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Crystal Structure and Functional Analysis Identify Evolutionary Secret of
SerRS in Vascular Development
Aminoacyl-tRNA synthetases (aaRS) have been essential enzymes for protein synthesis
throughout evolution. As the tree of life was ascended, tRNA synthetases added new
domains, which are generally dispensable for aminoacylation, in a progressive and accretive
manner. The acquisitions were timed to specific points in evolution, such as the transition
from invertebrates to vertebrates. These appended domains are considered to be markers
for tRNA synthetase-associated functions beyond translation (1). Although their appearance
correlates with the increase of biological complexity in higher organisms, the functional
significance of these appended domains is not
understood at the organism level. This study,
for the first time, establishes an essential role
for an appended domain of tRNA synthetase.
The study is focused on a unique domain
appended to seryl-tRNA synthetase (SerRS) in
organisms ranging from fish to humans 
species that have developed closed circulatory
systems not found in invertebrates. Interestingly, three independent forward-genetic
studies in zebrafish showed a role for SerRS
in vascular development that is independent
of aminoacylation (2-4).
It is found that the appended domain in
SerRS (UNE-S) harbors a robust nuclear
localization signal (NLS) directing SerRS to
the nucleus and that all of three reported
vasculature-defective mutants cannot enter
the nucleus. Two mutations result in the deletion of the NLS, while the third mutation, as
shown by a combination of structural and
biochemistry methods, masks the NLS. Based
on the crystal structure of human SerRS, a
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second site mutation was designed to reevolutionary secret of SerRS in vascular
expose the NLS, which successfully redirected
development.
SerRS to the nucleus and removed the vascular defect in vivo. Thus, the essential role of SerRS in vascular development is dependent
on UNE-S, whose function is to direct the synthetase to the nucleus.
The critical role for UNE-S in vascular development demonstrated in this work is the first
example of an essential function for an aaRS-associated appended domain at the organism
level. Given that almost all aaRS have their own distinct appended domains, this work provides motivation to discover and understand the function and significance of other tRNA
synthetase domain accretions in higher organisms. This study also raised the possibility that
establishment of closed circulatory systems required the coincident acquisition of UNE-S.
The crystal structure of human SerRS was determined based on data collected at Beam Line
7-1 at the Stanford Synchrotron Radiation Lightsource (SSRL).

References
1. M. Guo, X. L. Yang, and P. Schimmel, "New Functions of Aminoacyl-tRNA Synthetases
Beyond Translation", Nat. Rev. Mol. Cell Biol. 11, 668 (2010)
2. A. Amsterdam, R. M. Nissen, Z. Sun, E. C. Swindell, S. Farrington, and N. Hopkins,
"Identification of 315 Genes Essential for Early Zebrafish Development", Proc. Natl.
Acad. Sci. USA 101, 12792 (2004)
3. H. Fukui, R. Hanaoka, and A. Kawahara, "Noncanonical Activity of Seryl-tRNA
Synthetase is Involved in Vascular Development", Circ. Res. 104, 1253 (2009)
4. W. Herzog, K, Muller, J, Huisken, J., and D. Y. Stainier, "Genetic Evidence for a
Noncanonical Function of Seryl-tRNA Synthetase in Vascular Development", Circ. Res.
104, 1260 (2009)
Primary Citation
X. Xu, Y. Shi, H.-M. Zhang, E. C. Swindell, A. G. Marshall, M. Guo, S. Kishi, and X.-L. Yang,
“Unique Domain Appended to Vertebrate tRNA Synthetase is Essential for Vascular
Development”, Nat. Commun. 3, 681 (2012); doi: 10.1038/ncomms1686.
Contact
Xiang-Lei Yang, The Scripps Research Institute

SSRL is primarily supported by the DOE Offices of Basic Energy Sciences and Biological and
Environmental Research, with additional support from the National Institutes of Health, National
Institute of General Medical Sciences.

