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Development in ligase-mediated techniques for bio-molecular
analysis

Chao Xu'?, Yafeng Zhou', and Xian’en Zhang"
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2 Graduate School, Chinese Academy of Sciences, Beijing 100039, China

Abstract: Two oligonucleotide probes are permitted to anneal to the nucleic acid target of interest so that the ends of two
probes immediately become adjacent to each other. The ligase can then efficiently join the two juxtaposed oligonucleotide
probes by the formation of a phosphodiester bond if and only if perfectly matched base-pairs at the nick are present. During
past 20 years, many ligase-mediated techniques have been developed for analyzing various bio-molecules, such as
known/unknown point mutations, small-scale insertions and deletions, CpG islands methylation, large sets of single nucleotide
polymorphisms (SNPs), specific proteins and DNA regions with which some other proteins can interact. Since the ligation
reaction can be easily integrated into other techniques, certain advances have been already achieved. These novel approaches
retain high accuracy through multiple hybridization and enzymatic processing events, and provide inherent quality control
checking. In this article, we provide a comprehensive review of the ligase-mediated techniques for bio-molecular analysis.

Keywords: ligase, nucleic acid polymorphic variation, bio-molecular interaction, detection
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Fig. 1 Schematic diagram of mutation detection using ligase-mediated techniquel™l. (a) Target DNA of wild type and mutant are
denatured and mixed with probes and ligase, respectively. (b) The pairs of probes are joined if and only if they are correctly
base-paired at the junction. (c) Denaturation and separation. (d) Radioactively labeled oligonucleotides (*) are immobilized and
detected by aoturadiography only if ligated to biotinylated oligonucleotides (B) that can be bound to streptavidin on a solid support.
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Fig. 2 Schematic diagram of probe-pair and related multiplex mutation detection. (a) Each probe-pair includes a common probe (C
probe) and a discriminating probe (D probe). The C probe contains target-specific region (pale blue) and complementary zip-code
(green), which is labeled with biotin (purple dot). Target-specific region and zip-code are connected by a T hinge arm (red). The D
probe is analogous to C probe, but with an extra Tqq) space linker (black) at the 5 end. Only target-specific regions perfectly
hybridized to a target sequence (pale blue line) are efficiently ligase-reactive. As a result, the biotin is preserved on chip. (b)
Identification of point mutations using MPPs is performed by (1) Immobilizing D probes into each well; (2) hybridizing a set of C
probes to corresponding D probes through specific zip-code recognitions; (3) recognition of target mutation and (4) enzymatic
visualization on chip after ligation and denaturation. The probe-pair containing perfect match is ligated and then preserved with biotin,
indicating the presence and the nature of the mutation.
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Fig. 3 Schematic diagram of molecular inversion probe®!. (a) Molecular inversion probe is composed of three sequence parts, that
is, two ligation probes (H1, H2), two universal PCR primers (U1, U2), one universal barcode which is used for product screening. R
between U1 and U2 represents the restriction site for probe linearization. (b) Upon target recognition, a DNA polymerase fills the
missing gap in. (c) Circular DNA enrichment through DNA degeneration by exonuclease. (d) Probe linearization restriction site
cleavage. (e) All inverted probes are amplified by universal primers.
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Fig. 5 Schematic diagram of analysis of DNA-protein
interaction by proximity ligation®”). (a) DNA binding protein
can be investigated by using two affinity probes. One of the
probes carries an antibody against a particular DNA-binding
protein, whereas the other would consist of a partially
double-stranded DNA sequence potentially recognized by the
same DNA-binding protein. (b) If the protein were
simultaneously bound by both affinity probes, the ends of their
appended oligonucleotides would be brought sufficiently into
each other for ligation. (c) The ligated DNA sequence, which
would serve as a specific DNA representation of the binding
event between the protein and the investigated recognition
sequence, would be subsequently amplified and detected by
real-time PCR.
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