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Abstract Critical to most studies in molecular
microbial ecology is the application of DNA/RNA
extraction methods which can reveal the true level of
population biodiversity present in samples from the
community under investigation. Activated sludge
communities have been studied extensively using
molecular methods, but rarely have the nucleic acid
isolation methods applied been assessed for their
ability to achieve this. This study compares eight
published RNA and DNA extraction protocols and
one commercially available DNA isolation kit for
their capacity to provide high quality nucleic acids
that reflect the community composition. Each method
was assessed on the basis of nucleic acid yield, purity
and integrity, and the ability to provide PCR ampli-
fiable RNA and DNA from known marker popula-
tions that varied in their resistance to nucleic acid
extraction. Only three consistently provided DNA
from each of the marker populations known to be
present in the samples from fluorescence in situ
hybridisation analysis. The failure of the other
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methods emphasises the need to validate all DNA/
RNA extraction protocols. It is recommended that
several validated extraction methods be used and the
extracts pooled to further minimise any risk of bias.
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Abbreviations

EBPR Enhanced biological phosphorus removal
FISH Fluorescence in situ hybridisation

SBR Sequencing batch reactor

PBS Phosphate buffered saline
MUCT  Modified University of Cape Town
PAGE  Polyacrylamide gel electrophoresis
SDS Sodium dodecyl sulphate

CTAB  Cetyl trimethylammonium bromide
NaTCA Sodium trichloroacetate

DGGE  Denaturing gradient gel electrophoresis
Introduction

Crucial to the majority of culture independent
investigations of microbial communities, including
those in activated sludge systems, is the isolation of
high quality nucleic acids. However, due to sample
variation (e.g. in the sample matrix, cell surface layer
composition of different bacteria, etc.), the use of an
inappropriate DNA/RNA extraction method may
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provide a highly biased view of the abundance of the
populations present (von Wintzingerode et al. 1997).
Only a relatively small number of published studies
have assessed nucleic acid isolation protocols for
their suitability with activated sludge samples (Bour-
rain et al. 1999; Yu and Mohn 1999; Orsini and
Romano-Spica 2001; Gabor et al. 2003; Purohit et al.
2003; Lemarchand et al. 2005; Roh et al. 2006;
Guobin et al. 2008; Mcllroy et al. 2008a). Unfortu-
nately, the majority of studies have adapted protocols
intended for habitats like soil without providing
justification for their selection. Activated sludge is
different to the environments against which most
popular extraction methods were developed, in that
the biomass is typically organised as cellular aggre-
gates or flocs (Nielsen 2002). These flocs can be quite
robust and resistant to extraction methods (Watanabe
et al. 1998; Bourrain et al. 1999; Yu and Mohn 1999;
Mcllroy et al. 2008a). Which DNA extraction
methods are best suited for such samples has not
been comprehensively assessed.

The approaches used to extract nucleic acids from
environmental samples incorporate chemical (see
Zhou et al. 1996), enzymatic (Porteous et al. 1994),
mechanical (Ogram et al. 1987), heat (Picard et al.
1992), and freeze—thaw (Tsai and Olson 1991)
treatments, often in combination. Mechanical lysis
is popular as it provides high nucleic acid yields and
can facilitate the disruption of aggregated biomass
(Moré€ et al. 1994; Watanabe et al. 1998; Bourrain
et al. 1999; Frostegard et al. 1999; Yu and Mohn
1999; Biirgmann et al. 2001; Stach et al. 2001; Lakay
et al. 2007; Guobin et al. 2008; Mcllroy et al. 2008a).
While most protocols are dedicated to DNA isolation,
those able to extract RNA and DNA simultaneously
provide the opportunity to obtain additional valuable
information on the metabolic activities of populations
in the community (von Wintzingerode et al. 1997;
Hurt et al. 2001).

In this study we have compared eight different
published methods for their ability to extract high
quality nucleic acids from several activated sludge
samples. These were chosen for their demonstrated
ability to extract both RNA and DNA, and their
suitability for high throughput processing at minimal
cost. The effectiveness of each method with activated
sludge was compared using 16S rRNA group-specific
PCR of selected microbial populations which have
been either well-represented, under-represented or
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absent from previous 16S rRNA gene clone libraries
(see Meyer et al. 2006; Ahn et al. 2007). Fluores-
cence in situ hybridization (FISH) was employed to
assess the ability of each method to recover nucleic
acids from the selected marker populations indepen-
dently of the extraction process and to allow a
rational basis for method selection.

