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Abstract Bulking of activated sludge is a world-
widely prevalent problem and can lead to loss
of bio-oxidation, further deterioration of effluent
quality, and even to a complete breakdown of
the entire treatment process. Most common rea-
sons of bulking are bacterial community changes,
especially excessive growth of filamentous bacte-
ria or excess of biopolymers on surface of non-
filamentous microbes. Because of complex nature
of the bulking phenomenon, the successful bulk-
ing control strategy finding is still a very important
need awaiting new options and advices. The repet-
itive extragenic palindromic PCR (REP-PCR)
fingerprinting method has been applied to dis-
tinguish bacterial community in non-bulking and
bulking activated sludge. The characteristic REP-
PCR fingerprinting patterns, using the Ward’s
clustering method, have been analyzed to deter-
mine homology/similarity relation between par-
ticular non-bulking and bulking sludge sampling.
The received clustering results were in high con-
cordance with activated sludge typing done based
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on physicochemical sludge analysis. The choice
and application of molecular typing method in
sludge analysis will depend upon the needs, skill
level, and resources of the laboratory. The pro-
posed REP-PCR method and statistical analysis
of fingerprinting patterns seems to be simple,
rapid, and effective methods to show differences
between population in non-bulking and bulking
activated sludge. It is easy to implement, and it
may be useful for routinely activated sludge mon-
itoring as well as may be helpful in early detection
of bulking process.
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Introduction

Wastewater treatment is one of the most impor-
tant biotechnological processes used to treat pol-
luted sewage. In this method using wastewater
treatment plants (WWTP’s), beside mechanical
steps of treatment, elimination steps depend on
microorganisms that exist. Microorganisms ob-
served in activated sludge belong to different
taxonomy groups. Based on composition and ac-
tivity of microbial communities present in acti-
vated sludge, different efficiency of wastewater
treatment is shown. Quantitative participation of
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individual microorganisms group is changing sea-
sonally and depends on temperature, pH, or waste
composition (Mehandjiyska 1995; Lacko et al.
1999).

As general component of activated sludge,
prokaryotic microorganisms dominate and play
the main role in nitrogen and phosphorus re-
moval from sewage. However, on the other hand,
certain microorganisms, like filamentous bacteria,
cause the most frequently encountered prob-
lems in wastewater treatment (filamentous bulk-
ing process).

Filamentous structure and capability of pro-
duction of extracellular polymeric substances by
most microorganisms is responsible for the cre-
ation of activated sludge flocks. Structure of this
flocks determine efficiency of wastewater treat-
ment in activated sludge process. Loose struc-
tures of flocks decrease settleability which is the
most restricted attribute of them. Poor settle-
ment has got negative influence on critical stage
of process—sedimentation and separation of
microbial biomass from effluent stream. This
observed unwanted effect is called bulking of acti-
vated sludge. The most widely cited possible rea-
sons of bulking process are: excessive growth of
filamentous bacteria (continuous competition be-
tween filaments and flock-formers) and an over-
production of extracellular polymeric substances
by non-filamentous microbes (mainly Zooglea).
Excess production of biopolymers brings about
agglomeration of microorganisms and interferes
with sedimentation process. Other reasons for
worse settleability of flocks may be the presence
of toxic substances in wastewater, as well as not
enough or too many nutrients for microbes which
make loose structure of flock and their dispersion
in wastewater. The storage phenomenon (the for-
mation of storage compounds such as polyphos-
phates, glycogen, and polyhydroxyalkanoates
inside flock-forming cells) is also a hypothesis for
explaining bulking problem (Hossain 2004; Kalisz
and Kaźmierczuk 1998; Martins et al. 2003).

Bulking problem is world-widely prevalent and
occurs independent on municipal or industrial
WWTP’s (Wang et al. 2006; Eikelboom and
Geurkink 2002). Therefore, for a very long time
scientists are trying to find out possible control
strategies for bulking problem.

