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ABSTRACT

We discuss the consequences of the hypothesis that biological evolution was contempo-
rary with an important event in chemical evolution, namely, the induction of a small chiral bias by
the electroweak neutral interaction, amplified by the Salam enhancement factor, which we discuss
in terms of familiar crystallographic terms.
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I. A great deal of effort has gone into explaining the homochirality of protein amino

acids based on the influence of the chiral weak neutral interaction, in which case subsequent

amplification factors must be considered. Amongst these perhaps particular attention should be paid to

the enhancement factor proposed recently by Salam (1991). The new mechanism of amplification

consists of a phase transition into a condensed Bose like mode.

Nevertheless, the fact remains that racemization may affect the small initial bias towards a

given chirality that the electroweak. neutral interaction (ENI) may engender (Bada and Miller, 1987).

Out of all the various ways in which the presently observed universality of L-amino acids in proteins

may be understood, we would like to consider one possible way to rationalize the events that may

have taken place:

In the upper Hadean eon, after the earth surface had condensed, L-biased amino acids

may have been continually induced by the ENI, only to be racemized afterwards with a half-life TR

(i.e., the time required to reach a D/L = 0.33, which is a function of the pH). As a result of many

experiments (Bonner, 1981) we may assume that tR is small in comparison with geologic time.

It is not incompatible with the available geologic data, however, that contemporary with
these ENI processes a primitive organism may have developed by the end of the Hadean eon, at
around 3.8 gigayears (Gyrs) before the present (BP), or even earlier. Such an ancestor of all
contemporary organisms, a 'progenote' (Pace el al., 1986) or 'breakthrough' organism (Benner ei al.,

1989) may have left some traces by the enrichment of ]-C/i:}C (i.e., isotopic fractionation) in
organics extracted from rocks of this period, relative to abiogentc carbon, particularly in the very early
Precambrian rocks of the Godthaab district in West Greenland (Moorbath el al., 1972).

Although a progenote dating back to the Upper Hadean is not incompatible with, foi
instance, the above-mentioned rubidium-strontium age determination, the evidence so far is
compromised, because thermal processes can also cause isotopic fractionation. However, in spite of
this difficulty, it seems possible that the progenote may have lived some 4 Gyrs BP, or even earlier
(Pace, 1991), depending on the compatibility of the progenote and the geophysical conditions to
which its environment was subjected; for instance, there may have been smaller oceans (Weyl, 1968)
subject to heavy meteorite bombardment (Chyba. 1990). which conceivably may at some stages have
been vaporized by bolides measuring a few hundred kilometers in diameter.

Thus in such a scenario the following situation may have arisen: Optically active amino
acids in proteins already synthesized by the progenote genome may have preserved the initial ENI
chiral bias (in spite of the general tendency to recemize). provided that the rate Tpj for protein
degradation (either by tagging ubiquitin, or by some other mechanism) was much smaller than the
half-life for racemization. This relationship may be written in terms of the following inequality:
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In other words, our hypolhesis may be formulated as follows:

An early appearance of the progenote at the Upper Hadean eon may have cooperated

with the ongoing effect of the ENI, amplified bv the Salam enhancement factor (a microscopic

cooperative phenomenon), in establishing honwchirality of protein amino acid, provided that the time

for protein degradation was small compared with the half-life for racemization.

Some support for our hypothesis has been given in tables 1 and 2: In table 1 we have

gathered values of some of the half-lives of cytosolic proteins, whereas in table 2 we have gathered

some amino acid racemization half-lives.

2. We now consider the effect that the new amplification factor may have had on the

Transition Period. Racemization will tend to eliminate the chiral bias that was generated by the ENI,

in spite of the fact that such bias would be amplified by the phase transition that has been postulated

to occur under a certain critical tempetature T c (Salam, 1991). According to our hypothesis, the

origin of protein synthesis may have cancelled the tendency for racemization. A further difficulty with

this approach is that it is not possible to describe the new phase transition fully. It is possible to do

this however, if the environmental temperature of the progenote was such that T c was below T m , the

melting temperature of crystallization of a given amino acid. For if this were the case, then a condition

necessary for the non enzymatic condensation of monomers would be given, which is the favourable

juxtaposition of the reacting groups. This condition is, in fact, met in many crystals involving the

components of biopolymers (Vijayan. 1980); this suggests that prebiotic polymerization could have

occurred in the crystalline state.

An amino acid-amino acid juxtaposition analogous to that in proteins occurs in crystalline

complexes; there are many examples of amino acids in the crystalline state (cf., table 3). Typically,

the structure consists of alternating layers of amino acid molecules and amino acid ions (Vijayan,

1980). In the amino acid layer the molecules are held together by ionic interactions and hydrogen

bonds involving a-amino and a-carboxylate groups. The difference with proteins is that in the

crystalline state the amino acids are linked to each other through a specific ion-pair interaction and a

water bridge, instead of a peptide bond.

In the above scenario for the Transition Period we find that the optically pure amino acid

complex is found in an environment with temperatures satisfying the condition

T < T, < (2)

In this case the amino acid molecules align themselves into a head to (ail sequence in

which the a-carboxylate groups are brought into periodic hydrogen-bonded proximity in a peptide-

like arrangement. A careful examination of the crystals of amino acids, their racemates, and

complexes indicate that the head-to-tail sequences are an intrinsic feature of amino acid aggregation

(Vijayan, 1987).