Materials and methods
Sampling

Activated sludge biomass samples were obtained
from three sources. Source LS1 was a laboratory-
scale enhanced biological phosphorus removal
(EBPR) sequencing batch reactor (SBR) that was
continuously aerated and fed with clarified effluent
from a non-EBPR treatment plant located in Melton,
Victoria, Australia. Operational conditions of this
reactor are given in Ahn et al. (2007). Samples were
taken at the end of the cycle and stored at —80°C.
Biomass samples used for FISH analyses were
removed at the same time, washed twice in
I1x phosphate buffered saline (PBS) and fixed in
4% (w/v) paraformaldehyde and 1x PBS at 4°C for
3 h, before being stored in 50% ethanol and 1x PBS
at 20°C until further use.

Sources FS1 and FS2 were two full-scale EBPR
waste water treatment plants. Both were Modified
University of Cape Town (MUCT) configured sys-
tems located at Castlemaine and Kyneton (both in
Victoria, Australia), respectively. Samples (100 ml)
were taken from their aerobic tanks and, while
continuously mixed, 200 pl aliquots were immedi-
ately dispensed into 1.5 ml microcentrifuge tubes
using wide bore pipette tips. These were transported
on dry ice to the laboratory for storage at —80°C.

Nucleic acid extraction

A 200 pl aliquot of biomass (8-14 mg wet weight)
was pelleted by centrifugation at 6,800g for 5 min at
4°C. Nucleic acids were extracted using the methods
of Corgié et al. (2006) (abbreviated to CR), Costa
et al. (2004) (CS), Griffiths et al. (2000) (GR),
Mcllroy et al. (2008a) (MI), McVeigh et al. (1996)
(MV), Orsini and Romano-Spica (2001; OR; using
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Table 1 Overview of the lysis step in each extraction method

Method Chemical lysis Mechanical lysis
CR? (Corgié et al. 2006) Sodium dodecyl sulphate (SDS) Bead beat 1 min
SDS + phenol-chloroform Bead beat 0.5 min
CS? (Costa et al. 2004) - Bead beat 0.5 min
Cetyl trimethylammonium bromide (CTAB) - -
+ SDS + heat (65°C/30 min)
GR (Griffiths et al. 2000) CTAB Bead beat 0.5 min
MI (Mcllroy et al. 2008b) Sodium trichloroacetate (NaTCA) + Sarkosyl Bead beat 3 min
MV*# (McVeigh et al. 1996) Phenol—chloroform Bead beat 1 min
Phenol—chloroform Bead beat 0.5 min
OR?* (Orsini and Romano-Spica 2001) SDS + Microwave (800 W/45 s) - -
Guanidine thiocyanate + phenol—chloroform - -
TN (Tillett and Neilan 2000) Potassium ethyl xanthogenate 4+ SDS + - -
phenol—chloroform + heat (65°C/5 min)
YM? (Yu and Mohn 1999) SDS Bead beat 5 min
SDS Bead beat 5 min
MO Commercial buffer Bead vortex 10 min

# Additional lines indicate a separate step

their RNA protocol, with the microwave set to
800 W), Tillett and Neilan (2000) (TN), and Yu
and Mohn (1999) (YM). For a brief comparison of
the principle differences between the cell lysis steps
of each method, see Table 1. All protocols were
modified to ensure that the non-lysis steps were kept
as uniform as possible. The method of McVeigh et al.
(1996) was further adapted to exclude the initial wash
and to separate the phenol and chloroform-isoamyl
alcohol steps. On occasions, an additional precipita-
tion step was required to remove excess salt from the
final DNA pellet for the MV protocol.

