BIOSCIENCE

The cancer drug Gleevec is
extremely specific, binding and
inhibiting only the cancer-
causing tyrosine protein kinase
Blc-Abl, while not targeting
homologous protein kinases
found in normal, healthy cells.
It has been widely used to fight
colon cancers and chronic
myeloid leukemia. The protein
kinase Abl is involved in regu-
lating cell growth. Protein
kinases have in general been
the target of many cancer drug
designs, since they are respon-
sible for so many cellular
signaling functions. However
Gleevec is one of the very few
success stories of a specific
kinase inhibitor. The proteins
look nearly identical, and
particular the Gleevec binding
pockets between the tight
binding Abl kinase and a close
homologue Src kinase that in

contrast binds Gleevec
extremely weak are nearly
identical, which begs the

question: why exactly does
Gleevec bind so well to Abl
and not Src?

The actual structures of
Abl and Src, both alone and
bound to Gleevec, have been
known for some time. Indeed,
many structural studies on
these proteins with designed
mutations have also previously
sought to understand why
exactly Gleevec binds prefer-
entially to Abl but, until now,
this mechanism was not under-

Mutational screen between ANC-AS and ANC-A2 identifies
subsets of mutations sufficient for major increase in Gleevec
affinity. Sequence differences between ANC-AS (weak binder)
and ANC-A2(tight binder) are plotted onto the ANC- AS.Gleevec
structure as spheres. These residues were separated into two
sets, N-lobe (blue) and C-lobe (red) mutations and then further
splitinto buried residues (light red and light blue) and solvent-
exposed residues (dark red and dark blue).

stood. As it turns out, structure
alone was not enough to solve
the puzzle.

In order to study the
amazing specificity of Gleevec,
researchers working at the ALS

first turned to something that at

first glance appears completely
unrelated: the evolutionary
history of the two proteins Abl
and Src. Using 76 modern
tyrosine kinase structures in
a statistical method called
Bayesian phylogenetic analysis,
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they reconstructed the "family
tree” for the protein. The
common ancestor of Abl and
Src, a protein they called



New Drug Dynamics

The problem with most cancer drugs is that they kill nearly as
many normal cells as cancer cells. And the reason is because
cancer cells are, for the most part, identical to healthy cells;
they are simply replicating abnormally fast. Like damming a
river, cancerous tumors eventually grow so large that they
block the normal flow of functions of the body. So many can-
cer therapies tend to target fast-growing cells, which include
the cancer cells, as well as normal blood cells, and normal
cells in hair follicles and in the stomach lining, for instance.
Gleevec, acancerdrugthatappeared on the marketin 2001, is
an exception to that rule. It very specifically binds a particular
protein kinase that is mutated in cancer cells, while not bind-
ing homologous other protein kinases present in normal
healthy cells. This study uncovered exactly why that is the
case, and points to novel methods of drug discovery.

ANC-AS, existed about a
billion years ago. Since that
time, the protein accumulated
many mutations in the evolu-
tion of many different organ-
isms, diverging into the two
modern proteins Abl and Src,
which are different by 146
amino acids, though retaining
the same overall physical
structure. The group then
reconstructed four protein
kinases along the evolutionary
tree, including the common
ancestor, and grew those
proteins in the lab.

Measuring the kinetics of
Gleevec binding to each of
these proteins gave the second
important clue. It turns out

that binding involves two
steps: the initial binding, and
then a slow ‘“induced-fit"

process in which the protein
changes conformation until the
drug fully binds. We tend to
think of proteins as being in a
static frozen state, and indeed
this is how protein crystallog-
raphy structures depict them.
But in reality, proteins are in a
constant state of motion, hence

are constantly interconverting
This
dynamic nature is essential for

between  structures!
biological function. Those rear-
rangements can be subtle: one
small loop of a protein “flop-
ping around,” for instance, or
they can be as large as entire
sections of a protein unfolding
and then folding back again.
How much time a protein
spends in one structural state
relative to another determines
its conformation equilibrium.
Abl, it turns out, is just
different enough from Src that
Gleevec can induce a large

shift in the equilibrium
between two  drug-bound
structures. This induced-fit

step of the process was what
gradually changed throughout
evolution to make Gleevec
much more selective to Abl
than to Src.

Finally, crystallography was
used to determine the actual
physical structure of the ances-
tral tyrosine kinase protein
ANC-AS bound to Gleevec,
and to compare it to the struc-
tures of the modern-day kinase
bound to Gleevec. The struc-
analysis showed an
extensive  hydrogen-bonding
network that is present in the
ancestral protein and in Src,
but is not present in Abl. The
authors hypothesize that the

tural
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lack of this hydrogen-bonding
network is what allows a
specific loop in the Abl protein
to be more flexible, which in
turn allows Gleevec to better
induce protein conformational
changes in Abl vs Src.

Gleevec is an exceptionally
selective drug for certain
cancers, targeting the Abl
tyrosine kinase in cancer
cells. Of course, Gleevec did
not drive evolution of this
tyrosine kinase. Gleevec was
designed to fit into the binding
pocket of the protein, and
serendipitously bound prefer-
entially to Abl over Src. But
uncovering the reasons for this
points to new possibilities for
drug design. Perhaps drugs
can be designed that will
target a specific subset of
structures within a conforma-
tional equilibrium, rather than
designing drugs that fit well to
just one model. Perhaps inves-
tigating  the  evolutionary
family tree for a family of
proteins will shed light into
the evolution of differences in
the energy landscapes of
modern protein kinases that
can then be exploited by
cancer drugs with high speci-
ficity. This study opens the
door for new types of studies
like this in the on-going search
for cancer therapies.
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