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Comments on a Novel Approach to the Role of
Chirality in the Origin of Life
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ABSTRACT  We review a recent paper? in which a specific enhancement factor (ie., a
pmseumwiﬁmmmacmdamedﬂosenwde)iswmedtoammtfaﬂnobsavedmnpﬁﬁ-
cation of the ground state energies of the L- and D-amino acid enantiomers; the difference
between these energies is assumed to be due to the neutral parity-violating electroweak
interaction. This physical effect initially shifts the enantiomer energies by about 3 x 10 =19 eV.
The proposed phase transition is characterized by a critical temperature 7, which may be
studied theoretically by enlarging the standard electroweak theory to include either the top
quark or supersymmetry.?' Possible experimental means of finding 7, are discussed.
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THE SOURCE OF BIOMOLECULAR HANDEDNESS

The first unifying principle in biochemistry is that the key
molecules—amino acids, sugars, and natural lecithins (phos-
pholipids)—havethesamehandednessordﬁmlity.s-z‘ Chiral
molecules and their corresponding mirror images may be de-
ﬁnedbyleft(L),orright(D)optical/rotatorydispusimRe-
markably, this is true for all organisms with the exclusion of
bacterial cell walls, which contain D-amino acids, as in the case
of Bacillus brevis or Lactobacillus arabinosus.” However, we
may state in general that living systems translate their genes
into proteins composed of 20 L-amino acids.

In a recent paper a search for the physical bases of this
ptimipleinbiod\anisu'yhasbemattunpted.”Thisworkhas
been preceded by a long history of efforts investigating the
chief cause of the molecular evolution from racemic mixtures of
amino acids to enantiomorphous-biased L-amino acids.'® In a
substantial group of previous work, the parity-violating elec-
troweak neutral current has been suggested as the main physi-
cal force inducing the observed biochirality. The new approach
to the origin of chirality that concerns us here once again
invokes the electroweak interaction, but is original in appealing
to further physical concepts which we shall discuss in turn.

First of all, Salam considers that at the end of chemical
evolution a particular cooperative phenomenon did take place,
namely, a phase transition beneath a certain critical tempera-
ture 7,: Amino acids that had been synthesized earlier from
vaﬁaspreamsmwedintoamwplme.whidlwasa&se
condensed mode. Since this concept is well understood in phys-
ics, but has only been used a few times before in the context of
themwpublicatim,whidlillmtmmadeqmtelyﬂ\eminideas
to a reader whose background is in the life sciences.
COOPERATIVE PHENOMENA, CONDENSATION, AND

PAIRING: POSSIBLE FACTORS INFLUENCING
CHEMICAL EVOLUTION

In order to understand how the amino acids may behave as
dtewnpaamexoeedsd\eaiﬁmlvalue,itissamwhatsim-
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pler to consider with Salam? a well known physical system
where analogous cooperative phenomena may occur:'

At absolute zero temperature the electron spins are aligned
parallel to one another to give a resultant magnetization even
in the absence of an external magnetic field. However, at a
finite temperature thermal agitation is able to turn over some
of the spins and the average magnetic moment in the direction
of magnetization is thereby decreased. As soon as this process
starts, an electron chosen at random is likely to have neigh-
bours pointing against the direction of magnetization as well as
with it and this reduces the energy needed to reverse the spin
of the electron, so that, as the temperature increases and more
spins are turned over, it becomes increasingly easier to turn
over the remaining spins and the disordering process develops
with ever increasing rapidity. At the Curie point (ie., at the
critical temperature) the disordering is eventually complete and
the spins point equally in both directions, so that only a 50-50
racemic state survives.

In his study of amino acids, rather than of electron spins,
Salam has done a service by bringing attention to a specific
form of cooperative behaviour at the microscopic level: Bose
condensation. This phenomenon is being proposed as a quan-
tum mechanical enhancing factor in the molecular evolution
from the initial racemic mixture to the present day chiral amino
acids. The concept of condensation is not new in biology; in-
deed it goes back some 30 years.” In the context of the origin
of life condensation in the nucleic acids was suggested to have
playedaroleintheaiginofDarwiniqnevoluﬁam’l-bweva,
since the concept still remains unfamiliar in the life sciences, in
spite of its extensive use made in studies of the cell membrane,®
we cite an interesting introduction to this singular phenome-
mlw