Following their extraction, the nucleic acids were
precipitated by the addition of 0.6 volumes of
2-propanol, incubated on ice for 15 min, and pelleted
at 20,800g for 15 min at 4°C. Pellets were then washed
twice with 1 ml of 70% (w/v) ethanol, air dried, and re-
suspended in 50 pl TE buffer (10 mM Tris—HCI, 1 mM
EDTA, pH 8.0). All bead beating steps used 0.6 g of
0.1 mm diameter glass beads (Daintree Scientific, St
Helens, TAS, Australia), and samples were homoge-
nized in a mini bead beater (Biospec, Bartsville, OK,
USA) running at its maximum speed. All buffers and
reagents used in steps where RNA degradation might
occur were either treated with DEPC or made up with
DEPC treated water.

DNA was also extracted with the UltraClean Soil
DNA Isolation Kit following manufacturer’s instruc-
tions for maximum yield (MO BIO Laboratories,
Carlsbad, CA, USA; abbreviated to MO).

SYBR Gold™ staining of biomass

After lysis, pelleted biomass debris were washed
three times in 1x PBS and fixed in paraformaldehyde
as described above for FISH biomass preparation.
Samples were applied to Vectabond  (Vector Lab-
oratories, Burlingame, (_ZA, USA) coated slides,
stained with SYBR Gold " nucleic acid stain (Invit-
rogen, Carlsbad, CA, USA) for 10 min, and rinsed
briefly with distilled water. Slides were mounted
in VectaShield (Vector Laboratories, Burlingame,
CA, USA) and examined with an Eclipse 800
epifluorescence microscope (Nikon, Lidcome, NSW,
Australia).

Nucleic acid gel electrophoresis

Before DNA gel electrophoresis, samples were
treated with 10 ng Ribonuclease A (Sigma—Aldrich,
St. Louis, MO, USA) at room temperature for 30 min
(if applicable). Agarose gels (1% w/v) were prepared
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in 1x TAE buffer and electrophoresed at 90 V in
1x TAE buffer and post-stained in 1x TAE buffer
containing 0.1% ethidium bromide. Prior to RNA
electrophoresis and reverse transcriptase (RT) PCR,
samples were treated with 40 U Recombinant
RNasin® Ribonuclease Inhibitor (Promega, Madison,
WI, USA), 1x Buffer RDD (QIAGEN, Hilden,
NRW, Germany), 5 U DNase I (QIAGEN, Hilden,
NRW, Germany) at room temperature for 30 min.
DNase I was inactivated at 75°C for 10 min. The
method for RNA gel electrophoresis was performed
according to the method of Goda and Minton (1995).

DNA and RNA levels in crude extracts were
quantified separately after capturing an image of each
agarose gel. Adobe Photoshop 7 (Adobe, San Jose,
CA, USA) was used to measure the integrated
fluorescence intensity volume of each sample lane.
Nucleic acid concentrations were calculated after a
comparison of the fluorescence intensity volumes of a
three point standard curve prepared from DNA/RNA
standards of known concentrations. Duplicate read-
ings were obtained from duplicate extractions for
each method, and for each point of the standard
curve. The error represents the range of values
obtained. It should be noted that values given do
not indicate the integrity of the nucleic acid, and may
be overestimated for sheared samples.

Spectrophotometry

Absorption levels of extracts were obtained using a
ND-1000 NanoDrop Spectrophotometer.

Restriction digest inhibition assessment

Restriction enzyme digestion reactions were per-
formed with 2.5 pl of RNAse treated crude DNA
extract from each extraction, 60 ng (approx) of uncut
pGEM-T plasmid (Promega, Madison, WI, USA),
10 U of Eco RI and 1x Eco RI buffer (Roche
Diagnostics, Castle Hill, NSW, Australia), and were
incubated at 37°C for 30 min. Successful DNA
digestion was assessed using agarose electrophoresis.

Oligonucleotide probe and primers

Oligonucleotide probes and primers used are shown
in Table 2. Primers were supplied by GeneWorks,
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Adelaide, SA. Probes were purchased from Sigma-
Genosys (Castle Hill, NSW, Australia).

