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Detection and identification of free-living protozoa in tap water

Rinske Valster1'2, Bart WuIIings1, Stefan Voost1, Geo Bakkers, Hauke Smidtz, and Dick van der Kooij1

Introduction

Legionella pneumophila proliferates in the aquatic environment within certain
free-living protozoa, e.g. Acanthamoeba, Naegleria, Saccamoeba,
Hartmannella and Vexillifera (2, 3, 4). Controlling the multiplication of
Legionella in water systems requires detailed knowledge about its behavior,
including the presence and behavior of host protozoa. However, information
about identity and presence of bacteriovorous free-living protozoa, in
particular those serving as host for Legionella, is still scarce.

Objective

The objective of this study was to develop molecular methods to obtain information about the
presence and identity of free-living protozoa in surface water, treated water and tap water in
the Netherlands.

Free-living protozoa
Free-living protozoa can be defined as phagotrophic protists, that feed on detritus or other
protists. Several species are heterotrophic. The major part of protozoa are unicellular organisms
and different life-cycle forms can be
distinguished, e.g. Hartmannella vermiformis
(Fig. 2). Free-living fresh water protozoa can be
divided in three clusters (Fig. 1). Most protozoa
reproduce asexually, but sexual reproduction
takes place e.g. in flagellates.

Free-living fresh water protozoa

Figure 2: Two life stages of Hartmannella vermiformis.

-

Cyst

Figure 1: Classification of protozoa (1).

Water samples and molecular techniques

B Water samples were collected in the Netherlands.

B DNA was extracted with the Fast DNA spin kit for Soil (Qbiogene, Irvine, CA).

B T-RFLP is a molecular technique to generate fingerprints of communities. The method
includes a PCR amplification with fluorescent primers and a digestion step after the
amplification. Universal eukaryotic 185 rRNA gene-targeted primers and the restriction
enzyme Hhal were used to study the

. . Table 1: Water samples collected in the Netherlands.
eukaryotlc Commumty.

| H. i is @ Legionella OI L. ila O L. anisa

Results 10807
Quantification of H.vermiformis 1.0E+ 06
and Legionella spp.
Legionella spp. were detected in all 108+ 08
samples. L. pneumophila and L. anisa < 1.0E+04
were onlly ob.served in tap water.. 8 4 oE+03 |
H. vermiformis was also detected in I
these samples and in TW4 (Fig. 3). LR | I
Most likely, H. vermiformis, 1.0E+01 |
L. pneumophila and L. anisa I

ltiolied in the t . 1 1.0E+00 A
ot lple i) eapwaersysems TW1 TW2 TW3 TW4 TW5 Tap 1 Tap 2 Tap 3 SW 1 SW 2

at elevated temperatures. oS
Figure 3: Quantification of H. Vermiformis and Legionella spp.
Eukaryotic diversity

The T-RFLP analysis showed a high eukaryotic diversity in all water samples (Fig. 4). Free-
living protozoa represented a major cluster of the total eukaryotic community (Fig. 5). TW 3
is used as example for the pilot studies with T-RFLP analysis in combination with sequence
analysis of clones. Clones with the highest similarity for different genera cannot always be

distinguished from each other with the used primers and restriction enzyme (Fig. 6).
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Figure 4: Eukaryotic diversity in treated, surface and tap waters determined by T-RFLP analysis.

B Clone libraries were constructed from PCR Water type Code T (°C)
products amplified with universal eukaryotic
18S rRNA gene-targeted primers. Clones Treated aerobic groundwater o -
I randomly piCked’ sequenced and Treated anaerobic groundwater TW2 11
compared to sequences in the NCBI-data Treated aerobic groundwater e -
base by BLAST searches. Treated surface water TW4 15

B Quantitative detection of H. vermiformis, Treated anaerobic groundwater  TW5 14
Legionella spp., L. pneumophila and L. anisa Tap water after 15 min. flushing Tap1 16
was performed with a real-time PCR Stagnant tap water Tap2 o
method in combination with a cell-based Stagnant tap water Tap3 20
standard curve and species/ genus specific Surface water (river) S @
primers targeting the 185 rRNA gene or Surface water (river) SW2 13
16S rRNA gene and mip gene respectively.
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Table 2: Used clones from TW 3 to identify B ] TW3
T-RFs observed in community samples. | Clone 7
‘ Clone 1
Clone Highest similarity with the genus | Clone 9
1 Uncultured cercozoan clone (89%) ‘ Clone 4
2 Bodo (95%) | D
3 Pyrrhospora (88%) | Clone 10
4 Vexillifera (94.%) \ Clone 3
5 Vexillifera (94 %) Clone 8
6 Cercomonas (92%)
| 2
7 Uncultured nematode (98%) | Clone
8 Bodo (95%) Clone 6
9 Acanthamoeba (99%) Figure 6: T-RFLP analysis of clones retrieved from
10 H.vermiformis (99 %) sample TW3.

Diversity and identity of free-living protozoa in treated water

A total of 308 clones from five types of treated water were analyzed
and 62% were most closely related to free-living protozoa, representing
41 different genera (Fig. 5). Blast analysis of the clones revealed the
presence of a highly diverse group of free-living protozoa in all three
water types. H. vermiformis was detected in the clone library of Tap 2.
In TW3 a total of thirteen genera of free-living protozoa was
distinguished (Table 3). Acanthamoeba and Vexillifera are potential hosts
for L. Pneumophila.

Table 3. Identified free-living protozoa from TW 3.

Highest similarity Similarity Part of the total protozoa population
with the genus (%)

Acanthamoeba >95 7.9
Alexandrium 91 1.6
Bodo >91 12.7
Cercomonas >92 14.3
Diaphanoeca 92 3.2
Entorhipidium tenue 94 3.2
Frontonia 96 1.6
Neobodo 92 7.9
Paravahikampfia 89 3.2
Rhynchomonas 98 7.9
Uncultured cercozoan clone >89 25.4
Uncultured petrich clone 87 3.2
Vexillifera 94 7/€)

Conclusions

T-RFLP analysis with the right primers
and enzymes in combination with clone
libraries is an efficient method to
determine the eukaryotic diversity and to
estimate the diversity of free-living
protozoa in fresh water;

Free-living protozoa are ubiquitous in
treated water but genetically poorly
defined;

Protozoa which may serve as host for

L. pneumophila are present in treated water;
H. vermiformis is not a dominant species
in the protozoa community.
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