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Summary
The Human Microbiome Project and other
approaches are dedicated to the exploration of
the vast complexity of microbial communities
living in association with the human body,
including the skin, oral cavity, upper respiratory
tract, stomach, intestine, and genitourinary tract.
The aim of these projects is to understand hostmicrobe interactions with regard to human
health and disease. Next Generation Sequencing (NGS) is a powerful analytical tool capable of
resolving the microbiota in respect to community
structure, dynamics, and activity. This overview
discusses new solutions for enrichment and
extraction of microbial DNA, removal of irrelevant non-target host DNA and ways to discriminate for DNA from live microbes.
Keywords: Microbiome - Next Gen Sequencing
- removal of human DNA - removal of extracellular microbial DNA - lysis of microbes - DNA-free
reagents

Introduction
The collectivity of microbial genomes
associated with the human body, the
microbiome, and changes thereof are a
prominent topic of next generation sequencing.
Changes in the microbiome structure and
dynamics may be responsible for digestive
disorders, skin diseases, gum disease and even
obesity. Because of their vital importance in
human
health
and
disease,
microbial
communities of the human body are a matter of
intensive research.
Various NGS technologies and platforms enable a wide variety of applications to address
specific research objectives. Next to whole
genome sequencing researchers are focussing
on specific regions from genomic DNA. This
targeted NGS approach is the method of choice
in profiling of microbial communities at high
resolution and is typically performed by massive
parallel sequencing of individual sequences from

bacteria. Usually, variable regions of the 16S
rRNA gene are PCR-amplified using primers
that target flanking conserved stretches.
Analysis of hundreds of amplicon reads leads to
assignment of sequences to microbial taxa by
comparison with gene libraries [42].
Independant on the NGS platform modelling of
microbiota on the grounds of empirical data
involves a series of core steps, including sample
collection, handling and processing the sample,
DNA extraction, library construction, template
preparation, sequencing and data analysis [42].
At each of these steps inaccuracies may occur
which, if not considered appropriately, in their
sum can generate meaningless data [42]. This
article is dedicated to pre-analytical factors
taking influence on the results obtained.
Problems associated with DNA extraction will be
discussed with special emphasis on the quality
and quantity of reflection of community structure
and trade-off between detection limit and
contamination. New solutions for DNA extraction
will be introduced that enable the lysis of a
broad-range of organisms and the enrichment of
DNA from live microbes thereby offering clues to
analyze structures of live communities and their
dynamics.

Negative Effect of Human DNA
on Bacterial DNA-Specific
Amplification and Sequencing
The scenario of human-microbe associations
can be described as communities of microorganisms freely floating in a liquid host environment
or attached to surfaces in biofilms. In view of
analysis of such associations by DNA-based
methods, there are target sequences that need
to be separated from non-target (human)
sequences and high and low molecular substances that inhibit PCR amplification. PCR
inhibiting substances are removed in the course
of DNA purification using in-house or
commercial systems. Separation of target and
non-target sequences usually is obtained by
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Primer: RWO1-DG74 [3]
a) P. aeruginosa DNA (P.a.)
a)
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P. aeruginosa
316 / 316 b identity (100%)

b) P. aeruginosa DNA +
human DNA (P.a. + hum.)

No hit
(381 b)

440 bp
440 bp 340 bp
c) Human DNA (hum.)

Human HNRPA1 pseudogene
406 / 412 b identity (98%)
Fig. 1: Influence of the presence of human DNA on the amplification and Sanger sequencing of 16S rRNA gene
sequences. In the assay, primers were used that bind to conserved sites flanking V8/V9 hypervariable regions [19].
a) Pseudomonas aeruginosa DNA as template (13pg; corresponding to approximately 2,000 genome equivalents); b)
mixture of P. aeruginosa and human DNA (42ng); c) human DNA only. Data are adapted from [10].

Disqué [10] simulated the situation of a high
overload of human against pathogen DNA and
analyzed the quality of sequence reads obtained
after bacteria-specific 16S rRNA gene PCR
amplification (V8/V9 regions; Fig. 1). In this
experiment human DNA was present in a 3.230fold mass excess to pathogen DNA like it may
occur in a fulminant septic scenario. Apparently,
the unspecific amplification of human sequences
(Fig. 1c) obscured specific sequence readouts in
the Sanger sequencing analysis (Fig. 1b). Cross
reactivity was observed with other universal
primers for the amplification of the V1-V3 [27]
and V3-V4 hypervariable regions [10]. The effect
of the presence of human DNA on the
amplification efficiency of bacterial sequences is
Trends in Molecular Microbiology No. 1/15
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designing primers and establishing PCR
amplification conditions aimed at a high specificity. However, since the development of a variety
of broad-range, bacteria-specific primers for
diagnostics and community analysis including
NGS in the past years, it became obvious that
primers can bind to non-target sequences.
Unspecific primer binding has two effects,
generation of irrelevant information and loss of
sensitivity.
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Fig. 2: Quantitative effect of the presence of human
DNA (42ng) on the amplification of P. aeruginosa
DNA. The assay was a 16S rRNA gene Real-Time
PCR (SYBR Green 1) using primers for amplification
of the V3/V4 region. Human DNA present (o) or absent
(●). Data are from [10]. At C(t)s below the cutoff
bacteria-specific peaks were identified by dissociation
analysis.
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Table 1: Human DNA contamination in microbiome
libraries
Material
Saliva

