PAPERS | JOURNAL OF CREATION 38(3) 2024

Relative proportion of prebiotic amino acids:
part 2—models to form highly reduced

atmospheres

Royal Truman, Boris Schmidtgall, and Chris Basel

Most Miller-type experiments have used highly reduced gas mixtures no longer considered to reflect the composition
of a prebiotic atmosphere. Speculative models have been reviewed for evolutionary mechanisms to produce favourable
reducing atmospheres. These involved enormous theoretical impactors able to deliver gases such as CH,, NH,, CO, and
H,, and/or also a high iron content able to convert all, or most, terrestrial water into reducing H,. The resulting less oxidized
atmospheres would have produced primarily only the proteinogenic amino acids (AAs) glycine and alanine, and a high
yield of chemicals which would have interfered with forming peptides. Adjustment of model parameters to increase the
variety and concentration of AAs inevitably led to more contaminating non-proteinogenic AAs.

n part 1 of this five-part series, ten properties were identified

which peptides and proteins must fulfil to be relevant for
prebiotic studies.! The focus of this series is on properties
number 4 and 5:

No. 4: Precise sequences composed of various amino

acid residues must form to perform useful functions.

No. 5: Other molecules, including non-biological

amino acids, must be avoided in the peptides.

Proteins contain 50 or more amino acids and have a
distinct complex three-dimensional structure. When the term
‘peptide’ is used here, simple chains of about four or more
amino acids (AAs) are meant, but all the statements refer to
proteins also.

The proportion of AAs present in water would have
determined which peptides formed, and origin of life (OoL)
theories require precise sequences, for example, to form
amyloids according to the amyloid world hypothesis.* In fact,
a vast number of identical peptides would have been necessary
at the same location to form amyloids, all generated abiotically
without a cellular system, including the genetic code.*

The purpose of this series is to demonstrate that under
realistic abiotic conditions:
¢ Only some of the AAs formed would have been

proteinogenic (i.e., among the 20 used to form proteins).
¢ Usually, glycine and alanine comprise almost the entire

yield of the proteinogenic AAs formed.
¢ Other chemicals also formed would have interfered with
the formation of suitable peptides.

In part 1, the key Miller-type experiments were reviewed,
which used highly reduced gases mixtures (CH,, NH,, and H_,
with H,0). These results have been summarized in table 1.

Most of the early Miller-type experiments used highly
reducing mixtures of gases over water, composed of CH, and

NH, (or N, occasionally) and usually also H,, as summarized
in rows 1-8 of table 1. These gas mixtures produce 4-10
proteinogenic AAs. The ninth row in table 1 used Teflon
reaction vessels and will be discussed below. However, in
1971 Lasaga pointed out that ultraviolet radiation would
have formed methyl and methylene radicals in a methane-
rich atmosphere leading to polymerization and an oil slick 1
to 10 metres thick.!” Later, OoL researchers concluded that
CH, and NH, would not have been present at all in the early
atmosphere.'!

Caution must be exercised when interpreting these mostly
older experiments, since the goal had only been to identify
as many proteinogenic AAs as possible, and chemicals such
as o-hydroxy acids, amines, carboxylic acids, and large non-
proteinogenic AAs were of minor or no interest but would
have prevented forming suitable biologically relevant peptides.

The results from CH,/N, mixtures have been summarized
in rows 1-3. In the first two experiments, a very small amount
of NH, was also included, and in the third experiment H, was
the major gas. The proportion of Gly + Ala to all proteinogenic
AAs found ranged from about 94%-97%. Unlike almost all
other gas mixtures, the proportion of Ala was considerably
greater than Gly in 2 of the experiments and about the same
in one of them. This is difficult to explain, but an independent
study confirmed this; row 4, using a CH,/N /NH, (2:1:2)
mixture, produced almost twice as much Ala as Gly on a molar
basis. However, in all the realistic gas mixtures dominated by
CO,, almost only Gly was formed with virtually no Ala, as
reviewed in part 3'2 and part 4"

According to rows 1-3, the proportion of proteinogenic
AAs ranged from 73%-90%.

