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

The telomeres form caps at the ends of
chromosomes. They contain a unique DNA
sequence which is repeated several times.
{Telomeres: from the Greek for

~end” telos and “part” meros).

Telomere DNA is

Telomeres built base by base

The DNA sequence varies slightly
between species. The one shown
Chromosomes pere is from Tetrahymena.
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The enzyme
Telomerase operates at the end of the
chromosome Ht is an enzyme consisting
of a protein and an RNA component. The
RNA serves as a temp!ate for synthesizing
telomere DNA.

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.

The ends of the chromosomes were
named telomeres. They appeared
to protect the chromosomes from
damage. However, the mechanisms
involved were unknown.

Telomere

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

When a cell divides both strands of the
DNA double helix in the chromosomes
are copied, base by base, by DNA poly-
merase enzymes.
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DNA polymerase is dependent on a
preformed primer to initiate copying.
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Copying of the lagging strand by DNA
polymevrase occurs in a stepwise fashion.
The gaps are filled in to produce an
intact DNA molecule.
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Each time a cell divides,
the chromosomes should
be shortened. finally the
chromosomes should
erode and be damaged.
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Due to the lack of priming, DNA
polymerase cannot fill the gap at
the very end of the chromosome.

The chromosomes
are protected. Their
length and integrity
are maintained.

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.



Jack Szostak studied yeast cells and observed that linear artificial minichromosomes were
rapidly degraded. Together they decided to test if telomere DNA from Tetrahymena could protect
minichromosomes in yeast.

Tetrahymena
— a single-cell orgamnism
that lives in water i

The break-through

Chromosomes

o . with telomeres
1.Minichromosomes without telomeres were

introduced into yeast cells. They were not

protected and were damaged.
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il 3.The results showed that telomere DNA from one crganism,

Tetrahymena, protected chromosomes in an entirely different
one, yeast. This demonstrated the existence of a previously
unrecognized fundamental mechanism.

Telomerase builds telomere DNA

How are telomeres formed? Carol Greider and Elizabeth Blackburn asked if an enzyme might
synthesize telomeres.
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Search for
a New enzyme

Carol Greider and Elizabeth Blackburn
analyzed a cell extract from Tetrahymena
for enzymatic activity. They mixed it with
synthetic telomere DMNA oligomers
{as primers for an enzymatic reaction)
and nudectides (as DMNA building blocks).
On Christmas Day 1984 the first positive
results demonstrating enzymatic activity
were obtained. The telomere DNA primer
had been extended by a number of
telomere DMA repeat sequences.
Telomerase had been discovered.
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1. Assay for telomere elongation

Different synthetic single-stranded
telomere DMA cligomers were added
to a Tetrahymena cell extract along
with radicactively labeled nuclectides
allowing visualization of the reaction

2. Telomerase synthesizes telomeres

The experiment showed that an unknown enzyme
extends telomere DMA. A ladder of bands was obtained
when either Tetrahymena or yeast telomere oligomers
weere used as primers {lanes 5 and &) but not when
unrelated DNA sequences were used.

product.

Telomerase and disease

The discovery of telomere function and telomerase has broad medical implications in many
fields including cancer, ageing and certain inherited diseases.
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Mutations in genes encoding telomerase

or telomere-binding proteins are found [ / e Lo
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in a group of rare inherited diseases i\ Y
with manifestations in bone mamow, ey "'q II

lung and skin. 2l ]
These diseases are linked to the el
presence of short telomeres and to | | ",_ |
defects in stem cell maintenance. il i1
In the bone marrow insuffident cell
divisions in the stem call compartment \
lead to severs anemia. > "

High telomerase activity in cancer cells

Cancer cells can divide infinitely and therefore

must preserve their telomeres. Telomerass

activity is increased in 80-90% of cancers.
Hope is raised that new cancer therapies - -

can be developed by targeting telomerase, | 58

Climical trials are underway including N

studies evaluating vacdnes

directed against calls with

elevated telomerase.

Malignant
melanoma
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