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SUMMARY

Currently there are several methods to extract bacterial DNA based on different principles. However, the amount and the quality 
of the DNA obtained by each one of those methods is highly variable and microorganism dependent, as illustrated by coagulase-
negative staphylococci (CoNS) which have a thick cell wall that is difficult to lyse. This study was designed to compare the quality 
and the amount of CoNS DNA, extracted by four different techniques: two in-house protocols and two commercial kits. DNA amount 
and quality determination was performed through spectrophotometry. The extracted DNA was also analyzed using agarose gel 
electrophoresis and by PCR. 267 isolates of CoNS were used in this study. The column method and thermal lyses showed better results 
with regard to DNA quality (mean ratio of A260/280 = 1.95) and average concentration of DNA (–x = 1,018.2 ng/µL), respectively. 
All four methods tested provided appropriate DNA for PCR amplification, but with different yields. DNA quality is important since 
it allows the application of a large number of molecular biology techniques, and also it’s storage for a longer period of time. In this 
sense the extraction method based on an extraction column presented the best results for CoNS.
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INTRODUCTION

In recent years, numerous methods developed by the molecular 
biology have been applied on the scientific research in clinical 
microbiology. On those methods, the genetic material most widely used 
is DNA. Therefore, for an effective DNA extraction there are several 
methods based on different principles4. However, the amount and the 
quality of the DNA obtained for each one of those methods are variable, 
becoming an important factor in the type of molecular method that will be 
used, and on the subsequent storage of this material18. Moreover, to access 
bacterial DNA it is necessary to disrupt the cell wall, which presents 
distinct characteristics among different types of microorganisms13.

Coagulase-negative staphylococci (CoNS) are gram-positive cocci 
often considered as culture contaminants, since many species are members 
of the human skin microbiota and mucous membranes. However, CoNS are 
increasingly being recognized as agents of clinically important infections. 
In some recent studies they have been considered the main responsible for 
infections related to medical devices and surgical sites9,12. Furthermore, 
those microorganisms are also common as agents of the bovine mastitis, 
as well as infections in humans related to contaminated animal products7,16.

CoNS have a rigid cell wall that can be difficult to lyse, and special 
enzymes and methods have been developed to address this problem2,18. 

The gram-positive cell wall is composed of a complex reticulate of 
peptideoglycan, teichoic acid, polysaccharides, and other proteins, 
whereas the gram-negative cell wall is thinner with a simpler reticular 
pattern13. Methods used for genomic DNA isolation from gram-negative 
bacteria are not always successful with gram-positive2,6,11. This is 
important because a suitable method of DNA isolation and recovery is 
one of the most important prerequisites for molecular tests18,19.

The aim of this study was to select a method that provides the best 
DNA from culture strains of CoNS clinical isolates. The main parameters 
considered were those related to storage for future testing in genomic 
libraries and application in molecular biology tests for scientific research 
or clinical diagnosis. To achieve this, the quality and the quantity of the 
DNA extracted from CoNS cultures through four different techniques 
were analyzed. The quality and amount of DNA was determined by 
spectrophotometry. The visualization of pattern bands in agarose gel 
electrophoresis was performed to evaluate the DNA integrity and a PCR 
to test the possibility of amplification of the different types of materials.

MATERIALS AND METHODS

267 CoNS from infections in patients admitted at the “Santa 
Casa de Misericórdia de Porto Alegre Medical Center” were selected. 
Those microorganisms were obtained from 2002 to 2004 mainly 
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from bacteremia, but also from other types of infections such as 
surgical wounds, and infections related to indwelling devices. Species 
identification was previously performed by SECCHI et al. and published 
in 200815 (Table 1). Each isolate was stored on skimmed milk (Difco 
Skim Milk, Becton Dickinson) and was cultivated in tryptone soy agar 
(TSA) (Tryptone Soy Agar, Oxoid) for 24 hours prior to the extraction 
procedures. One or two isolated colonies were then grown in two mL 
brain heart infusion broth (BHI, Merck) for 16 hours; one mL of this 
suspension was centrifuged at 7000 x g/5 min and the bacterial pellet 
obtained used as a template in all methods.

