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Added Layers of Proteome Complexity

Scientists discover a broad spectrum of alternatively spliced human protein variants within a
wellstudied family of genes.
By Anna Azvolinsky | July 17, 2014
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There may be more to the human proteome than
previously thought. Some genes are known to have
several different alternatively spliced protein
variants, but the Scripps Research Institute’s Paul
Schimmel and his colleagues have now uncovered
almost 250 protein splice variants of an essential,
evolutionarily conserved family of human genes. The
results were published today (July 17) in Science.
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Focusing on the 20gene family of aminoacyl tRNA
synthetases (AARSs), the team captured AARS
transcripts from human tissues—some fetal, some
WIKIMEDIA, FREDERIC DARDEL
adult—and showed that many of these messenger
RNAs (mRNAs) were translated into proteins. Previous studies have identified several splice variants of
these enzymes that have novel functions, but uncovering so many more variants was unexpected,
Schimmel said. Most of these new protein products lack the catalytic domain but retain other AARS non
catalytic functional domains.
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“The main point is that a vast new area of biology, previously missed, has been uncovered,” said
Schimmel.
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“This is an incredible study that fundamentally changes how we look at the proteinsynthesis machinery,”
Michael Ibba, a protein translation researcher at Ohio State University who was not involved in the work,
told The Scientist in an email. “The unexpected and potentially vast expanded functional networks that
emerge from this study have the potential to influence virtually any aspect of cell growth.”
The team—including researchers at the Hong Kong University of Science and Technology, Stanford
University, and aTyr Pharma, a San Diegobased biotech company that Schimmel cofounded—
comprehensively captured and sequenced the AARS mRNAs from six human tissue types using high
throughput deep sequencing. While many of the transcripts were expressed in each of the tissues, there
was also some tissue specificity.
Next, the team showed that a proportion of these transcripts, including those missing the catalytic domain,
indeed resulted in stable protein products: 48 of these splice variants associated with polysomes. In vitro
translation assays and the expression of more than 100 of these variants in cells confirmed that many of
these variants could be made into stable protein products.
The AARS enzymes—of which there’s one for each of the 20 amino acids—bring together an amino acid
with its appropriate transfer RNA (tRNA) molecule. This reaction allows a ribosome to add the amino acid to
a growing peptide chain during protein translation. AARS enzymes can be found in all living organisms and
are thought to be among the first proteins to have originated on Earth.

The Scientist Careers
Neuroscience Research Techniques
Genetic Research Techniques
Cell Culture Techniques
Microbiology and Immunology
Cancer Research and Technology

Popular Posts
1. Imaging Intercourse, 1493
2. Genome Editing Cuts Out HIV
3. Sex in a Scanner
4. Dustup Over Lionfish Science
Fair Project
5. Light’s Dark Side

Current Issue

To understand whether these noncatalytic proteins had unique biological activities, the researchers
expressed and purified recombinant AARS fragments, testing them in cellbased assays for proliferation, cell
differentiation, and transcriptional regulation, among other phenotypes. “We screened through dozens of
biological assays and found that these variants operate in many signaling pathways,” said Schimmel.
“This is an interesting finding and fits into the existing paradigm that, in many cases, a single gene is
processed in various ways [in the cell] to have alternative functions,” said
Steven Brenner, a
computational genomics researcher at the University of California, Berkeley.
The team is now investigating the potentially unique roles of these protein splice variants in greater detail
—in both human tissue as well as in model organisms. For example, it is not yet clear whether any of
these variants directly bind tRNAs.
“I do think [these proteins] will play some biological roles,” said Tao Pan, who studies the functional roles of
tRNAs at the University of Chicago. “I am very optimistic that interesting biological functions will come out
of future studies on these variants.”
Brenner agreed. “There could be very different biological roles [for some of these proteins]. Biology is very
creative that way, [it’s] able to generate highly diverse new functions using combinations of existing
protein domains.” However, the low abundance of these variants is likely to constrain their potential
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cellular functions, he noted.
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Because AARSs are among the oldest proteins, these ancient enzymes were likely subject to plenty of
change over time, said Karin MusierForsyth, who studies protein translational at the Ohio State
University. According to MusierForsyth, synthetases are already known to have nontranslational
functions and differential localizations. “Like the addition of posttranslational modifications, splicing
variation has evolved as another way to repurpose protein function,” she said.
One of the protein variants was able to stimulate skeletal muscle fiber formation ex vivo and upregulate
genes involved in muscle cell differentiation and metabolism in primary human skeletal myoblasts. “This
was really striking,” said MusierForsyth. “This suggests that, perhaps, peptides derived from these splice
variants could be used as proteinbased therapeutics for a variety of diseases.”
W.S. Lo et al., “Human tRNA synthetase catalytic nulls with diverse functions,” Science,
doi:10.1126/science.1252943, 2014.
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"Nutrientdependent/pheromonecontrolled adaptive evolution: a model"
extends our 1996 review of cell type differentiation across species from
microbes to man via amino acid substitutions that stabilize organized
genomes. Example from model organisms are provided that make cause
and effect clear in the context of how ecological variation is directly linked to
ecological adaptations via the de novo creation of olfactory receptor genes.
From Fertilization to Adult Sexual Behavior (1996) Excerpt: "Small
intranuclear proteins also participate in generating alternative splicing
techniques of premRNA and, by this mechanism, contribute to sexual
differentiation in at least two species, Drosophila melanogaster and
Caenorhabditis elegans (Adler and Hajduk, 1994; de Bono, Zarkower, and
Hodgkin, 1995; Ge, Zuo, and Manley, 1991; Green, 1991; Parkhurst and
Meneely, 1994; Wilkins, 1995; Wolfner, 1988). That similar proteins
perform functions in humans suggests the possibility that some human sex
differences may arise from alternative splicings of otherwise identical
genes." (p. 337)
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