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POLARITY AT THE ONSET OF GENETIC CODING.
III. PRENUCLEIC STEREOCHEMICAL INTERACTIONS

BETWEEN AMINO ACIDS AND NUCLEOBASES DOUBLETS

BY

Gilbert TURIAN*

(Ms le^u le 28 7 1998, aciepte le 20 8 1998)

Abst ract

Polarity at the onset of genetic coding. III. Prenucleic stereochemical interactions between
amino acids and nucleobases doublets. - The nature and positioning of the weak bonding forces

primarily mediating the stereochemical recognition between amino acids and their encoding nucleobases

was plausibly imposed by their respective, intunsic molecular configurations, thereby allowing a

computation of the specific assignments of amino acids to doublets ol nucleobases chosen as those of
the vestigial anticodons and originally «tro/en» by phosphoranndate bondings on polyphosphate chains
to conserve the nascent genetic code

Key-words: Prenucleic. Stereochemical. Amino acids. Nucleobases doublets

INTRODUCTION

In organisms existing at the present time, the recognition of amino acid by a codon
is effected indirectly through a molecule of tRNA, but recognition early in evolution

may have occurred through direct amino acid-template interactions (Woese et al„ 1966;

Crick, 1968, Niu et a/., 1987; Szathmary, 1993; Lazcano & Miller, 1996; Alberti
1997). Such molecular recognitions involve specific physicochemical affinities between

amino acids and nucleobases which must have occurred ever since the first endo-

exogenously formed amino acids and the secondarily appeared nucleobases randomly
met in primitive water lagoons (see reviews in Brack & Raulin, 1991; Poglazov et

al„ 1995; Maurel, 1997). These recognitions between monomers have been

experimentally simulated and tentatively detected by physicochemical parameters and

sophisticated stereochemical criteria (Woese et al„ 1966: Dillon, 1973; Danchin,
1979; Dounce, 1981; Hendry et al„ 1981 (45 refer.); Sukhodolets, 1989; Alberti,
1997). They have further gained in plausibility with the parallel reports of specific
molecular and statistical interactions by means of which a specific sequence in a

double-helical DNA genome can be recognized by a protein (Von Hippel, 1979; Pabo

& Sauer, 1984: Harrison & Aggarwal, 1990).

Von Hippel's precursor remark that «these molecular recognition principles will
also apply to protein-nucleic acid interactions other than those involved in control of
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transcription» was most seminal in our present transposition of these principles to the

origin of the genetic code, but with a reversal of the reciprocal roles of protein and

nucleic acid to a primary, «predatory» role of the nucleobases over their other

monomenc partners, the amino acids (Turian, 1996-97) Such specific molecular

interactions, mediated by weak bondings as discussed in Jeffrey & Saenger (1994),
would have involved the amino acids of primitive, randomly assembled peptides

(cyclopeptides9 Turian, 1995) and nucleobase doublets chosen from the first two letters

of «modern» anticodon triplets because of their primordial proximahty to amino acids

(discussion in Turian, 1997)

MOLECULAR MODELLING

In 1984, Saenger described protein-nucleic acid interactions as of the very greatest

importance in life while pondering the still rather limited knowledge He considered

four kinds of potential interactions (a) salt bridges (positively charged amino acids), (b)

hydrogen bonding (hydrophihc amino acid side chains), (c) stacking interactions
(aromatic amino acids), (d) hydrophobic interactions (non polar amino acid side chains)
He further commented that «if amino acids and nucleosides are considered as individual

units, charge-charge and hydrogen-bonding forces rather than hydrophobic and stacking
interactions seem to dominate structure and be best suited for selective recognition»
Hydrogen bonds can be defined as weak electrostatic attractions between one

electronegative atom and a hydrogen anticovalently linked to a second electronegative atom, as

exemplified by N+ - H (donor)—>0" (acceptor) Stronger interactions are of the general

hydrogen-bonded «salt-bndge» types such as N+(H2)H—>0" C bonds also formed by

charged side-chains and main-chain termini All these polar attractions would be

complemented at the level of the non polar parts of the interacting molecules by the van
der Waals hydrophobic attractions between uncharged atoms, mainly H H, that are in
close proximity (35-4 A0, see Jeffrey & Saenger, 1994)