Four methods were performed, the first one, popularly known 
as boiling, was based on ALEXOPOULOU et al.1 with no relevant 
modifications. This procedure was performed on 50 randomly selected 
samples. The second, phenol-chloroform, it was based on SILVA 
& SILVA16 with just one relevant modification: 20 µL of lysozyme 
(100 mg mL-1) (Sigma) were added to the enzymatic lysis suspension. The 
phenol-chloroform used was Equilibrated Phenol, pH 8.0, purchased from 
USB Corporation. This procedure was applied to 70 randomly selected 
samples. The third method was based on extraction columns and was 
performed according to the kit manual (QIAamp DNA mini kit, Qiagen). 
Lysozyme and lysostaphin were used together on the enzymatic lyses 
step. One modification was introduced: after the deproteinization step 
with proteinase K, 4 µL of RNase A (100 mg mL-1) (BioAmerica) were 
added to it and then incubated at 70 °C for 10 min. All the samples (n = 
267) were submitted to this extraction method. Finally, we also tested a 
salting out method following the kit manual (Wizard® Genomic DNA 
Purification Kit, Promega) recommendations for gram-positive bacteria 
without modifications. This procedure was performed on 50 randomly 
selected samples. The usual bacterial amount used in all methods had 
a cell growth incubation period of 16 hours in one mL of brain heart 
infusion broth (BHI) (Merck).

After extraction procedures, we verify the presence and integrity 
of the DNA on the extracted material in agarose gel electrophoresis. 
Five microliters of DNA and five µL of loading buffer (buffer type IV14) 
were mixed in a 0.2 mL tube. This mixture was placed into the gel wells 
and subjected to a voltage of six volts/cm for 20 min in a horizontal 
electrophoresis system (PowerPac Basic, Bio-Rad). After that, DNA 
visualization and photo documentation were performed by the system 
MF-Chemi BIS (BioAmerica, Inc.). The extracted material of each method 
was also analyzed by spectrophotometry. Two µL of DNA extracted from 
each sample were placed directly on the spectrophotometer (NanoDrop, 
2000, Thermo Cientific) and measures in 230, 260 and 280 nm were 
performed. The system software provides the DNA concentration in ng/µL 
and automatically calculates the absorption ratio 260/280 (A260/280) and 
260/230 (A260/230). Lastly, we performed amplification by PCR using the 
pair of primers described by JENSEN et al.8: G1 (GAA GTC GTA ACA 
AGG) and L1 (CAA GGC ATC CAC CGT) (Integrated DNA Technologies, 
Coralville, USA). This pair of primers was selected from conserved 
sequences from the adjacent 16S and 23S genes8. The amplification reaction 
was performed on a LifePro Thermal Cycler (Hangzhou Bioer Technology 
Co. Ltda, Hangzhou, China). The reagent concentrations and the reaction 
conditions were the same ones used by COUTO et al.3. Based on the results 
of DNA quantification found by spectrophotometry, approximately 50 ng 
of DNA were used on each PCR reaction. The amplification was checked 
in agarose gel electrophoresis under the same conditions described above. 
Each sample was tested once. The major costs of reagents per sample are 
shown in Table 2.

To obtain values of mean and standard deviation, calculations of 
descriptive measures were used. The quantitative variables were tested 
for normality by the Kolmogorov-Smirnov test. Mann-Whitney U test 
was used to compare results among species. Values of the quantity and 
quality of the DNA from the four extraction methods were compared 

Table 1 
Species and mean yield of DNA quantity (ng/µL) of each method

Specie No. of isolates (%)
Extraction method

Boiling Phenol-chloroform Extraction column Salting out

S. epidermidis 107 (40.1) 1173.3 67.3 100.1 30.1

S. haemolyticus 91 (34.2) 1181.8 202.1 35.1 16.4

S. hominis 27 (10.1) 989.4 61.6 34.5 14.0

S. warneri 15 (5.6) 1002.2 NT 12.9 86.9

S. capitis 7 (2.6) 1016.5 89.2 15 21.1

S. saprophyticus 6 (2.2) 1052* 50.6 54.3 NT

S. cohnii 4 (1.5) 825* 28* 41.7 18.9*

S. caprae 3 (1.1) NT 40* 28.8 NT

S. xylosus 3 (1.1) NT 23 31.6 NT

S. sciuri 2 (0.7) NT NT 86.5 NT

S. lugdunensis 1 (0.4) NT NT 32* NT

S. auricularis 1 (0.4) NT NT 41* NT

Total 267 (100.0) 1018.2 87.8 65.5 28.2

* Just one sample tested; NT = not tested.
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by the Kruskal-Wallis test; multiple comparisons between methods 
were analyzed using Dunn’s test. Kruskal-Wallis and Dunn’s test were 
performed with the support of the program GraphPad Prism (GraphPad, 
version 5) and other tests, with the program Statistical Package for the 
Social Sciences (SPSS Statistics, version 17). The significance level 
used was 5%.