Recent development in genetics, give a chance
to find a solution of bulking problems by using
molecular method. Several molecular techniques
have been proposed in literature to analyze tem-
porary changes in bacterial community structure.
Molecular methods such as fluorescent in situ
hybridization (Ziembińska et al. 2007; Liao et al.
2004; Carr et al. 2003), 16S rDNA clone libraries
(Otawa et al. 2006), 16S-restriction fragment
length polymorphism (16S-RFLP; Gilbride and
Fulthorpe 2004) or ribosomal intergenic spacer
analyses (RISA; Baker et al. 2003), have al-
ready been applied to the study of wastewater-
associated microbial communities. Most being
in use molecular techniques are based on the
detection of 16S rRNA pools and genomic
fingerprinting pattern analysis of microbial pop-
ulation. Genomic fingerprinting pattern can be
a result of genetic material analysis with ter-
minal RFLP (Saikaly et al. 2005; Marsh et al.
1998), amplified rDNA restriction analysis (Gich
et al. 2000), denaturing gradient gel electrophore-
sis, temperature gradient gel electrophoresis (Liu
et al. 2000; Yan et al. 2008; Watanabe et al. 1999)
as well as 16–23S rDNA fragment amplification—
RISA (Fisher and Triplett 1999; Garcia-Martinez
et al. 1999), or amplifying regions between neigh-
boring repetitive elements, e.g., enterobacterial
repetitive intergenic consensus PCR, repeti-
tive extragenic palindromic PCR (REP-PCR;
Versalovic et al. 1991).

In this article we have focused on fingerprints
pattern based on REP-PCR. Repetitive extra-
genic palindromic elements (palindromic units
PU) are short sequences best described in Es-
cherichia coli (Dimri et al. 1992; Gilson et al.
1984). REPs consist two conservative consensus
sequences separated by five variable nucleotides.
After transcriptions, REP makes stable stem-loop
structures. 3′ end does not form stem-loop struc-
ture and is tapping to term orientation of REP
(Dimri et al. 1992; Versalovic et al. 1991).

The E. coli chromosome contains about 500–
1,000 copies of REP. REP may occur single but
they are mostly organized into clusters called
REP elements (maximum of ten elements). REP
elements are located at the beginning, end,
or between genes in the operons (Lupski and
Weinstock 1992; Versalovic et al. 1991). Its distrib-
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ution among genomic DNA E. coli was described
by Dimri in 1992.

One of the known functions of REP is that they
are binding sites to gyrase (Yang and Ames 1988).
REP are also recognized by insertion sequences
(Choi et al. 2003), DNA polymerase, and DNA
bending integration host factor (Tobes and Ramos
2005). Because of 3′ mRNA flanking by REP it
is said that REP stabilized mRNA and protected
them from degradation (Gilson et al. 1984). Many
articles suggest that REPs are characteristic ele-
ments not only for Eubacteria but widely distrib-
uted in all bacterial kingdom (Tobes and Ramos
2005). Because of conservation regions in REP
elements—using consensus primers allows us to
amplify regions between neighboring repetitive
elements and generates fingerprints characteristic
for populations, species, or strains. In spite of
the fact that REP-PCR are mostly use to iden-
tify species and strains (e.g., Staphylococcus au-
reus and Streptococcus pneumoniae (Woods et al.
1993) and Acinetobacter (Snelling et al. 1996)), the
aim of this study was to find differences between
population in non-bulking and bulking activated
sludge using patterns of REP-PCR products. We
did try to verify, whether REP-PCR fingerprinting
allow the classification of activated sludge samples
and might be useful in DNA-based sludge flocks
organisms typing.

Experimental

Materials and methods

Sewage samples

In the period from August 2007 to February 2009,
1.5-year investigation of activated sludge condi-
tion at the “Wschód” wastewater treatment plant
in Łaziska Górne, Poland, was carried out. WWTP
“Wschód” is a mechanical–biological plant, which
receives and treats about 2,300 m3/day of domestic
wastes (8,000 population equivalents—PE, 5 day
biochemical oxygen demand of 60 g of oxygen
per day). For mechanical treatment, mechanical
screens, two sand traps, and two primary sedi-
mentation tanks are used. Biological treatment
units consist of two bioreactors. Organic sub-

