Switching with nucleic acid hybridization
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Molecular Beacons: Enhanced specificity through constraint
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Molecular Beacons: Enhanced specificity through constraint
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Modular system:

one dual labeled oligonucleotide

tuning of restoring force through
unlabeled stem forming strand

constraining element

DNA duplex Tyagi, Kramer, 1996
hydrophobic probe Seitz / Frank-Kamenetskii, 2000
homo-DNA duplex Leumann, 2005

LNA Benner, Tan, 2005

DNA quadruplex Jullien, Mergny, 2006

DNA,-PNA triplex = Grossmann, Roglin, Seitz,
Angew. Chem. Int. Ed. 2007,
46, 5223



High fidelity probes

Aim: Improve target specificity

1) improve hybridization selectivity of probes

2) add another sequence discriminating event
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Temperature dependence of fluorescence increase
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Detection of Her2-neu

FIT probe: AcNHgtactg Orn(T0O) aagcct-GlyCoNH2
target DNA : 37 -CATGAC T TTCGGA- 57
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Improved sensitivity compared to DNA-stain
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Single base mutation analysis with wildtype background

Probe: A°gccgtaTOatagccg; target: 3'---CGGCATTT/AATCGGC---5°
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Next generation: Low noise stem-less PNA beacons

Stemless PNA beacon
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Next generation: Low noise stem-less PNA beacons

Stemless PNA beacon
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Next generation: Low noise stem-less PNA beacons

Stemless PNA beacon
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RNA Detection

Short synthetic RNA + 1uM probes and 2uM RNA
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DNA-catalyzed transfer

| 1. hybridization

3. strand exchange
[decomplexation + hybridization]

|

2. transfer reaction

GrofAmann, Seitz, J. Am. Chem. Soc. 2006, 128, 15596-15597



Transfer: Entropy

Affinity
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Grossmann, Seitz, J. Am. Chem. Soc. 2006, 128, 15596-15597
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Amplified detection of DNA and RNA
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Amplified detection of DNA and RNA
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Hairpin Peptide Beacons
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Target: SH2 domain of Src kinase
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Target: active site of protease renin
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Bioactive peptide conformation of SH2 ligands

Src SH2 binds
extended conformation

™

Ala-GIn-pTyr-Glu-Glu-lle-Pro-Gly-Tyr-Leu active

Wakesman et al, Cell 1993, 72, 779 Pawson et al, TICB 2001, 11, 504



Intermolecular hybridization
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Hybridization triggers inhibition
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Repeated switching
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RNA-induced activation of Src-kinase
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Overview

Nucleic acid detection Protein-protein/DNA interactions
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| Protein/nucleotide chemistry
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2. transfer reaction
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