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BINDING SITES AND CONFORMATIONAL CHANGES IN PROTEIN KINASES
Elizabeth J. Goldsmith, Department of Biochemistry, Univ. Texas Southwestern Med
Center at Dallas, 5323 Harry Hines Blvd. Dallas TX 75209

Despite the fact that the major pocket present in protein kinases binds the same ATP
ligand in each case, there are many sources of structural diversity that are contributing to
successful development of specific protein kinase inhibitors. Both STI-571, the Ber-Abl
tyrosine kinase inhibitor, and PD3818088, the MEK1 and MEK?2 dual specificity kinase
inhibitor bind to unique conformations probably present in the low activity forms of these
enzymes. Structural data on highly similar protein kinases suggests that the low activity
forms are variable. Amino acid replacements in the active site also play a role in
inhibitor specificity, for example in inhibitors of the MAP kinase p38a and interleukin-2
tyrosine kinase. The emerging data, both sequence and structural, suggests that there are
more sources of conformational diversity yet to be utilized, including other radically
different low activity forms and chemically distinct protein kinase active sites. The WNK
kinase, which is linked to hypertension disease, has both of these features. The sources of
structural diversity in protein kinases will be reviewed.



MAP3K TAOZ
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One thousand and one amino acids

Cloned by Cobb lab by looking for
Ste20 homologs in mammals

TAO1 and TAO?Z2 are closely related,

sharing 90% sequence identity within
their kinase domains

Expressed most highly in brain

The serine/threonine protein kinase
catalytic domain, about 320 amino
acids in length, is located at N -
terminus

MAP3K-level kinase in the stress-
sensitive MAP kinase pathway

TAOZ2 binds and selectively
activates MEK3 and MEK6 /i vivo
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Inactive PAK1

TPYWMAPE

Massive remodeling of P+1 in Ste 20 kinases Harrison 2001



WNK kinases

1.

1

Cloned in a strategy to identify MAP2Ks in
brain

(Cobb lab)

2. With No Lysine (K): A conserved catalytic lysine
is mutated into a cysteine

PKA

wnk1
wnk?2
wnk3
wnk4

Kemmmoo - TL RVMLVKHKESGNHYAM I LDKQKVVKLKQIEHTLNEKRI 94

GMSNDGRFLKFDIEI KTVYKGLDTETTVEVAW ELQDRKLTKSER-QRFKEEAEM 271

ATSLDGRFLKFDIEL KTVYKGLDTETWVEVAW ELQDRKLTKLER-QRFKEEAEM 231

—————————— FDIEL KTVYKGLDTETWVEVAW_ELQDRKLTKAEQ-QRFKEEAEM 49

ATSPDGRYLKFDIEI KTVYRGLDTDTTVEVAW_ ELQTRKLSRAER-QRFSEEVEM 224
glycine loop Catalytic lysine

3. Human genetics studies linked WNK1 and WNK4 to
the hypertension disorder Pseudohypoaldosteronism
type IT (PHATII). (Wilson, 2001)



Mutations in WNK kinases lead to hypertension

Mutations in WNK1 linked to PHATI are intronic deletions that
lead to increased expression in kidney. WNK4 mutations are
point mutations of unknown function in the C-terminus.

N

KINASE

WNK1 is expressed ubiquitously. WNK4 is expressed in kidney
and in epithelial cells in other tissues.

In kidney, both WNK1 and WNK4 are localized to the distal
convoluted tube (DCT) and connecting tubule (CNT).



WNK both has a unique active site and massive remodeling in
the low activity structure- shown is the N-terminus of
activation loob



The C-terminus of the activation loop
adopts inactive conforma’rlon
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WNK1 is also remodeled at the C-
terminus of the activation loop



Unique active sites
(Mutated catalytic residues)

WNK (with no lysine) hypertension (K250->C)

CCK4 colon cancer (no DFG)

Drl (derailed) (lin18) axon guidance (DFG->DNA)

Integrin-linked kinase anchorage dep- (ho DFG)
cell-cycle prog

(reviewed in Manning et al. (2002) TIBS 27, 514)



Docking sites in substrates and activators of
p38
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The two peptides
bind to the same
locus and induce
similar
conformational
changes locally.

Both also induce
disorder in the
phosphorylation
[ole]s}

p38/pERMEF2A
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EXPLOITING PLASTICITY IN NUCLEAR RECEPTOR DRUG DISCOVERY.
Willson, T.M.* GlaxoSmithKline, Discovery Research, Five Moore Drive,
Research Triangle Park, NC 27709-3398. tim.m.willson@gsk.com

Nuclear Receptors (NRs) are a family of ligand-regulated transcription factors
that have proven to be effective drug targets for a wide range of human diseases
from osteoporosis to asthma to diabetes. There are four dozen NRs in the
Human genome. Among the best characterized are the estrogen, androgen, and
glucocorticoid receptors that function as the cellular targets for sex steroid and
corticosteroid hormones. There are also many orphan NRs for which the
cognate hormone was not known at the time of their identification. Over the past
decade a number of these receptors have been successfully de-orphanized,
resulting in an increased understanding of the role of lipid signaling molecules in
transcriptional regulation of Human disease. Examples include fatty acids as
ligands for the PPARS, oxysterols for the LXRs, bile acids for FXR, and
phospholipids for SF1.

High resolution X-ray crystal structures of the ligand binding domain have been
solved for many of the NRs. Representative structures are available for all of the
steroid hormone receptors and the majority of the orphan receptors. The
structures show the ligand binding domain in different states of activation: bound
to agonists, antagonists or in the absence of a ligand (apo). Conformational
changes are observed that explain a) the relationship of ligand structure to
functional activity and b) the directed promiscuity of the binding pocket to ligands
of different sizes. Plasticity in the NR ligand binding domain can be exploited in
the design of new ligands with improved receptor selectivity and modified
functional activity.



EXPLOITING LIGAND AND RECEPTOR ADAPTABILITY
IN ANTIVIRAL DRUG DESIGN.
TARGETING THE HEPATITIS C VIRUS NS3 PROTEASE AND NS5B POLYMERASE
Steven R. LaPlante, Boehringer Ingelheim (Canada) Ltd., Research and Development,
Department of Chemistry, 2100 Cunard St., Laval (Québec), Canada H7S 2G5.

slaplante@lav.boehringer-ingelheim.com

Interactions between a biological macromolecule and a small molecule ligand involve
intricate recognition events which are strongly influenced by both structure and
dynamics factors. The ligand and receptor must adapt to each other to form a strong
complex. Detailed knowledge of these factors would certainly aid drug design efforts.
This presentation will describe two examples of rational design efforts that target
essential enzymes of the hepatitis C virus (HCV), NS3 protease and NS5B polymerase.
An emphasis will be made on the development and application of novel dynamics- and
structure-based design strategies. They include direct detection of binding of early
leads to the NS3 and NS5B enzymes, the identification of important ligand substituents
that directly contact the receptor pockets, the determination of free and protein-bound
structure and dynamics features of these compounds, and the rational use of such data
for medicinal chemistry purposes. Central to this is an on-going effort to qualitatively
elucidate the binding modes/roles of the substituents of ligands using a combination of
data from NMR spectroscopy, structure-activity relationships, computational chemistry,
and X-ray crystallography. Furthermore, interesting ligand-induced adaptive features of

the HCV protease and polymerase are also observed and discussed.