The results summarized in rows 5-8 used gas mixtures
of CH,/NH /H, (2:2:1), and 4-7 proteinogenic AAs were
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Table 1. Summary of AAs identified in key Miller-type experiments using highly reducing gas mixtures. The ratios are reported on a molar basis. Prot. = proteinogenic
amino acids; Gly = glycine; Ala = alanine. The data was calculated from the references given in the last column.

Energy

source

Proteinogenic/
Proteinogenic/
non-AA”

Proteinogenic/

interfering®

1 CH,, N, (1:1), trace NH,  Spark 73% - -

2 CH, N,,NH, (1:1:0.001)  Spark 89.9% — —

3 CH,, N,, H,, (1:1:3) Spark  86.9% - -

4 CH,, N, NH, (2:1:2)? Spark  90.3%  21.3% 20.8%
5 CH,, NH,, H, (2:2:1) Spark 79% 21% ~19.9%
6 CH,, NH,, H, (2:2:1) Spark  99.4%  99.3% 98.8%
7 CH,, NH,, H, (2:2:1) Spark  86.0%  99.8% 85.9%
8 CH,, NH,, H, (2:2:1) Spark  68.8%  97.1%  67.4%
9 CH,, N, NH,, (2:1:2) Spark  23.4% 3.6% 3.2%

a) Proteinogenic AAs / all AAs. (AA[s] = amino acid|s])

b) Proteinogenic AAs / (proteinogenic + non-AA compounds able to
react with COOH or NH,)

c) Proteinogenic AAs / (all compounds able to react with COOH or NH,)

d) (Gly + Ala) / all proteinogenic AAs

e) Data from Supplementary Materials Table S2

f) Ring (1972)°

g) Schlesinger and Miller (1983)°

h) Criado-Reyes et al. (2021)’

i) Miller and Urey (1959)®

j) Johnson et al. (2008)°

identified. The proportion of Gly + Ala to all proteinogenic
AAs ranged from 99% to 99.9%, where now [Gly] >> [Ala].
In these four experiments, the proportion of proteinogenic
AAs ranged from 79% to 99.4%, and the proportion of
proteinogenic AAs to all competing substances able to
interfere (i.e., react) with AAs ranged from 21%-99.8%.
Although all four experiments had been executed by Miller
in the 1950s, the analyses were performed in 2008 on the
stored samples. Uncertainty arises since Miller could have
easily performed a TLC (thin layer chromatography) analysis
on these samples after having gone through the trouble of
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Comments

Proteinogenic?

(Gly+Ala) /
Reference

0.05 M NHA4CI, pH 8.7. Only amino acids

936% 10
5 were reported. N
97 9% 6 Continuous spark digcharge 48 h at 25°C; 9
aqueous phase equilibrated 48 h.
96.4% 6 Continuous spark d{:s.charge 48 h at 25°C; )
agueous phase equilibrated 48 h.
509% 11 Ugual Pyrex (borgsilicate) reactor used in h)
Miller-type experiments.
99% 4 Repeat of the original 1953 experiment )
’ using better analytical techniques.
99.9% . iny Fhe primary-substituted AAs were )
identified.
99.9% 7 Gag forced inTo th@T spark. Only the primary )
amines were identified.
99.7% 2 Sillent dischlargelinstelad of electrode. Only )
primary amines identified.
0% 4 Teflon reactor. Proteinogeinic AAs: only His, h)

Lys, Pro, Asn.

running the time-consuming experiments, so there are doubts
concerning what laboratory processing had been involved.
Repeating the experiments would not make much sense
since it is now not believed by the OoL community that an
atmosphere consisting of only these three highly reducing
gases (plus water) existed in the supposed prebiotic world.