CF
sputum
Dental
plaque

Tissue
Feces
a

Target
resistance
genes
microbiome

Method a

Human
sequences
(%)

Kit / dilution

61 [44]

A) QiaAmp®
10-3

virome

cloning,
Sanger
16S PCR,
WGS, Illumina
WGS, 454

>90 [50]

microbiome

WGS, 454

0.5-40 [2]

microbiome

WGS, 454

60.6-89.8
[29]
47 [9]

microbiome
microbiome

cloning,
Sanger
WGS, 454

Table 2: Detection sensitivities of two bacteria spiked
into whole blood (0.2ml) using total DNA (A) and
a
human DNA-depleted extracts (B).

>99 [28]

b

S. aureus

E. coli

c

3/3

2/3

10-4
10-5

0/3

2/4

0/3

1/4

10-6

n.d

0/3

B) MolYsis™ Basic + QiaAmp®
3/3
10-3
4/4
10-4
10-5
10-6

c

n.d.
2/2

4/4

2/2

4/4

4/4

>1,000

>1,000

0.3-10.3 [20]
Factor B/A

WGS: Whole genome shotgun sequencing

depicted in Fig. 2. The results show that human
DNA shifted the crossing points to values 6 to 7
C(t)s higher than when human DNA was absent.
As a consequence, with human DNA present,
the cutoff level (see dashed line in Fig. 2) was
reached at approximately 2 orders of magnitude
higher target DNA amount than in the absence
of human DNA (Fig. 2). A plausible explanation
for this loss of detection sensitivity is competition
of unspecific human with specific bacterial
binding sites for primers. According to this hypothesis, unspecific primer binding to human
sites leads to primer limitation for target sites
and hence decreased amplification efficiency of
bacterial sequences [10]. Primer binding to and
amplification of human sequences may explain
the predominance of human reads in microbiome analyses of some sample types (Table 1).
It appears that human DNA is an important
factor that can obscure microbial signals [16]
thereby influencing cutoff thresholds of in-depth
analysis of microbial communities. Therefore,
development of methods minimizing amplification of human sequences is necessary [25].
New pre-analytical approaches have been made
available employing methods to either enrich the
bacterial DNA or remove the human DNA from
specimens before analysis [40]. Bacterial DNA
enrichment technology involves a chromatographical procedure that uses a protein which
binds to non-methylated (bacterial) DNA while
human DNA is washed out (Pureprove®
technology, SIRS-Lab). Human DNA removal
technology (MolYsis™, Molzym) takes advantage of the fact that human and bacterial DNAs
are present in different cell types (in blood, for
instance, white blood cells and bacterial cells).
MolYsis™ involves lysis of the fragile human
cells while rigid bacterial cells are unaffected. An
added nuclease degrades the released human
Trends in Molecular Microbiology No. 1/15

d

a
Assay: 16S rRNA gene PCR (Mastermix 16S Complete,
Molzym)
b

Overnight cultures: S. aureus (1.6 · 109 cfu/ml), E. coli
(6.2 · 109 cfu/ml)
c
QiaAmp® is a trade name of Qiagen; MolYsis™ is a trade
name of Molzym
d
Highest dilutions with 100% positive results compared

DNA. After sedimentation bacterial cells are
lysed and DNA is purified by common manual or
automated protocols.
Horz et al. [24] tested both technologies for
oral specimens using a PCR assay targeting the
β-2-microglobulin gene to quantify human DNA.
The authors found a mean reduction of the
human DNA load in caries and periodontal
specimens by 93.4% and 93.6% with
Pureprove® and 86.8% and 99.5% with
MolYsis™, respectively. In another study,
human DNA was completely removed from
blood samples by MolYsis™ as measured in a
PCR assay for human ß-globin gene [21]. The
effect of human DNA removal technology on the
sensitivity of detection of Staphylococcus aureus
spiked into blood or blood culture was evaluated
recently [22,31]. In these studies, methicillin
resistance genes were PCR-assayed using DNA
extracted by conventional and MolYsis™
method, respectively. The results showed that
the analytical sensitivities obtained with
conventional, i.e., total DNA extraction were
increased 20-fold (blood) and 10 to 100-fold
(blood culture) when samples were extracted
with MolYsis™. Employing universal 16S rRNA
gene PCR, the detection sensitivities of S.
aureus and E. coli spiked into whole blood were
more than 1,000-times higher when MolYsis™
was coupled with an extraction kit (Table 2,
experiment B) than when the extraction kit was
used alone (experiment A). Thus, removal of
human DNA increases the sensitivity of PCR
detection of bacteria in blood.
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Table 3: Influence of the removal of human DNA on
a
bacterial reads of 16S-targeted resequencing.

