
 

Location, location, location: The cell
membrane facilitates RAS protein
interactions
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Many cancer medications fail to effectively target the most commonly
mutated cancer genes in humans, called RAS. Now, Salk Professor
Geoffrey Wahl and a team of scientists have uncovered details into how
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normal RAS interacts with mutated RAS and other proteins in living
cells for the first time. The findings, published in The Proceedings of the
National Academy of Sciences on May 18, 2020, could aid in the
development of better RAS-targeted cancer therapeutics.

"RAS proteins have been studied for decades because the RAS gene is
changed (mutated) in so many cancers, yet there are still new things to be
learned as we develop more sophisticated tools to study the problem,"
says Wahl, co-corresponding author, professor in Salk's Gene Expression
Laboratory and holder of the Daniel and Martina Lewis Chair. "We have
identified a new mechanism for regulating RAS enzyme activity that will
help inform therapeutic strategies for inhibiting the mutated RAS
proteins involved in cancer."

The family of RAS genes helps to regulate cell communication
("signaling") and growth. However, prior research suggests mutated RAS
deviates from normal RAS in its ability to regulate processes that drive
tumor growth across multiple types of cancer, including the majority of
pancreatic cancers. Scientists have long attempted to target cancer-
related RAS activity but this has proved very difficult. Efforts to
understand which proteins normal and mutated RAS interact with in the
cell have also given contradictory answers due to the difficulty of
replicating the cellular environment in a test tube. And while previous
studies have suggested that normal RAS proteins can bind to mutated
RAS proteins to suppress tumor growth, exactly how these interactions
happened was unknown.

"We improved upon an existing genetic technology developed by our
lab, which allows us to study RAS protein interactions instantaneously in
living cells," says Yao-Cheng (Leo) Li, Salk project scientist who led
this study. "The key to understanding the function of RAS is being able
to accurately analyze protein interactions on the cell membrane. This
new technology allows us to do that."
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Similar to watching a soccer team effortlessly execute a complicated
play, the team used their high-powered genetic tool (which enables
interacting proteins to light up, like fireflies) to examine how RAS
interacted with other proteins, as well as with its mutated form, within
living cells. They found that close proximity on the cell membrane was
required for one RAS protein to interact with other RAS proteins,
behavior the team coined "membrane association facilitated interactions"
(MAFI). The cell membrane is required for RAS interactions with itself
and some other proteins that localize to the same place on the cell
membrane, which is why such interactions were not previously found in
test tube studies.

The team also unexpectedly discovered a new mechanism for regulating
the quantity of RAS proteins in the cell. They found that if they
positioned a small fragment of a protein that interacts strongly with RAS
on the membrane, MAFI would enable this protein to bind RAS very
tightly, and this could inhibit RAS function better, creating an inactive
RAS complex. The cell has a mechanism for detecting and eliminating
inactive RAS complexes using small structures called lysosomes to
perform this "housecleaning." Because the cell died as a result of
eliminating the RAS proteins, this new and unexpected finding may aid
in the development of new cancer therapeutics.

"These findings define new mechanisms of RAS signaling regulation"
says Nikki Lytle, an author of the paper and Salk postdoctoral fellow.
"This provides an unexpected model for RAS suppression, which could
lead to new strategies for targeting mutated RAS in the future."

In the future, the researchers hope their discovery can be utilized to
develop a new class of RAS-targeted therapeutics, which may require
drug delivery through cutting-edge approaches involving nanoparticles or
viruses that can target malignant cells.
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  More information: Yao-Cheng Li et al, Analysis of RAS protein
interactions in living cells reveals a mechanism for pan-RAS depletion
by membrane-targeted RAS binders, Proceedings of the National
Academy of Sciences (2020). DOI: 10.1073/pnas.2000848117
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