In part 1 we also reported that Criado-Reyes et al.
concluded, in 2021, that the borosilicate glass used in probably
all Miller-type experiments was catalyzing the formation of
organic compounds.” The yields of organic compounds using
a Teflon reactor, shown in the last row of table 1, were much
lower: only four proteinogenic AAs were obtained (His,
Lys, Pro, and Asn), and the ratio of proteinogenic AAs to
chemicals able to react with AAs was only about 5.4%. This
is a disastrous finding for the OoL community, especially
since the unrealistic gas mixture of CH,/N/NH, (2:1:2) plus
water vapour had been selected to facilitate the formation of
AAs and other organic compounds.

It remains to be seen how other researchers respond to this
stunning discovery, since these catalysts (borosilicate glass)
would not have been present in the atmosphere where the
high-energy source was primarily located. A key experiment

CREATION.com



PAPERS | JOURNAL OF CREATION 38(3) 2024

would be to test some realistic CO,/N, gas mixtures in a
borosilicate-free reactor to determine what chemicals form.
It is likely that essentially no AAs would be produced.

The comprehensive range of gas mixtures, summarized
in table 1, led to an overwhelming overabundance of glycine
and alanine, a serious problem for OoL speculations. In
part 5 of this series,'* it will be shown that other potential
sources of AAs would not have contributed to a more balanced
proportion of proteinogenic AAs.

As will be discussed in parts 3 and 4 of this series, most
geochemists believe the prebiotic atmosphere would have
consisted primarily of CO, and N, along with H,O and trace
amounts of CH,. A minority of researchers have attempted to
show that the Miller-type experiments using highly reduced
gases might still be relevant if special temporary atmospheric
conditions could be construed. This will be reviewed next.

Reduced atmosphere due to a
hypothetical huge impactor

Some evolutionists theorize that a short-lived strongly
reduced atmosphere, containing gases like CH,, HCN, and
perhaps NH,, resulted from a single huge impact."'®

Zahnle et al. reasoned that the earliest atmosphere would
have resembled volcanic gas compositions, but the problem
was that H,, CH,, and ammonia would have been far too
dilute for Miller-type chemistry to produce biologically
useful chemicals in relevant concentrations.'” In principle,
metallic iron could have reduced CO, to CH,, but almost all
terrestrial iron would have already been transferred deep into
the earth’s core.'® What could a new source of iron have been?
A minority of meteorites contain metallic iron, but the amount
would have had to be sufficient to reduce virtually all of the
volatile material created from the explosive crash to produce
areduced overall atmospheric composition. A small excess of
iron would have only had a small effect, considering the vast
amounts of atmospheric CO, assumed to have been present.

Benner et al. recognized the difficulty of obtaining
nitrogen in a reactive form to produce key chemicals like
cyanoacetylene and cyanamide to make RNA, without which
the RNA world hypothesis would be unviable.!” Therefore,
they hypothesized, in 2019, that a massive impact may have
occurred about 4.35 Gyr ago and created a temporarily
reducing terrestrial surface lasting for about 15 Myr.

The impactor would need to have been massive to provide
enough metallic iron to scavenge oxygen by the reaction

Fe+H,0 S FeO +H, (1)

Zahnle et al. modelled the effects of a hypothetical massive
2.5 x 10** g impactor (i.e., about 20% the mass of Pluto),
assuming a terrestrial atmosphere containing 5 bar CO, and
1 bar N, over 1.85 oceans of water. Optimally, if all of the
iron produced from the explosion would have reacted with
water and CO,, most of the CO, would have been converted

into 0.4 bar of CH,."” However, an impactor this size would
have released enough energy to vapourize 20 oceans of water,
melted the crust tens of kilometres deep, and blanketed the
Earth in impact ejecta tens of kilometres deep. Consequently,
much of the iron would have been buried before it could react
with water.

This impact, however, would have heated the surface far
above the boiling point of water and remained very hot for
a long time due to greenhouse effects, conditions too hot for
any relevant prebiotic chemistry.'’

