P oly-tRNA Structure in the Bacilluis Subtilis rrnB Op eron is a Relic

of an Early Peptide-Syn thesizing Rib ozyme Co-Ancestral to the E.

coli trpE Gene and the Exon 2 of the Chick en T riose-Phosphate

Isomerase Gene

Ko ji OHNISHI

1

Hiroshi Y ANA GA W A

2

ohnishi@sc.niigata-u.ac.jp

1

F ac. of Science, Niigata Univ.,

Ik arashi-2, Niigata, 950-21.

2

Mitsubishi-Kasei Inst. of Life Science, Machida, T okyo, 194 ,Japan

Poly-tRNA theory prop osed that the tandemly arranged 16 tRNAs (trrnD-type-p oly-tRNA) in

the RNA transcript from B.subtilis (BSu) trrnD op eron is most likely a relic of an early p eptide-

synthesizing RNA molecule (Ohnishi, Endo cytobiology V, 407-14, ’93; Genome Informatics W orkshop

IV, 325-31, ’93; Origins of Life, 24: 191-92, ’94; Ohnishi & Y anagawa, Endo cytobiology VI, in press).

Another p oly-tRNA structure (comprizing 21 tRNAs) in the BSu rrnB op eron was analyzed from

a viewp oint of p oly-tRNA theory

. A hyp othetical 21-amino acid(aa)-long "rrnB-p eptide" was con-

sidered, whose aa sequence is the order of the aa sp eci�cities in the rrnB-p oly-tRNA. A 63-base

"rrnB-mRNA" was hyp othesized where the k-th triplet is complementary to the antico don triplet of

the k-th tRNA in the p oly-tRNA structure (k = 1, 2,...,21) (See Fig.1). Homology searches from PIR

and GenBank DNA Databases revealed that (i) rrnB-p eptide is homologous to aa’s 268-290 of yeast

glyceraldehyde dehydrogenase (GAP DH) and aa’s 27-46 of E.coli trpE gene pro duct, (ii) rrnB-mRNA

is homologous to tRNASer (54.2% match) in the rrnB p oly-tRNA, and (iii) the tRNAAsn-tRNASer-

tRNAGlu region of the rrnB op eron is homologous to the aa sequence-enco dingtrpE DNA region

( base match = 48% in 252 bases, Pnuc = 1.0 X 10-15), to GAPDH-enco ding gene segment, to

adenylate kinase gene, and to the exon 2 (and its anks) of the chicken triose-phosphate isomerase

(TIM) gene, as shown in Fig. 1. Thus the trpE mRNA region evolved from a rrnB-type p oly-tRNA,

meaning that an ancient tRNASer or its close homologue help ed the rrnB-p oly-tRNA make a rrnB-

peptide, by interacting with the antico don triplets inrrnB-typ e p oly-tRNA. This interaction selected

complementarit y-generating base-changes in b oth tRNASer-like presumptive rrnB-mRNA and the 21

presumptive anticodon triplets. By this selection, base sequence complementarity b etween mRNA

and triple t anticodons had b een acquired, resulting in the emergence of early mRNAs. The align-

ment in Fig. 1 strongly suggests that the protein mo dule structure enco ded in the TIM exon 2

had b een built up throuout early evolution, dep ending on the tRNA-mo dule structure of the early

peptide-synthesizing p oly-tRNA rib ozyme.