stances are eliminated during nitrification, deni-
trification, and dephosphatation processes which
occur in anaerobic, anoxic, and aeration chambers
of bioreactors. In a short-term remedial strategy,
according to the Polish Standards for water and
wastewater ferric sulfate (PIX, Kemipol-Police)
is added to support elimination of phosphorus.
Thereafter, mixed liquor flows to secondary sed-
imentation tanks from where after sedimentation
part of activated sludge is recirculated to biore-
actor. Mixed liquor samples were collected one
to two times a month from aeration basin; alto-
gether 30 activated sludge samples were collected.
During sampling time bulking problem was ob-
served from August 2007 till February 2008. In
details, samples collected in the period from 6
August 2007 to 27 February 2008 were collected
from a bulking sludge and samples collected in
the period from 9 April 2008 to 17 February
2009 were collected from a non-bulking activated
sludge. Technical condition of treatment process
and parameters of wastewater during both groups
activated sludge samples collection were compa-
rable. The bulking phenomenon was evaluated
generally on the basis of microscopic observa-
tion. Amount of filamentous bacteria present in
activated sludge flocks was value based on scale
from one to five, following Michałkiewicz and
Fiszer (2007). Number of filaments observed in
non-bulking activated sludge flocks at an average
rate of 1–5 per flock. Flocks of bulking sludge
were close-packed with over 20 filaments. More-
over, conventional monitoring of activated sludge
and sewage, according to the Polish Standards for
water and wastewater, was performed at WWTP
“Wschód”, using conventional techniques as fol-
lows: sludge and air temperature, Sludge Volume
Index (SVI), sedimentation time and suspended
matter concentration (TSS) were estimated. Bio-
chemical oxygen demand (5 days; BOD5), chem-
ical oxygen demand (COD), and total suspended
solids in influent and effluent were reported too.
The effluent quality was proven by measure-
ment nitrates, nitrites, ammonia, sulfur, and chlo-
rides concentration. Physico-chemical analysis of
activated sludge samples—value of sludge vol-
ume index, suspension mass (g), and sedimen-
tation (ml/l) were included into sludge samples
classification. All samples were analyzed within
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30 min of collection time, and for molecular analy-
sis the samples were immediately transported
to the Department of Biotechnology and Ge-
netic Engineering, Medical University of Silesia,
Poland.

DNA extraction and purif ication

For DNA extraction, 30 ml of activated sludge
samples was centrifuged at 800×g for 10 min
(Eppendorf Centrifuge 5415 D, Eppendorf
neoLab). After supernatant discard, 0.25 g of
the activated sludge was resuspended in 625 μl
extraction buffer containing: 100 mM Tris–
HCl, pH 8.0; 100 mM sodium EDTA, pH 8.0;
100 mM sodium phosphate, pH 8.0 (93.2 ml 1 M
Na2HPO4, 6,8 ml 1 M NaH2PO4); 1.5 M NaCl;
1% CTMP (cetyltrimethylammonium bromide).
Fifty microliters of enzyme mixture I (lysozyme
900,000 U/ml—10 mg/ml; lipase type VII
20,000 U/ml—30 mg/ml; and pectinase 1%—
135 mg/ml) was added and samples were incu-
bated for 30 min at 37◦C. After incubation time
the proteases mix was added: 25 μl pronase P
(protease type XIV) 20 mg/ml and 10 μl of pro-
teinase K (1,000 U/ml, Fermentas) for additional
30 min incubation at 37◦C. Then 150 μl of 10%
SDS was added and samples were transported for
incubation at 65◦C for additional 2 h (Purkhold
et al. 2000). The next step was addition of 600 μl
of a mixture of phenol–chloroform–isoamyl alco-
hol (25:24:1) and samples incubation at 65◦C for
20 min. Following centrifugation for 10 min at
10,000×g at room temperature aqueous phase was
transferred to a new Eppendorf tube. To aqueous
phase 1 vol of chloroform-isoamyl alcohol (24:1)
mixture was added, and samples were centrifuged
for 10 min at 10,000×g. The transferred
supernatant treated with 0.6 vol of isopropanol
was incubated at RT for 1 h and then centrifuged
for 20 min at 10,000×g. After centrifugation,
supernatant was discarded and pellet was
washed with 0.5 ml of 70% ethanol, dried, and
resuspended in 50 μl of buffer (10 mM Tris–HCl,
pH 8.5). The quality and quantity of isolated
DNA were determined specrophotometrically
(BioPhotometer Eppendorf, Germany) by
measurement the optical densities at 260 and
280 nm.