RESULTS AND DISCUSSION

The increasing use of molecular methods on clinical microbiology 
further emphasizes the necessity of efficient DNA purification, free of 
proteins and high molecular weight cellular debris5,10. Several studies 
have shown the importance of the parameter “quality” in obtaining better 
results on techniques like RAPD (Random Amplification of Polymorphic 
DNA) and RFLP (Restriction Fragment Length Polymorphism)1,4,11,17. 
Furthermore, differences between gram-positive and gram-negative 
bacteria should also be considered when choosing the DNA extraction 
method10, a fact that prevents the use of many low-cost protocols indicated 
for any type of microorganisms11. This study aimed to identify the most 
suitable method for DNA extraction for CoNS evaluating mainly the 
quality of the material obtained from four different methodologies.

The agarose gel electrophoresis showed better results for the samples 
extracted by the method of extraction column. Although some samples 
evidenced DNA fragmentation, on almost all samples extracted by this 
method it was possible to visualize the DNA. Samples extracted by 
boiling, phenol-chloroform and salting out showed the same quality range, 
but inconstant presence. On the other hand, comparing the four methods 
by spectrophotometry, samples extracted by boiling demonstrated more 
DNA than the others (–x = 1,018.2 ng/µL) (Table 1). The average amount 
of DNA extracted by the phenol-chloroform method was a little bit 

higher than by extraction column, 87.8 and 65.5 ng/µL, respectively, 
but this was not statistically significant (p > 0.05). Likewise, according 
to Kruskall-Wallis test, the average A280/230 and A260/230 differences 
was statistically significant between all four methods (p < 0.0001); except 
for average A260/280 between extraction column and salting out and the 
average A260/230 between phenol-chloroform and salting out (p > 0.05) 
(Table 3). Finally, all four methods provided effective DNA for PCR 
amplification with the pair of primers used. The percentage of positive 
amplification results in one single reaction performed was 94% for the 
extraction column method, 91% for the salting out, 83% for the boiling, 
and 71% for the phenol-chloroform.

The bands visualized by the four extraction methods in agarose gel 
electrophoresis showed the same quality parameters. The great majority 
of the bands were well defined and not fragmented. However, some 
samples, mainly the ones extracted by boiling, phenol-chloroform, 
and salting out showed no visible bands on the gel. Surprisingly, in the 
spectrophotometry those samples showed to hold an amount of DNA 
detectable using the method of agarose gel electrophoresis. Regarding 
agarose gel electrophoresis, similar results were found by NOGUEIRA 
et al.11 and as reported by them the absence of bands on the gel was not 
determinant for obtaining a successful PCR. On the boiling method, 
the high protein contamination can lead to an overestimation of the 
real concentration of DNA14. Besides that, DNA fragmentation by the 
high temperatures used on this method can be responsible for the low 
visualization of bands on agarose gels.

Analysis by spectrophotometry can reveal important information 
about the DNA extracted from one sample. Besides determining the DNA 
amount (ng/µL), the A260/280 can be used to assess the DNA purity 
concerning the protein contamination. Pure DNA preparations have a 

Table 2 
Main cost of reagents per sample of each method in U. S. dollars (US$)

Method Kit Lysostaphin Lisozyme Proteinase K Equilibrated phenol Total

Boiling NR NR NR 0.51 NR 0.51

Phenol-chloroform NR 13.80 0.08 0.50 0.15 14.53

Column 6.15 24.85 0.14 * NR 31.14

Salting out 2.79 20.71 0.03 NR NR 23.53

NR: not required; *: provided in the kit.

Table 3 
Mean results of each extraction method regarding parameters evaluated

Parameter Boiling Phenol-chloroform Extraction column Salting out p

Agarose gel electrophoresis Variable* Variable* Positive Variable*

Amount of DNA in ng/µL 1018.2 (168.8) 87.8 (70.2) 65.5 (64.5) 28.2 (32.5) < 0.0001

A260/280 0.42 (0.03) 1.42 (0.15) 1.95 (0.26) 1.82 (0.44) < 0.0001

A260/230 2.99 (0.72) 0.66 (0.31) 1.34 (0.66) 0.81 (0.45) < 0.0001

PCR Positive Positive Positive Positive

Yeld 200 µL 100 µL 200 µL 100 µL

* Some samples showed no visible bands; ( ) = Standard deviation.
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A260/280 of 1.8. Similarly, significant absorbance at 230 nm decreases 
the values of A260/230 and indicates contamination with polyphenols 
and organic compounds14. So, although the boiling method presented the 
greatest average amount of DNA extracted, this may not be true since the 
very low value of A260/280 (0.42) evidences a high protein contamination 
(Table 3). In the same way, looking for A260/230 we also can see a low 
value (0.66) for the phenol-chloroform extraction method. In this case, 
this high presence of organic solvents can be responsible for the low 
PCR amplification (71%). The extraction column method showed the 
best results regarding quality and purity of the DNA extracted, which 
partially explains the better results obtained on the PCR amplification.

