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Human telomere DNA/RNA and their applications
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(To reveal telomere’s mysterious by chemical approaches)
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Telomeres are DNA sequences

located at the termini of linear
chromosomes.
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The function of a telomere might depend on its state : whether it is a
“capping” or an “uncapping” structure.
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HEZEOD 3 K. EHS Carol Greider, Elizabeth Blackburn. Jack Szostak.
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Elizabeth Blackburn, Carol Greider, and Jack Szostak were awarded the
2009 Nobel Prize in Physiology or Medicine for the discovery of
telomerase and subsequent work on telomerase.
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(To reveal telomere’s mysterious by chemical approaches)
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EFTAA7DNA

5’-TTAGGGTTAGGGTTAGGGTTAGGGTTAGGGTTAGGG......3’

“100 - 200 mer”
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Structure of Telomere ?
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Human telomric DNA forms the G-quadruplex structure

5’-AGGGTTAGGGTTAGGGTTAGGG-3’
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DNA duplex
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Biomaterials and biosensors
DNA STRUCTURES: MYSTERIOUS END

Human telomeres are composed of a
serles of G-quadruplexes protecting
the chromosome ends.

Published online 16 November 2009

Angew. Chem. Int. Ed. | The superhelix
structure of long human telomeric DNA has
been revealed for the first time by scientists
working at the University of Tokyo’s
Research Center for Advanced Science and
Technology'. Yan Xu and his colleagues
were interested in learning more about the
protective structures, or telomeres, present
on the ends of chromosomes.

Telomeres are regions of DNA right at the
end of the chromosome and are important
for genome stability. “Much like the plastic
tips on shoe laces, telomeres prevent the
long strands of chromosomal DNA from
unraveling and protect chromosome ends
from being recognized as double-strand
breaks,” says Xu. Mammalian telomeric DNA
is composed of the repeating TTAGGG
nucleotide unit, but the overall structure of
these important cellular components is not
sufficiently understood.

Although various human telomeric DNA
structures have been proposed, there has
been no experimental proof until now. Xu
and his colleagues used a combination of
atomic force microscopy (AFM), fluorescent

Schematic representation of the four linked
G-quadruplex structure and AFM image of a length of
DNA with telomeres at either end.

resonance energy transfer and circular
dichroism measurements to make images
of the telomere ends (pictured). They were
able to show that telomeres are wrapped
up into a series of structures known as
G-quadruplexes, which according to Xu look
rather like “skewered dumplings.” An image
of four such units was produced from a
chain of 96 nucleotides, with 21 nucleotides
required for each G-quadruplex.

As DNA is replicated during cell division,

small bits of the telomere break off. Over
time this leads to aging of the cell. Damaged
telomeres are recognized by the cell as
double-strand breaks, which can lead to
genome instability resulting in cell senescence
or apoptosis (cell death). Knowledge of the
overall molecular structure of telomeres
could lead to the structure-based design of
anti-cancer therapies targeting telomeres.
One way that scientists hope to maintain
a sufficient length of telomeric DNA is by
harnessing nature’s own technique: targeting
the enzyme (telomerase) responsible for
clongating the telomere. One of the 2009
Nobel prizes was awarded for discovering
how chromosomes are protected in this
way. However, most studies now focus
on developing molecules that target
the G-quadruplex itself. The structural
information provided by Xu's research team
will be invaluable in this endeavor.
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Quadruplex In Its Element

Structures of human telomeric quadruplex in cell-like
solution have implications for anticancer therapeutics
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Targeting telomere DNA
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TOAZDNAZRFEBY - M | Sequence-specific cleaving of telomere DNA
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DNA-EDTP
Telomere
Conditions: 50°C, 50 h, pH 7.0
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; HEPES 5 mM
no cleavage no cleavage

:

lane 1 : Telomere (+) DNA FAMCAATTAGAATCAGGAATGGCAGTT. GT
lane 2 : Telomere (-) DNA FAMCAATTAGAATCAGGAATGGCAGCGTACAG
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Lane 2: FAM-CAATTAGAATCAGGAATGGCATTAGGGTTAGGGTTAGGGT
Lane 4: FAM-CAATTAGAATCAGGAATGGCAGTGCAGATGTCGACCTAAG
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RNA: r(UAGGGUUAGGGU) g
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RNA: 5,'r(UAG1 G2G3U UAG4G5G6U)'3,
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U-tetrad

5-UAGGGU-3'

J. Am. Chem. Soc. 2010.
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Probe 5 Chromosome

Proc. Natl. Acad. Sci. USA. 2010.
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How does telomeric RNA associate with telomeric DNA ?
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DNA/RNA:

Buffer DNA:
d(TAGGGTTAGGGT) d(TAGGGTTAGGGT)/

r(UGGGUUAGGGU)



KL

(1) EF5"OA7DNAERNA4ESHIBEE DR R

EFFREFENT7TO—FZRNBAECKY, HFRTHOHT

1. EFNOA7ZDNAAE B EEZFRRA L

2. REUTOATDNASEHGENICAEHBEEZT R T sa B8 EEZRRALE
3. ENTFOAZRNAAE S B SZRALE

4. A DR OATZRNA4E#H IBEE N ]RI{L T B EITKINL /=

1. Proc. Natl. Acad. Sci. USA. 107, 14579, 2010. 9. Nature Protocols 2, 78, 2007.

2. J. Am. Chem. Soc. 132, 7231, 2010. 10. Bioorg. Med. Chem. 14, 5584, 2006.
3. Angew. Chem. Int. Ed. 48, 7833, 2009. 11. Nucleic Acids Res. 34, 949, 2006.

4. Angew. Chem. Int. Ed. 48, 3281, 2009. 12. Angew. Chem. Int. Ed. 48, 3281, 2006.
5. J. Am. Chem. Soc. 130, 11179, 2008. 13. J. Am. Chem. Soc. 127, 44, 2005.

6. J. Am. Chem. Soc. 130, 16470, 2008. 14. J. Am. Chem. Soc. 126, 6274, 2004.

7. FEBS Journal 274, 3545, 2007. 15. J. Am. Chem. Soc. 125: 13519, 2003.
8. Bioorg. Med. Chem. 15, 1275, 2007. 16. J. Biol. Struct. & Dyn. 20, 437, 2002.

(2) EFTOA7DNAERNAGRIBIEDIGF

1. 7TAATDNADAEHFHZZRELTHLET, TAAS—ERMZHET SN FERRLL
2. HogBDI—TyhELTERESNTIVSEN T AA7DNADS R ERICERIIL 7=

3. XRBEFIRMTHLET, EFTOATDNADZEIRBINSRBITARTNL 72

4, TAATDNABIEIC LSBT ADNAF /L — U THEEGFORBICEIIL

1. Nature Commun. 2:449, 2011. 4. J. Am. Chem. Soc. 131, 2871-2874, 2009.
2. J. Am. Chem. Soc. 132, 631-637, 2010. 5. J. Am. Chem. Soc. 126, 6566-6567, 2004.
3. J. Am. Chem. Soc. 132, 3778-3782, 2010. 6. J. Am. Chem. Soc. 126, 11017-11023, 2004.




