Heterotrophic plate count vs. in situ bacterial 16S rRNA gene
amplicon profiles from drinking water reveal completely
different communities with distinct spatial and temporal
allocations in a distribution net
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Abstract
Heterotrophic plate count using ISO 6222 agar (HPC) vs. in situ bacterial (DF) community structure from corresponding
samples of a drinking water distribution system were investigated by 16S rRNA gene-based polymerase chain reaction
denaturing gradient gel electrophoresis (PCR DGGE) profiling. The investigation regime covered 10 different sampling
locations and 2 points in time (t1, t2). In order to ensure accurate and reproducible 16S rRNA gene profile analysis, rigorous
methodical evaluation and standardisation procedures were undertaken (DGGE optimisation, replication of PCR, multiplelane standardisation, representative sampling volume determination, application of multiple similarity coefficients). The
reproducibility level of the profile analysis was determined to be ≥ 90% similarity. Two completely different communities
were revealed from HPC vs. DF as indicated by DGGE analysis and sequencing. HPC populations could be identified as
ubiquitously occurring cultivable copiotrophic microbes, whilst most DF sequences could be allocated to sequences from
microorganisms found in oligotrophic aquatic environments. Spatial- and temporal-based 16S rRNA gene amplicon profile
analysis from recovered communities further revealed contrasting results. As proven by Jackknife simulations, DF profiles
remarkably corresponded to sampling time, whereas HPC profiles revealed spatial associations within the distribution
system. Recovered data demonstrate that cultivation based HPC vs. direct cell-based investigations can result in completely
different results if used for monitoring purposes in distribution systems.
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Introduction
The heterotrophic plate count (HPC), originally developed in
1881 by Robert Koch, was one of the first techniques for drinking water analysis (Koch, 1893). Since then, determination of
HPC has been in use and recommended as a monitoring tool
for a general microbial water quality assessment. In principle,
HPC recovers all organisms which can grow and form visible
colonies on complex nutrient-rich media (e.g. peptone and meat
extract) at a given temperature and incubation time (e.g. 22°C
and 72 h). In most cases, the number of colonies growing under
these conditions constitutes only a small cultivable copiotrophic fraction of the microbial population in water. Recently,
the significance of the cultivation-based HPC has been under
discussion since new direct cell-targeting microbiological and
molecular biological tools are capable to determine the in situ
population of water. Studies comparing classical microbiological parameters with molecular biological techniques show that
§
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only a minute fraction (in many cases <1%) of the planktonic as
well as biofilm microbial population can be cultivated by standard HPC procedures regardless of the method applied (McCoy
and Olson 1986; Amann et al., 1995; Watkins and Xiangrong,
1997; Hammes et al., 2008). Nevertheless HPC is still considered a useful tool by national and international authorities to
obtain information about:
• The efficiency of drinking water treatment processes
(WHO, 2002)
• Microbial water quality changes in finished water during
distribution and storage, such as contamination by impure
water (Sartory, 2004; WHO, 2002)
• Microbial regrowth and after-growth events (WHO, 2002)
Some members of the HPC population are suspected opportunistic pathogens for immune-compromised individuals
(Pavlov et al., 2004), possess regrowth potential or are plainly
associated with nuisance activities (Payment et al., 1988; Rusin
et al., 1997; Van der Kooij, 2002). Information about HPC
population structure and taxon composition has mainly been
recovered by pure culture-based procedures (e.g. Reasoner,
1990; Edberg et al., 1997; Farnleitner et al., 2004). Such an
approach gives a high taxonomic resolution but often demands
a practically unfeasible number of pure cultures to cover spatial
and temporal distribution system variability (Edberg et al.,
1997; Kalmbach et al., 1997; Norton and LeChevallier, 2000).
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