RT-PCR

RT-PCR reactions were performed in 200 pl thin-
walled PCR tubes, with a reaction volume of 25 pl,
on an iCycler IQ™ Multicolor Real-Time Detection
System (BIO-RAD, Hercules, CA, USA). RNA was
combined with 0.5 pg primer 27F per pg RNA and
incubated at 70°C for 5 min, and then incubated on
ice for 5 min. Reactions contained 1x AMV reverse
transcriptase reaction buffer (Promega, Madison,
WI), 40 U Recombinant RNasin® ribonuclease
inhibitor, 1 mM dNTP mix and 40 U AMYV reverse
transcriptase (Promega, Madison, WI, USA), and
were made up to volume with DEPC treated distilled
water. Reactions were heated at 42°C for 1 h, and
then screened by PCR for members of the domain
Bacteria with the primers 1396F and 1492R. For all
primer sequences see Table 2.

PCR

PCR reactions were performed in 200 pl thin-walled
PCR tubes, using an iCycler IQTM Multicolor Real-
Time Detection System (BIO-RAD, Hercules, CA,
USA). Reactions contained 1x GoTaq® Green Mas-
ter Mix (Promega, Madison, WI, USA), 200 nM
primers, 3 pl of a 1:10 or a 1:100 dilution of nucleic
acid extract and distilled water to a final volume of 25
pl. Reactions were heated to 95°C for 5 min followed
by 40 cycles of 95°C for 1 min, annealing at the
specified temperature for 30 s, and extension at 72°C
for 30 s, before a final extension at 72°C for 10 min.
A no-template negative control was included for
every PCR reaction.

The PCR reactions targeting the 16S rRNA genes
of Dechloromonas-related organisms used primers
Dech454F and BTWO0663R at an annealing temper-
ature of 62.8°C. Those targeting 16S rRNA genes of
cluster II Defluviicoccus-related populations used
primers DF988F and 1492R, at an annealing tem-
perature of 56.5°C, while those targeting the 16S
rRNA genes of Rhodocyclus-related populations
were performed using primers PAO462F and
PAOG651R, at an annealing temperature of 62.8°C.
To ensure that negative results were not due to
insufficient DNA the amount added to each PCR
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Table 2 Sequences of primers and probes used in this study

Sequence (5'-3') Target Reference
FISH probe name
EUB338-T* GCTGCCTCCCGTAGGAGT Bacteria Amann et al. (1990)
EUB338-IT* GCAGCCACCCGTAGGTGT Planctomycetales Daims et al. (1999)
EUB338-IIT* GCTGCCACCCGTAGGTGT Verrucomicrobiales Daims et al. (1999)
Non-EUB ACTCCTACGGGAGGCAGC Control probe complementary Wallner et al. (1993)
to EUB338-1
PAO462b° CCGTCATCTRCWCAGGG Candidatus ‘Accumulibacter Zilles et al. (2002)
TATTAAC phosphatis’
PAO651° CCCTCTGCCAAACTCCAG Candidatus ‘Accumulibacter Crocetti et al. (2000)
phosphatis’
PAO846b° GTTAGCTACGGYACTAAAAGG Candidatus ‘Accumulibacter Zilles et al. (2002)
phosphatis’
DEF988 GATACGACGCCCATGTCAAGGG Defluviicoccus vanus-related Meyer et al. (2006)
organisms, cluster 2
DEF1020 CCGGCCGAACCGACTCCC Defluviicoccus vanus-related Meyer et al. (2006)
organisms, cluster 2
H966 CTGGTAAGGTTCTGCGCGTTGC Helper probe for DEF988 Meyer et al. (2006)
H1038 AGCAGCCATGCAGCACCT Helper probe for DEF988 Meyer et al. (2006)
GTGTGGCGT and DEF1020
PCR primer name
518F CCAGCAGCCGCGGTAAT Bacteria Muyzer et al. (1993)
1369F CGGTGAATACGTTCYCGG Bacteria Suzuki et al. (2000)
1492R GGYTACCTTGTTACGACTT Bacteria Lane (1991)
BTWO0663R GGAATTCCACCCCCCTCT Most Rhodocyclales Adapted from Loy et al. (2005)
Dech454F CCCTGTGCGGATGACGGT Some Dechloromonas Adapted from Ahn et al. (2007)
DF988F CCCTTGACATGGGCGTCGTATC Defluviicoccus vanus-related Adapted from Meyer et al. (2006)
organisms, cluster 2
DF1020R CCGGCCGAACCGACTCCC Defluviicoccus vanus-related Adapted from Meyer et al. (2006)
organisms, cluster 2
PAO462F GTTAATACCCTGWGTAG Candidatus ‘Accumulibacter Adapted from Crocetti et al. (2000)
ATGACGG phosphatis’
PAOG651R CCCTCTGCCAAACTCCAG Candidatus ‘Accumulibacter Adapted from Crocetti et al. (2000)
phosphatis’
PAO846R GTTAGCTACGGCACTAAAAGG Candidatus ‘Accumulibacter Adapted from Crocetti et al. (2000)

phosphatis’