Alternatively, the more frequent, but much smaller,
impactors would not have fully vapourized the oceans and
would not have produced enough CH, or NH, to affect the
overall atmospheric composition significantly.'” Zahnle et al.
recognized the contradictory trade-offs:

“But if the primary requirements for life are methane,
ammonia, HCN, and their photochemical derivatives,
only the biggest impacts or as of yet unknown chemistry
will do.”"”

Zahnle et al. needed impactors of just the right size.
Using evolutionary reasoning, such as the amount of cratering
on the moon, they thought that >10 impactors would have
been massive enough to fully vapourize the ocean but would
not have been large enough to deliver enough iron to reduce
all of the H,O to H,. The debris would still have been thicker
than the ocean was deep.!”

Therefore, their model required impacts massive enough
to vapourize the oceans entirely and generate as much H,,
CH,, and NH, as possible but without generating too much
heat. Noteworthy is that H, would easily escape into space'®!”
helped by radiative heating of the atmosphere”, and CH, lost
through photolysis'’, both irreversible processes.

According to Zahnle ef al., after the putative impact that
created the moon, there may have been 1-4 impacts of objects
of the ‘right’ mass, comparable in size to Ceres, the largest
object in the asteroid belt (i.e., 9.4 x 10% kg, representing
>1% the mass of Earth’s moon) and 2—10 impacts of objects
of size comparable to Vesta, the second largest object in the
asteroid belt (i.e., 2.6 x 10* kg)."”

We find the scenario favoured by Zahnle et al. to be
problematic for many reasons. The researchers had an
outcome in mind when selecting the parameters to model
the atmospheric chemical processes. For example, to avoid
a dried-out world they assumed the primordial oceans
contained 1.85 times more water than today. And there are
other concerns.

They estimated that an impact about the size of Vesta would
have evaporated two oceans worth of water, leaving little water
behind where life could have arisen. Assuming a pre-impact
atmosphere of 5 bar CO,, 1 bar N,, and 500 bar H,0, if 100%
of the assumed Fe delivered had been used effectively, then
their model predicted a post-impact atmospheric content of
4.955 bar CO,, 1 bar N,, =500 bar H,0, 3.9 bar H,, and 0.045
bar CH,; i.e., at best, a modestly reducing atmosphere.
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Studies reviewed in part 3 revealed that a relative proportion
(rCH,) = 10% produced almost only glycine.” In any event,
the proposed temporary atmosphere would not have remotely
resembled the exclusively CH,/H,/NH, Miller mixtures (which
also produced almost only glycine and alanine!).

However, not all the deleterious potential consequences
were considered by Zahnle ef al. Just one very large impact
would have evaporated all terrestrial water, or a sequence
of smaller impactors could have removed all, or most, of
the water stepwise, producing a dried-out earth. Why would
only one impact of just the right size and iron content have
occurred?

For comparison purposes, the Mistastin asteroid which
crashed in Labrador, Canada, conventionally dated to 36 Ma
ago, was ‘only’ about 5 kilometres in diameter and believed
to have heated rocks to at least 2,370°C and produce an
80-m-thick impact melt sheet.?*> The products resulting
from meteor impacts include high-pressure forms of shocked
quartz, like coesite or stishovite, unsuitable for life-like
chemistry,” and Vesta-size impactors would have been about
amillion times more massive.>* The resulting extremely thick,
hard, glassy melt sheet, probably several km thick, would not
have been a hospitable environment for life.

More than 95% of meteorites observed to fall to Earth are
composed mostly of silicate, with only small-scattered grains
of iron. Less than 2% of all known meteorites are stony-iron
meteorites, which contain about equal proportions of silicate
material with iron bound in iron—nickel alloys, like kamacite
(5-12 wt% Ni) and taenite (20% to 65% nickel).” Some of the
iron in meteorites is often found already oxidized, especially
as magnetite (Fe,0,) (a combination of Fe(Il) and Fe(III)
ions).??® In addition, the most abundant element in the earth’s
crust is oxygen (46.1%), whereas there is only about 5.5%
iron, with the concentration decreasing towards the surface.””

