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Abstract
AIM: To develop a simple and convenient method for 
extracting genomic DNA from intestinal microflora for en-
terobacterial repetitive intergenic consensus (ERIC)-PCR 
detection.

METHODS: Five methods of extracting bacterial DNA, 
including Tris-EDTA buffer, chelex-100, ultrapure water, 
2% sodium dodecyl sulfate and 10% Triton-100 with and 
without sonication, were compared with the commercial 
fecal DNA extraction kit method, which is considered as 
the gold standard for DNA extraction. The comparison 
was based on the yield and purity of DNA and the 
indexes of the structure and property of micro-organisms 
that were reflected by ERIC-PCR.

RESULTS: The yield and purity of DNA obtained by the 
chelex method was similar to that obtained with the fecal 
DNA kit. The ERIC-PCR results obtained for the DNA 
extracted by the chelex method and those obtained for 
DNA extracted with the fecal DNA kit were basically the 
same. 

CONCLUSION: The chelex method is recommended for 
ERIC-PCR experiments in view of its simplicity and cost-
effectiveness; and it is suitable for extracting total DNA 
from intestinal micro-organisms, particularly for handling 
a large number of samples.

© 2008 WJG. All rights reserved.
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INTRODUCTION
The intestinal tract of  animals harbors a large, active, 
and complex community of  microbes[1]. There are at 
least 400-500 different microbial species, constituting 
a complex ecosystem[2]. They play significant roles in 
colonization resistance, i.e., the prevention of  colonization 
of  pathogens in the gastrointestinal tract and the growth 

of  autochthonous opportunistic micro-organisms[3]. 
Intestinal bacteria that synthesize or metabolize potential 
carcinogens and produce anti-tumorigenic products may 
be related to colorectal cancer, which is the second most 
common cause of  cancer death in the USA[4].

Probiotics are defined as living organisms which, 
on ingestion in certain numbers, exert health benefits 
beyond the inherent basic nutrition in the host[5,6]. In 
humans, probiotics are effective in preventing the onset 
and relapse of  pouchitis[7,8], and in mice, they effectively 
prevent experimental colitis and reduce gut bacterial 
translocation[9,10].

Commensa l  in tes t ina l  microf lora  have  been 
monitored by cultivation-based techniques and molecular 
detections[11,12]. Enterobacterial repetitive intergenic 
consensus (ERIC)-PCR uses oligonucleotides targeting 
short repetitive sequences that are dispersed throughout 
various bacterial genomes[11]. Commensal intestinal 
microflora can be identified at the genus, species and strain 
levels based on the electrophoretic pattern of  amplified 
products[13-15].
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The capacity of  these assays to monitor bacteria in 
animal intestines depends on the efficiency of  PCR. One 
of  the key factors in obtaining the PCR fingerprinting 
patterns from the intestinal microflora is the efficiency of  
the DNA extraction procedure. 

Usually, two factors have to be particularly considered 
during the extraction procedure. The first is to maximize 
the DNA yield. The second is to ensure that the extracted 
DNA is amenable to several enzymatic treatments 
like PCR amplification[16]. In other words, the greatest 
challenge is the extraction of  high-quality PCR-compatible 
DNA from the intestinal microflora. Several methods 
have been evaluated for bacterial cell wall lysis and DNA 
extraction using detergents, proteolytic enzymes, lysozyme, 
mechanical disruption, temperature changes alone or in 
various combinations, DNA stool mini- kit, etc. Although 
the DNA stool mini-kit method is convenient, rapid and 
highly efficient, it is not widely applied on account of  its 
high cost[17-20].

In this study, 5 methods of  extracting bacterial DNA 
were compared with that using the fecal DNA kit (FDK). 
The purpose of  this study was to establish an economical, 
simple, and convenient method for extracting genomic 
DNA from the intestinal microflora for ERIC-PCR 
detection.

MATERIALS AND METHODS
Collection and preparation of fecal samples
Fresh fecal samples were collected from 20 10-d-old 
healthy goslings. No subject had received antibiotics, 
probiotics, or prebiotics. Gosling care and experimental 
procedures were performed in compliance with the 
Institutional Animal Care and Use Guidelines provided 
by the Centers for Disease Control and Prevention. Two 
goslings were randomly selected and their fecal samples 
from rectum were collected separately. The samples were 
collected in sterile bags, refrige rated, and immediately 

taken to the laboratory. 

