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ABSTRACT

he most crucial step in molecular microbiology studies is choosing an appropriate procedure to obtain sufficient, high-
Tquality DNA. Two commercially available kits (QlAamp DNA Stool Mini Kit, Qiagen and PSP Spin Stool DNA Plus Kit, Invitek)
and a modified in-house phenol-chloroform extraction method was compared for their efficiency in isolation of certain
bacteria from human stool samples for Real-Time qPCR. DNA yield was significantly higher in Invitek when compared to ot-
her methods. Spiking experiments and qPCR results revealed that efficiency was in phenol-chloroform extraction was lower
when compared to other two commercial kits. Commercial kits have better results in terms of DNA recovery and purity, and
have more accurate results for gPCR experiments.
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0z

olekuler mikrobiyoloji ¢alismalarinda en 6énemli basamak ylksek kalitede yeterli DNA eldesidir. Bu ¢alismada iki hazir
I\/I ticari izolasyon kiti (QlAamp DNA Stool Mini Kit, Qiagen and PSP Spin Stool DNA Plus Kit, Inivtek) ve modifiye fenol-klo-
roform ekstraksiyon yontemi Real-Time qPCR analizleriigin belirli bakterilerin diskidan izolasyonundaki etkinleri bakimindan
karsilastiriimistir. DNA miktari Invitek kitinde en yliksek oranda elde edilmistir. Diskiya ve PCR karisimina bilinen miktarda
hicre ve DNA eklenme deneyleri ve gPCR sonuglari fenol-kloroform ekstraksiyon yonteminin etkinliginin dustk oldugunu
gostermistir. Hazir ticari diskidan izolasyon kitleri DNA eldesi ve safligi agsiindan gPCR deneylerinde kullanilmak Gzere daha
dogru sonuglar vermektedir.
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INTRODUCTION

he effect of human gut microbiota on both health
Tand several disease pathogenesis has been emerged
in recent years. Data provided from Human Microbio-
me Project and MetaHit Consortium has enabled the
understanding of gut microbiota composition and func-
tions both in health and pathological conditions. [1, 2].
The gut microbiota can be named as a major metabolic
organ composed of >1014 microorganisms including
approximately 500-1000 species. The number of mic-
roorganisms as well as the predominant species signi-
ficantly differs among individuals [3]. Moreover the di-
etary habits, life standards, genetic predisposition and
use of antibiotics also affects gut microbiota [4-6]. Due
to this diversity, the better understanding of microbiota
has become an increasingly emerging field and extensi-
ve efforts have been made to determine this complex
ecosystem.

Culture-independent molecular techniques provide
wide information about the composition and abundan-
ce of the human microbiota [7, 8]. Particularly, the high
throughput sequencing of 16S rRNA gene by using next
generation sequencing technologies has been shed light
on the human microbiota [1, 2]. By the introducement
of next generation sequencing techniques the specific
microbial populations in various diseases has also been
enlighten [6, 9, 10].

Despite the advantages of 16S rRNA gene amplicon
sequencing in microbiome studies, it also has various
limitations including sequencing errors, variable results
among different regions chosen, difficulties in asses-
sing operational taxonomic units and in defining bacte-
ria in species level as well as the limited discriminative
power among closely related species [11, 12]. Among
the molecular techniques, quantitative real-time PCR is
reliable, reproducible and sensitive method for the spe-
cific detection of bacterial species, bacterial groups in
family level such as Enterobacteriaceae as well as total
16S rRNA in complex bacterial ecosystems [13-17]. This
method may provide a better understanding of micro-
bial abundance and may be used to confirm the signifi-
cant results of 16S rRNA sequencing.

A crucial step in all molecular approaches is to obtain
sufficient, high-quality DNA [18]. In Real-Time gPCR
experiments extraction procedure is particularly im-
portant in order to obtain accurate results for absolute

quantification. It has been widely known that DNA isola-
tion and purification from stool samples is a challenging
process due to the inhibitory content [19].

There has been increasing evidence that different ext-
raction procedures may have different results in terms
of amount and quality of extracted DNA [20]. Since
this is especially important in Real time gPCR studies,
the aim of the present study is to compare the gPCR
results of important bacterial groups in gut microbiota,
in which the bacterial DNA was extracted using three
different methods.

MATERIALS and METHODS

Collection of Stool Samples and Storage

Total of 12 stool samples from healthy volunteers were
included into the present study. Patients were carefully
instructed as to collect stool samples. The stool samp-
les were immediately stored at -86°C until the study day.