QiaAmp® a

MolYsis™ Basic
+ QiaAmp® a

Human sequences

61.5 %

9.5 %

Bacterial sequences

34.0 %

90.0 %

Reads

a

0.2ml EDTA-blood spiked with E. coli and S. aureus at
5,000 cfu in total. Library preparation: amplification (V3/V4
region), Molzym Mastermix 16S Complete; fragmentation
and barcoding, Life Technology Ion Xpress® Fragment
Library kit; template enrichment and sequencing: Life
Technology OneTouch® 300 Template and PGM®
Sequencing 300 kits, Ion 316™ Chip; depth of coverage:
approx. 300,000X; QiaAmp® and MolYsis™ are brand
names of Qiagen and Molzym, respectively

The influence of the removal of human DNA
on the 16S rRNA gene-targeted resequencing of
blood spiked with bacteria was studied. For this,
blood samples were spiked with S. aureus and
E. coli and extracted for total DNA (QiaAmp®)
and human DNA-depleted microbial DNA
(MolYsis Basic™ combined with QiaAmp®).
Table 3 shows that the proportion of human
reads (total DNA extracts, 61.5%) was reduced
approx. 6.5-fold by the MolYsis™ pre-treatment
(9.5%). On the other hand, bacterial reads
reached 90% with human DNA-depleted
extracts as compared to only 34% with total
DNA extracts. This result demonstrates that preanalytical reduction of the human DNA load can
improve the output of target sequence reads in a
clinical sample like blood.
Large volumes are one of the important
advantages of cultivation over molecular methods determining the unrivaled detection thresholds of culturable bacteria (theoretically 1cfu/
bottle). By testing the influence of volume of
Table 4: Influence of the blood volume on the
a
detection sensitivity of bacteria.
Strain
S. aureus

E. coli

Blood volume
(ml)

Titer
(cfu/ml)

PCR
result

1

60

3/3

2

30

3/3

5

12

3/3

10

6

3/3

1

120

2/3

2

60

3/3

5

24

3/3

10

12

3/3

a

Strains spiked (10µl) into blood (1-10ml) at the final viable
counts (cfu)/ml indicated. Extraction: MolYsis™ Complete5
(1ml, 2ml, 5ml) and MolYsis™ Complete10 (10ml).
Universal 16S rRNA gene Real-Time PCR (Mastermix 16S,
Molzym) and dissociation analysis
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blood from pediatric patients on blood culture
results, Tenney et al. [46] observed an increase
of the detection of pathogens with increasing
blood volume. Results of a similar approach
employing MolYsis™ and Real-Time PCR
analysis for the study of the influence of blood
volume on the detection of bacteria is shown in
Table 4. Obviously, large volumes of samples
greatly enhanced the analytical sensitivities of
two strains spiked into whole blood. This result
encourages the notion that large volume
extraction approaches may be helpful to increase detection sensitivity and in-depth microbiome resolution of microbial communities.

Lysis of Microorganisms for
DNA Preparation
Microorganisms are very diverse with respect
to the chemistry and structure of cell walls and
outer layers like capsules. Moreover, microorganisms can be embedded in biofilms consisting of a complex structure. A crucial step in the
preparation of samples for analysis is the
breakage of cells for nucleic acid extraction and
purification. Several studies have shown that
differences in the structures of cell walls cause
cell lysis to be more or less efficient [16]. In
order to reduce bias by the DNA extraction
methodology [18] and hence realistically reflect
representative members and their abundances
in a given community, the ideal procedure would
extract DNA from any microbe present in a
sample.
To investigate the effect of extraction methodology on the analysis of the human microbiome,
Yuan et al. [51] tested 6 common procedures
based on physical, enzymatic and chemical
treatments and combinations thereof. In this
study, the authors statistically evaluated the
DNA extraction procedures using 11 humanassociated bacterial species in equal numbers in
a mock community. The conclusion from the
results was that protocols employing bead
beating and/or lytic enzymes, in particular
mutanolysin, for cell lysis better represented the
bacterial mock community than protocols without
both of them. Recently, Disqué et al. [11] analyzed 430 clinical specimens, including blood,
synovia, swabs from wounds, prostheses, pus
and bones, cerebrospinal fluid, heart valves and
aortal tissues. For extraction the authors used a
commercial kit (UMD-Universal, Molzym) that
includes a solution, BugLysis, consisting of a
blend of hydrolytic enzymes for the degradation
of microbial cell walls. The data from PCR and
sequence analysis of the 186 positive samples
found indicated that the reagent was able to lyse
a broad range of microorganisms, including such
diverse groups like Firmicutes (staphylococci,
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enterococci, Listeria, Dialister), Gammaproteobacteria (Pseudomonas, enterobacteria),
Alphaproteobacteria (Bartonella), Bacteroidetes,
Spirochaetes (Borrelia), Actinobacteria (Corynebacterium, Nocardia, Tropheryma), Ascomycota
(Candida, Exophiala), and Alveolata (Plasmodium). In a series of studies including
different clinical materials, 200 organisms have
been listed that are lysed by BugLysis (see
appendix, page 9). Because of the high impact
of the extraction method on community structure
analysis, Rogers and Bruce [42] emphasize
careful
consideration
of
the
particular
characteristics of the sample type and the
selection of suitable methods for processing.