Total DNA extraction 
Each of  the six extraction methods was repeated 3 times. 
Each sample (20 mg) was first thawed and suspended 
in 5.0 mL phosphate-buffered saline (PBS; pH 7.2). 
Centrifugation was carried out at 100 g for 15 min at 4℃  
in order to remove the fecal pellets; and the obtained 
supernatant was centrifuged at 13 000 g at 4 ℃ for 10 min. 
The pellet was then washed 3 times by suspending it in  
1.5 mL acetone. Each preparation was centrifuged at 
13 000 g for 10 min at 4℃ in order to remove potential 
PCR inhibitors in stool[21]. The supernatant was discarded, 
and the pellet was processed for each procedure as follows. 
(1) The TE boil extraction method (T method): It is a 
modification of  the bacterial DNA extraction protocol 
described by Li et al[22]. The pellet was suspended in 200 µL  
TE buffer [10 mmol/L Tris-HCl (pH 8.0), 1 mmol/L 
EDTA][23], and the mixture was briefly mixed on a vortex 
mixer. The suspension was placed in a boiling water bath 
for 1 min, subjected to 3 freeze-thaw cycles alternating 
between -70℃ for 3 min and 100℃ for 2 min, and then 
centrifuged at 10 000 g for 5 min. A 100 µL aliquot of  the 

supernatant was transferred to a sterile tube and stored at 
-20℃ until PCR testing. (2) The ultrapure water method 
(UW method): A 200 µL aliquot of  ultrapure water was 
added to the pellet, and the suspension was treated as 
described above for the TE buffer. (3) The chelex method 
(C method): This method is a modification of  bacterial 
DNA extraction protocol described by Emi Suenaga[24]. A 
200 µL aliquot of  Chelex-100 (5%) and 0.2 mg protease 
K was added to the pellet and the sample was incubated 
at 56℃ for 30 min in a water bath. The mixture was 
then briefly mixed on a vortex mixer and centrifuged at  
10 000 g for 5 min. A 100 µL aliquot of  the supernatant 
was transferred to a sterile tube and stored at -20℃ until 
PCR testing. (4) SDS method: The pellets were treated 

as described above for the TE buffer, except that 200 µL 
of  the nonionic detergent mix (2% SDS containing 10% 
Triton X-100) was substituted for the TE buffer[18]. (5) The 
SDSS method: A 200 µL aliquot of  2% SDS containing 
10% Triton X-100 was added to the pellet, and the mixture 
was briefly agitated on a vortex mixer. The suspension was 
sonicated for 15 min and then treated as described above 
for the TE buffer[18]. (6) The FDK method: The pellets 
were processed using the Fecal DNA Kit™ (Tianli, China) 
and the DNA was purified with a spin column according 
to the manufacturer’s instructions.

Measurement of DNA concentration and purity
The concentration and purity of  DNA were determined 
spectrophotometrically (BIO-RAD Smart Spec 3000; 
USA); for this purpose, DNA absorbance was measured 
at 260 nm (µg DNA/g sample; 1 A 260 = 50 µg/mL DNA) 

and protein impurities were checked at 280 nm[25]. The 
concentration and purity of  each DNA extraction method 
was statistically analyzed by Excel 2003 for Windows. 

Genomic DNA detection by different extraction methods 
For each method tested, the presence and quality of  the 
extracted genomic DNA from one of  the triplicate samples 
was analyzed using a 0.5% agarose gel containing ethidium 
bromide at 4℃. Ten microliters of  the DNA extracted by 
each method was added into the gel and electrophoresed 
for 30 min at 150 V. Gel images were acquired as tagged 
image file format (TIFF) files with a Gel Imaging System 
(Bio-Rad). Unless mentioned otherwise, the following 
molecular procedures were carried out with the extracted 
genomic DNA obtained from 1 or 2 of  the triplicate 
samples.

ERIC-PCR and statistical analysis 
For fingerprinting the bacterial population in fecal samples, 
the total fecal DNA was used as a template for ERIC-
PCR, and the sequence of  the ERIC primers were E1 
(ERIC1R): 5′-ATGTAAGCTCCTGGGGATTCAC-3′ and 
E2 (ERIC2): 5′-AAGTAAGTGACTGGGGTGAGCG-3′ 
which was described by Versalovic et al[11]. The ERIC-PCRs 
were performed under the conditions described by Di 
Giovanni et al[26].

We analyzed the PCR products by agarose gel 
electrophoresis as described by Melanie W Syrmis[27]. We 
acquired gel images as TIFF files using a Gel Imaging 
System (Bio-Rad). 



To interpret the ERIC-PCR fingerprint profiles, 
the Quantity One software package (Applied Bio-Rad) 
was used with pairwise similarity coefficient (Cs)[28]. 
Fingerprints were assigned to a different type when 
any band differences were observed. Variations in band 
intensity were not considered as band differences. The 
fingerprints were considered similar when the Cs was more 
than 90%, different when the Cs was 0, and identical when 
the Cs was 100%[28].