Repetitive extragenic palindromic PCR

REP-PCR conditions used in current study were
adapted from Versalovic’s (Versalovic et al. 1991);
however the amount of DNA added to PCR
mixture needed to be optimized. For REP-PCR
standardization 10, 50, and 100 ng of isolated
total DNA was used. PCR reactions were done
in 15 μl of total volume consisted of: 1× Master
Ampis™ Tfl PCR buffer, 3 mM MgCl2, 3× Master
AMP™ PCR enhancer with betaine, 0.2 mM of
each dNTP, 0.4 μM of primers Rep1 and Rep2
(Table 1), 0.3 U of Master Amp™ Tfl DNA
polymerase. Thermal cycling conditions were as
follows: initial denaturation 95◦C, 7 min; 35 cycles
denaturation 90◦C, 30 s; annealing 40◦C, 1 min;
elongation 65◦C, 8 min; and single final extension
step: 72◦C, 10 min. The reactions were conducted
on thermal Mactercycler (Eppendorf).

Computer-assisted REP-PCR DNA
f ingerprint analysis

REP-PCR samples containing approximately
equal amounts of PCR amplicons (15 μl of post-
PCR mixture based on 100 ng of template DNA
amplification) were loaded onto electrophoretic
gels. All REP-PCR products were separated on
1.5% agarose electrophoresis gel and visualized
using ethidium bromide staining (0.5 mg/ml).
After separation all gels were digitalized with gel
documentation system LabWorks™ 4.0. Ultra-
Violet Products Ltd. (Cambridge, UK) program,
size evaluation, and integrated optical density
(IOD) of each REP-PCR products were done.

Table 1 Nucleotide sequence of REP-PCR primers used
for activated sludge samples DNA analysis

Primer Sequence (5’→3’) Source
symbol

REP F IIICGICGICATCIGG Versalovic et al.
(1991)

REP R CGICTTATCIGGCCTAC Versalovic et al.
(1991)

The I’s denotes inosines. The arrow denotes the direction
of Tf l polymerase extension
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Reproducibility evaluation

To prove the credibility of the repetitiveness of
the obtained fingerprinting patterns, the experi-
ments were evaluated in triplicate with at least two
sludge samples DNA isolates, and DNAs were
coamplified in separate PCRs. Size of REP-PCR
products were evaluated based on simultaneous
Lambda—pUC Mix Marker 4 (Fermentas) gel
separation. To minimize gel distortion, the posi-
tion of the bands on each lane and gel were nor-
malized using DNA molecular weight standards;
finally, the similarity indices were searched for.

Statistical analysis

Statistical analysis of IOD results for particular
bands of non-bulking and bulking sludge was con-
ducted by using STATISTICA v. 6.0 (StatSoft
Polska) program. In order to compare both group
of activated sludge we used Student’s t distrib-
ution (normal distribution) and Mann–Whitney
U test. Statistical significance p was settled ≤
0.05. The DNA fingerprints were statistically an-
alyzed by using SYSTAT for Windows version 5
(SAS Institute Inc., Evanston, IL, USA). Clus-
ter analysis of average linkages of the REP-PCR
fingerprinting patterns was performed by using
the Ward’s method. The dissimilarity measure
used in the Ward’s algorithm was the Euclidean
distance.

Results and discussion

Sewage samples analysis

During 2 years of activated sludge sample collec-
tion, heightened results of Sludge Volume Index
was observed permanently. The average value of
SVI was 178 ml/g. Notwithstanding, problems with
flocks sedimentation from April 2008 to February
2009 were seldom reported. This observation has
been supported by microscopic analysis. In given
period, number of filamentous bacteria was also
higher but still regular (data not shown). Values
of SVI, BOD5, COD, and TSS for bulking and
normal sludge were compared. No statistically sig-
nificant differences were found. Negative correla-

tion between SVI values and proportional COD
reduction were noted (r = −0.4853; p = 0.041).
Similar correlation was not observed in case of
BOD and TSS parameters. The COD reduction
during activated sludge process accompanied to
higher values of SVI. The increase of SVI value
entails decreasing efficiency of sewage treatment,
expressed by percentage BOD5 reduction. Even
with SVI value higher than 100 or even 150 ml/g
(from May to November 2008), activated sludge
was still capable of efficient organics removal
(∼95% BOD5 reduction). Significant decrease
of wastewater treatment quality (observed from
December 2007 to begin of April 2008) might
be caused by excessive growth of filamentous
bacteria.