Thus we may conjecture that the physical effects of the ENl as well as the amplification

due to the phase transition for temperatures satisfying (2) may have cooperated to initiate a chiral bias

at the onset of life, but that the crystalline state may have made a contribution beyond amplification,

namely, it may have played a role in providing a significant supply of homochiral amino acids.

3. To conclude, we may say that we have described a possible scenario for the transition

period in which chemical and biological evolution may have coexisted. We have attempted to show

that the specific thermal environment of the progenote (cf., Eqn.2) may have reduced racemization of

amino acids in proteins to an insignificant effect. This may have been possible under the assumption

that the progenote was synthesizing proteins with a degradation time smaller than the racemization

half-life (cf., Eqn. 1). In this particular thermal environment such a progenote would have been in the

presence of a rich supply of chirally biased amino acids induced by the ENI; a second physical effect,

a phase transition, acted as an effective amplification factor.

In the appendix we discuss some examples of displacive phase transitions in crystals

which may help to illustrate the type of phase transition that may have occurred in the Upper Hadean

The rich early environment, we have argued, may have arisen due to an intrinsic property

of amino acid aggregation (head-to tail sequencing), which may have been sufficient to give rise to

the first principle of biochemistry: The subsequent evolution of life in terms of a single type of amino

acid chiralily.
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APPENDIX

There are certain aspects of the Salam phase transition that are particularly clear in the

scenario described in this work. If our main hypothesis can be substantiated (cf.. Sec. 1), it follows

that the progenote's translation apparatus may have solved the racemization problem at an early stage

of neo Darwinian evolution. Its particular thermal environment forces us to consider a phase

transition in a crystalline slate, which we may now discuss as follows:

A solid state phase transition involves a change of structure where a single-phase

material changes into another single-phase material of the same chemical composition. In fact, this

phenomenon is known as polymorphiam-lhe existence of diffemt crystalline species with the same

chemical composition.

For example (Megaw, 1973), amongst the silicates, silicon oxide may occur as quartz

(hexagonal system), tridymite (monoclinic system), or low-cristobalite (tetragonal system). These

poiymorphs are stable in different temperature ranges. The particular crystalline phase transition that

concerns us in this note is of a dissipative type in which the energy barrier involved is low; the

distance to be moved by each atom is small and the position to which it has to move is clearly defined;

no interatomic bonding is broken and no new ones are formed.

An example of a displacive phase transition in which a (non-chiral) amino acid takes
place is known (Hoshimo et at., 1959): Triglycine sulphate (Nr^Cf^COOH^ H2SO4. Although

a reliable structure determination is difficult (because the crystal is damaged by the radiation used in

its investigation), it may be useful to reconsider this example in order to understand the phase

transition that may amplify the chiral bias introduced by the ENI. [n this case there are three

independent molecules (one glycine, and two glycinium groups NH3+CH2COOH). Together with

one SOj ' " ion they constitute the asymmetric unit of structure. The hallmark of this phase transition-

from a higher symmetry crystal to a lower symmetry crystal-is a sharp specific heat anomaly, which

takes place at 49°C. Another example that may illustrate some aspects of the the proposed Salam

phase transition also involves the amino acid glycine, namely, di-glycine nitrate (glycine)2 . HNO3

which has been shown to be ferroelectric below -67°C (Pepinsky et at., 1958); in this case a sharp

specific heat anomaly is also observed at the critical temperature. It may also be of some interest to

recall the ferroelectricity of glycine sulfate with a Curie point of 47°C (Matthias et at., 1956)

In the scenario we have considered in this note, the origin of homochirality may have

initiated with conditions (1) and (2) already satisfied, in which case crystals of amino acids may have

suffered a displacive phase transition with a sharp specific heat anomaly, as in the analogous

examples of glycine sulfate and di-glycine nitrate.

TABLE CAPTIONS

Table 1.

Dependence of half-lives of cytosolic proteins on the nature of their ami no-terminal residues (Stryer.

1988).

Table 2.

Amino acid racemization half-lives, in years except as indicated (Bada , 1985; Bada and Miller,

1987).

Table 3.

Crystal structure of some amino acids (Wyckoff, 1966).



Ammo-terminal residue

Alanine

lsoleucine

Tyrosine

Proline

Leucine

Arginine

Rate of protein degradation "Cpj

>2Ohrs

30 mins

lOmins

7 mins

3 mins

2 mins

System

Aqueous solution at 100°C (pF

7-8)

Deep ocean sediments

(carbonates)

Alanine

120 days

<50 000

Isoleucine
300 days

<50 000

Table 1
Table 2



Amino acid crystal

L-cystine

L-glutamine

ct-glycine

L-threonine

Bravais lattice

Hexagonal

Orthorhombic

Monoclinic

Orthorhombic

Nature of the unit
cell

Six-molecule cell

Tetramotecular

Tetramolecular

Tetramolecular

Unit cell

dimensions

(ao ,b 0 ,«o ) ™ A

(5.422, 0, 56.275)

(16.01,7.76, 5.10)

(5.1020, 11.9709,5.4575)

(13.611,7.738,5.142)

Table 3
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