Evaluation of DNA recovery and PCR inhibitors

For spiking experiments, mobile colistin resistance
(mcr-1) gene carrying strain E. coli NCTC 13846 was
used, since it is not expected to present in normal flora.
In order to evaluate the extraction efficiency, colonies
from pure cultures of E. coli NCTC 13846 were spiked
into stool samples before all extraction procedures. For
identifying possible inhibitory compounds, known amo-
unts of E. coli NCTC 13846 DNA, which was extracted
as described below, were spiked into the samples after
extraction prior to PCR experiments. For quantitative
determination of E. coli NCTC 13846, mcr-1 gene spe-
cific primers with primer sequences presented in Table
1 was used.

DNA Extraction Procedures

Prior to extraction of bacterial DNA, 200 mg of stool
was weighted into 1.5 mL microcentrifuge tubes. Com-
mercial kits including QlAamp DNA Stool Mini Kit (Qia-
gen, Hilden, Germany), PSP Spin Stool Kit (Invitek, Berlin,
Germany) and a manual phenol-chloroform extraction
method was used for DNA isolation from stool samples.
Protocols for commercial kits were performed accor-
ding to manufacturers instructions, except the initial
step, stool weighting. The initial stool weight was 200
mg for all the protocols in order to optimize the quan-
tification steps.



Table 1. Physical data of chiral amide-Schiff bases (3-9).

C. Ozkul / Hacettepe J. Biol. & Chem., 2020, 48 (1), 41-48

Target

Bacterium Primer Sequence (5’-3") (bp) Annealing (°C) Tm
Bifidobacterium spp. CTCCTGGAAACGGGTGGGGTGTTCTTCCCGATATCTACA 550 56 90
GGTGTTCTTCCCGATATCTACA
Lactobacillus spp. Agiéggé?ffﬁi:%gﬁéA 341 55 86
A o chscrceTemsersceon W e 0
CsecaecoTe “ .
Enterobacteriaceae CAL;%?EEE;%&%CT?:(;AA%@?GFQ?GC 195 63 87
E colincTe 13846 AGTCCGTITGTICTTGTGGC 520 58 o8

A modified phenol-chloroform method, which depends
on mechanical and chemical principle for cell lysis, and
precipitation principle for DNA recovery was used for
in-house DNA extraction.

Phenol-chloroform extraction protocol was modified
from Zoetendal et al. [20]. Briefly; 200 mg stool samples
were weighted into sterile microcentrifuge tubes con-
taining 0.1 mm zirconia beads (Biospec Products, Bart-
lesville, OK, USA), 12 L Proteinase K and 100 uL SDS
solution followed by an incubation step for 1 hour at
550C. After the bead-beating steps by adding phenol-
chloroform in equal volumes followed by precipitation
steps by using isopropanol.

Real-Time PCR Experiments

As an internal control for gPCR experiments, the follo-
wing bacterial standard strains were used: Akkermansia
muciniphila ATCC BAA-835, Faecalibacterium prausnitzii
ATCC 27766, Bifidobacterium breve ATCC 15700, Lacto-
bacillus acidophilus ATCC 4356, Escherichia coli ATCC
25922. Lactobacillus acidophilus and Bifidobacterium
breve were cultured on Man Rogosa Dharpe (MRS) agar,
A. muciniphila was grown on Brain Heart Infusion Agar
(BHI) supplemented with 5 ug/mL hemin and 0.1 ug/mL
Vitamin K1, F. prausnitzii, which is a strictly anaerobic
bacteria was cultured on M2GSC medium with 30% ru-
men fluid and E. coli culture was made on MacConkey
Agar plates. All the bacterial cultures except E. coli were
made under anaerobic conditions and incubated ana-
erobically (anaerobic jars with Anaerocult A gas packs;
Oxoid). The DNA from pure cultures was extracted with
High-Pure PCR Template Preparation Kit (Roche Diag-
nostics, Mannheim, Germany). The DNA amount was

measured using Nano Drop ND-1000 (Thermo Scientific,
Wilmington, DE). The copy number/ulL was calculated
according to the concentration and molecular mass
(number of base pairX660) depending on the genome
size of the target bacteria. For the construction of the
standard curves, 10 fold serial dilutions were made
from pure DNA as previously described [21]. Standard
curve was generated by using at least 4 of the standard
dilutions with the appropriate efficiency number and
used to determine copy numbers in samples (Figure 1).
Input-output measurements were calculated and stan-
dardized in order to estimate copy number per gram of
feces.