REP-PCR

DNA extraction and purification employed meth-
ods was very efficient. Average amount of DNA
concentration for all 30 samples of activated
sludge was 1,175 ± 320 ng/μl and the average
A260/A280 ratio was 1.7 ± 0.08 reflecting good
quality of isolated DNA. To get the repro-
ducible REP-PCR results different concentrations

Fig. 1 Representative electrophoregram of REP-PCR
optimization results. DNA ladder, size markers (in base
pairs) are shown on the right. The pattern of PCR products
generated by using REP primers and different DNA con-
centration: A—100 ng, B—50 ng, and C—10 ng of DNA
template
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of isolated DNA template for amplification re-
action were used. The results of PCR standard-
ization are shown in Fig. 1. The best REP-PCR
efficiency was found for 100 ng of template DNA,
and this concentration was used for all samples
analysis.

Complex patterns of fingerprints have been ob-
tained for all of the examined samples. Generally,
the electrophoretic analysis of REP-PCR prod-
ucts revealed in particular electrophoretic paths
about 22 bands with determined different size.
The products size ranging from 2,901 to about
400 bp. DNA fingerprints generated by REP-PCR
with isolated DNA template are shown in Figs. 2
and 3. Products ranging from 1,535 to 1,121 bp
and from 886 to 400 bp have commonly occurred,
and the greatest diversity of DNA fingerprints was
observed within the range 1,535–400 bp. Statistical
analysis was done only for representative bands
which were present in a majority of samples.

The genomic DNA-based REP-PCR pat-
terns were different for bulking and non-
bulking activated sludge. Differences between the
number and intensity of bands detected on the
electrophoregrams representing these two groups

of samples were obviously distinct. IOD of the
same size bands of non-bulking and bulking
sludge fingerprints was compared. Statistically sig-
nificant differences in IOD values between both
groups of sludge samples were received for three
characteristic bands with average sizes 449, 501,
and 685 bp. In statistical analysis for IOD, a 449 bp
band is shown in Table 2.

In group of non-bulking activated sludge sam-
ples IOD values for 449 bp bands were higher than
in group of bulking sludge samples, (Student’s t
distribution test, p = 0.0001; Fig. 4).

For 501 and 685 bp bands Mann–Whitney U
test was conducted. Statistical analysis for IOD
501 and 685 bp bands of both types of sludge
samples are shown in Table 3.

Mann–Whitney U test results for 501 and
685 bp IOD bands for group of non-bulking and
bulking sludge samples are shown in Figs. 5 and 6,
respectively.

In case of 501 and 685 bp bands, IOD values
evaluated for non-bulking activated sludge sam-
ples were lower than for bulking sludge values,
respectively. The observed difference was sta-
tistically significant for both fingerprint patterns

Fig. 2 REP-PCR patterns of activated sludge samples (bulking and non-bulking; collected from 6 August 2007 to 16 April
2008). DNA molecular weight markers (in base pairs; lanes labeled λpUC MIX) are indicated on the left and right
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Fig. 3 REP-PCR patterns of activated sludge samples (non-bulking; collected from 22 April 2008 to 17 February 2009).
DNA molecular weight markers (in base pairs; lanes labeled λpUC MIX) are indicated on the left and right

(p = 0.0075 in case of 501 bp bands IOD and p =
0.0001 for 685 bp bands IOD).

