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Aminoacylation of tRNAs is the crucial biochemical process that ensures the fidelity of protein
translation. The correct message, embedded as a three letter code, in the DNA will only be
translated correctly when the adaptor molecule, the tRNA, is correctly charged. To date, several
indirect aminoacylation processes have been discovered. The most common ones are the synthesis
of GIn-tRNAGIn and Asn-tRNA"™" via activities of the non-discriminating glutaminyl-tRNA synthetase
(ND-GIuRS), non-discriminating aspartyltRNA synthetase (ND-AspRS), and the Asp/Glu-ADT.
Several efforts have been made in order to unlock the peculiar tRNA specificity of the non-
discriminating enzymes. In the case of ND-AspRS, the enzyme aspartylates both tRNA™® and
tRNA"" and the mischarged Asp-tRNAAsm is then converted to Asn-tRNAAsn by the action of Asp/Glu-
ADT, which coexists in the same organism containing ND-AspRS. The relaxed tRNA specificity was
speculated to reside within the interface between the enzyme and tRNA substrate. Among those
areas, the anticodon binding domain presents the most crucial interaction of all. Here we report the
anticodon binding domain swapping between the ND-AspRS from the human pathogen Helicobacter
pylori and those of the discriminating AspRS and AsnRS from E. coli. The resulting chimeras
(Chimera-D for the ND-AspRS enzyme with E. coli AspRS anticodon binding domain and Chimera-N
for the one with E. coli AsnRS anticodon binding domain) maintain the same secondary structure
content compare to the wild-type enzyme. The catalytic activity of these chimeras is lower than the
wild-type enzyme as expected. However, the preference for tRNA" in Chimera-D is a lot higher
than those of wild-type enzyme, indicating the significant contribution of the anticodon binding
domain toward tRNA specificity. The heterologous toxicity, when overexpressed in E. coli host cells,

of these chimeras-also correlates well with their tRNA specificity and catalytic activity.
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Executive summary

Aminoacylation of transfer RNAs (tRNAs) is at the heart of protein biosynthesis,
a cellular process shared by all form of life on this planet.h3 This transformation can be
accomplished by a group of enzymes called aminoacyl-tRNA synthetases (AARSS).
These enzymes have to accomplish a very complicated task as they have to selectively
aminoacylate tRNA isoacceptor(s) with a cognate amino acid. This process represents
two types of interaction in molecular biology, namely, protein (AARSs)/'small molecule
(amino acid) and protein (AARSs)/tRNAs interactions. Therefore, Investigation of the
mechanistic details and evolutionary pattern of this group of enzymes will provide us a
complete picture of the central process shared by every organism.

It had been hypothesized that there are 20 AARSs, one for each standard
amino acid. However, several investigations of complete genomes of various organisms
reveal a very intriguing piece of information. Some organisms, including human
mitochondria, all archaea, and many pathogenic bacteria, are often missing one or two
aminoacyl-tRNA synthetases, namely glutaminyl- and asparaginyl-tRNA synthetases
(GInRS and AsnRS, respectively).s'4 The genes encoding for GInRS and/or AsnRS are
often missing in most bacteria, archaea, and organelles. In these cases, glutaminyl-
tRNAGln and/or asparaginyl-tRNAAsn must be made indirectly. These processes arise
from the activity of a non-discriminating glutamyl and aspartyl-tRNA synthetase (ND-
GIURS and/or ND-AspRS), which will charge glutamic acid onto both tRNA"" and
‘tRNAGm and charge aspartic acid onto both tRNAASp and tRNAAsn respectively. These
observations and several other well characterized indirect aminoacylation pathways
underline the importance of characterizing unexpected genetic variations in AARS as
well as the novel indirect aminoacylation mechanisms.4~32

Not only do the AARSs catalyzed aminoacylation of the tRNAs, several
alternative functions of AARSs have been reported, especially the ones with
involvement in diseases and therapeutics. Some of these examples are:

1) The human lysyl-tRNA synthetase (LysRS) has been shown to interact with
HIV-1 GAG protein and play a significant role in HIV-1 viral particle assembly.as'34

2) The non catalytic factors AIMP2/p38 and AIMP3/18, which are part of the
mammalian tRNA synthetase macromolecular protein complex, are found to be potent
tumor suppressors and play a critical role in the signaling pathways that are involved in
cell proliferation and cell death.””’

3) Recently, leucyl-tRNA synthetase (LeuRS) has been shown to be a target of

an antifungal agent.ag'39 The compound AN2690, a molecule in development for the



treatment of onychomycosis, inhibits yeast LeuRS by forming a stable tRNA \—A} 2690 ‘
adduct in the editing site of LeuRS and consequently prevents catalytic turnover The
scientific reports mentioned here truly emphasize the significance of AARSs in medlcal
and pharmaceutical fields.

Helicobacter pylori (H. pylori) was first isolated and successfully cultured in 1984
by Barry Marshall. This bacteriam is the causative agent behind stomach ulcers, chronic
gastritis, and stomach cancer. It is worth noting that Barry J. Marshall and J. Robin
Warren shared the Nobel Prize in Physiology/medicine in 2005 for their discovery of the
bacterium H. pylori and its role in gastritis and peptic ulcer disease.40 The genome of H.
pylori was completely sequenced in 1997.41 Like some other bacteria, H. pylori genome
lacks genes encoding for AsnRS and GInRS. (This was the first example of a bacterium
that lacked direct aminoacylation pathways for both AsntRNA™" and GIn-tRNA"".)
Interestingly, the genome of this bacterium contains 2 copies of gene encoding for
GIuRS1 and GIuRS2 and one copy of the non-discriminating AspRS (ND-AspRS).
GIluRS1 is a canonical, discriminating GIuRS that charges tRNAGIU with glutamic acid.
However the role of GIuRS2 is to specifically aminoacylate tFlNAGln with glutamic

1
acid. e The mischarged Glu-tRNA e is then converted to the correctly charged Gin-

RNAS" by the Asp-tRNA"/GIu-RNAS" amidotransferase (Asp/Gly-Adt).””**““** This
unexpected specificity of GIuRS2 in H. pylori leads us to further characterize the
specificity and evolutionary pattern of the ND-AspRS in this pathogenic bacterium. Such
information can also be used in medical and pharmaceutical sciences. Specifically, if
significant structural differences can be identified between the human AspRS and the
ND-AspRS from H. pylori, the ND-AspRS from this pathogenic bacterium could be a

potential target for antibacterial drug development.