Imagine that you are on a mountain top looking down at a
distant city square. The crowd is milling around at random,
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andeadlindividmlisdoingsomeﬂxingdiﬁamt.Nowwppose,
however, that it is not market day but the day of a military
parade, and the crowd is replaced by a battalion of well-drilled
soldiers. Every soldier is doing the same thing at the same time,
and it is very much easier to see (or hear) from a distance what
that is. The physics analogy is that a normal system is like the
market day crowd—every atom is doing something differ-
ent—whereas in a Bose-condensed system the atoms (or, more
accurately, the fraction of them which is condensed at the
temperature in question) are all forced to be in the same quan-
tum state, and therefore resemble the well-drilled soldiers:
“every atom must do exactly the same thing at the same time.”

The necessary conditions for condensation have been stud-
ied by Lev Landau, who distinguished between Bose superfl-
uids and Fermi superfluids. It should be noticed that even for
Fermi superfluids, like superconductors, the phenomenon of
bosonic condensates still occurs; in this case the condensate
consists of Cooper pairs, which brings us to the third of the
physical concepts that we set out to introduce with simple
examples. In this case Salam chose another analogy from the
work of Goodstein: 1

Imagine two people on an old sagging, nonlinear mattress.
They tend to roll toward the middle, even if they don’t like each
other. That is, there is an attractive interaction. The cause of
this interaction is that the people create distorsions in the
mattress, and the distorsions try to merge. The electrons in the
metal do not stand still but rather zip through the lattice at
something like the Fermi velocity. The ions are attracted to the
electrons but, owing to their large mass, move very slowly
compared to the much lighter electrons. By the time the ions
respond the electron is long gone, but it has, in effect, left
behind a trail of positive charge, which is the lattice distorsion
we mentioned above. Another electron, transversing the same
path, would find that its way has been prepared with the
positive charge it finds so attractive. We can imagine that the
first electron created a phonon, which the second happily ab-
sorbs. Notice that the interaction is strongest if the two elec-
trons (i.e., the Cooper pair) traverse exactly the same path—
that is, if they have, say, equal and opposite momenta.

ALTERATIONS IN THE CHEMISTRY OF CHIRAL
MOLECULES DUE TO THE PARITY-VIOLATING
NEUTRAL WEAK INTERACTIONS

The above three physical concepts—cooperative phenom-
ena, condensation, and (Cooper) pairing—have led Salam, with
arguments developed in considerable detail, to suggest that the
electromagnetic force is not the only force which can produce
chemical effects: The Z° component of the electroweak force, in
spite of the fact that its effects appear to be negligible at low
temperatures, may play an active role in chemistry.

The reasons for the proposed chemical role of the parity-
violating weak interactions may be found in some calculations
in quantum chemistry. '6 The results of these calculations indi-
cate that four amino acids, for which calculations have been
completed, taken in aqueous zwitterionic conformation, are
L-stabilized relative to their D-partners for configurations in
aqueous media (the above-mentioned amino acids are alanine,
valine, serine, and aspartic acid). This stability affects 1 out of
107 molecules at room temperature, since

10717 = (3x101° eV/300 K hy),
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asmallqmntitythat}nsdem'edmanydunistsﬁunaocept-
ingtheeﬂectsofﬂleelectroweakinta'actionsasapossible
source of optical symmetry; nevertheless, in Salam’s most re-
cent calculation® new work has been reported on the proposed
plnsen'ansition,inwhid:hehasfmmdsuﬂicimﬂylargeeﬁects
by the inclusion of the top quark (%) and top antiquark (?) in an
enlarged version of the standard theory. He has also found
evidence for the extinction of further macroscopic quantum
mechanical effects below 7., such as the value of the critical
magnetic field H for the Meissner effect, which becomes extinct
for temperatures above T... He finds that the phenomena of
polaﬁzaﬁonwillocmr.asexplainedinthermtpapu.l"or
temperatures below 7. he finds no evidence for polarization
(since H = O and, therefore, H-E = O inside the specimen,
where E denotes the electric field).