Calculations of the standard deviation values demonstrated that 
the quality of DNA obtained in each one of the four methods did not 
change much (normal distribution). In contrast, the quantitative values 
on phenol-chloroform, extraction column, and salting out had higher 
variation resulting on a significant standard deviation (Table 2). The 
reason for this is the different amount of DNA obtained in each species. 
Comparing each quantitative result with the respective specie, some 
interesting observations can be made. The mean amount of DNA extracted 
by the extraction column method from Staphylococcus epidermidis was  
100.1 ng/µL, greater than the overall average of other species 
(p < 0.001) (Table 1). In the specific case of this method, this finding 
is important because Staphylococcus epidermidis is the most common 
CoNS clinical isolate12. Nevertheless, the boiling method didn’t show 
significant differences among species. On the other hand, Staphylococcus 
haemolyticus and Staphylococcus warneri had the largest average number 
by phenol-chloroform and salting out, respectively and Staphylococcus 
capitis, the lower by extraction column. However, our results cannot 
explain those findings and further studies are needed to investigate the 
reason of those variations.

Using the pair of primers described by JENSEN et al.8 and the DNA 
obtained by the methods used in this study we were able to perform 
the proposed PCR. However, using similar methods of boiling and 
phenol-chloroform, NOGUEIRA et al.11 found no positive results in a 
RAPD-PCR for the gram-positive samples, only for the gram-negative. 
Nevertheless, ALEXOPOULOU et al.1 published a study in 2006 in 
which they successfully used the same boiling method used by us and 
performed a CoNS identification by RFLP-PCR.

Currently there are numerous in-house protocols and commercial 
kits based on different principles for DNA extraction from bacteria. 
Nevertheless, the number of comparative studies between these methods 
is still scarce5,10. Taking the difficulty to lyse the CoNS cell wall into 
account, we evaluated four methods based on different principles and 
found significant differences between the quality and the amount of the 
DNA extracted. Quality of the DNA extracted is important when choosing 
the extraction method to be used for those species, especially if we 
consider posterior sequencing, long term storage or the construction of 
genomic libraries for future tests. Considering these parameters extraction 
column method has proven to be the best alternative when extracting 
DNA from CoNS. However, when working with CoNS the choice of 
the best method should be made thinking about both the purpose of the 
investigation and the future perspectives, taking into consideration the 
methods yield and the resources available. In-house protocols are cheaper 
and can be used mainly for quick determinations, but the quality of the 
material makes commercial kits worthwhile in deeper investigations. We 

hope that the results presented in this study could help other researches 
or professionals to make this important decision.

RESUMO

Avaliação de quatro métodos diferentes de extração de DNA em 
isolados clínicos de estafilococos coagulase negativos (SCoN)

Atualmente, para extrair o DNA bacteriano, existem diversos 
métodos baseados em diferentes princípios. Entretanto, a quantidade 
e qualidade do DNA obtido por cada um destes métodos é variável 
e depende do tipo de micro-organismo em questão; os estafilococos 
coagulase-negativos (CoNS), por exemplo, possuem parede celular 
espessa difícil de lisar. O objetivo deste estudo foi comparar a quantidade 
e a qualidade do DNA extraído de isolados clínicos de CoNS utilizando 
quatro metodologias diferentes: dois protocolos caseiros e dois kits 
comerciais. A determinação da quantidade e da qualidade do DNA foi 
realizada por espectrofotometria. O DNA extraído também foi analisado 
em eletroforese em gel de agarose e por PCR. A concentração média 
de DNA foi mais alta no método de lise térmica (–x = 1.018,2 ng/µL). 
Entretanto, com relação à qualidade do DNA, o kit comercial que utiliza 
um método de extração baseado em uma coluna de separação apresentou 
melhor resultado (média da relação A260/280 = 1,95). As quatro técnicas 
testadas forneceram DNA passível de amplificação por PCR, porém 
com diferentes rendimentos. A qualidade do DNA extraído de bactérias 
é importante, pois possibilita a realização de maior número de técnicas 
de biologia molecular e também armazenamento do material por maior 
período de tempo. Neste sentido, a técnica de extração por coluna de 
separação apresentou melhor desempenho frente aos CoNS. 
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