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Abstract

In the RNA world hypothesis of origin of life it is proposed that RNA could play the roles of
information carrier and catalyst in an early life on primitive earth. RNA had to be formed during
chemical evolution to realize the RNA world. In this article, I review approaches to the laboratory
demonstration of prebiotic synthesis of RNA. Metal ion catalyst such as lead, zinc or uranyl ion works
as a catalyst for polymerization of imizazole-activated mononucleotides in neutral aqueous solution or
under eutechtic condition forming RNAs containing dimer to octadecamer. Montmorillonite clay also
catlyzes the formation of RNA from the activated nucleotides forming the corresponding RNA with chain
length from two to fourteen. Successive addition of the activated nucleotide to the montmorillonite
catalyst resulted in chain-elongation of RNA as long as 50mer. The problem of the simulated model

reactions of prebiotic synthesis of RNA will be also described.
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Figurel. Structure of Nucleic Acid (DNA and RNA)
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Figure 2. Hypothetical mechanism of DNA synthesis by DNA-polymerase. Two divalent metal ions in the enzyme

organize the substrate and catalyze the chain-elongation.
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Figure 3. Plausible prebiotic formation and polymerization of ImpA. Metal ion catalyst, clay mineral catlyst or
template nucleic acid promotes the polymerization yielding oligoRNA.
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Figure 4. Oligomerization of nucleoside-5’-phosphorimidazolide. Divalent metal ion such as lead, zinc or uranyl
ion works as a catalst. 2°-5 internucleotide linkage is preferentially formed against 3°-5° linkage in the
internucleotide-bond formation. (Reproduced by permission from the Chemical Society of Japan.)
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Figure 5. ImpA and analogues containing modified ribose. A, ImpA; B,Imp(2’-dA), C, Imp(3’-dA); D,
Imp(araA); E, Imp(aristeromycin); F, Imp(neplanocin)
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Figure 6. HPLC profiles of polymerization products from ImpA by uranyl ion catalyst. Polymerization of ImpA
(0.05 M) was conducted at room temperature for 1day in neutral aqueous solution in the presence of 1 mM (A)
or 0.01 mM (B) uranyl-ion catalyst. (Reproduced by permission from the Chemical Society of Japan.)
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Figure 7. Oligomerization of «-ImpA (A) and linkage isomers of oligoriboncleotide (B).
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Figure 8. HPLC profiles of the reaction products of D-, L- and racemic DL-ImpA oligomerization in the
presence of lead ion. ImpA (50mM) was oligomerized in the presence of lead nitrate (10mM) in 0.2 M N-
ethylmorpholine buffer (pH 7.3) for 5 d at 20°C. A, D-ImpA. B, L-ImpA. C, DL-ImpA. D, Control reaction
without metal ion catalyst. The numbers indicate the chain-length of oligoadenylates. 1°, ImpA; 2°, AppA. A
peak marked with asterisk in C is a heterochiral 2°-5” linked dimer.
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