
TELOMERI



La cromatina telomerica



Telomeres also bind to nucleosomes, 

which are rich in modified histones. 

Major histone modifications found in 

telomeres are 

-H3K9 and H4K20 trimethylation-H3K9 and H4K20 trimethylation

-low abundance of acetylated H3 and 

H4



SIRT6 is a histone H3 lysine 9 deacetylase that 

modulates telomeric chromatin
The Sir2 deacetylase regulates chromatin silencing and lifespan in Saccharomyces 

cerevisiae1,2. 

In mice, deficiency for the Sir2 family member SIRT6 leads to a shortened lifespan and a 

premature ageing-like phenotype3. However, the molecular mechanisms of SIRT6 

function are unclear. SIRT6 is a chromatin-associated protein3, but no enzymatic activity 

of SIRT6 at chromatin has yet beendetected, and the identity of physiological SIRT6 

substrates is unknown. Here we show that the human SIRT6 protein is an NAD+-

dependent, histone H3 lysine 9 (H3K9) deacetylase that modulates

telomeric chromatin. SIRT6 associates specifically with telomeres, and SIRT6 depletion telomeric chromatin. SIRT6 associates specifically with telomeres, and SIRT6 depletion 

leads totelomere dysfunction with end-to-end chromosomal fusions and premature 

cellular senescence. Moreover, SIRT6-depleted cells exhibit abnormal telomere 

structures At telomeric chromatin, SIRT6 deacetylates H3K9. We propose that SIRT6 

contributes to the propagation of a specialized chromatin state at mammalian 

telomeres, which in turn is required for proper telomere metabolism and function. Our 

findings constitute the first identification of a physiological enzymatic activity of SIRT6, 

and link chromatin regulation by SIRT6 to telomere maintenance and a human 

premature ageing syndrome



SIRT6 associates with telomeric chromatin

SIRT6 knockdown (S6KD) cells

control pSR IMR90 cells



SIRT6 (sir 2) deacetylates lysine 9 of histone H3 at telomeric chromatin

SIRT6-HY: catalytic H133Y SIRT6 mutant protein

histone tail peptides full-length histone H3 293Tcells 

overexpressing SIRT6



SIRT6 knockdown (S6KD) cells

STL

d, Representative S6KD metaphases showing aberrant telomere signals. Red arrows, sister

telomere loss; blue arrows, telomere doublets. e, Quantification of sister telomere loss
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Telomere shortening leads to cell death
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Telomerase allows telomere length equilibrium 
maintenance
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Telomere shortening in cellular 
senescence

Nature May 1990



Telomeres shorten with age

Telomerase is Telomerase is 

limiting in cellslimiting in cells

Vaziri et al. AJHG (1995)

limiting in cellslimiting in cells



Nature 2001



• Skin and nail problems
– Skin hyperpigmentation
– Rashes
– Abnormal nail growth 

Dyskeratosis congentia causes bone 
marrow failure

– Abnormal nail growth 

• Mortality
––Bone marrow failureBone marrow failure
–Cancer
–other?



measure the average length of telomere 

repeats in thousands of cells 

protocols that use fluorescent in situ 

hybridization (FISH) with labeled peptide hybridization (FISH) with labeled peptide 

nucleic acid (PNA) probes specific for telomere 

repeats 

in combination with fluorescence 

measurements by flow cytometry (flow FISH). 
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Short telomeres in lung disease

NEJM 357 p1317 
(2007)









Telomerase reactivation 

G4  cells have no detectable telomerase activity 

4-hydroxytamoxifen (4-OHT)-inducible telomerase reverse transcriptase



Telomerase reactivation reverses tissue 

degeneration in aged telomerase deficient mice


