
 

Team finds dissimilar proteins evolved
similar 7-part shape
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The new research from The Scripps Research Institute shows the smoothened
receptor has remarkable structural similarities to genetically unrelated proteins.
Credit: Stevens lab, The Scripps Research Institute

Solving the structure of a critical human molecule involved in cancer,
scientists at The Scripps Research Institute (TSRI) have found what they
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call a good example of structural conservation—dissimilar genes that
keep very similar shapes.

Described this week in the journal Nature, the work brings attention to
what scientists have thought of as a family of molecules called the G
protein-coupled receptors (GPCRs). Many GPCRs are important targets
for drug design. However, the new work suggests that GPCRs may, in
fact, be a subset of a larger group.

"This work highlights the need to modify how we classify the GPCR
family," said TSRI Professor Raymond Stevens, PhD, the senior author
on the study. "The study suggests we should start calling the family
7-transmembrane receptors, which has been proposed by others before,
to better reflect the diversity of the family, both structurally and in terms
of function."

The new classification would include proteins with similar shapes to
GPCRs—like the smoothened receptor (SMO), which was the subject of
the new research.

Different Genes, Same Structure

In the study, the TSRI team solved the high-resolution structure of SMO,
which is the first non-class A GPCR structure published to date (class A
GPCRs are also known as rhodopsin-like GPCRs). The results showed
the molecule is nearly identical to the classic GPCR shape, even though
it bears almost no similarity in terms of genetic sequence.

Often, two proteins with very different sequences have different
structures, said Chong Wang, a graduate student at TSRI's Kellogg
School of Science and Technology who is the first author on the study.

"These receptors are very different—less than 10 percent sequence
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identity, and yet they have the same 7-transmembrane helical fold,"
Wang added.

"This is a great example of structural conservation of the
7-transmembrane fold," said TSRI Professor Raymond Stevens, PhD,
the senior author on the study. "A key question is, why the magic
number 7?"

Potential Target for Drug Design

The work is also significant because the SMO protein itself is a potential
target for drug design.

SMO is important for proper growth in the early stages of mammalian
development and animals with deficiencies in the activities of this
protein develop severe deformities in the womb. The initial discovery
was made in 1957, when sheep in Idaho ate corn lily containing
cyclopamine and newborns were observed to develop a single eye—a
characteristic for which the condition, known as "cyclopia," is named. In
work published in the journal Nature in 2000, Stanford University
researchers Philip Beachy and Matthew Scott found cyclopamine
inhibits the SMO receptor.

The body reduces its need for SMO in adulthood, and its activity is
usually curtailed. However, later in life the protein can also play a role in
disease, this time by helping cancerous tumors grow. SMO receptor
inhibition has been harnessed as a means to reduce basal cell carcinoma,
a common form of skin cancer.

The discovery of the structure of SMO may help researchers develop
new molecules to treat cancer and other diseases.

"The structure of the human smoothened receptor bound to an anti-
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cancer compound will help us understand the receptor's role in cancer, as
well as its role in the normal process of embryonic development," said
Jean Chin, PhD, of the National Institutes of Health's National Institute
of General Medical Sciences, which partly supported the research. "In
addition, comparison of smoothened's unique structure with those of the
more conventional GPCRs will teach us a lot about how these receptors
respond to the many therapeutics they interact with."

  More information: The Nature article, "Structure of the human
smoothened receptor bound to an antitumor agent," was authored by
Chong Wang, Huixian Wu, Vsevolod Katritch, Gye Won Han, Xi-Ping
Huang, Wei Liu, Fai Yiu Siu, Bryan L. Roth, Vadim Cherezov and
Raymond C. Stevens. dx.doi.org/10.1038/nature12167
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