LoopTag Real-Time PCR Probe System for Sensitive Pathogen Detection
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Introduction

In routine laboratory diagnostics quantitative
real-time polymerase chain reaction (qPCR) is a
powerful method to detect microorganisms in
sample materials of diferent sources. We
developed the patented LoopTag real-time PCR
probe system [1] as a new qPCR technology for
pathogen detection of isolated DNA from
diferent sample materials (e.g., swabs, liquor
cerebrospinalis, cultures, ticks). The LoopTag is a
gene-specific bimolecular structure which forms
during the hybridization of a labelled primer
together with a labelled probe on the elongated
strand. The design ensures an optimal FRET
distance of the fluorescence labels for a good
signal-to-noise ratio. The FRET signal is
proportional to the formed amount of PCR
product. The LoopTag system was tested for
detection of clinical relevant organisms in
diferent sample materials.

Methods
We developed the patented LoopTag real-time PCR probe system [1] as a new technology for
real-time PCR detection of pathogens isolated from diferent sample materials (e.g. swabs,
liquor cerebrospinalis, cultures, ticks).
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Loop formation due to hybridization of one
part of one primer to one part of the probe
raises a FRET signal that can be monitored
during real-time PCR amplification in a
LightCycler (Fig. 1).

Figure 1. LoopTag real-time PCR probe system.
II I) One PCR primer carries a target-unspecific 5‘-sequence
(A) and a target-specific sequence (B) which hybridizes to
the target (C).
II) The primer is enzymatically elongated (D).
III) Afer denaturation, the probe (E) hybridizes to the
III elongated primer (D).
IV) The target-unspecific 5’-sequence of the elongated
primer (A) is designed to form a loop by hybridization to
its complementary sequence which is a target-unspecific
part (F) of the probe. Only the closed loop brings
IV together the fluorescence donor (G) and the fluorescence
acceptor (H), both covalently atached to the probe and
the primer, respectively. This tight spatial arrangement of
G and H enables a FRET signal if G is excited by light.
The FRET signal is proportional to the amount of
amplification products.

Results
2000 copies M. tuberculosis

10,000 copies B. garinii PBi

200 copies M. tuberculosis

1,000 copies B. garinii PBi

20 copies M. tuberculosis

100 copies B. garinii PBi

2 copies M. tuberculosis

10 copies B. garinii PBi

Table 1. Characterization of amlicons of Borrelia spp. and Treponema
phagedensis DNA using the LoopTag real-time PCR probe system.

1 copy B. garinii PBi

Strain/Species

A

B

B. pertussis

B. parapertussis

B. spielmanii
B. bavariensis
B. garinii serotype 3
B. sensu stricto

C

D

Borrelia lusitaniae Poti B3
Borrelia lusitaniae Poti B2
Borrelia burgdorferi sensu stricto Serotype 1 PKa2
Borrelia spielmanii PSig2
Borrelia garinii Serotype 3 PBr
Borrelia valaisiana VS116
Borrelia afzelii Serotype 2 PKo
Borrelia garinii (bavariensis) Serotype 4 PBi
Borrelia garinii Serotype 5 PHei
Borrelia garinii Serotype 6 TN
Borrelia garinii Serotype 7 PRef
Treponema phagedenis
Borrelia turicatae
Borrelia recurrentis
Borrelia hermsii
Borrelia duttonii
Borrelia anserina
Borrelia parkerii
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Figure 2. Amplification curves of the LoopTag real-time PCR probe system. Detection of
Mycobacterium tuberculosis (A) and Borrelia garinii PBi (B). Melting curve analysis of amplicons of
Bordetella pertussis and Bordetella parapertussis (C) and of diferent Borrelia species (D) in a
LightCycler.

All listed strains of the pathogenic Borrelia sensu lato group were detected. The
diferentiation from non-Borrelia sensu lato bacteria is incomplete.
Tm: melting temperature
ct: cycle threshold

Detection of Mycobacterium tuberculosis. All members of the M. tuberculosis complex can be amplified with a detection limit of 2 gene copies per
sample with a M. tuberculosis complex-specific primer pair. (Figure 2A).
Detection of Borrelia spp. All members of the Borrelia sensu lato complex can
be amplified with a detection limit of 1 to 70 gene copies per sample with a
Borrelia sensu lato complex-specific primer pair (Figure 2B). Many Borrelia
sensu lato species can be diferentiated by melting curve analysis (Figure 2D).
Only using huge amounts of DNA (10 5-106 copies per PCR reaction, except with
B. hermsii) false positive signals with non-pathogenic Borrelia strains and with
Treponema strains are available.

Detection of Bordetella pertussis and parapertussis. Bordetella
pertussis or Bordetella parapertussis can be amplified with a detection
limit of 10 gene copies per sample with a B. pertussis or B.
parapertussis-specific primer pair. Bordetella pertussis can also be
diferentiated from Bordetella parapertussis by melting curve analysis
(Figure 2C).
An internal standard (positive control) was always included into
each PCR reaction to exclude PCR inhibition.

Discussion and Conclusion
LoopTag real-time PCR probe system is a new and reliable technology for the real-time PCR detection and characterization of pathogens. It uses cheap
conventional fluorescence dyes, exhibits an easy primer design, has no restrictions regarding the PCR product lengths and is highly specific. The
LoopTag system is applicable for multiplex real time PCRs and melting curve analysis over a large temperature range. The potential of melting curve
analysis for diferentiation of more Borrelia and Bordetella species has further to be studied.
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