Hydrogen bonds are strongest when the bonded molecules are oriented to allow
maximum electrostatic interaction They are thus directional and capable of holding
two hydrogen-bonded molecules or groups in a specific geometrical arrangement
Consequently, following Pauling's proposal (1960), we have considered that these

oriented bondings could have been the main drivers of the stereospecific interactions in
the loose cavities or «pockets» modelled by the base doublets thereby acting as specific

receptors of the amino acids (Table I)
Complementarily to this intrinsic positioning of reactive atomic groups, stenc

hindrance also contributes to the restriction of interactions between amino acids and

bases and leads to the exclusion of certain amino acids from cavities formed by the

doublets of bases This would lead to the selective exclusion of certain amino acids

from the encoding process Such a principle of exclusion is well emphasized in the

hydrophobic series of amino acids (1st column in the Table I) in which the principle is

more constraining for heavy leucine which could only fit the large cavity left between
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two purines (G-A) bases than tor light glycine which is good choice tor two tightly
bonded, light pyrinndines (C-C), a cavity otherwise exclusive tor the other amino acids

starting with alanine

DISCUSSION

We have assumed that the first, deterministically formed coding pairs for every
amino acid have been selectively conserved for their spatio-structural contingencies
over the whole evolutionary span Their lettering could thus be known from their
«modern» anticodon vestiges, complementary as base pairs to those of the mRNAs
codons of the actual genetic code outstandingly deciphered by biochemists of the last
60ties For example, glycine, coded by G + G (the 3rd letter or wooble base being either
of the 4 ones), has C + C as «modern» anticodon, and the same two letters as original
coding «predator» of glycine However, none ot the coding base couples originally
formed would have subsisted over the more than 3 billion years of biochemical-

biological evolution it they had not been someway «frozen» in their original doublet
state, possibly by then phosphoramidic bondings on polyphosphates as recently
proposed (Turian & Schoenenberger, 1997, Turian et al, 1998) in an evolutionary
step preceding the ribosylation of these prenucleic polybasephosphate chains to
ribonucleic polynucleotides

Polybasephosphates possibly stabilized as chains of Ca salts as «tapes» could thus

well be a first concretization of Kornberg's (1995) predictions that «high energy and

phosphate content ot poly P. with its antiquity in prebiotic evolution, make it a plausible

precursor to RNA, DNA, and pioteins» In their questioning about «Polyphosphates as

prebiotic reagents7». Keefe & Mil ler also in 1995 echoed these predictions by

declaring that «it cannot be excluded that there are prebiotic processes requiring only
small amounts ot polyphosphates to take off and foim self-replicating systems»

By recognizing the selective value ot stereochemical affinities between primordial
amino acids and nucleobases, we are theiefore led to pnviledge foi such primal genetic
coding a deterministic theory ot «frozen interactions» rather than that ot the stochastic

«frozen accident» proposed by Crick (1958, 1968) but also recently challenged by
Alberti (1997)
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RESUME

POLARITE A L'ORIGINE DU CODAGE GENET1QUE
III INTERACTIONS STEREOCHIMIQUES PRENUCLEIQUES ENTRE ACIDES

AMINES ET DOUBLETS DE NUCLEOBASES

La nature et le positionnement des forces de liaison taibles primairement mediatrices

des reconnaissances stereochimiques entre acides amines et leurs nucleobases
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d'encodage ont ete, de fa9on plausible, imposees par leurs configurations moleculaires

intnnseques respectives. Ce faisant, elles ont permis une supputation des attributions

specifiques d'amino acides aux doublets de nucleobases choisis comme ceux de

vestiges d'anticodons, originellement «geles» par liaisons phosphoramidiques sur des

chaines de polyphosphates pour conserver le code genetique naissant.

Mots-cles: Prenucleique, stereochimique, amino-acides, doublets nucleobases.
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