In modelling the phase transition Salam used the condensate
waveﬁmctimmmpexp(-Z/gv),wheremDistheDebyemergy.
by stands for the Fermi momentum, while g is the effective
4-Fenniowplingparanmforelecumsandvisgivmbytln
expression (9 m/n?). The approximation gv = 1 is important
inthepostulatedptnsetransitimﬂismedsjustiﬁmtimWe
mwmdustandthisappro:dmtimasfollows(&lam.privaﬁe
communication): The g parameter contains the term 1/m, 2, so
ﬂuemmtbealargemassmingin}hepictminaduto
mncel»gz.nismanmﬂybett.ordmhoﬂnmper-
symmetry partners of the old quarks and old mesons being
heavier than the original ones by m, 2, where m, = 1 TeV. To
sum up, Salam now believes that the approximate equality m, 2
= (1 TeV)? is responsible for the very important approxima-
tiongv = 1.

POSSIBLE SCENARIOS FOR THE ORIGIN OF
BIOCHIRALITY

Anhnpatantaspectofﬂ;eaighofbiologicaldﬁmlity
concerns the thermal conditions that may have existed in the
Hadean Earth, when presumably the presently observed hand-
ednwsofaminoacidsaiginated.Simtheambimttunpaa~
tureoftheFarth'ssurfaceisap;x'oximatelyI*ll)l(,if7‘c is
m@mmllerﬁmnthistanpuam&lam’sﬂwymynot
applytod\eﬁanhinwhid\mseatlastﬂlreemriosmy
be possible:

1. Presolar contributions may be necessary to get low
enough temperatures.

2. Major contributions come from the more distant and cooler
partsofﬂnesolarsystemwithambimtwnperahmhstlm
T, (typically all the outer planets have temperatures smaller
than liquid nitrogen).

3. If T, is found to be considerably less than 300 K, one
wwldbeledtoacoeptthatthel‘larthonlyacwdasajmctim
placewlueL-aminoacidscametogetherwithD-wgarsand
nucleotides, in a (field theoretic) self-consistent fashion, so as to
give rise to early replication.

Salamfedsthatfa’thebioticaltemativetoprevail,itmay
bemoaaarytoinvokeamed\an'mnfordeliveringtotheﬂarﬂl
the constituents of the biomolecules from the cooler locations
(1) and (2). It may be reasonable to assume the following: #19

ﬂxel':arthdidacu'etepmbixicorganicmleculmimpmant
for the origin of life from impacts from cabonaceous asteroids
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and comets during the period of heavy bombardment in the
Hadean Earth.

Remarkably, we may also assume that the alanine molecules,
for instance, could withstand temperatures as high as about
700 K for 1 sec, whereas the other amino acids could withstand
temperatures in the range 600 to 800 K for a similar period of
time, and remain stable and intact upon impact with the Earth.

CAN PHASE TRANSITIONS OCCUR IN THE
MOLECULES OF THE LIVING CELL?

The Occurrence of Phase Transitions Is Possible in
Biochemistry and in Genetics

Perhaps one of the deepest questions raised by Salam is
whether phase transitions of the type of Bose condensation
may occur in the living cell. To a certain extent the answer
must be positive, since we may recall that in the case of certain
specific macromolecules relevant to living processes, this sub-
ject has been studied in both biochemistry as well as in genetics
during the last 30 years.

In biochemistry, the ability of lipids to adopt a variety of
phases is well documented.'* This has been called lipid poly-
morphism; an important aspect of this topic is that the macro-
scopic structure adopted by lipids depends on the experimental
conditions; for instance, temperature is an important parameter
whndldeeaum\esﬂlenmmumcmofhydmtedm
brane lipids.® At present a conservative position is still that the
possible biological significance of some of the polymorphic
membrane transitions is striking, but we have not yet bridged
thelgapbetweenthesemmmsandphymologmlpha\m
na.

On the other hand, evidence for phase transitions in the life
sciences is not limited to biochemistry, but a separate line of
research in genetics also suggests the occurrence of phase
transitions: A factor that may influence the onset of DNA
replication is intracellular ion concentration.®' In fact, experi-
ments with rat liver-cell nuclei may indicate that chromatin
structure and nuclear volume display abrupt transitions as a
function of ion concentration in the nuclear environment.'®
This experiment has suggested to its authors that the chroma-
tin structural changes may be discussed in terms of phase
transitions.

Experimental Tests of the Possible Occurrence of the

Superconducting-Like Phase Transition in Amino

Acids

These results from the biochemistry of the cell membrane
and from the genetics of chromatin structure lead us naturally
to raise the question: What direct evidence is there for a clear
hallmark of the phase transition underlying the origin of chiral-
ity?

