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microlitres and 500 pl was aliquatted in separate sterile 1.5ml Eppendorf type
tubes (for PitStop PCR and magnetic separation respectively). Suspended
cells in the 500ul aliquats were pelieted by centrifugation (12000 rpm for 10
minutes) using a standard benchtop centrifuge (Hermle, Germany). Cell
pellets were resuspended in 450l HB, followed by F/T lysis and capturing as
described above. To determine whether PCR inhibition occurs from the
environmental water, 19ul crude L.pneumophila DNA (freeze-thaw lysate)
instead of make-up water was added to one of the duplicates of PitStop
environmental PCR and PCR from bead captured cells.

5.3 Results and discussion

5.3.1 Target isolation

in order to determine if successful coating of beads were achieved, PitStop
PCR was performed on purified target DNA without the addition of the forward
primer PT69. Successful amplification could be achieved when adding PTB69
pre-coated beads to a PCR reaction containing template DNA and only the
reverse primer PT70/PT181, thus indicating positively coated beads. To
capture purified 168bp PCR product (approximately 500ng as determined by
gel electrophoresis) and chromosomal DNA (crude lysate and CTAB purified),
hybridization was performed at an initial 55°C for 1 hour. These conditions
delivered weak amplification intensity, indicating sub-optimal conditions.
Hybridization time was extended to 16 hours overnight, and the effect of
immediate cool-down after denaturation as well as the addition of DNA
denaturing agents dimethylsulfoxide (DMSO, 2.5 and 5% final), formamide
(3.5 and 7% final; Merck, Germany) and sonication to fragmentize the DNA
(20 kHz, 5 minutes) were evaluated. Immediate cooldown to room
temperature following denaturation proved to be the most effective for
capturing the purified 168bp amplification product opposed to overnight
incubation at 55°C or the addition of denaturing agents (Figure 5.1).
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false-negative results. In order to eliminate these substances, tedious multi-
step DNA purification procedures could be applied. Unfortunately, these
processes are difficult to apply in routine practice when large volumes of
samples are processed. Purification of specific target DNA before
ampilification could theoretically increase the sensitivity and specificity of an
assay by elimination of inhibitory substances and non-target sequences from
the sample.

Sequence capture PCR of target DNA could be applied using either a direct
(pre-coated beads) or indirect (capturing of hybridized biotinylated probe)
technique. When comparing the indirect with the direct approach in this study,
the latter proved to deliver constant amplification from DNA seeded water,
where the former displayed fluctuations in capturing efficacy. Self
hybridization of target DNA might occur just before addition of the probe
outside the heated water bath. When biotinylated probe was added prior to
denaturation, inconsistent results were achieved; this might be ascribed to the
stability of the biotin label at prolonged denaturing conditions in the water
bath. It was therefore decided to follow a direct sequence-capture based
amplification approach. Although a high sensitivity of detection in double-
distilled water was obtainable (4x10? cfu), the assay was severely affected by
inhibitory substances in the sample. Assessment of inhibition was done by
means of addition of exogenous target template to the sample prior to
capture; however, results obtained indicate inhibition at the capture level
rather than carry-over of inhibitory substances (multiple washing steps should
dilute these substances to a near undetectable level). Inhibition of capturing
was also present with increased bead and biotinylated primer concentrations.
This phenomenon has been described earlier (Mangiapan ef af, 1996) and
could respectively be explained on the basis of physical hindrance and
blockage of available biotin binding sites on the bead surface by unhybridized
probe.

Due to the nature of the research, it was also beyond the scope of the project
to quantify probe binding by employing competitive non-labelled and
radioactive labelled probe capture assays (as described by Mangiapan et al,
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1996). Further research should focus on the possible contribution of each of
these factors to amplification efficacy as well as the kinetics of the physical
binding of probe and target DNA. Application of a DNA ampilification-based
assay of this type for the detection of L. pneumophila could enhance the field
of routine bacteriological analysis of water without the need for time-

consuming traditional culturing practices.
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CHAPTER 6

Summary of Results and Conclusions

Detection of Legionella pneumophila, the causative agent for Legionnaires’
disease, has been performed in the past by culture-based methods, and more
recently, by means of target-specific DNA ampilification by PCR. Although
these techniques proved to be rapid and sensitive compared to culture-based
assays, they are prone fo inhibition from complex environmental samples.
This may lead to a reduction in the sensitivity of detection as well as false
negative results, as been shown during this study. Mulliple template
purification steps are tedious in a diagnostic setup, and could lead to valuable
template loss. For this reason, further development on the standard PCR
assay was performed, which included : (1) Optimization of the previously
described amplification assay, (2) use of a rapid freeze-thaw lysis procedure
to increase the detection sensitivity of the assay, (3) development of a hemi-
nested PCR to increase both specificity and specificity of amplification and (4)
application of PitStop PCR (2 step PCR procedure) to achieve increased
amplification sensitivity over standard 1 step 30-cycle PCR.

