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MOONLIGHTING ENZYMES
Aminoacyl-tRNA synthetases play a fundamental role in protein translation, linking transfer RNAs to their cognate 
amino acids. But in the hundreds of millions of years that they’ve existed, these synthetases (AARSs) have picked  
up several side jobs. One of these is to manage the development of vertebrate vasculature. 

According to Scripps Research Institute biochemist Paul Schimmel, the addition of 
accessory domains that perform such tasks parallels major events in the evolution  
of circulation. The first blood vascular system, which lacked the endothelium present  
in modern vertebrates, probably arose in a common ancestor of vertebrates and 
arthropods around 700 million to 600 million years ago. Around this same time,  
TyrRS acquired a glutamic acid–lysine–arginine motif that today is thought to promote 
angiogenesis. Then, around 540 million to 510 million years ago, an ancestral vertebrate  
evolved a closed vascular system, with blood pumping through vessels lined by  
endothelium. At some point around that same time period half a billion years ago,  
the TrpRS picked up a WHEP domain, which today regulates its ability to block angio-
genesis. In addition, SerRS acquired a domain unique to this enzyme, which now  
prevents over-vascularization in developing zebrafish, and likely other vertebrates. 

GluProRS’s role in angiogenesis, on the other hand, doesn’t seem to be so precisely 
timed to the evolution of vasculature. A linker protein tied together the AARSs for  
glutamic acid and proline enzymes around 800 million years ago, before circulatory 
systems existed.

inhibitor of translation), generated within 
macrophages, binds to and blocks mRNAs 
related to inflammation. Inside the com-
plex, the researchers found GluProRS, an 
enzyme that includes the AARSs for glu-
tamic acid and proline.  

“We ran into it just absolutely by acci-
dent,” Fox recalls. “I didn’t think it was 
an interesting enzyme.” But he knew of 
Schimmel’s work, and he picked up the 
phone to call Scripps.

One minute into the call, Schimmel 
interrupted to welcome Fox to what Schim-
mel called the most exciting area of AARS 
research: the noncanonical functions. 
Schimmel also promised his assistance, Fox 
says. “He’s been a big supporter and a friend 
ever since.” With tools supplied by Sunghoon 
Kim, a former Schimmel lab postdoc now at 
Yonsei University in South Korea, Fox’s team 
discovered that interferon-γ causes Glu-
ProRS to become phosphorylated, abandon 
its post in translation, and join up with the 
other GAIT members to halt the production 
of inflammatory proteins.12 

It’s not clear why the glutamic acid and 
proline synthetases paired up approxi-
mately 800 million years ago, but Fox has 
a hypothesis, which he published in 2018.13 

Proline is synthesized from glutamic acid, 
and at that period in evolution, emerging 
animal proteins began to include more 
proline. That may have led to a rise in the 
production of ProRS that sopped up all 
the available proline, requiring more to be 
made from glutamic acid. That might have 
resulted in a deficit in glutamic acid lev-
els, impairing protein synthesis. “The solu-
tion to that was to fuse the two synthetases 
into a single gene, so they have to be made 
in the same amounts,” says Fox. “No one’s 
stealing from the other.”

The linker between the two synthe-
tases is crucial for GAIT complex activity; 
it’s made of three WHEP domains that 
bind to target RNAs.14 Fox speculates that 
sometime after the linker appeared, the 
cell coopted it to regulate inflammation.

More recently, Fox’s team wondered if 
the GAIT pathway might function in cells 
besides macrophages. When the research-
ers looked at fat cells, they saw that insu-
lin treatment caused GluProRS to become 

Multiple AARSs play roles in the development  
of the vertebrate circulatory system. During 
development, the serine enzyme SerRS 
downregulates the expression of vascular 
endothelial growth factor A (VEGF-A), 
preventing over-vascularization 1    . In 
addition, a combo synthetase for glutamic 
acid and proline, GluProRS, links up with 
other proteins to form the interferon-γ 
activated inhibitor of translation (GAIT) 
complex to block VEGF-A translation 2    . 
A piece of the tryptophan synthetase TrpRS 
also contributes to dampening angiogenesis 
by binding and blocking VE-cadherin 
receptors on endothelial cells so they can’t 
link together to form blood vessel lining 
3    . Meanwhile, a fragment of the tyrosine 
synthetase TyrRS appears to promote the 
growth of blood vessels by stimulating 
migration of those endothelial cells 4    .

700–600 MYA
• A primitive circulatory system appears in the common ancestor  
   of arthropods and vertebrates. Endothelium-lined blood vessels  
   are not yet present.
• TyrRS acquires a domain that today promotes angiogenesis.
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540–510 MYA
• The closed circulatory system, with blood vessels lined by endothelial cells,  
   appears in an ancestral vertebrate.
• TrpRS acquires a domain that blocks angiogenesis in modern animals.
• SerRS acquires a domain that today regulates vascular development in zebrafish  
   and likely other vertebrates.
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