The amplification reaction was carried out in a total vo-
lume of 20 uL, consisted of 4 mM MgCl2, 0.25 uM of
each primer, 2 uL of LightCycler FastStart DNA Master
SYBR Green | (Roche) and 2 uL of DNA template. Amp-
lification involved an initial denaturation at 95°C for 10
min following by 45 cycles of denaturation at 95°C 10
sec, annealing at specific annealing temperature for 5
sec, extension at 72°C for 10 sec. Melting curve analysis
was also performed in order to determine specificity of
the PCR reactions. Specific primer pairs and estimated
annealing temperatures were presented in Table 1.

Statistical Analysis

The mean bacterial DNA and log transformed copy num-
bers and standard deviations were calculated. One-way
ANOVA test was used to compare the data from each
extraction method with others. A p value of < 0.05 was
used to establish significance.

43
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RESULTS

Evaluation of DNA recovery and PCR inhibitors

In order to evaluate the efficiency of DNA recovery E.
coli NCTC 13846 cells were spiked into stool samples in
a final concentration of 5X106 cfu/gr feces into 200 mg
weighted stool prior to extraction. DNA recovery rates
were closer to the initial inoculum in PSP Spin Stool Kit
and QlAamp DNA Stool Mini Kit (5.82 and 5.12 log10/
gr feces; respectively). However, in phenol-chloroform
method the quantity was approximately 2 log lower
than the initial concentration indicating the PCR inhibi-
tors in extracted stool samples.

To determine the possible PCR inhibitors, known amo-
unt of £. coli NCTC 13846 DNA was spiked into PCR mas-
termixin a concentrations of 1.5X106 and 1.5X103 copy/
uL. According to gPCR results determined by standard
curves constructed by standard bacterial DNA (descri-
bed in detail below), phenol-chloroform method was
not efficient enough, due to the PCR inhibitors. Phenol-
chloroform method was failed to produce PCR products
in compatible with the initial concentration in 5 of the
samples (41.6%).

Quality and amount of isolated DNA
Quality and quantity of isolated DNA were assessed by

measuring the absorbance at 260 and 280 nm wave-
lengths by Nanodrop and by visualizing extracted DNA
on agarose gel.

The samples extracted with PSP Spin Stool Kit compri-
sed the best purity level (260/280) which is closer to 1.8.
All other samples were also within acceptable range
except one sample extracted with phenol-chloroform
method which is likely to have a high protein contami-
nation.

The yield of the DNA was significantly lower in those
extracted with phenol-chloroform method when com-
pared to PSP Spin Stool Kit (p=0.013). No significant
difference was found between two commercial kits in
terms of DNA amount.

Specificity of the primers

Specificity of each primer pairs were confirmed by both
agarose gel elctrophoresis after conventional PCR and
by observing one specific peak for each PCR product
amplified by specific primer sets in Real-Time PCR mel-
ting curve analysis. All the PCR products amplified by
specific primer were in expected sizes when agarose
gel electrophoresis after amplification was performed.
However the PCR bands were slightly faint in for all
bacteria which were extracted by phenol-chloroform

Figure 1. Bacterial DNA standards used in the study and crossing point values.
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Figure 2. Agarose gel electrophoresis of A. muciniphila amplified products. First lane stands for phenol-chloroform extraction, second
lane is PSP Spin Stool Kit and third lane is QlAamp DNA Stool Mini Kit.

method. A representative picture of agarose gel for A.
muciniphila amplified products for each sample was
presented in Figure 2.

Absolute quantification by Real-Time PCR

The mean log10/gr feces value for all bacterial groups,
which were calculated and optimized by taking into ac-
count the input/output volumes in each reaction, was
presented in Figure 3.

Total of 4 samples extracted by QiaAmp DNA Stool Mini
Kit for quantification of Bifidobacterium spp. was failed
with very high Cp values (greater than 40). Thus that 4
sample was not counted for the calculations for QiaAmp
DNA Stool Mini Kit in Bifidobacterium quantification.

DISCUSSION

Advances in culture-independent molecular approach
in microbiota studies have provide a better understan-
ding of this complex, interactive ecosystem. Besides the
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Figure 3. Comparison of log10/gram feces levels of bacterial groups between different extraction methods. Multiple comparisons were

performed by two-way ANOVA. *p<0.05; **p<0.01; ***p<0.001.

many advantages of high throughput sequencing of 16S
rRNA region, it also has many biases and Real Time PCR
identification of a specific target is still of importance
due to its sensitivity and accuracy [13, 14, 16, 22]. Mo-
reover, real-time PCR analysis should also be performed
in order to support 16S rRNA amplicon sequencing data,
since it has limited discriminative power in species level
[11, 12, 23].