Analysis of Live Communities
Extracellular microbial DNA (eDNA) is present
in any microbial habitat where it functions as
nutrient or carrier of genetic information in the
course of natural transformation [32]. The DNA
is released spontaneously from live cells or during the decay of cellular entities [12, 32]. eDNA
can be included in cellular slime layers of
bacteria with a mass ratio of >40%, thereby stabilizing its structure [7]. eDNA also is a
component of biofilms constituting of a microcolony of microorganisms embedded in a complex
matrix of macromolecules [33]. eDNA plays an
important role in host colonization by pathogens,
including, e.g., Pseudomonas aeruginosa,
Streptococcus intermedius, S. mutans, Enterococcus faecalis and staphylococci [36]. From
environmental studies it is known that eDNA
tends to bind to surfaces where it can persist
with a half-life of up to several weeks [32, 38].
Also, DNA in heat-killed cells was shown by
PCR to persist for up to 55 days in seawater
[13]. In the clinical scenario, eDNA can persist
for extended periods of time as is well known for
cystic fibrosis of the lower respiratory tract [4]. In
view of studying living microbial community
structures, eDNA and DNA of dead cells
generates irrelevant information. More importantly, the persistence of considerable amounts
of eDNA in extracellular matrices may mask
changes in the community structure [42].
A method for the distinction of live from dead
microbes and eDNA is the incubation of samples
with ethidium monoazide (EMA) or propidium
monoazide (PMA) (15). These dyes intercalate
with DNA and form photo-induced crosslinks
after exposure to light. The thus modified DNA is
not a template for PCR amplification. EMA and
PMA are unable to cross the cell membranes of
living cells and therefore react only with eDNA
and DNA in dead cells having lost their cellular
integrity. The effect of PMA treatment of environ-
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mental water samples on the community analysis by NGS has been studied recently. For the
discrimination between live and dead bacteria,
samples were used untreated and heated,
respectively. PMA did not substantially change
the sequence profiles of non-heated samples,
but clearly influenced the relative proportions of
certain microbial groups when samples were
heat-treated [39]. This experiment suggests that
PMA treatment prior to extraction is a suitable
procedure to reduce the impact of DNA from
dead cells on the analysis of living microbial
communities.
The importance of the exclusion of eDNA and
DNA from dead cells from DNA-based analysis
is stressed by the fact that Streptococcus
pneumoniae DNA was shown to persist in noninfected heart valve tissue 7 years after a
Streptococcus pneumoniae endocarditis [5].
Sakka et al. [43] studied the response of a
systemic infection by S. epidermidis to the
administration of antibiotics by blood culture and
a quantitative Real-Time PCR test, SepsiTest™
(Molzym). SepsiTest™ includes the MolYsis™
sample pre-treatment procedure which involves
a DNase to degrade human and eDNA. Blood
culture indicated a decline of the infectious
agent by increasing time-to-positivity and, at the
end, negative result over a period of 1 day.
Analogously, by SepsiTest™ a decrease of the
bacterial DNA load was observed. The correlation to the decreased cultivability of S.
epidermidis suggests that the PCR test
monitored the decrease of the viable bacterial
load in the blood. The advantage of this method
is that it is integrated into the sample preparation
pathway for the isolation of microbial DNA from
human specimens and does not require further
treatments as is necessary with photoactivatable
dyes.

DNA Contamination of
Reagents
A constraint of NGS analysis is the potential
presence of microbial DNA contaminating
extraction chemicals, PCR reagents and consumables during the manufacturing process.
Table 5 (next page) shows an overview of
studies investigating contamination of a variety
of extraction and PCR reagents and consumables. The studies were conducted in the
context of suitability of the material for molecular
diagnosis. Contamination was found in the
majority of reagents and consumables studied.
The origin of the contamination comprised
environmental organisms like Alcaligenes spp.,
Pseudomonas spp. and Ralstonia spp., skin
colonizers like Propionibacterium spp., Serratia
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Table 5: Sources of potential DNA contamination.
Material

a

% False positives
(found/tested)

Origin

Reference

Blood collection tubes

17 (31/185)

Aspergillus spp.

[23]

Blood serum tubes

10 (16/160)

Aspergillus spp.

[23]

8 (2/25)

Aspergillus spp.
Escherichia spp.,
Propionibacterium spp.,
Stenotrophomonas spp.
Pseudomonas spp.
Ralstonia pickettii
Lactococcus lactis, Bacillus
coagulans

[23]

A) Collection of samples

Urine collection tubes
Forceps for tissue preparation

57 (13/23)

Cap of blood culture bottle

n.d.

