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Identification of the protein complexes associated with defined DNA sequence elements is essential to understand the numerous transactions in which DNA is involved, such as replication, repair, transcription, and chromatin dynamics. Here we describe two protocols, IDAP (Isolation of DNA Associated Proteins) and CoIFI (Chromatin-of-Interest Fragment Isolation), that allow to isolate DNA/protein complexes (i.e., nucleoprotein elements) by means of a DNA capture tool based on DNA triple helix (triplex) formation. Typically, IDAP is used to capture proteins that bind to a given DNA element-of-interest (e.g., a specific DNA sequence, an unusual DNA structure, a DNA lesion) that can be introduced at will into plasmids. The plasmids are immobilized by means of a triplex forming probe on magnetic beads and incubated in nuclear extracts; by using in parallel a control plasmid (that lacks the DNA element-of-interest), proteins that preferentially bind to the DNA element-of-interest are captured and identified by Mass Spectrometry. Similarly, CoIFI also uses a triplex forming probe to capture a specific chromatin fragment from a cultured cell line that has been engineered to contain multiple copies of the DNA element-of-interest.

Introduction

Characterization of proteins involved in various DNA transactions is needed to understand functional control of protein networks during all DNA transactions. For example, when taking into account numerous studies, the control of transcription in vivo is best described as a complex protein network [1].

A straightforward way to delineate a protein network on DNA is to isolate and characterize nucleoprotein fragments of interest from living cells. In these years, such approaches have been successfully applied in various studies [2][3][4][5][6].

The formation of DNA triple helices has been well characterized and implemented in numerous applications including therapeutic purposes [7,8]. The principle of triplex formation is that a third strand (i.e., Triplex Forming Oligonucleotide (TFO)) consisting of either a pyrimidine-rich or a purine-rich sequence, forms Hoogsteen (or reverse Hoogsteen) base pairs with a complementary purine-rich strand in the major groove of double-stranded DNA (dsDNA) without disrupting its canonical Watson-Crick base pairs. In order to practically utilize triplex formation in applications, numerous efforts were implemented to increase stability of triplexes. As a consequence, the stability of triplexes was largely improved by using modified TFO probes composed of chemically altered nucleotides (e.g., peptide nucleic acid (PNA), locked nucleic acid (LNA)) [9,10] and by the introduction of a DNA intercalator (e.g., acridine, psoralen) to one of the extremities of the probe [START_REF] Sun | Sequence-specific intercalating agents: intercalation at specific sequences on duplex DNA via major groove recognition by oligonucleotide-intercalator conjugates[END_REF][12][13].

By utilizing the unique feature of triplex formation, we developed a robust experimental workflow in order to capture, identify and characterize proteins assembled, in vivo (CoIFI) or in vitro (IDAP), on a given DNA sequence-of-interest [14]. Here, we introduce some applications of IDAP and CoIFI as model cases.

Materials

All buffers are freshly prepared unless otherwise stated. When using H2O, it is ultrapure water. 13. During this heat step, it is expected that the CAG triplet repeat forms a stem-loop as drawn in Fig. 6a. Owing to the stem-loop formation, 6 nt ssDNA regions flanking the CAG triplet repeat are closely placed. Subsequently, the 12-mer oligo is annealed to the proximate 6 nt ssDNA regions. 14. Before using the beads, they are washed two times with CB3.

15. Outcomes of sonication (i.e., patterns of genomic DNA fragmentation) are largely influenced by buffer components, types of cell lines, cell density, cross-link conditions, and so on. The sonication condition needs to be optimized. [START_REF] Georgakilas | p21: A Two-Faced Genome Guardian[END_REF]. Before using the resin, it is washed two times with CB1.3 with 50 mM NaCl. 17. Before mixing the sample, the beads are washed two times with CB3.1. Then, the beads are resuspended in 10 µl of CB3.1 with 1.25 mg/ml BSA. Fig. 8 The constructed plasmids capture via TFO-mediated triplex formation. 40% of the elution products are analyzed on 2% agarose gel containing 0.5 µg/ml EtBr. As a control, 13 ng of each input (pAS200.2, pAS203, pAS203(rcc), pAS203(gap), and pAS203(cSL)) are loaded on the same gel.

Figure legends

Recovery yields of all plasmids through the TFO-mediated plasmid capture are nearly same (≈65% of input). Thus, the constructed plasmids are suitable to use as DNA substrates in the IDAP approach. 

Fig. 1 A

 1 Fig. 1 A schematic view of triplex formation. A TFT region on DNA is shown in blue. A red line in the

Fig. 2

 2 Fig. 2 Construction of pAS114.1γ. ori: high copy number pUC origin in E. coli. Ap: ampicillin resistance

Fig. 3 A

 3 Fig. 3 A schematic view of IDAP approach.

Fig. 4

 4 Fig. 4 Nucleoprotein isolation in IDAP. (a) 40% of the elution products are analyzed via silver staining

Fig. 5

 5 Fig. 5 Construction of pAS200.2 and pAS203. pUC ori: high copy number pUC origin in E. coli. Tet:

Fig. 6

 6 Fig. 6 Construction of pAS203 with a closed stem-loop. (a) pAS203 is introduced double nicks by using

Fig. 7

 7 Fig. 7 Confirmation of characteristic properties of pAS203 derivatives. (a) Lane sc is a super coiled

Fig. 9

 9 Fig. 9 Schematic views of construction of a human stable cell line and isolation of nucleoproteins in

Fig. 10

 10 Fig. 10 Nucleoprotein isolation in CoIFI. (a) Genomic DNA is purified from the input sample for CoIFI
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