Independent from the molecular approach chosen for
microbiota studies, the isolation of genomic DNA is a
crucial step, which comprises isolation and purification
of microbial DNA. Therefore, the present study aimed to
evaluate the efficiency of in-house phenol-chloroform
extraction method as well as two other commercial sto-
ol extraction kits. For this purpose both Gram-negative
and Gram-positive bacteria, which were chosen due to
their significant importance in clinical microbiota studi-

es were used for Real-Time gPCR studies. Unlike Gram-
negative bacteria, Gram-positive species has been
known to be more resistant to cell lysis due to its higher
concentration of peptides and cross-bond peptides in
the cell wall [23]. Thus, extraction of Gram-positive im-
portant microbiota members, such as Lactobacillus and
Bifidobacterium species, is more challenging.

Bifidobacterium and Lactobacillus are two important
genera in intestinal microbiota, which can beneficially
affect host by acetic acid and lactic acid production, in-
hibiting the overgrowth of the pathobionts and impro-
ving the intestinal barrier integrity [24]. Thus, these two
genera are of importance in clinical microbiota studies.
For this purpose, this study also evaluated the extrac-
tion efficiencies of the kits to isolate the members of
these two genera by using genus specific primers as
described in another study [16, 22].



As expected PSP Spin Stool Kit and QlAamp DNA Sto-
ol Mini Kit extracted the higher molecular weight DNA
when compared to in-house phenol-chloroform ext-
raction. In a large-scale study conducted by Henderson
et al.,, they compared nine different, widely used stool
extraction methods in terms of quantity and microbial
community structure by using gPCR and pyrosequen-
cing [25]. They also found similar results for both PSP
Spin Stool Kit and QlAamp DNA Stool Mini Kit. Stool
samples contain many substances, which could inhibit
the PCR reactions [19]. Absorbance readings for protein
contamination (A 260/280 nm) indicate the DNA purity
and should ideally be 1.8 for A 260/280 nm. However in
the study by Henderson et al. [25]., they found that the
phenol-chloroform method most likely to fulfill the pu-
rity criteria when compared the other extraction met-
hods in contrast with the present study. Phenol-chloro-
form extraction method they evaluated in their study
included an additional step with polyethylene glycol
different than the method in this study [26].

The present study includes the DNA recovery and quan-
tification efficiency experiments by spiking the known
amount of E. coli NCTC 13846 cells into stool samples
and its DNA into PCR mixture. In spiking experiments,
phenol-chloroform was failed to detect the initial con-
centration, which also indicates that the method is not
sufficient to remove inhibitors. Therefore, additional
steps to remove PCR inhibitors may be beneficial in
phenol-chloroform extraction. The main advantage is
the low-cost of in-house extraction methods such as
phenol-chloroform (approximately 0.75 Euro per samp-
le based on the pricing quote of 2016). The commercial
kits were developed in order to overcome the biases
and difficulties in phenol-chloroform extraction met-
hods. According to the literature, stool DNA extraction
with commercial kits has highly reproducible results,
which eliminates an important bias in microbiome stu-
dies [15, 18, 27]. The results of the present study also
indicated that, phenol-chloroform extraction method
is not appropriate to use in Real-Time gPCR studies
for absolute quantification, since it failed to eliminate
PCR inhibitors. However it could be use in community
analysis efficiently [25]. It can also be used in absence
or presence of a gene of interest for its low cost and
easy application. For a single extraction, processing ti-
mes were approximately 20 min, 45 min and 50 min for
phenol-chloroform, PSP Spin Stool Kit and QIAAmp DNA
Stool Mini Kit, respectively.
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Similar with the present results; Ariefdjohan et al. [28]
also indicated that FASTDNA Spin kit was superior to Ql-
Aamp DNA Stool Mini Kit, since it was not able to extract
DNA from all the bacteria in samples.

In the present study, the targeted bacteria were impor-
tant for their health beneficial effects and significant fe-
atures in human intestinal microbiota [2, 6, 23, 29]. The-
refore, they might be targeted in most of the microbio-
ta studies using Real Time PCR approach. According to
the present results, commercial kits have better results
for gPCR analysis and DNA recovery when compared to
phenol-chloroform method. Particularly, PSP Spin Stool
Kit extraction kit yielded with a higher purified DNA and
higher yield when compared to other methods.
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