WAT, YCT, M CA, RAG

% Used together as a mix to cover most bacteria

® Used together as a mix to cover whole group

reaction was normalised down for all samples giving
an initial positive result with the DF988F and 1492R
primers to 13 and 3 ng for the LS1 and FS1 samples,
respectively. These DNA concentrations were chosen
to be equivalent to those in the sample with the
lowest nucleic acid yield. PCR products were
detected by agarose gel electrophoresis using 5 pl
of the PCR reaction mix.

FISH

FISH and Quantitative FISH (qFISH) were performed
as detailed by Daims et al. (2005) using the formamide
concentrations recommended in the original papers
describing each probe. The samples were examined
with a Leica TCS SP2 (model DMRE2) confocal
scanning laser microscope (Leica, North Ryde, NSW,
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Australia) and the bio-volume values calculated using
the DAIME software (Daims et al. 2006) on at least 40
fields of view taken at 630x magnification. The non-
EUB probe was included as a negative control to assess
any non-specific binding (Wallner et al. 1993). FISH
probe sequences used are listed in Table 2.

SDS—polyacrylamide gel electrophoresis

SDS—polyacrylamide gel electrophoresis (PAGE) was
according to the method of Laemmli (1970). The equiv-
alent of 5 pl of total nucleic acid extract was loaded and
gels were electrophoresed at 200 V 1x running buffer
(pH 8.3) and stained with Coomassie blue R-250.

Results and discussion
Nucleic acid yields

The final nucleic acid yields from each extraction
method were quantified by gel electrophoresis (Fig. 1).
In general, higher DNA yields were obtained with
methods incorporating bead beating as the mechanical

mgfg biomass (wet weight)
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lysis step than from those employing a milder
vortexing step in the presence of beads (i.e. MO), or
relying totally on chemical lysis (i.e. TN and OR).
These findings agree with others from similar studies
(Moré€ et al. 1994; Watanabe et al. 1998; Bourrain et al.
1999; Frostegard et al. 1999; Yu and Mohn 1999;
Biirgmann et al. 2001; Stach et al. 2001; Lakay et al.
2007; Guobin et al. 2008; Mcllroy et al. 2008a). Of the
methods where bead beating was incorporated, lowest
DNA yields were obtained with the YM extraction
method despite it having the longest beating time
(Fig. 1). This may have resulted from the presence of
SDS in the lysis buffer contributing to the formation of
a stable foam that reduced the effectiveness of the bead
beating process. A similar problem was observed in the
development of the MI method, which was overcome
by the inclusion of a silicone antifoam in the lysis
buffer (Mcllroy et al. 2008a).

Nucleic acid purity
The purity of the nucleic acids obtained with each

method was assessed spectrophotometrically (Table 3).
It is important to note that purification steps were

¥
ull| 1
I {1 W I m i B9 oM e [0

CR cs GR Ml

MV OR ™ YM MO

Fig. 1 Semi-quantitative comparison of average total DNA dark gray and RNA light gray yield from each sample source (indicated
on x-axis) for each extraction method (indicated below the graph). Errors indicate the range obtained with duplicate readings (n = 2)
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standardised for each of these methods, mainly to allow
comparisons of the efficiency of the cell lysis step to be
made, but also to remove superfluous steps from the
original protocols. The purity of DNA extracted with
the CR, GR, MV and OR methods was higher than that
generated with the other extraction protocols. How-
ever, all nine methods yielded DNA sufficiently free of
inhibitors to allow PCR and restriction enzyme diges-
tion (Table 3, data not shown). Similarly, the RNA
obtained was suitable for use in RT-PCR (Table 3).
The only exception was the CS extract from FSI,
where an unidentified inhibitor of DNase I prevented
removal of genomic DNA during RNA purification
(data not shown). All extracts appeared to be free of
high levels of proteins as none of the extracts gave
visible bands on SDS-PAGE protein gels (data not
shown).