Blood culture medium

n.d.

[26]
[3]
[34]

B) Nucleic acid extraction and
processing
Zymolase
DNA extraction

n.d.

Saccharomyces cerevisiae

[30]

100 (20/20)

Burkholderia spp., Pseudomonas
saccharophilia, Ralstonia spp.,
Alcaligenes spp.

[35]

20 (4/20)

Legionella spp., Aspergillus spp.

[14, 48]

n.d.

Aspergillus spp., Candida spp.

[17]

n.d.

Brucella spp.

[41]
[53]

<3 (0/36)

-

Nucleic acid precipitation (glycogen)

22 (2/9)

Acinetobacter lwoffii

[1]

RNA stabilization reagent

5 (1/20)

Aspergillus spp.

[23]

C) PCR reagents
Taq polymerase

100 (4/4)

bacteria

[8]

100 (4/4)

Pseudomonas spp.
Sphingomonas spp., Moraxella
spp.
Acinetobacter junii

[37]

8 (2/24)
2 (1/41)

[37]
[37]

n.d.

Pseudomonas spp., Serratia
marcescens, Escherichia coli,
Salmonella spp., Shigella spp.

[45]

10-30 (n.a.)

Coxiella burnetii

[47]

18 (6/32)

bacteria

[52]

D) Plastic consumables
Pipette tips
a

Samples of the same or different lots or samples from different manufacturers; signals were observed in negative PCR controls
using molecular grade water; species were identified by sequencing of the amplicons and BLASTn search; n.d., not determined.

marcescens and Sphingomonas spp. as well as
potential pathogens, including Brucella spp.,
Coxiella burnetii, Escherichia coli and Legionella
spp. The grade of contamination was heavy
(>50%) in some material, including forceps for
tissue preparation, DNA extraction reagents and
Taq polymerases (Table 5). Further contaminant
genera can be found in [43a]. Reagents and
consumables used in the molecular laboratory
are issued for analyses other than the targeting
of microbial sequences. Evidence for low and
tolerable loads of contaminating microbial DNA
(2 and 8% false positive rate) was given for
some Taq polymerases (Table 5). Therefore, it
is important to take care to select material
specially produced and quality-controlled for
molecular microbial analysis.

Trends in Molecular Microbiology No. 1/15

Conclusions
Nucleic acid extraction is a standard process
since long optimized for yield and purity.
Originally the procedures were not developed for
applications in molecular diagnostics of bacterial
pathogens and next generation sequencing of
microbial communities. Here the demands are
high for further qualities like the preferential
supply of microbial DNA, lysis of a broad variety
of organisms, extraction of DNA from only live
microbes and exclusion of reagent-borne contamination. Therefore, nucleic acid extraction
needs to be adapted to NGS. Because there is
experience in coping with the majority of above
mentioned problems, solutions for nucleic acid
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preparation for NGS may come from molecular
diagnostics rather than from other applications.

References
[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

Bartram AK, Poon C, Neufeld JD (2009)
Nucleic acid contamination of glycogen used in
nucleic acid precipitation and assessment of
linear polyacrylamide as an alternative coprecipitant. BioTechniques 47: 1019-1022.
Belda-Ferre P, Alcaraz LD, Cabrera-Rubio R
et al. (2012) The oral metagenome in health and
disease. ISME J 6: 46–56.
Boutros N, Gonullu N, Casetta A et al. (2002)
Ralstonia pickettii traced in blood culture bottles.
J Clin Microbiol 40: 2666–2667.
Brandt T, Breitenstein S, von der Hardt H et
al. (1995) DNA concentration and length in
sputum from patients with cystic fibrosis during
inhalation with recombinant human DNase.
Thorax 50: 880-882.
Branger S, Casalta JP, Habib et al. (2003)
Streptococcus
pneumoniae
endocarditis:
persistence of DNA on heart valve material 7
years after infectious episode. J Clin Microbiol
41: 4435–4437.
Carrigg C, Rice O, Kavanagh S, Collins G,
O’Flaherty V (2007) DNA extraction method
affects microbial community profiles from soils
and sediment. Appl Microbiol Biotechnol 77:
955–964.
Catlin BW (1956). Extracellular deoxyribonucleic acid of bacteria and a deoxyribonuclease
inhibitor. Science 124: 441-442.
Chang S-S, Hsu H-L, Cheng J-C, Tseng CP
(2011) An efficient strategy for broad-range
detection of low abundance bacteria without
DNA decontamination of PCR reagents. PLoS
ONE 6: 1-9.
De Hertogh G, Lemmens B, Verhasselt P et
al. (2012) Assessment of the microbiota in
microdissected tissues of Crohn’s Disease
patients. Int J Inflammation, Article ID 505674,
11 pages, doi:10.1155/2012/505674.
Disqué C (2007) Einfluss der DNA-Extraktionsmethode auf die quantitative PCR von
Sepsis (Influence of DNA extraction method on
quantitative PCR of sepsis; in German).
BIOspektrum 06.07: 2-4.
Disqué C, Linow M, Murphy N (2012) Broadrange microbial DNA isolation from clinical
specimens for universal PCR diagnosis.
Abstract, 10th ASM Biodefence and Emerging
Diseases Research Meeting, Washington DC,
February 26-29: 64.
Dominiak DM, Nielsen JL, Nielsen PH (2011)
Extracellular DNA is abundant and important for
microcolony strength in mixed microbial biofilms.
Environ Microbiol 13: 710-721.
Dupray E, Caprais MP, Derrien A, Fach P
(1997) Salmonella DNA persistence in natural
seawater using PCR analysis. J Appl Microbiol
82: 507-510.
Evans GE, Murdoch DR, Anderson TP et al.
(2003) Contamination of Qiagen DNA extraction
kits with Legionella DNA. J Clin Microbiol
41:3452–3453.