Salam’s paper provides a sample of alternatives:

1. Melanin—a dark brown pigment of many animals—is the
product of tyrosine metabolism. It is often located in melano-
phores (cells with permanent radiating processes lying super-
ficially in vertebrates). Data taken from natural melanins, as
well as from melanosomes isolated from human melanoma,
clearly indicate that it undergoes a phase transition. In fact, its
heat capacity shows a discontinuity near 1.9 K. This anomaly,
though relatively small, is significant beyond the scatter of the
data points. It is probably associated with a magnetic transi-
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tion possibly from paramagnetism to antiferromagnetism.!” In
an analogous manner, a means of detecting the putative phase
transition may be by measuring differences of specific heats
and looking for anomalies in the curve C = yT + BT° +
wd:s has already done for the above-mentioned non-amino

2. One direct means of testing the new theory for the origin
of chirality in amino acids is by taking a 50-50 racemic mixture
of crystalline L- and D-amino acids and lowering the tempera-
ture. Salam has discussed extensively an experiment involving
a 50-50 racemic mixture subjected to a temperature gradient
ranging from the melting temperature for the amino acids to
the absolute zero temperature. In Figure 1 we have illustrated
the Salam picture for the evolution of the D/L ratio.

3. In view of the discovery of organic superconductors with
critical temperatures similar to metals and alloys (cf. below), an
alternative experimental procedure may be to test directly for
conductivity and magnetic (Meissner effect) properties of
amino acid crystals.

The suggestion has been made that a superconducting-like
phase transition may actually occur in amino acids. Physics
has been rather slow in studying alternative candidates for
superconductors. The first class of (low-temperature) supercon-
ductors was discovered in 1911; these early superconductors
were unlike any form of matter that occurs in living systems.
In fact, they were metals and alloys. The discovery of a radi-
cally new class of superconductors had to wait some time. In
1986 a more interesting superconductor from the point of view
ofdlumsu'ywasldamﬁedmcumnml-‘maﬂy this

temperature, i.e., the onset of the critical temperature is 18 K.

=

/L
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However, we should recall that organic superconductors have
been known for some time, such as graphitic compounds with
typical formulae CgA (A = K, Rb, Cs) with values of 7, smaller
tlmnll(.“amthermmplensthatofthea’gamcsupamn
ducting metal bis(ethylene dntluolo)tetraﬂuoﬁnlvalmemwdnde
with formula (C,oHgSg), I3 % with a value of 7. = 15K at
normal pressure. Hence, the dxsooveryofthemostreomtsupa
conductor, K3Cg in a simple organic compound of relatively
high critical temperature, if confirmed in many laboratories,
would be yet another small step in the direction anticipated by
those of us who have maintained that superconductivity-, or
superfluidity-like effects may occur in biology.

DISCUSSION AND CONCLUSIONS

The relevance of testing Salam’s rationalization of the origin
of chirality cannot be overemphasized. Some of the same ex-
periments that may test his original theory for the origin of
amino acid chirality are indeed experiments which suggest
searching for superconductivity-like effects in one of the main
carbon-based molecules constituting the living cell, namely,
amino acids; earlier, this possibility was also raised for nucleic
acids:.’,asmvimslypointedmnregmﬂingdxeoriginofevolu-
tion:

To sum up, one way to interpret Salam’s contribution is as
a proposal for a solid-state candidate for a superconductivity-
like phenomenon in a novel class of organic molecules, namely,
the amino acids.

The essence of the analogy used by the author is that the
“superfluidity” exhibited by amino acids is to “superfluidity”
in superconductors and not to liquid helium. In the case of
superconductivity, one has to apply an external magnetic field
and look for the Meissner effect to determine 7; likewise, the
“superfluidity” of amino acids may, in principle, be measured
by shining external light sources on these molecules. The calcu-
lation of critical temperatures in terms of an electroweak la-
grangian including the top quark, as mentioned above, may
serve to restrict the value of the critical temperature from the
wide range of the ambient temperature of outer space and the
dissociation temperature for amino acids. However, in view of
the considerable theoretical difficulties still to be overcome,
perhaps the best way to determine 7, may be by means of the
experiments suggested above, or by other experiments that
may have escaped our attention.
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