Developments in beacon technologies and their application to multiplex real-time PCR assays for the detection of disease agents.

Ryan Peterson BA, Chitrita DebRoy PhD, Daniel Weinstock DVM, PhD, and Douglas Key  DVM, MSc, DVSc

The Pennsylvania State University, Animal Diagnostic Laboratory and Enteric Disease Reference Center , Orchard Rd., University Park, PA  16802

Molecular beacons are single-stranded oligonucleotide detector probes that form a stem-and-loop structure.  The loop contains a probe sequence that is complementary to the target amplicon, and the stem is formed by the annealing of complementary arm sequences that are located on either side of the probe sequence.  A fluorophore is linked covalently to the end of one arm and a quencher is linked covalently to the end of the other arm.  Molecular beacons do not fluoresce when free in solution. However, when they hybridize to a target strand they undergo a conformational change that enables them to fluoresce brightly. Because non-hybridized molecular beacons are dark, it is not necessary to isolate the probe-target hybrids to determine the number of amplicons synthesized during an assay.  Molecular beacons are added to the assay mixture before carrying out amplification, and fluorescence is measured in real time.

Changes in the design concepts with respect to the melt temperatures have improved the performance of the individual beacons. In the new designs, the melt temperature of the stem arm structure is lower than the melting temperature of the hybridization loop structure.



In addition to design concept changes, software capable of greater discrimination between fluorophores and equipment designs capable of detection over a broader wavelength range have become available. In combination, these advances make possible multiplex detection assays where three or more disease agents can be detected simultaneously in a single real-time PCR reaction.

Work has been undertaken to develop multiplex assays for the detection of viral disease agents from tissue and fluid samples collected from cattle with respiratory disease signs. A single reaction is used to simultaneously detect agents including bovine respiratory syncytial virus, bovine parainfluenza virus type 3, and bovine virus diarrhea virus types 1 and 2. Initial efforts have also been undertaken to develop beacon’s directed at human bacterial pathogens such as E. coli O157 and Salmonella enteritidis, both of which are serious foodborne zoonotic pathogens. The potential exists to utilize molecular beacons as a mechanism for rapid diagnosis of foreign animal disease agents and zoonotic pathogens which represent potential bioterrorism agents.
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Light is emitted when the Fluorophore and Quencher are separated.
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