Trends in Molecular Microbiology No. 1/15

[15] Fittipaldi M, Nocker A, Codony F (2012)
Progress in understanding preferential detection
of live cells using viability dyes in combination
with DNA amplification. J Microbiol Meth 91:
276-289.
[16] Fredricks DN (2011) Molecular methods to
describe the spectrum and dynamics of the
vaginal microbiota. Anaerobe 17: 191-195.
[17] Fredricks DN, Smith CS, Meier A (2005)
Comparison of six DNA extraction methods for
recovery of fungal DNA as assessed by
quantitative PCR. J Clin Microbiol 43: 5122–
5128.
[18] Frostegard A, Courtois S, Ramisse V, Clerc
S, Bernillon D, et al. (1999) Quantification of
bias related to the extraction of DNA directly
from soils. Appl Environ Microbiol 65: 5409–
5420.
[19] Greisen K, Loeffelholz M, Purohit A, Leong D
(1994) PCR primers and probes for the 16S
rRNA gene of most species of pathogenic
bacteria,
including
bacteria
found
in
cerebrospinal fluid. J Clin Microbiol 32:335–351.
[20] Gupta SS, Mohammed MH, Ghosh TS et al.
(2011) Metagenome of the gut of a
malnourished child. Gut Pathogens 3:7,
doi:10.1186/1757-4749-3-7.
[21] Handschur M, Karlic H, Hertl C, Pfeilstöcker
M, Haslberger AG (2009) Preanalytic removal
of human DNA eliminates false signals in
general 16S rDNA PCR monitoring of bacterial
pathogens in blood. Comp Immunol Microbiol
Infect Dis 32: 207-219.
[22] Hansen WLJ, Bruggeman CA, Wolffs PFG
(2009) Evaluation of new preanalysis sample
treatment tools and DNA isolation protocols to
improve bacterial pathogen detection in whole
blood. J Clin Microbiol 47: 2629-2631.
[23] Harrison E, Stahlberger T, Whelan R et al.
(2010) Aspergillus DNA contamination in blood
collection tubes. Diagn Microbiol Infect Dis 67:
392-394.
[24] Horz HP, Scheer S, Huenger F, Vianna ME,
Conrads G (2008) Selective isolation of
bacterial DNA from human clinical specimens. J
Microbiol Meth 72: 98-102.
[25] Iwai S, Chai B, Jesus EC et al. (2011) Genetargeted metagenomics (GT metagenomics) to
explore the extensive diversity of genes of
interest in microbial communities. In: Handbook
of Molecular Microbial Ecology I: Metagenomics
and complementary approaches (ed FJ de
Bruijn), John Wiley & Sons, Inc., Hoboken, NJ,
USA.
[26] Keay S, Zang C-O, Baldwin BR et al. (1998)
Polymerase chain reaction amplification of
bacterial 16S rRNA genes from cold-cup biopsy
forceps. J Urol 160: 2229-2231.
[27] Kommedal O, Simmon K, Karaca D,
Langeland N, Wiker HG (2012) Dual priming
oligonucleotides for broad-range amplification of
the bacterial 16S rRNA gene directly from
human clinical specimens 50: 1289–1294.
[28] Lazarevic V, Whiteson K, Gaïa N et al. (2012)
Analysis of the salivary microbiome using
cultureindependent
techniques.
J
Clin
Bioinformatics 2:4 (doi:10.1186/2043-9113-2-4).

