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DB B LEERLOBIICREZOTT U > RNA P F U5 4 54 —OEAOBIITE
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Molecular recognition mechanism of proline tRNA by prolyl-tRNA synthetase

272

B S R H from hyperthermophilic and aerobic archaea, Aeropyrum pernix K1

[INTRODUCTION]

Transfer RNA (tRNA) and aminoacyl-tRNA synthetase (ARS) exist in most cells and are
very important key molecules to connect genetic code with protein synthesis in translation.
Accurate translation is most dependent on their two system, synthesis of amino acid-specific
aminoacyl-tRNA and the editing of mischarged aminoacyl-tRNA. ARSs and tRNAs are
specific to amino acids. One ARS at least exist toward each of 20 amino acids except for
particular organisms that possess a dual amino acid-specific ARS or the system of tRNA-
dependent amino acid synthesis. Tertiary structure of each tRNA molecule is universally
thought to fold into a similar L-shaped. In spite of the structural similarity, a tRNA is
combined with a cognate amino acid through a specific features of this structure are accurate |
recognized by its own peculiar ARS, and other tRNAs and amino acids is strictly
discriminated in the cell. Although these tRNA identities have been widely investigated in
eubacterial system, the reports have been a few in archaea.

Prolyl-tRNA synthetase (ProRS) belong to a family of Class II ARS that their catalytic
domain consist of an antiparallel § sheet with a conserved three domains. From reports of
sequence alignment based on the crystal structure analysis of Thermus Thermophilus ProRS,
ProRS is divided into two groups, prokaryote-like and eukaryote/archaea-like type. Moreover,
archaeon Methanococcus jannaschii ProRS is two amino acid-specific active enzyme,
ProCysRS that can synthesize both proline-tRNA™ and cystein-tRNA”, In eubacterial E.
coli tRNA™ identity elements reported previously, G35 and G36 at the anticodon loop, and
discriminator base A73 and G72 in the acceptor domain are major recognition elements by E.
coli ProRS.

To investigate the recognition sites of tRNA™ for ProRS from archaeon, Aeropyrum pernix
K1, we performed an in vitro aminoacylation experiment by using a various A. pernix tRNA™
mutants. A. pernix K1 is an aerobic and hyperthermophilic crenarchaeon, which optimally
grows at 95°C. The complete genome sequence of A. pernix K1 has been determined in Japan.

Here, we indicate that A. pernix tRNA™ identity sites are located in acceptor stem region and
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anticodon and that the recognition elements of archaea and eubacteria are different in acceptor
stem end.
[MATERIALS AND METHODS]

A. pernix ProRS were prepared by cloning and expression in E. coli. The ProRS gene was
amplified by PCR from A. pernix genomic DNA, and the PCR product was cloned into
plasmid pET30 and pET28. These vectors were transformed into E. coli strain BL21 (DE3),
after grows of the strain, harvesting, lysis were performed, the recombinant ProRS into the
cell extract was purified by Ni**-chlate-column (Amersham Bioscience). The substrate
tRNA™s were prepared by in vitro transcription. Based on sequences of A. pernix tRNA™
gene on data base, template DNAs of wild-type and point-mutated (RNA™ gene were
amplified by PCR and cloned into pGEM-T Easy vector (Promega). After PCR amplification
of their tRNA™ gene region, each RNAP substrates were synthesized by in viiro
trapscription using their PCR products as template and T7 RNA polymerase, and their
transcripts were purified by denatured 12% PAGE. For a detection of aminoacylation
reaction, ['“C] proline was used to prolylation assay and radioactivity of {*“C] proline-tRNA™
was measured by liquid scintillation counting.

[RESULTS AND DISCUSSION]

In this in vitro mutation study, the major recognition elements of (RNA™ by A. pernix
ProRS were situated at the acceptor stem end region and anticodon. Single substitution at the
second and the third position of the anticodon, G35 and G36 conserved in tRNA™ of three
organisms of phylogenetic tree, most strongly affected the proline charging activity by A.
pernix ProRS. The mutation of discriminator base A73, and G1-C72 base pair at acceptor stem
end region also sufficiently decreased the prolylation efficiency of tRNAP®. A nucleotide A73
is conserved in stRNA"™ in eukaryote and archaea. The major identity elements of tRNAF™ in
eubacterial E. coli are G35 and G36 at the anticodon loop, discriminator base A73, and only
G72 of a C1-G72 base pair in the acceptor stem end. These result indicate the a only
difference of recognition site between A. pernix and E. coli tRNA™ is due to nucleotides of
position 1 and 72. In fact, cross-species prolylation reaction between A. pernix and E. coli was
not little occurred, and in vitro tRNA™ transcript of E. coli which the C1-G72 base pair was
substituted to G1-C72 pair increase the proline charging activity by A. pernix ProRS.
Furthermore, all eubacterial tRNA™ possess a C1-G72 base pair. Therefore, these evidences
suggests that the difference of recognition system by A. pernix and E. coli ProRS is caused to
change of nucleotides at position 1 and 72 of tRNA™ during evolution among three
organisms.
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