of Tag polymerase. The newly
developed method reduces the time required
for sample extraction and purification to less
than 30 min, compared with the standard
multiple steps and labour-intensive direct
DNA extraction methods in soil. Furthermore,
these spin columns use no toxic chemicals and
avoids sample mix-up due to tube transfer.

The use of HotStarTag DNA polymerase
has provided the opportunity for simultaneous
detection of a variety of microorganisms in a
single tube, using multiplex PCR (Fig. 1, Lane
5). The detection of two ampilified products of
approximately 1492 and 723 bp,
corresponding to Bactenna and Bacillus
respectively, suggests that the newly
developed method allows for simultaneous
detection of several phylogenetic groups in a
single reaction. In addition, the fact that the
full-length of the 16S rDNA gene, 1492 bp,
can be amplified from soil DNA demonstrates
the integrity and excellent quality of purified
soil DNA.

The direct extraction of total DNA from
environmental samples has made it possible to
investigate the diversity of microbial
communities without prior cultivation. In this
regard, PCR detection of several microbial
groups native to soils was investigated with
DNA extracted from the Defsho soil (Fig. 2).
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All target microbial groups (Table 1) were
easily detected 1n standard (Fig. 2) as well as
multiplex PCR assays (Fig. 1). Amplified
products of approximately 1492, 723 and 315
bp, respectively. were detected (Fi g. 2, Lanes:
2, 3, 4). These amplified products are
consistent with rDNA of Bacteria. Bacillus
and plants (Wilson, 1997), On the other hand,

(bp) I 2

1353 %
1078 —
571 =

)3 —

310 —
281—

the product specific for fungi was not detected
(Fig. 2, Lane 5). This is in agreement with
previous results (Porteus et al., 1993; Herrick
et al, 1993). The detection of several
microbial communities in soil recovered from
Defsho promotes future molecular
characterization of these diverse microbial
groups.

4 5

Lane 1 DMNA marker (DX | 74-Haelll)

Lane 2 5iol DNA, 10° dilutions.

Lane 3 Soil DNA, 10° dilutions.

Lane 4 Soil DNA, column purified.

Lane 5 Soil DNA. column purified, multiplex PCR.

Fig. (1): Effect of the use of QIAamp columns for removal of PCR inhibitors. Bacterial primers
were used to amplify bacterial DNA from soil.

The successful attempt to design a new
improved method to purify DNA from soil,
has promoted the initiative to amplify and
detect PAHs catabolic genes in their native
populations. For the detection of PAHSs
degrading native genes, primers specific for
nahAc gene were employed. The nahAc gene
encodes the large subunit of the iron-sulfur
component of naphthalene dioxygenase, the
initial enzyme 1n the naphthalene catabolic
pathway. The above new modified method for
direct DNA extraction from soil was used to
amplify and detect nahiAc from different soils
taken from the Defsho site (Fig. 3). These soils

were designated, 51, S2, S3, 54 and 55. In
addition to the expected amplicon of
approximately 520 bp (Fig. 3, Lanes 2, 4, 5),
several amplicons were detected. Sizes of
these additional amplified products were
approximately 600, 700 and 900 bp,
respectively (Fig. 3, Lanes: 2, 3, 6). The fact
that the primers employed for the detection of
nahAc are both highly specific for detection of
nahAc and at the same time allow the detection
of related, but unknown nalAc genes suzgests
that the additional amplicons represent a
mixture of nahiAc sequences amplified from a
number of different native bacterial strains. In
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addition. PCR conditions were carried out at
stringent conditions to amplify nahAc genes
and nahAc-related unknown genes. The
detection of nahAc-related genes suggests that
these genes may have evolved from nahAc
gene and/or genes that are employed in
alternative pathway in naphthalene catabolism.
This suggestion is supported by the previous
study of Herrick er ai. (1993).

in conclusion. the current work describes
a newly developed method for direct
purification of high-guality soil DNA. The
newly developed method has made it possible
to detect the presence of different microbial
aroups in soil recovered from the Defsho’s site
and to detect and amplify PAHs catabolic
genes in their native populations. Finaily, the

1 2

i(bp)

1353 —
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872 —

3 —

310 —
281 —

T

use of HotStarTaq DNA polymerase has
provided the opportunity for simultaneous
detection of a variety of microorganisms in a
single tube, using multiplex PCR. The ability
to simultaneously extract and amplify DNA
from many types of microorganisms using
simple extraction and purification step 1s
desirable for many applications in molecular
microbial ecology. It is especially useful for
unbiased analysis of microbial communities in

the environment and for simultaneous
detection of a variety of tarzet microorganisms
in environmental samples collected during
forensic investigations. In additon, it has

broad applications to agricultural, industrial.
forensic and investigative needs lo monitor
microorganisms in the environment.

;1

Lane 1 DNA marker DNA marker (X 1 74-HaelIll).
Lane 2 16S rDNA bacterial gene.

Lane 3 16S rDNA Bacillus gene.

Lane 4 18S rDNA Plants gene.

Fig. (2): PCR amplified products of DNA purified from soil to detect microorganisms

materials.

and plant
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Lane 1 DNA marker (100 bp ladder).
Lane 2 Soil Sample S1.
Lane 3 Soil Sample 52.
Lane 4 Soil Sample S3.
Lane 5 Soil Sample S4.
Lane 6 Soil Sample S5.

Fig. (3): PCR amplification and detection of nahAc in Defsho’s soil.
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