Page 7 of 9

DNA Extraction for NGS

[29] Liu B, Faller LL, Klitgord N et al. (2012) Deep
sequencing of the oral microbiome reveals
signatures of periodontal disease. PLoS ONE
7(6): e37919. doi:10.1371/journal.pone.0037919.
[30] Loeffler J, Hebart H, Bialek R et al. (1999)
Contaminations occurring in fungal PCR assays.
J Clin Microbiol 37: 1200-1202.
[31] Loonen A.JM, Jansz AR, Kreeftenberg H,
Bruggeman CA, Wolffs PFG, van den Brule
AJC (2011) Acceleration of the direct
identification of Staphylococcus aureus versus
coagulase-negative staphylococci from blood
culture material: a comparison of six bacterial
DNA extraction methods. Europ J Clin Microbiol
Infec Dis 30: 337-342.
[32] Lorenz MG, Wackernagel W (1994) Bacterial
gene transfer by natural genetic transformation
in the environment. Microbiol Rev 58: 563-602.
[33] McDougald D, Rice SA, Barraud N et al.
(2012) Should we stay or should we go:
mechanisms and ecological consequences for
biofilm dispersal. Nature Rev Microbiol 10: 3950.
[34] Millar BC, Jiru X, Moore JE, Earle JA (2000) A
simple and sensitive method to extract bacterial,
yeast and fungal DNA from blood culture
material. J Microbiol Methods 42: 139-147.
[35] Mohammadi T, Reesink HW, VandenbrouckeGrauls CMJE, Savelkoul PHM (2005) Removal
of contaminating DNA from commercial nucleic
acid extraction kit reagents. J Microbiol Meth 61:
285– 288.
[36] Montanaro L, Poggi A, Visai L et al. (2011)
Extracellular DNA in biofilms. Int J Artif Organs
34: 824-831.
[37] Mühl H, Kochem AJ, Disqué C et al. (2008)
Activity and DNA contamination of commercial
polymerase chain reaction reagents for the
universal 16S rDNA real-time polymerase chain
reaction detection of bacterial pathogens in
blood. Diagn Microbiol Infect Dis. 66: 41-49.
[38] Nielsen KM, Johnsen PJ, Bensasson D,
Daffonchio D (2007) Release and persistence
of extracellular DNA in the environment. Environ
Biosafety Res 6: 37-53.
[39] Nocker A, Richter-Heitmann T, Montijn R et
al. (2010) Discrimination between live and dead
cells in bacterial communities from environmental water samples analyzed by 454
pyrosequencing. Intern Microbiol 13: 59-65.
[40] Pletz MW, Wellinghausen N, Welte T (2011)
Will polymerase chain reaction (PCR)-based
diagnostics improve outcome in septic patients?
A clinical view. Intensive Care Med 37: 1069–
1076.
[41] Queipo-Ortuño MI, Tena F, Colmenero JD,
Morata P (2008) Comparison of seven
commercial DNA extraction kits for the recovery
of Brucella DNA from spiked human serum
samples using real-time PCR. Eur J Clin
Microbiol Infect Dis. 27: 109-114.
[42] Rogers GB, Bruce KD (2010) Next-generation
sequencing in the analysis of human microbiota.
Mol Diagn Ther 14: 343-350.
[43] Sakka SG, Kochem AJ, Disqué C,
Wellinghausen N (2009) Blood infection
diagnosis by 16S rDNA broad-spectrum

Trends in Molecular Microbiology No. 1/15

polymerase chain reaction: the relationship
between antibiotic treatment and bacterial DNA
load. Anesthesia Analgesia 109: 1707-1708.
[43a] Salter SJ, Cox MJ, Turek EM et al. (2014)
Reagent and laboratory contamination can
critically impact sequence-based microbiome
analyses. BMC Biology 12: 87.
[44] Seville LA, Patterson AJ, Scott KP et al.
(2009)
Distribution
of
tetracycline
and
erythromycin resistance genes among human
oral and fecal metagenomic DNA. Microbial
Drug Res 15: 159-166.
[45] Spangler R, Goddard NL, Thaler DS (2009)
Optimizing Taq polymerase concentration for
improved signal-to-noise in the broad range
detection of low abundance bacteria. PLoS ONE
4: e7010.
[46] Tenney JH, Reller LB, Mirrett S, Wang WL,
Weinstein WL (1982) Controlled evaluation of
the volume of blood cultured in detection of
bacteremia and fungemia. J Clin Microbiol 15:
558-561.
[47] Tilburg JJHC, Nabuurs-Franssen MH, van
Hannen EJ et al. (2010) Contamination of
commercial PCR master mix with DNA from
Coxiella burnetii. J Clin Microbiol 48: 4634–
4635.
[48] van der Zee A, Peeters M, de Jong C et al.
(2002) Qiagen DNA extraction kits for sample
preparation for Legionella PCR are not suitable
for diagnostic purposes. J Clin Microbiol
40:1126.
[49] Willner D, Daly J, Whiley D et al. (2012)
Comparison of DNA extraction methods for
microbial community profiling with an application
to pediatric bronchoalveolar lavage samples.
PLOS One 7 (4): 1-12.
[50] Willner D, Furlan M, Haynes M et al. (2009)
Metagenomic analysis of respiratory tract DNA
viral communities in cystic fibrosis and noncystic fibrosis individuals. PLoS ONE 4(10):
e7370. doi:10.1371/journal.pone.0007370.
[51] Yuan S, Cohen DB, Ravel J, Abdo Z, Forney
LJ (2012) Evaluation of methods for the
extraction and purification of DNA from the
human microbiome. PLOS One 7 (3) e33865: 110.
[52] Own results. Among three manufacturers, one
was showing severe contamination of the tips.
The other products (PCR tubes, pipette tips)
were
continuously
free
of
any
DNA
contamination as analysed by 16S/18S rDNA
PCR (n=32 to 320; different lots tested).
[53] Guaranteed results according to the quality
control SOP. MolYsis™ buffers, reagents and
plastic consumables are quality controlled for the
absence of bacterial and fungal DNA (limit of
detection, <5cfu S. aureus/25µl assay).