RESULTS
Yield, purity and quality of DNA obtained by different 
methods 
The yield, purity, and quality of  genomic DNA obtained 
from the six extraction methods are shown in Table 1. 
The quality of  the extracted DNA was evaluated by the 
A260/280 ratio, and values close to 1.8 indicate a good DNA 
extract with little protein contamination[25]. Although 
high-molecular-weight DNA (approximately 15 kb) was 
acquired by all the six methods (Figure 1A), discrepancies 
in the yield and purity of  DNA were observed among 
different methods. For instance, the SDSS and SDS 

methods yielded the maximum amount of  DNA (mean, 
1820.12 µg/g and 1710.95 µg/g, respectively), but the 
lowest A260/280 ratio (mean, 1.49 and 1.54, respectively), 
thus implying the lowest purity of  DNA. The T and 
UW methods yielded the least amount of  DNA (mean,  
601.52 µg/g and 586.03 µg/g, respectively) and lower 
purity of  DNA (mean A260/280 ratio, 1.58 and 1.60, 
respectively). The C and FDK methods yielded similar 
amounts of  DNA (mean, 1301.52 µg/g and 1326.07 µg/g, 
respectively) and similar A260/280 ratios (mean, 1.84 and 
1.82, respectively). The purity of  the DNA obtained by the 
two methods was the highest.

Analysis of ERIC-PCR fingerprints
The amplifications of  ERIC-PCR were confirmed by 
agarose gel electrophoresis. Except for the SSDS and SDS 
methods, the DNA extracted by the remaining methods 
was effectively amplified (Figure 1B).

The ERIC-PCR fingerprint profiles of  the genomic 
DNA of  intestinal bacterium extracted from the same 
sample by the six methods showed that the results of  the 
C and FDK methods were consistent, and the Cs value 
for these methods was 92.1%. However, the Cs values by 
other methods were lower than 30%, and the Cs by SSDS 
and SDS methods was 0 (Table 2).

The ERIC-PCR fingerprint profiles of  the intestinal 
bacterial genomic DNA extracted from the same sample 
by the C and FDK methods showed that the C method (1) 
had a 100% Cs value when compared with the C method 
(2), and the FDK method (1) had a 100% Cs value when 
compared with FDK method (2) (Figure 2 and Table 3). 
These results indicated that the stability and reproducibility 
of  the C and FDK methods were equally good.

DISCUSSION
Although extensive researches with ERIC-PCR have been 
conducted on the bacterial microflora in the intestine, 
the effect of  the method selected for DNA extraction 
on the analysis of  a bacterial community has barely been 
considered. This study is important as DNA extraction is 
one of  the most commonly used procedures in genetics, 
molecular biology, and biochemistry.

Some important factors that should be considered 
when choosing a DNA extraction method are the time 
required to complete the extraction, the cost of  extraction, 
and the safety of  the chemical reagents employed. 
Moreover, DNA fragmentation should be avoided during 
the extraction. 

Table 1  DNA yields and purity obtained by six DNA extraction 
methods (µg DNA/g sample)

Samples     T-     C-   UW-   SDS-  SDSS-  FDK-
method method method method method method

Yield 601.52 1301.52 586.03 1710.95 1820.12 1326.07
Purity (A260/280)     1.58       1.84     1.6       1.54       1.49       1.82
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Figure 1  Electrophoresis results with the samples extracted by different methods. 
A: The genomic DNA; B: The ERIC-PCR products. M: marker (TIANYI, China, 
D-15000); 1: C-method; 2: T-method; 3: UW-method; 4: SDS-method; 5: SDSS-
method; 6: FDK-method.

Samples     T-     C-   UW-   SDS-  SDSS- FDK-
method method method method method method

C-method     25      -     25       0       0   92.1
UW-method   100     25       -       0       0   25
SDS-method       0       0       0       -   100     0
SDSS-method       0       0       0   100        -     0
FDK-method     25     92.1     25     25     25      -

Table 2  Cs matrix values of ERIC-PCR fingerprint of the 
samples extracted by different methods (%)
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From the extraction methods already published for 
various bacteria, we chose and compared six methods for 
extracting DNA from the intestinal microflora: the T, C, 
UW, SDSS, SDS, and commercial FDK methods.

The aim of  an extraction procedure is to obtain a 
high quality and high yield of  DNA from the samples. 
The extracted DNA should contain the least amount of  
proteins, RNA, or any other PCR inhibitors such as bile 
salt and cholerythrin, which are present in the feces[28,29]. 
Removing those inhibitors is one of  the key factors for a 
successful PCR. In this study, we used acetone to remove 
the inhibitors from the stool samples, as reported by 
Zhong Hua et al[21]. Our ERIC-PCR results was found 
successful in removal of  these inhibitors. 

DNA absorbance was measured at 260 nm (A260) to 
evaluate the quantity of  the extracted DNA, and the ratio 
of  the absorbance at 260 nm to that at 280 nm (A260/280) 
was used to evaluate the DNA quality. This method was 
employed previously by other researchers to compare 
different DNA extraction methods[30,31].