Therefore, it is not self-evident why most of the impactors
would not have released pre-existing oxygen from the crust,
while also adding oxygen to the total inventory from their own
silicates. It would also seem that the much higher momentum
of denser iron-rich impactors would have embedded their
content deeper after impact than the lighter and more fragile
silicate-based impactors, which would not have provided
reducing potential and probably much oxygen instead.

For OoL purposes, one must not overlook that any impact
large enough to heat the ocean above a mere 80°C or so for
just a few years would have ensured complete racemization of
amino acids and sugars.*® However, pre-biology models like
the RNA world or the amyloid world require large enantio-
pure polymers. The products plus their precursors would
instead have racemized in hot water very rapidly.

Reduced atmosphere due to several large impactors

Several OoL researchers have focused on the effect of
less massive asteroids of 100-250 km in diameter instead
of the largest ones, as in the section above.'®!”*! Reducing

gases, such as H, CH,, and NH, would have been released, in
some cases with enough iron to deplete some of the oxidants
on the earth’s surface,'** and HCN may have been formed
photochemically."”** Each impact would have strongly heated
the earth’s surface and produced a steam atmosphere >100°C,
lasting ~ 1 to 100 years.*

In 2023, Zhang et al. published a thermodynamic analysis
of various organic compounds over a temperature range of
100-340°C and pH 2-12.3 Their calculations were based on
a hypothetical atmosphere of water (at saturation pressure)
plus CO, (1 bar), CO (107 bar), H, (10°? bar, i.e., = 8 bar),
NH, (107 bar) and N, (1 bar). This mixture was selected
based on a model by Zahnle et al., who claimed that this
would have resulted from a ~1,000 km impactor assumed to
have contained enough metallic iron to reduce all the H,O in
the ocean to H,.""** The assumed 8:1 highly reducing molar
proportion of H,:CO, (!) for the thermodynamic analysis
would have been close to optimal to produce a variety of
organic chemicals. For comparison, the H,:CO, ratio in the
atmosphere is currently <0.0013 (i.e., 0.000055% H.* vs
0.0417% CO,).*®

Zhang et al. defined a positive synthesis affinity as when
there is a thermodynamical tendency to form >10- molal (m)
of a particular molecule from the above gas mixture in the
surface seawater. The selection of the 10 m was arbitrary
and intended to reflect that chemicals in lower concentrations
would usually not be considered relevant for OoL purposes.*
They concluded that methane, methanol, and carboxylic
acids would have had positive synthesis affinity over a wide
range of temperatures, whereas other key building blocks for
prebiotic chemistry, like cyanide and formaldehyde, would
have had overall negative affinities at all temperatures, and
would have hydrolyzed rapidly. Indeed, other workers have
shown that HCN has a half-life <1 day at >100°C at relevant
pH values.’’

Zhang et al. found that, even with these high assumed
gas concentrations in a very favourable proportion, the
equilibrium concentration of HCN in the surface water would
have been <10~ molal at 100°C and pH = 6 and <1073
molal at 200°C and pH = 6. They admitted that this posed a
challenge for many OoL models:

“Although life relies on liquid water, polymerization
reactions that lead to functional biomolecules (e.g.,
polynucleotides, polypeptides) are largely dehydration
processes. That is one major challenge for the origin
of life studies as one usually needs very high reactant
concentrations for chemical evolution to happen in
simulative experiments—for example, molar level of
HCN used in synthesis reactions [emphasis added].”*?

Their calculations contradicted many claims by other

evolutionists (which they extensively referenced), denying
that formaldehyde would have been readily available. They
concluded:

“However, according to our calculations, it is
thermodynamically unfavourable to synthesize/
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accumulate appreciable levels (>10° molal) of HCN and

HCHO, beneath a steam atmosphere after the impacts

in the reference atmospheric composition.”*

Most of the 18 investigated proteinogenic AAs
had positive affinities only at temperature <220°C (i.e.,
concentrations of 10 m could have been theoretically achieved
at equilibrium) but the concentration would have decreased
with increasing temperature in almost all cases at >220°C.
Serine, histidine, and arginine had negative synthesis affinities
across almost the entire temperature range. Formation of
nucleosides and nucleobases was also thermodynamically
unfavourable. They concluded:

“ ... our results agree roughly with the early proposal

that amino acids are not thermodynamically favorable

to accumulate to levels higher than 10-* molal in natural

hydrothermal fluids (Amend and Shock, 1998).”%

Several conclusions can be made, based on the reported
calculations.

