
When cells are challenged
with extreme heat, they

build a collection of pro-
tective proteins called

heat shock proteins (typi-
cally abbreviated as

"Hsp" with the approxi-
mate molecular weight

afterwards). Many of
these proteins are chaper-

ones that work to keep
cellular proteins folded
and active when condi-

tions get bad. They also
play important roles in

the normal life of the cell,
helping proteins fold and

limiting the dangerous
aggregation of immature
proteins. Some of these

proteins, such as Hsp70
and Hsp60 are general
chaperones. Hsp90, on
the other hand, plays a

more specific role.
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About the
RCSB PDB Molecule of the Month
Using selected molecules from the PDB

archive, each feature includes an
introduction to the structure and func-
tion of the molecule, a discussion of its
relevance to human health and welfare,

and suggestions for viewing and
accessing further details.

The RCSB PDB Molecule of the Month
is read by students, teachers, and scien-

tists worldwide at www.pdb.org.

This edition was written and illustrated
by David S. Goodsell (RCSB PDB and

The Scripps Research Institute).

Molecular Clientele
Hsp90 is a specialized chaperone that assists in
the maturation of a select clientele of proteins.
These proteins include over a hundred tran-
scription factors and kinases, such as steroid
receptors, mutant p53 protein, and the HER2
protein involved in breast cancer. So far,
researchers have not discovered a unifying
theme for this growing list of proteins, just that
Hsp90 is essential for maintaining active forms
of these proteins.

Collaborative Effort
The exact function of Hsp90 is also currently a
mystery. Researchers don't know what it does
in the maturation of its client proteins. They
have discovered that it acts as part of a large
complex of different chaperone proteins. Some
of these chaperones deliver immature proteins
to the complex, and others assist with folding.
For instance, the complex shown here (PDB
entry 2cg9) includes Hsp90, shown in blue

and turquoise, and the co-chaperone molecule
Sba1, shown in green. An ATP molecule
(shown in red) assists with the functional cycle
of the protein

Cancer Connection
Many of the client proteins serviced by Hsp90
are involved in cellular growth, making Hsp90
an attractive target for cancer chemotherapy.
You might think that drugs that attack Hsp90
would be too toxic for use in therapy, since
Hsp90 is essential in normal cells too. But it
turns out that cancer cells rely on Hsp90 more
heavily than normal cells, and respond more
strongly to drugs that block Hsp90 function.
For instance, the drug geldanamycin blocks the
binding of ATP to Hsp90 in cancer cells, caus-
ing complexes of Hsp90 and misfolded pro-
teins to accumulate. This stimulates the ubiq-
uitin/proteosome system to destroy the pro-
teins, ultimately killing the cancer cells by cor-
rupting the signaling pathways that control
growth.
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Exploring the Structure
The first compound found to attack Hsp90 is a
natural product called geldanamycin made by
Streptomyces bacteria, shown here on the right
from PDB entry 1yet. It binds in the ATP-
binding site on Hsp90, blocking the binding of
ATP and thus freezing the large conformation-
al changes needed for function. The structure of

ATP bound in this site is shown on the left
from PDB entry 1am1 (when you look at this
structure yourself, note that only two of the
three phosphates are included in the atomic
coordinates; the third one is disordered).
Unfortunately, geldanamycin is too toxic for
use as an anticancer drug, but many better
compounds have been developed since then.
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Topics for Further
Exploration

Can you find other structures of Hsp90
with experimental drug molecules?

Geldanamycin looks very different than
ATP, but it turns out that it makes similar
contacts with the protein binding site. Can
you find the amino acids that directly inter-
act with ATP and with geldanamycin?

Flexing Arms
Hsp90 undergoes large conformational changes
during its functional cycle. The inactive form is
opened up, as shown at the left from PDB entry
2ioq. Binding of ATP causes the molecule to
close into the active form, shown on the right
from PDB entry 2cg9. Notice how the two lit-
tle loops of protein clasp hands at the top of the
molecule in the closed form. The ATP binding

site is just below these loops, allowing it to con-
trol the large structural changes. Several differ-
ent forms of Hsp90 are available in the PDB.
The open structure is a bacterial form and the
closed structure is from yeast. You can also look
at a semi-closed structure of GRP94, a similar
Hsp90 that is found in the endoplasmic reticu-
lum (PDB entry 2o1u and 2o1v, not shown
here).