In this study, the results of  the concentration and 
the purity for each method were correlated. The SDSS 
and SDS methods seemed to yield a greater quantity of  
DNA, but their A260/280 ratio indicated a high protein 
contamination. On the other hand, the concentrations of  
the DNA obtained using the C and FDK methods were 
lower, but the A260/280 ratio showed a high purity of  the 
DNA obtained. When applied to engorged individuals, the 
C method resulted in 100% successful DNA amplification 
that was similar to the FDK method. In our study, the C 
method provided the best results with a Cs close to 92.1% 
when compared with the FDK method.

Bacterial lysis is the key to obtain bacterial DNA. 
Although the SDS and SDSS methods can provide the 
highest DNA yield, the SDS residue inhibits the PCR 
process. This result is consistent with that reported by 
Khan[18] and Wade[17]. The excessive SDS above 0.01% 

has been shown to inhibit PCR by denaturing the Taq 
polymerase.

Many reports have described DNA extraction from 
tissues of  other organisms using chelex-100. The results 
vary by different methods[32,33]. The use of  chelex-100 has 
been recommended for DNA extraction in some papers, 
but other reports have not regarded it as being optimum 
because of  its lowest efficiency for DNA amplification[32]. 
However, we found that the modified chelex-100 protocol 
was the best method to extract DNA from stool. Although 

there are methodological differences between our study 
and others[32,33], the conclusion is the same that this method 
is simple and efficient for PCR.

Theoretically, column-purified DNA should be the 
cleanest, containing the least PCR-inhibitory substances. 
One purpose of  our study was to identify a method for 
rapid DNA extraction that did not compromise PCR 
sensitivity. We used the FDK extraction method as the 
gold standard for PCR purification. Our results showed 
that for PCR, column purification was unnecessary for 
DNA extracted from the intestinal microflora. Compared 
to FDK that requires 2 h, DNA extraction with chelex-100 
can be completed within less than 1 h, and it does not 
involve 3-4 transfers of  samples to new tubes.

In conclusion, of  the 5 extraction methods evaluated, 
the chelex method is technically simpler, less expensive, 
and more rapid than the FDK method; it is the best 
method for extracting genomic DNA from the intestinal 
microflora. Although the extraction with TE buffer and 
ultrapure water is extremely easy and inexpensive, the 
DNA yield is the lowest. The SDS and SDSS methods 
consistently inhibit PCR, therefore, they cannot be 
recommended for DNA extraction from the intestinal 
microflora. 

COMMENTS
Background
The term probiotic is a relatively new term that implies “for life”. Currently, it is used 
to refer to intestinal bacteria that have beneficial effects on humans and animals. 
Probiotics can play an important role in immunological, digestive, and respiratory 
functions and could have a significant effect in alleviating infectious diseases in 
children and other high-risk populations. Thus, knowledge about probiotics could 
contribute to improving human health. It is necessary to understand the bacterial 
flora in the gastrointestinal tract, particularly at the species level of bacterium. 
The DNA-based techniques often represent the most appropriate approach in this 
regard.

Research frontiers
To date, the chelex method has mainly been used for medicolegal investigations. 
Since it is a rapid, simple, and inexpensive technique for extracting genomic DNA 
from intestinal microflora, it will be an ideal method to study the microflora in the 
gastrointestinal tract.

Innovations and breakthroughs
In previous studies on DNA extraction from the intestinal microflora, researchers 
used the traditional DNA extraction process that involved proteinase K digestion 
by phenol chloroform extraction or the FDK method. However, the chemical 
products employed in these experiments were either toxic or expensive. Through 
the present study, we provide a significantly improved method for the rapid, safe, 
simple and economical extraction of DNA from the intestinal microflora.

Applications
This study details a new, simple protocol for extracting DNA from the intestinal 
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Figure 2  Electrophoresis for ERIC-PCR fingerprint of the samples extracted by 
C-method and FDK-method. Lanes: M: marker (TIANYI, China, DL-2000); 1 and 2: 
C-method; 3 and 4: FDK-method.

Table 3  Cs matrix values of ERIC-PCR fingerprint of the 
samples extracted by C-method and FDK-methods (%)

Samples C-method (1) C-method (2)   FDK-
method (1)

    FDK-
method (2)

C-method (2)      100.0      92.1        92.1
FDK-method (1)        92.1      92.1      100.0
FDK-method (2)        92.1      92.1    100.0
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bacterial microflora and may ultimately provide new insights in the field of 
probiotics.

Peer review
In this study, through the development of new methods for extracting bacterial 
DNA from the intestinal microflora, the authors found that the chelex method 
is a simpler, more rapid, and a less expensive method than the FDK method. 
Moreover, the results presented herein may lead to the development of a novel 
convenient approach for monitoring the intestinal microflora by molecular detection 
methods.
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