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Analysis of telomeric chromatin using pyrrole—imidazole
polyamide probe
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i H o Analysis of telomeric chromatin using pyrrole-imidazole polyamide probe

Mammalian telomeres consist of a long array of repetitive sequence (TTAGGG) and cap
chromosome ends to maintain chromosome stability. Without the telomerase activity
that can elongate the telomeres, the telomere length shortens every cell division. Upon
reaching a critical short length, the telomeres trigger cellular senescence, which can
suppress abnormal cell growth relating to tumorigenesis. Telomerase reactivation
circumvents the growth limitation by the telomere-dependent senescence and leads to
immortalization. Induction of recombination between telomeres, termed alternative
lengthening of telomeres (ALT), can also lead to a similar effect leading to
immortalization and tumorigenesis. In this thesis, to investigate telomeres in cancer
cells by imaging, proteomics, and RNA interactome, | performed two projects: telomere

visualization in tissue sections and isolation of telomere-associated noncoding RNAs.

Initially, I report a development of a telomere-visualization method in mouse and human
tissue sections using Pl polyamide probes. Pl polyamides are DNA binding compounds
that can be designed to target predetermined DNA sequences. To visualize telomeres in
cultured cells and tissue sections, fluorescent in situ hybridization (FISH) method has
been used as a ‘standard’ method. However, this method needs a DNA denaturation step
for probe hybridization by harsh heating and formamide treatments, and carries the risk
of destroying cellular structures which make it difficult to co-stain telomeres with a
protein using an antibody. Because Pl polyamides bind to the target sequences in the
minor groove of double-stranded DNA without denaturation step, this compound is

compatible with immunostaining and has an advantage compared to FISH method. As



collaboration with HiPep Laboratories and Prof. Sugiyama’s group at Kyoto University,
a fluorescent Pl polyamide probe (HPTH-59) that target the mammalian telomere
sequence with high specificity was developed. | showed that HPTH-59 visualized
telomeres not only in cultured cells but also in mouse and human frozen tissue sections.
Double staining with HPTH-59 and antibodies were performed. By quantitatively
measuring the telomere length in clinical tissues from an esophageal cancer patient, |
found that a cell population positive for a proliferation marker, Ki-67 protein, had
shorter telomeres than do the Ki-67-negative cells in non-tumor tissue sections. From
these results, | propose that Pl polyamides are promising alternative for telomere

labeling in cell biology as well as clinical research.

Next, | investigated the chromatin composition of telomeres. Telomeric DNA is three-
dimensionally organized as chromatin, where nucleosomes are associated with non-
histone proteins and RNAs. It still remains unclear how the telomeric chromatin
structure regulates telomere maintenance because of limited information of telomeric
chromatin composition. Although various methods were previously developed to
identify telomere-binding proteins, there is still no reliable technique for unbiased
identification of both proteins and RNAs including non-coding RNAs (ncRNAS)
associated with telomeric chromatin. Since HPTH-59 polyamides bind to telomere DNA
with high affinity in a mild condition, | expected that HPTH-59 enable us to analyze
telomeric chromatin not only by imaging but also by affinity purification for proteomics
and RNAomics.

To dissect the telomeric chromatin composition, I show a novel approach of locus-
specific chromatin purification using a telomere-targeting Pl polyamide, and named PI
polyamide-based proteomics and RNA-omics of isolated chromatin segments (PI-
PRICh). By applying PI-PRICh to mouse erythrocytes leukemia (MEL) cells, | was able

to identify proteins known to associate with telomeres such as shelterin complex (TRF1,



TRF2, POT1, and TIN2) using mass spectrometric analysis. At the same time, | also
extracted RNA fraction associated with telomeric chromatin followed by next
generation-sequencing (NGS) for comprehensive identification of telomeric chromatin-
associated RNAs. PI-PRICh highly enriched (>500-folds) the well-known telomerase
RNA component (TERC) and telomeric repeat-containing RNA (TERRA) bound to the

telomeres.

To identify ncRNAs associated with the telomeres in human ALT cell in which telomeres
are highly recombinogenic, | compared ncRNAs in ALT cells with those in telomerase
positive cells. | found that several intronic ncRNAs specifically identified in ALT cells.

A possible physiological role of the intronic ncRNAs will be discussed.

Finally, from my studies | emphasize that understanding the nature of telomeric
chromatin in different types of cancers from various angles is important for basic and
clinical aspects. In addition, I anticipate that Pl polyamide will be a powerful tool for
chromatin imaging and the chromatin composition analysis of other regulatory

sequences.
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