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chromosomes 

The Mystery of Aging Revealed... 
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1938， Hermann J. Müller 
          
 

1. Telomere 
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1.1 definition 

     Telomeres are the terminal 

DNA-protein complexes of linear 

eukaryotic chromosomes. 
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1.2  components 

telomeric DNA 

     Species                            Sequence 

Tetrahymena (四膜虫) 

Arabidopsis(拟南芥) 

mouse 

human 

[-TTGGGG-]n 

[-TTTAGGG-]n 

[-TTAGGG-]n 

[-TTAGGG-]n 
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     Species                                Length 

300~400 bp 

          20 bp     

    20~50 kb 

      5~15 kb 

yeast (酵母) 

oxytricha(纤毛虫) 

mouse  

human 

telomeric DNA 
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protein complexes 

     Shelterin 

TRF1 

TRF2 

Rap1  

TPP1 

POT1 

TIN2 

negatively 

regulate 

telomere length 

function                
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Cell, 2006, 337-347; 2008,745-757. 

1.3  structure 
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T-loop 

D-loop 

telomeric DNA 

shelterin 
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    Ensure chromosome integrity 

and stability. 

telomere 

1.4 function 
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Cell division 
Chromosome tips 

 without telomerase 
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5 

3 

end-replication problem 

Lagging strand Leading strand 

？ 

？ 

5 

3 
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end-replication problem 
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2. Telomerase 
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     Telomerase is an conserved 

reverse transcriptase that extends 

telomeric DNA using an integral 

RNA component as the template. 

2.1 definition 
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 TERC (telomerase RNA component)  

 TERT (telomerase reverse transcriptase)  

DNA 

2.2 components 
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hTR 
(human telomerase RNA ) 

RNA 

protein 

hTERT 
(human telomerase catalytic subunit ) 

Human telomerase 

    

    

5’-CUAACCCUAAC-3’ 

TP1  
( telomerase associated protein 1) 
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2.3 function 

extends telomeric DNA 

inchworm model 

尺蠖 (inchworm) 

结合 延伸 移位 

循环 

尺蠖爬行.flv
端粒复制.flv
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hTERT 

hTR 

5' 

3' 

5' 

3' 5' 

5' 3' 

5' 3' 

lagging strand 

lagging strand template 

From Wikipedia, the free encyclopedia. 

结合 延伸 移位 

5' 

3' 

5' 

3' 

5' 
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3' 

5' 

5' 

3' 

5' 

3' 5' 
3' 

3' end free to 

act as primer  

DNA polymerase 
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3. Telomere and aging 

The RNA component of human telomerase. Science,1995. 

     Tissue 

Ovary and testis 

Somatic tissues  

4/4               

0/78 

No. of tissues  

positive/ No. tested 

Mean positive%  

(range) 

100 

  0 

100 

  0 
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3. Telomere and aging 

The RNA component of human telomerase. Science,1995. 

先天性角化不良 
Dyskeratosis 

 congenita 

早衰综合症
hutchinson-gilford  

progeria syndrome  
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Cell divisions 

Normal Cells 

M1 

M2 
Crisis 

(genomic instability) 
Cancer Cells 

(telomerase activation) 

Threshold for telomere 

based growth arrest 
(senescence) 

4. Telomere and cancer 

Role of telomeres and telomerase in cancer. Semin Cancer Biol, 2011. 
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unbalanced lifestyles 

shorten  

telomere Aging 

Epel ES, et al. 2004.  



27 Ornish D, et al. 2008; Njajou OT, et al. 2009; Atzmon G, et al. 2010.  

balanced lifestyles 

Youthful 

delay 

telomere 

shorten 

Healthy 
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Thank 

You! 


