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Introduction

The quantitative real-time PCR (qPCR) is the central technology for the
quantification of nucleic acids. The ability to perform multiplex
quantitative real-time PCRs (mqPCR) in one vessel depends on a parallel
read-out and high primer/probe multiplexing. Conventional mqPCRs are
challenging due to the lack of multiple spectral non-overlapping reporter
dyes and technical limitations of the detection systems. Recently we
published a highly versatile microscopy platform, designated VideoScan
[1], for the rapid and simultaneous analysis of various assay formats based
on fluorescence microscopic detection. It uses standard commercial
hardware components together with a modular in-house developed
sofware package. Multiplex assays can be performed in solution or on
solid-phases as microbead-based assays and cell assays using conventional
consumables. The system has been proven to be applicable for multiplex
qPCRs, nucleic acid hybridization assays and melting curve analysis [1]. As
we proposed earlier [2] our microbead technology in combination with
qPCR generates a powerful technology for multiplex quantitative PCRs. In
the present work we demonstrate our VideoScan technology for
microbead-based multiplex quantitative real-time PCRs.

Material and Methods

A novel read-out concept was designed to quantify PCR products with
microbead based assays (Fig. 1). The feasibility of qPCRs is comparable to
the iQ5 (Bio-Rad Laboratories) real-time thermal cycler (not shown). PCRs
for human and bacterial genes were performed as described previously [1].
Raw fluorescence VideoScan data were processed with RKWard utilizing
custom-made plug-ins [3].
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Fig. 1. VideoScan hardware components and the Heating/Cooling-Unit (HCU). (a)
The main hardware components are a motorized fluorescence microscope, a stage, and a
CCD camera controlled by a personal computer. The HCU, using temperature insulated
Peltier elements, operates comparable to conventional thermo cyclers. (b) Scheme of the
8HCU for independent heating and cooling of 8 PCR cavities. (c) Botom view of the 8HCU
with eight temperature insulated HCUs. The scanning takes place on the botom of a cavity.
(d) Botom view of a single cavity with immobilized microbeads. (e) Scheme of a microbead
(MB) loaded with capture probes (bCP) and detection probes (DP). Changes of the
fluorescence intensity can be monitored in diferent channels for both solutions and
microbeads.

Results

The assay employs the interaction between gene-specific capture probes bound to thermostable microbeads and mobile gene-specific degradable
detection probes which report the amplification (Fig. 2). Our system requires only two dyes for encoding of multiple microbead populations and one
reporter dye for microbead bound capture probes for the discrimination of at least twelve amplification reactions (Fig. 3). We used the method for the
quantitative detection of several human and bacterial genes.
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Fig. 2. Schematic representation of the
Microbead Hydrolysis Probe Assay (MHA). The
fluorescence signal generation relies on hybridization
of short quencher labeled detection probes (DP) to
fluorescent labeled capture probes (bCP) which are
immobilized on the surface of microbeads (MB). In
the linear ground phase of the PCR the DPs hybridize
to their complementary bCPs. During successive
cycles of the PCR the hydrolysis of the DPs,
hybridized to the amplified target nucleic acid, takes
place due to the 5'-exonuclease activity of the Taq
polymerase. The hybridization is concentration
dependent. Decreasing quantities of DPs lead to
slower hybridization rates. The cycle-dependent
increase of fluorescence on the microbeads surface is
used to quantify the amplification.
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Fig. 3. Microbead Hydrolysis Probe Assay (MHA) on
twelve microbead populations. In a proof-of-principle
experiment we amplified the human gene HRPT1. The
amplification was monitored on the surface of twelve
microbead populations (Pop.1-12). The Cy0 values (12.28 ±
0.4) were highly similar between all microbead populations.
The MHA in combination with the VideoScan 8HCU readout concept surpasses conventional thermocycler
considerably which can quantify up to seven targets within
one cavity.

Fig. 4. Multiplex Microbead Hydrolysis Probe Assay for
detection of bacterial genes. In a proof-of-principle experiment
the bacterial genes stlB, aggR, stx1, stx2, eaeA and ipaH were
amplified by a 6-plex mPCR. Samples were prepared to contain two,
four or six genes. (a) recognition of genes stlB and ipaH (b)
recognition of stx1, stx2, eaeA and aggR and (c) all six genes were
detected by the MHA. (d) The results from the MHA were
confirmed by agarose gel electorphoresis.

Discussion and Conclusion

The VideoScan technology provides the user with a high degree of freedom to adapt the system to specific applications in bioanalysis. It is possible to
identify and quantify biomolecules in solutions or atached to microbeads. Precisely controllable temperatures using the 8HCU allow multiplex analysis
in eight parallel operating heating/cooling-units. The simultaneous measurement of several targets enables the reduction of reagents, samples and also
processing time. The assay is amplicon size independent, requires no alteration of the PCR product, employs a simple probe structure and has no
background fluorescence. Early results indicate that the amplification eficiency is similar to reactions in solution.
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