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Abstract
In molecular biology, G-quadruplex secondary structures are formed in nucleic acids that
are rich in guanine by Hoogsteen hydrogen bonding and π-π stacking. The unimolecular forms
often occur naturally near the ends of the chromosomes, better known as the telomeric regions,
and in transcriptional regulatory regions of multiple genes and oncogenes. Likewise, the presence
of G4-sequences has been reported in various viruses, and they play crucial roles in the in a virus
life cycle. We developed a series of G-quadruplex probes, and exploited their applications in
bioimaging, including 1 ） by exploiting the enzymatically generated randomly arrayed Gquadruplex, we developed a simple, sensitive, and label-free method to in situ detect DNA
fragments in apoptotic cells and tissues, which avoids the use of modified nucleotides and tedious
washing procedures in traditional methods. 2）We developed several DNA mimics of RFP that
exhibit attractive photo-physical properties, including high quantum yield, large Stokes shifts,
excellent anti-photo-bleaching properties, and two-photon fluorescence, and further applications
of these RFP mimics in long-term real-time imaging of target protein were achieved. 3) We
developed a new type of benzothiazole G-quadruplex fluorogenic probe named ThT-NE for HCV
genomic RNA imaging and monitoring based on its high specificity to HCV RNA G-quadruplex
and favorable cell permeation efficiency. 4) We developed a DNA-based sensor for the ratiometric
probing of signaling molecules (e.g. SO2 derivatives and NO) in the cell membrane
microenvironment via molecular engineering of the assembly of DNA motifs with synthetic
cofactors. Moreover, with the use of functional nucleic acids as the toolkits, we presented a DNAmediated chemically induced dimerization (D-CID) nanodevice for non-genetic receptor
engineering to control cell behaviors, as well as a near-infrared light-activated DNA-agonist
nanodevice for non-genetically and remotely controlled cellular signaling and behaviors in live
animals.
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