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Researchers decode molecule that gives living
tissues their flexibility

June 25 2018

The stretchiness that allows living tissues to expand, contract, stretch,
and bend throughout a lifetime is the result of a protein molecule called
tropoelastin. Remarkably, this molecule can be stretched to eight times
its length and always returns back to its original size.

Now, for the first time, researchers have decoded the molecular
structure of this complex molecule, as well as the details of what can go
wrong with its structure in various genetically driven diseases.

Tropoelastin is the precursor molecule of elastin, which along with
structures called microfibrils is the key to flexibility of tissues including
skin, lungs, and blood vessels. But the molecule is complex, made up of
698 amino acids in sequence and filled with disordered regions, so
unravelling its structure has been a major challenge for science.

That challenge has been solved by a team of researchers who used a
combination of molecular modeling and experimental observation to
build an atom-by-atom picture of the molecule's structure. The results
appear this week in the Proceedings of the National Academy of Sciences
in a paper by Markus Buehler, the Jerry McAfee Professor in
Engineering and head of the MIT Department of Civil and
Environmental Engineering; Anna Tarakanova Ph.D. '17, an MIT
postdoc; and three others at the University of Sydney and the University
of Manchester.

"The structure of tropoelastin has been elusive," Tarakanova says.
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Traditional characterization methods are insufficient for decoding this
molecule "because it's very large, disordered, and dynamic." But the
combination of computer modeling and experimental observations this
team used "allowed us to predict a fully atomistic structure of the
molecule," she says.

The study showed how certain different disease-causing mutations in the
single gene that controls the formation of tropoelastin change the
molecule's stiffness and dynamic responses, which could ultimately help
in the design of treatments or countermeasures for these conditions.
Other "artificial" mutations induced by the researchers, that do not
correspond to any known naturally occurring mutations, can be used to
better understand the function of the specific part of the gene affected
by that mutation.

"We're interested in probing a particular region of the molecule to
understand the function of that region," Tarakanova says. "In addition to
imparting elasticity, the molecule plays a key role in cell signaling and
cell adhesion, affecting cellular processes which are driven by
interactions with specific sequences within the molecule."

The study also looked at the specific changes in the tropoelastin
molecule caused by mutations that are associated with known diseases,
such as cutis laxa, in which the skin lacks elasticity and hangs loosely.
"We show that a point mutation associated with the disease causes
changes in the molecule that have implications—the mechanism of the
disease actually stems from the [changes on the] molecular scale," she
says.

"Understanding the structure of this molecule is not only important in
the context of disease," says Buehler, "but can also enable us to translate
the knowledge from this biomaterial to synthetic polymers, which can be
designed to meet certain engineering needs. Engineering the balance of
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order and disorder in the context of desired properties could open doors
to new designer materials."

The method they used to unravel the structure of the tropoelastin
molecule included a technique based on molecular dynamics modeling
and simulation. While that approach has been used to study simpler
molecular structures, she says, "this is the first work where we've shown
that it can be used for a highly disordered molecule the size of
tropoelastin, and then validated it against experimental data."

The approach combines looking at "the global structure of the molecule,
to consider the general outline" into which the molecular structure must
fit. Then, they look in detail at local, secondary structures within the
molecule, which were culled from large amounts of data in the scientific
literature from experimental work. "The relationship of the local
structure and the global structure gives us a point of comparison with
experiments"” that validates their findings, she says.

The techniques they used could be applied to understanding other large,
complex molecules, she adds. "More generally, I think this approach is
applicable to large molecules with a high degree of disorder—and by
some estimates half of the proteins in your body contain regions with a
high degree of disorder. This can be a very powerful framework for
looking at many kinds of [biological] systems."

More information: Anna Tarakanova el al., "Molecular model of
human tropoelastin and implications of associated mutations," PNAS
(2018). www.pnas.org/cgi/doi/10.1073/pnas. 1801205115
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