Author
Michael G. Lorenz is PhD and adjunct professor
for Microbial Genetics at the University of
Oldenburg (Germany). He is Chief Scientific
Officer at Molzym and responsible for the
technical
developments
and
production.
Contact:
info@molzym.com; see also www.molzym.com.

Page 8 of 9

DNA Extraction for NGS

Appendix: List of species found in clinical evaluations using MolYsis™ microbial DNA isolation procedure
which involves broad lysis reagent, BugLysis (Real-Time PCR plus sequencing analysis). PCR Assay:
Mastermix 16S Complete (Molzym); identification: sequencing/BLAST.
Organisms identified
Gram-negative bacteria

Pseudomonas spp.

4

Listeria monocytogenes

1

Acinetobacter spp.

7

Pseudoxanthomonas spadix

1

Microbacterium aurum

1

Actinomyces sp.

1

Ralstonia pickettii

1

Micrococcus spp.

2

Aeromonas veronii

1

Raoultella planticola

1

Mycetocola sp.

1

Bacteroides fragilis

1

Schlegelella aquatica

1

Mycobacterium spp.

3

Bartonella quintana

1

Serratia spp.

2

Mycoplasma sp.

1

Bifidobacterium spp.

2

Sphingomonas sp.

1

Nocardia sp.

1

Bordetella petri

1

Spirosoma rigui

1

Paenibacillus sp.

1

Borrelia garinii

1

Shigella flexneri

1

Parvimonas micra

1

Bradyrhizobium sp.

1

Stenotrophomonas maltophilia

1

Peptoniphilus harei

1

Brevibacterium spp.

2

Tepidimonas thermarum

1

Peptostreptococcus stomatis

1

Burkholderia fungorum

1

Variovorax sp.

1

Planomicrobium okeanokoites

1

Campylobacter coli

1

Veillonella sp.

1

Propionibacterium acnes

1

Candidatus Neoehrlichia

1

Weeksella sp.

1

Rothia spp.

3

Citrobacter freundii

1

Zoogloea sp.

1

Ruminococcus productus

Cloacibacterium normanense

1

Sum

75 Staphylococcus spp.

Comamonas testosteroni

1

Gram-positive bacteria

Coxiella burnetii

1

Actinomyces sp.

Dialister invisus

1

Aerococcus urinaeequi

Edwardsiella tarda

1

Enhydrobacter aerosaccus
Enterobacter spp.

1
8

Streptococcus spp.

19

1

Tropheryma whippleii

1

1

Vagococcus carniphilus

Anaerococcus spp.

2

Sum

1

Bacillus spp.

2

Fungi

3

Bifidobacterium spp.

2

Aspergillus spp.

2

Escherichia spp.

2

Brevibacterium spp.

2

Candida spp.

7

Fusobacterium nucleatum

1

Carnobacterium viridans

1

Cladosporium cladosporioides

1

Haemophilus spp.

2

Clostridium spp.

3

Cryptococcus spp.

3

Helicobacter pylori

1

Corynebacterium spp.

8

Didymella exitialis

1

Hyphomicrobium facile

1

Dolosigranulum pigrum

1

Davidiella tassiana

1

Janthinobacterium lividum

1

Enterococcus spp.

8

Malassezia spp.

2

Klebsiella spp.

3

Eremococcus coleocola

1

Peniophora nuda

1

Lautropia mirabilis

1

Exiguobacterium sp.

1

Saccharomyces cerevisiae

1

Leptotrichia sp.

1

Facklamia spp.

2

Schizophyllum radiatum

1

Methylobacterium sp.

1

Finegoldia magna

1

Sistotrema brinkmannii

1

Moraxella spp.

2

Gemella spp.

2

Sporobolomyces sp.

1

Morganella morganii

1

Granulicatella adiacens

1

Udeniomyces pannonicus

1

Neisseria spp.

2

Janibacter sp.

1

Sum

23

Parabacteroides distasonis

1

Jeotgalicoccus pinnipedialis

1

Protist

Paracoccus aminovorans

1

Kocuria spp.

3

Plasmodium falciparum

Petrobacter sp.

1

Lactobacillus spp.

6

Proteus spp.
Providencia stuartii

2
1

Lactococcus lactis
Leifsonia sp.

1
1
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Sum species:

1
101

1

200
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