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NMR Spectroscopy Provides a Novel Bioanalytical and Biophysical Approach
towards the Characterization of Protein Interactions Involved in the

Integration of RAS Signaling
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Structure-function relationships among proteins are at the center
of the chemical and molecular basis of many biological processes.
There remains, nevertheless, a gap in our understanding of Ras-related
protein interactions which are pivotal in regulating many cell-signaling
processes. The classical model that depicts how Ras-related proteins are
involved in cell-signaling is dictated by the nature of the nucleotide-
bound state (GDP-inactive or GTP-active), which in turn is vital
to processes such as cell proliferation, second messenger signaling,
programmed cell death, cytoskeletal development, trafficking and
differentiation (Figure 1) [1-6].

If not properly regulated, these signaling processes involving Ras-
related proteins can result in diseases such as cancer as well as other
developmental pathologies [6]. Therefore, these proteins are important
models to probe structure-function relationships that mediate cell
signaling and cell transformation. These cell-signaling processes
are defined by how a message (or messages) may move in response
to effector/regulatory protein interactions with the Ras protein. The
relayed signals follow a well-regulated network of pathways. Although
there has been a burgeoning rise in the analyses of the existing web
of signal transduction mechanisms, a defined experimental approach
to measure these signals quantitatively, still lags. Hence, strategies that
can probe the competition between effectors and regulatory proteins
are required to explain and quantify signals from both wild-type
and oncogenic Ras proteins. Distinguishing these interactions could
provide a unique approach to targeting abnormal Ras-stimulated
activity with greater specificity.

Recently, Smith and Ikura used parallel Nuclear Magnetic
Resonance (NMR) approaches to characterize the competitive nature
of Ras binding between effector and regulatory proteins [7]. The
premise for these studies lies in the fact that there has been valuable
information gained from an examination of individual Ras-effector/
regulator complexes, but, in the presence of multiple effectors, details
of Ras selection, as well as the order or “hierarchy” of selection is less
well-known. The approach consisted of an analysis of the sequence
alignment and secondary structure predictions of over fifty Ras
Binding Domains (RBDs) that was used to generate a base set of
ten RBDs from various Ras protein families. Two combinations of
effectors, in competition with each other for Ras, either BRAF-ARAF
or ARAF-RGLI, were incubated with Ras bound to a non-hydrolyzable
nucleotide analog GMPPNP, to maintain active Ras status. The NMR
peak intensities at characteristic chemical shifts for each effector bound
to wild-type Ras individually were compared. For the BRAF-ARAF
competition assay, only the BRAF-Ras complex was detected from
chemical shift characteristics, suggesting that BRAF was dominant
over ARAF in binding to wild-type Ras [7].

However, for the ARAF-RGL1 competition assay for Ras binding,
calculation of chemical shift intensities gave a ratio of 62% for ARAF
as compared to 38% for RGLI suggesting that, while both effector
domains bound to wild-type Ras, ARAF had a stronger interaction with
Ras than that of RGL1 to Ras [7]. By using this NMR-based approach

for all possible combinations of effector domains produced, the authors
generated a “hierarchy” of Ras-effector interactions, which showed the
potential of effector selectivity by this protein.

Another interesting aspect to this work, highlighting the use of
multi-dimensional NMR as a novel bioanalytical tool emerged from
data analysis using a Ras variant with a “disease-causing” mutation.
A binding competition assay revealed that the mutant Ras (G12V)
showed a stark contrast in its ability to interact with the effectors
ARAF and RGL1 as compared to wild-type Ras, as the relative binding
affinities were reversed for Ras (G12V) [7] (and data therein). The
results suggest that the hierarchy of Ras-signaling could be disturbed
via mutation(s) that may cause conformational as well as dynamics
changes in regions critical for Ras-effector binding, as has been
described by this laboratory as well as others [8-11]. To rule out the
possibility of concentration-dependent changes causing the inversion
of effector affinities, the authors used Isothermal Titration Calorimetry
(ITC) to characterize the binding interactions for the named effectors
with mutant Ras and compared to wild-type. The results were consistent
with the NMR data in that ARAF showed a lower K, for wild-type Ras
as compared to its K, for Ras (G12), and RGL1 had a lower K, for Ras
(G12V) compared to its K, for wild-type Ras. These data confirmed
the hypotheses of the authors, as an oncogenic mutation indeed did
alter the binding properties of key effectors of Ras and triggered the
perturbation in the signaling network. The outcomes of the use of NMR
as a bioanalytical tool in this approach also point to the importance
in gaining a more complete understanding of the molecular details of
the binding interface(s) presented to these effectors by mutant Ras in
comparison to wild-type Ras.

To further quantify their results, the authors co-expressed wild-
type or Ras (G12V) with the catalytic domain SOSI to develop an in
vivo system to characterize differences in effector productivity from
activated wild-type or mutant Ras. After each was expressed in parallel,
RALA-GTP and pERK levels were measured in a time-dependent
assay. Results revealed that Ras G12V activates higher RALA-GTP
levels than the wild-type RAS [7] (and data therein). However, wild-
type Ras activated more pERK levels than Ras (G12V). These results
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and trafficking (red extension) are also highlighted.

Figure 1: Ras signaling activity between active (GTP-bound) Cdc42 and inactive (GDP-bound) Cdc42. Guanine nucleotide exchange factors (GEFs) (green square)
catalyze the GDP-GTP exchange; and GTPase-activating (GAPs) (yellow square) effector proteins catalyze the inactivation of Ras by stimulating GTP hydrolysis.
Downstream signaling pathways involving Ras effector interactions with the Ras-activated state (green circle) in processes such as cell proliferation (green extension)
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strengthen the findings from the NMR competition binding assays. The
combined results show that different levels of peak intensity for certain
effectors correlate with a hierarchy of signaling networks which can be
correlated to in vivo processes as well.

In the work cited above, novel information, acquired from
traditional bioanalytical and biophysical approaches, was used to
address the contributions of regulatory/effector proteins (GAPs, GEFs,
etc.) in the integration of Ras signaling pathways. Indeed, a “hierarchy”
of Ras-effector interactions was identified, as well as a characterization
of how these networks can influence activity in vivo. Such understanding
of the integration of the Ras signaling pathway can be expected to foster
specific targeting of interactions that lead to aberrant cell-signaling
activity, for example, by small molecule inhibitors.
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