Using Ward’s method dendrogram based on
REP-PCR fingerprinting pattern was created
(Fig. 7). Cluster analysis was done using an aver-
age size of common fingerprinting pattern bands.
The received dendrogram obtained from REP-
PCR fingerprints has grouped the analyzed sludge
samples into two main similarity groups, marked
as A and B branches on dendrogram tree. Part A
of created dendrogram was composed of 19 sam-
ples, but, what is interesting, all bulking sludge
samples were grouped into this part of dendro-
gram tree. Samples within cluster B represented
set of 11 non-bulking activated sludge probes.
Cluster A was more complex, but all sludge sam-
ples collected during winter bulking time were
placed within closely related branches of den-

drogram tree. Unexpectedly, samples from April
and May 2008, described as non-bulking activated
sludge samples did constitute separate groups
within A cluster, where all bulking sludge sam-
ples were grouped. These samples characterized
at WWTP “Wschód” Łaziska by using screening
microscopic analysis (data not shown in this study)
revealed common or numerous of filaments in a
microscopic fields and relatively high sedimenta-
tion volumetric index; however, still lower than
in case of analyzed bulking sludge. It could be
that these samples represented sludge parts with
abnormal bacterial community mirroring begin-
ning or ending of flocks’ reorganization stage,
and probably starting or ending bulking problem
of analyzed activated sludge. We can hypothe-
size, that REP-PCR fingerprinting patterns reflect
early symptoms of bulking and this DNA-based

Table 2 Results of statistical analysis IOD values of 449 bp band for non-bulking and bulking activated sludge REP-PCR
patterns

Type of activated The band size The average Min. IOD Max. IOD The standard
sludge sample (bp) IOD deviation (SD)

Non-bulking 449 30,241.73 9,749.400 49,923.0 11,165.96
Bulking 449 14,446.02 6,475.700 29,708.0 6,490.35
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Fig. 4 Results of
student’s t distribution
test for IOD 449 bp bands
in non-bulking and
bulking activated sludge
groups

sludge characterization allows the finding of ab-
normalities before visual bulking symptoms are
visible.

The fact that REP elements are widespread
in bacterial community (Versalovic et al. 1991)
prompted us to try to use REP-PCR method
to characterize bacterial population in activated
sludge samples collected from WWTP “Wschód”
Łaziska Górne, Poland. Excessive growth of
filamentous bacteria results in bulking sludge is
an undesirable phenomenon which occurs in most
WWTP’s using activated sludge to wastewater
treatment. Early detection of this problem allow
for fast reaction to stop bulking. As a criterion
of bulking process very often Sludge Volumetric
Index is defined. SVI higher than 150 mg/l sug-

gests problem with bulking (Eikelboom and Van
Buijsen 1999). This physical parameter, in tech-
nical aspect, is a very simple method of bulk-
ing process evaluation; however, it does not give
information about microbial species responsible
for bulking or current correlation in microor-
ganisms’ biocenosis of activated sludge. Micro-
scopic observation is shown to be a good method
to determine dominant species in bulking ac-
tivated sludge flocks. A basic disadvantage of
this method is the need of very good staffs’ ex-
perience in microscopic examination. Moreover,
morphology of bacteria can vary depending on
environmental conditions which cause difficulty
of bacteria classification (Kanagawa et al. 2000).
Good solutions for reliable bulking sludge studies

Table 3 Results of statistical analysis IOD values of 501 and 685 bp bands for non-bulking and bulking activated sludge
REP-PCR patterns

Type of activated The band size IOD median First quartile Third quartile
sludge sample (bp) (25th percentile) (75th percentile)

Non-bulking 501 3,917.6 2,171.5 21,751.0
Bulking 501 24,396.0 18,773.0 35,225.0
Non-bulking 685 1,767.6 1,538.2 2,320.9
Bulking 685 10,660.0 9,023.7 11,394.0
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Fig. 5 Results of
Mann–Whitney U test
result for 501 bp band
IOD in non-bulking and
bulking activated sludge
sample groups

seem to be molecular methods, based on DNA
or RNA analysis. Molecular methods have in-
creased the ability to circumvent time-consuming
culture methods and provide direct detection of
organisms.