* Asdiscussed above, Schlesinger and Miller used a CO,/N,/
H, (1:1:3) mixture, which produced only four proteinogenic
AAs, where Gly + Ala represented about 99.6% of the
yield.® This does not contradict the thermodynamic
expectation that more than four AAs could have formed at
a concentration >10-° M at lower temperatures. But absent
a feasible pathway like the Strecker reaction (shown in
figure 3 of part 1 of this series), which requires HCN
formation of AAs, would only have been energetically but
not factually feasible. To illustrate, the thermodynamically
most stable form of carbon is diamond, but this is present
in very low concentrations on Earth.

e Other more thermodynamically stable isomers were not
considered. For example, the reaction of methylamine +
CO, can produce several C,HNO, isomers of glycine of
which N-methylcarbamic acid, methyl carbamate, and
2-hydroxyacetamide have lower Gibbs free energy.*®

e Many molecules not considered could also form from this
gas mixture, which would have been able to react with AAs
and prevent long peptides from forming.

To summarize this section, some proposals for how the
atmosphere might have been somewhat reducing temporarily
assume a single massive impactor,'** and other proposals, a
series of large ones.”**' These putative impactors would have
produced the excess of siderophile (‘iron-loving”) elements
(the so-called ‘late veneer”) on the earth’s surface compared
to what models expected to have been present. Others who
accept the hypothesis of a veneer have argued that it could have
arisen from the core material of only Theia, the putative moon-
forming impactor, and they disagreed with the speculations
of the researchers mentioned above.**

A wide range of gas mixtures could be hypothesized
during a particular period of time. In the above sections, CO,
concentrations were claimed to range from about 20 bar to
a small fraction of a bar. The pre-impact CO, concentration
assumed by a scientist would lead to a very large difference
in the assumed resulting CO,:H, ratio post-impact (i.e.,

how much CO, was reduced to other gases). The amount
of reducing Fe supposedly exploded into the atmosphere
would also make a big difference. It is important not to lose
sight of the fact that these are merely proposals with a veneer
(pun intended) of plausibility; there is no hard evidence a
moderately or strongly reducing atmosphere ever existed.

Discussion and suggestions

The Miller experiment, in 1953, drew much attention,
because it seems that 70 years ago chemists were unsure
whether AAs would be produced from simple gases using
spark discharges. Few modern chemists would have been
surprised if the same results had just been published.
Unfortunately, there is now the vague perception that all the
AAs necessary to form proteins abiotically would have been
available, based on the Miller-type experiments discussed in
part 1. The current view that the highly reduced gas mixtures
used did not reflect the prebiotic atmospheric content has been
countered by creative models to produce temporarily reduced
atmospheres. This does not change the findings reported in
part 1, namely that virtually only glycine and alanine were
produced in almost all these experiments, along with non-
proteinogenic AAs in higher concentrations than all the other
proteinogenic AAs combined.

If any OoL researchers believe a temporarily reduced
atmosphere may have existed, new Miller-type experiments
should realistically be dominated by CO, and N, along with
only minor proportions of H,S, H,, NH,, and CO. But all
the products able to react with AAs and their concentrations
must now also be determined. The reactors should exclude
irrelevant catalysts, the pH must be controlled, and only
relevant antioxidants should be included. Only then would
it become possible to discuss the kinds of peptides that may
have formed prebiotically under specific new scenarios.

In part 3, Miller-type key experiments using neutral or
slightly reducing gas mixtures are reviewed.'
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