Although hemi-nested PCR display certain advantages over 30-cycle PCR,
increased number of amplification cycles could lead to the occurrence of false
positive results due to minute amounts of carry-over contamination. During
this study, the origin of these false-positive results could not be determined.
The source of the target DNA could possibly originate from the water used for
research applications. In order to circumvent the use of a large number of
amplification cycles associated with nested and hemi-nested PCR assays,
PitStop PCR was adapted. Application of this approach delivered increased
sensitivity over standard amplification (1 log in seeded distilled water) without
the occurrence of false positive results. This assay has also proven useful in
PCR inhibiting samples, however, when working with highly inhibiting
samples, DNA should be isolated and purified, and the occurrence of negative
results should be validated by means of semi-selective culturing.
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Although PCR technology could potentially be applied towards L.pneumohila
detection, the need exist for rapid and selective concentration methods for this
pathogen to further improve the sensitivity of the assay. In this study focus
was placed on two of these methods: Immunomagnetic separation (IMS) of
target bacteria and solid-phase sequence-capture of target DNA. IMS is
based on the separation of target organisms from the sample using para-
magnetic beads coated with specific antibodies against cell surface antigens.
Although positive isolation of viable cells was achieved, some problems were
experienced during the study. Reproducibility of the assay was low, and thus
the efficacy of capturing was difficult to quantify. This technique is also limited
by the commercial availability and quality of target-specific antibody
preparations.

Developments in the area of specific DNA isolation by means of solid-phase
magnetic particles provided an opportunity with regards to detection of
bacterial pathogens, such as L.pneumophila, without the need for specific
antibodies. The technique is based on the capturing of freeze-thaw released
chromosomal DNA by means of hybridization to biotinylated sequence
specific probes immobilized on para-magnetic beads via a biotin-strepavidin
interaction. Pre-immobilized probes (direct approach) was compared to free
probes added prior or just after DNA denaturation; comparison of the two
approaches confirmed that the direct approach delivered constantly better
resuits, possibly due to protection of the probe’s biotin label by selective
binding to strepavidin. Solid-phase sequence capture combined with pitstop
PCR obtained a sensitivity of detection of 4 x 10% cfu, but as in the case of
IMS, the assay was severely affected by inhibitory substances in the sample.
Assessment of inhibition indicated that it occurred on the level of capturing
rather than post-capturing amplification. These results render the need for
more in depth research on the precise mode of inhibition as well as binding
kinetics.

In conclusion, PCR, IMS and solid-phase sequence capture have proven to
be applicable in the field of L.pneumohila detection in environmental and
industrial waters. These methods are, however, severely affected by unknown
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inhibitory substances present in these waters. Although standard semi-
selective culturing of L.pneumophila is time-consuming, it could be applied in
the confirmation of results achieved by the above-mentioned methods.
Further research is however needed to facilitate the use of these methods as
industry standards in high sample volume throughput laboratories.
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A modified polymerase chain reaction (PitStop PCR) based detection
procedure was developed for Legionella pneumophila and compared to
standard culturing and DNA ampilification methodology.  PitStop PCR is
based on a two step PCR procedure consisting of a total of 30 cycles of
amplification of which the first step comprises of 10 cycles followed by product
carry-over info a subsequent 20 cycle second step. Using this approach, a
ten-fold increase in detection sensitivity could be obtained over standard
PCR, without the occurrence of false-positive results usually associated with a
large number of amplification cycles. The assay has also proven useful in
industrial and environmental samples; however, PCR inhibiting samples could
lead to the occurrence of false-negative results. For this reason, two separate
target concentration procedures, specific for L.pneumophila, were developed:
Immunomagnetic separation (IMS) of L. pneumophila cells and solid-phase
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sequence capture of L.pneumophila chromosomal DNA. These techniques
proved to be useful in concentration of target cells and DNA respectively,
where a peak detection sensitivity of 4 x 10? cells were obtainable; however,
as in he case of PCR, these assays displayed low reproducibility and where
severely affected by inhibitory water samples. In conclusion, a second
procedure, such as standard culturing, should be applied in confirmation of
results achieved by PCR-based methods.
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