Nucleic acid integrity

In addition to total yield, the physical integrity of the
nucleic acid is a crucial factor in selecting an
extraction method as excessive shearing can limit
the ability to amplify large gene regions. Further-
more, DNA shearing may lead to the generation of
PCR artefacts such as chimeras (Liesack et al. 1991).

Using the LS1 biomass, all non-bead beating
methods produced high molecular weight DNA
(Fig. 2) and extracts with 23S:16S rRNA ratios
closer to the expected value (Table 3). The bead
beating methods all resulted in some DNA shearing
(Fig. 2). Of these bead beating protocols the DNA
integrity was best from the CS and YM protocols,
while the other methods showed higher levels of
shear damage (Fig. 2). It should be noted that even
methods with higher levels of shear damage did not
prevent the successful later use of the DNA in PCR,
as shown in Table 3.

Effects of homogenisation on biomass integrity

Nucleic acid stained biomass was macro and micro-
scopically examined before and after each extraction
process to assess the overall extent of cell lysis. The
MO, OR and YM methods contained visible macro-
scopic flocs after the cell lysis step (Table 3). This
problem has been reported with other activated
sludge samples, suggesting that harsh mechanical
lysis may be required when working with such

biomass (Watanabe et al. 1998; Bourrain et al. 1999;
Yu and Mohn 1999; Mcllroy et al. 2008a). Even
methods incorporating mechanical lysis still yielded
suspensions containing small numbers of microscopic
flocs and small cell aggregates following the lysis
stage (examples of post extraction biomass are shown
in (Fig. 3)). It may be that complete cell lysis is
unattainable for nucleic acid extraction from acti-
vated sludge samples without unacceptable mechan-
ical shear damage to the nucleic acids, and a
compromise between the two is required. A similar
problem has been reported for soil samples where
some cells appeared to escape lysis (Moré et al. 1994;
Zhou et al. 1996).

Assessing cell lysis efficiency using observed
target populations

Although comparing DNA yields provides an approx-
imate estimate of relative cell lysis efficiency, yield
alone can not be assumed to correlate necessarily
with, or reflect accurately the biodiversity of indi-
vidual populations in a sample (Stach et al. 2001;
Gabor et al. 2003; Luna et al. 2006). As intact
biomass always remained after the lysis step, the
representative nature of the DNA and RNA in the
extract was estimated using PCR to target selected
marker populations, whose presence in the sample
was assessed by qFISH (Table 3).

FISH was selected over community profiling
methods like denaturing gradient gel electrophoresis
(DGGE; Duarte et al. 1998; Krsek and Wellington
1999; Griffiths et al. 2000; Maarit Niemi et al. 2001;
Gabor et al. 2003; de Lipthay et al. 2004; Fortin et al.
2004; Desai and Madamwar 2006; Dong et al. 2006;
Yang et al. 2007; Guobin et al. 2008; Mitchell and
Takacs-Vesbach 2008) as the population abundance
data provided is independent of the nucleic acid
extraction process. This allows the presence or
absence of any marker populations in a sample to
be quantified directly, and thus avoids the need to use
broad marker groups, or to make untested assump-
tions as to which populations might be present, as has
been necessary in other community based studies
(Kuske et al. 1998; Yeates et al. 1998; Biirgmann
et al. 2001; Gabor et al. 2003; Roh et al. 2006).

