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The Nobel Assembly at Karolinska lnstitutet has awarded the Nobel Prize in Physiology or Medicine 2009 
jointly to Elizabeth Blackburn, Carol Greider and Jack Szostak for the discovery of how chromosomes are 
protected by telomeres and the enzyme telomerase. 

Elizabeth H. Blackburn 
Born 1948 
University of California, 
San Francisco, USA Carol W. Greider 
Born 1961 
Johns Hopkins University 
School of Medicine., 
Baltimore, USA Jack W. Szostak 
Born 1952 
Harvard Me.dical School, 
Boston, USA 

The award recognizes the discovery of a fundamental mechanism that has added a new 
dimension to our understanding of the cell, shed Iight on disease mechanisms, and stimulated 
the development of potential new therapies. 

The telomeres form caps at the ends of 
chromosomes. They conta in a unique ONA
sequence which is repeated several times. 
(Telomeres: from the Greek f«-
.. end" telos and '"'part'"' meros).

Tefomere:s 

The ONA sequence varies slightfy 
between species. The one shown
here is from Tetrahymena. 

TTGGGGTTGGGGTTGGGGTTGGGGTTGG 
'�AACCCCAACCCCAACCCCAACCCCAA 

Telomere ONA 

The enzyme 

Telomere ONA is 
buîlt base by base

Telomerase operates at the end of the 
chromosome. tt is an enzyme consisting
of a prote in and an RNA component. The
RNA serves as a template for synthesizîng
telomere ONA. 

Background The mysterious telomere 
As early as the 1930s it was observed 
that broken chromosomes were un­
stable and prone to rearrangements
and fusion. The chromosome ends,
on the other hand, were protected
from such events. 

Chromosome Telomere The ends of the chromosomes were
na.med telomeres. They appeared 
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to prated the chromosomes from 
da.mage. However, the mechanisms
involved were unknown. 

The end-replication problem 
With growing understanding of how
genes are copied another problem 
presented rtself. 

When a cell divîdes both stra.n<ls of the
ONA double helix in the chromosomes 
are copied, base by base, by ONA poly­
merase enzymes. 
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Primer ONA polymerase 
ONA polymerase is de-pendent on a 
preformed primer to înrtîate copyîng. • 

. -., Lîgation Gap fill-in • 
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Primer polymerase occurs in a stepwise fashion. 
removal The gaps are filled in to produce an 

intad ONA molecule. 
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NeYJ strand 
Shortened end .? "' \ Due to the lack of primîng, ONA 

polymerase cannot fîll the gap at 
the very end of the chromosome. 
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Expected 
Each time a cell divîdes, 
the chromosomes should
be shortened. Finally the
chromosomes should 
erode and be damaged. 
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Observed 
The chromosomes 
are protected. Theîr
length and integrity
are maintaîned. 

Telomere DNA protects the chromosomes 

Elizabeth Blackburn studied the single-cell organism Tetrahymena thermophila and had found 
that the ends of chromosomes contain a short DNA sequence repeated many times. 