The development and use of high throughput
technologies exploited the use of PCR, like REP-

PCR, has provided a way to rapidly evaluate
the composition and activities of microorganisms
too. Similar to other PCR-based methods, REP-
PCR has some disadvantages including poten-
tial for contamination and the requirement for
multiple controls. Credibility and repetitiveness
of the obtained DNA fingerprinting patterns in

Fig. 6 Results of
Mann–Whitney U test
result for 685 bp band
IOD in non-bulking and
bulking activated sludge
sample groups
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Fig. 7 Hierarchical clustering analysis (Ward’s method/Euclidean distance) of non-bulking and bulking sludge samples
based on REP-PCR fingerprinting patterns

nonautomated techniques seems to bring some
disadvantages in REP-PCR accuracy. However,
by employing fluorescence-labeled primers or
utilizing semi-automated or automated available
gene scanners, it should be possible to scale-up in-
terlaboratory reproducibility and popular imple-
mentation of this typing method (Ross et al. 2005).
It has to be mentioned that intralaboratory valida-
tion, like this one used in the present study, (de-
scribed in Materials and methods: reproducibility
evaluation), significantly improves credibility and
repetitiveness of the results. Similarity indices for
repeated sample analyses were at the 93.1%.

While widespread distribution of repetitive ex-
tragenic elements in the genomes of various mi-
croorganisms is seen, REP-PCR method should
enable rapid identification and classification of

bacterial community. Moreover, knowledge of
REP-PCR patterns typical for bacteria most re-
sponsible for bulking (e.g., Microthrix parvi-
cella, Nostocoida limicola, 021N; Eikelboom and
Geurkink 2002) should easily help to define
species causing bulking.

According to our studies, REP-PCR was a good
method to show differences in bacterial popula-
tion in non-bulking and bulking sludge. Ward’s
cluster analysis enabled to show phylogenetic rela-
tion between estimated DNA fingerprints. Using
the method described by Versalovic et al. (1991),
synthetic oligonucleotides matching the consensus
sequence for REP with the base inosines placed at
the nonconserved position allow use the primers
in PCR with prokaryotic genomic DNA as a tem-
plate. As Versalovic describes, the primers bind
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to the repetitive sequences in the prokaryotic
genome, and if those primer binding sites are
in the proper orientation and within a distance
that can be spanned by Taq polymerase extension
an amplification product is obtained. Size frac-
tionation of amplimers by electrophoresis reveals
a specific bands pattern. These fingerprints are
species and/or even strain specific. This future of
REP-PCR analyses allowed us to use the DNA-
fingerprint pattern for qualitative as well as quan-
titative evaluation of activated sludge samples.

Finally, the received results show that applying
clustering method to statistical analysis of REP-
PCR fingerprints has made it possible to discrimi-
nate and group sludge samples revealing a sludge
condition and recognize bulking process symptoms.

Conclusions

The goal of this study was to assess the REP-PCR
analysis as a rapid, easy to use, and reproducible
method, which may allow the classification of
sludge samples into non-bulking or bulking type.
Oligonucleotides matching repetitive extragenic
palindromic elements in amplification reaction
produced DNA fingerprints sensitive enough to
be useful for sludge microbial communities’ analy-
sis. It could be concluded that the presented
method of the activated sludge analysis, involving
the molecular analysis of total genomic DNA,
simplifies bulking process evaluation and has been
recognized as an effective and valuable comple-
mentary to the physicochemical classification typ-
ing techniques. Moreover, it is economical with
time and money, which is important for routine
sludge examination. In between molecular typing
methods, REP-PCR is one of the easiest proce-
dures to practical implementation and seems to be
an effective method with practical approach.
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Ziembińska, A., Raszka, A., Truu, J., Surmacz-Górska, J.,
& Miksch, K. (2007). Molecular analysis of temporal
changes of bacterial community structure in activated
sludge using denaturing gradient gel electrophore-
sis (DGGE) and Fluorescent in situ hybridization
(FISH). Polish Journal Microbiology, 56, 119–127.RETRACTED A

RTIC
LE


	Repetitive extragenic palindromic PCR (REP-PCR) as a method used for bulking process detection in activated sludge
	Abstract
	Introduction
	Experimental
	Materials and methods
	Sewage samples
	DNA extraction and purification
	Repetitive extragenic palindromic PCR
	Computer-assisted REP-PCR DNA fingerprint analysis
	Reproducibility evaluation
	Statistical analysis


	Results and discussion
	Sewage samples analysis
	REP-PCR


	Conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