Three key marker populations were used to assess
nucleic extraction efficiency. These were Dechloro-
monas-, Defluviicoccus- and Accumulibacter-related
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groups. Earlier studies had shown that Defluviicoccus-
and Accumulibacter-related populations were conspic-
uously absent, or severely underrepresented in clone
libraries generated from DNA extracted from several
activated sludge communities, despite FISH data
suggested they were among the numerically dominant
populations (Meyer et al. 2006; Ahn et al. 2007;
Mcllroy et al. 2008b). These two groups were therefore
selected as marker populations representing popula-
tions in activated sludge that appeared to be more
difficult to extract nucleic acids from. The Accumu-
libacter-related organisms were present in all three
activated sludge communities examined in this study
contributing 1.4-11.8% of the total biovolume as
determined by qFISH. Similarly, the Defluviicoccus-
related organisms were found in all biomass samples
(except FS2), where they contributed between 2.9 and
4.3% of the total cell biovolume (Table 3). The PCR
data showed that only the CS, MI and MV extraction
methods were able to extract DNA consistently from
the Defluviicoccus-related cells in each of the two
sludge communities where their presence was con-
firmed by FISH analysis (Table 3). Defluviiccoccus-
related populations were never detected in DNA
extracted with the OR, TN or MO protocols. These
results may explain why these dominating populations
were not observed in a 16S rRNA gene clone library
generated from DNA extracted using the MO method
from an EBPR SBR community similar to that of the
LS1 (Ahn et al. 2007).

Dechloromonas-related organisms were seen fre-
quently in the same 16S rRNA gene library (Ahn et al.
2007) suggesting that they may be a suitable marker
group for comparatively easily extracted populations.
The qFISH data showed these were a dominating
population in the LS1 community at ~ 8.9% of the total
cell biovolume (Table 3). All the methods examined in
the current study could extract PCR-detectable levels
of DNA from Dechloromonas-related organisms
(Table 3). Tracking DNA from readily lysed organ-
isms indicates if DNA released early in the cell lysis
step is subsequently damaged beyond detection (e.g. if
lysis process is too harsh), or lost through binding to the
sample matrix (Frostegard et al. 1999).

MO
+

™M

TN

OR
+

MV
_l’_

MI
+

GR
+

CS
+

CR

Applicability

Accumulibacter
(2.34+0.2%)°

The duration of, and health risk associated with each
method was also assessed (Table 3), as both factors

# Risks: Very high, Heating toxic chemicals (i.e. phenol, CTAB, DEPC); High, Bead beating with toxic chemicals; Moderate, Using toxic chemicals; Low, Some hazards

® PCR Evaluation: +, Band visible; —, No band visible
¢ gFISH values for target population sample. Error is given as standard error

Kyneton sample WWTP (FS2)
4 Unable to remove DNA

PCR—
SD standard deviation, ND no data

Table 3 continued
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Fig. 2 Electrophoresis gel
of total nucleic acid extracts
from LS1 for all extraction
methods. Features including
genomic DNA and rRNA
are indicated. M molecular
weight marker. Sizes are

in bp

10000bp

1500bp

250/253bp

Fig. 3 Micrographs of
SYBR Gold" stained post-
extraction biomass. a Phase
contrast of CR for LSI.

b Corresponding field of
view fluorescent image.

¢ Phase contrast of MI for
LS1. d Corresponding field
of view fluorescent image

are important in selecting a protocol suited for high
throughput analysis. Time is also critical especially
with RNA extractions given the typically short half-
life of bacterial mRNA (Kaberdin and Blési 2006).
All protocols in the study with the exception of the
MO method, take ~ 100 min to complete. Both the
CR and MV methods incorporate bead beating with
phenol—chloroform, while the TN method requires

@ Springer

Genomic DNA

235 RNA
165 rRNA

55 rRNA

A S

GR MI MV OR

the use of hot phenol-chloroform, which raises safety
concerns given the toxicity of these chemicals.
Conclusions

The results presented here suggest that the best
methods for obtaining the most representative nucleic
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acids from activated sludge bacterial communities are
the MI and MV protocols. The MV method generates
nucleic acid of higher purity, yield and integrity than
the MI method, but uses phenol in the bead beating
step. The lower quality of the nucleic acids obtained
with the MI method does not appear to prevent their
use in downstream molecular applications, and it may
be better suited for high throughput processing.
Because of variations in floc size, density, and
populations found in different activated sludge com-
munities, it is recommended that several different
validated methods are used in parallel and the
extracted nucleic acids pooled if greater biodiversity
is to be captured, as was recommended by Juretschko
et al. (2002). The failure of most of the methods
applied to consistently isolate DNA from the marker
populations in these samples demonstrates the need to
validate the nucleic acid isolation protocols used in
all molecular ecological studies.
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