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Introduction:  The pathway to life on Earth inevi-

tably led sooner or later to the first molecules capable 
of self-replication, information storage and chemical 
evolution.  Polymerization of these precursors is a nec-
essary first step toward these capabilities and much 
attention has focused on the potential for RNA to pol-
ymerize abiotically into strands that eventually had 
sufficient length and the appropriate sequences for 
autocatalysis and self-replication.  During abiotic RNA 
polymerization, hydrophobic, electrostatic, pi-pi, and 
hydrogen bonding interactions among nucleotide mix-
tures can affect reversible self-assembly or aggrega-
tion.  These aggregates may play a critical role in the 
availability of nucleotides for incorporation into RNA 
polymers, therefore exerting a selective pressure on 
both polymer length and the sequence variability, 
which consequently affect the self-replication and in-
formation storage potential of the polymers.   

The environmental parameters that effect RNA 
polymerization length and reversible self-assembly are 
poorly constrained, however a catalytic mineral surface 
and nucleobase activation are common components of 
RNA polymerization experiments.  Additional envi-
ronmental factors such as pressure, temperature, fluid 
chemistry, mineralogy and redox potential have not 
previously been investigated in detail, however these 
parameters can vary widely across the early Earth en-
vironments that could have given rise to prebiotic mol-
ecules essential for the emergence of life.  Here we 
report on a suite of experiments investigating the ef-
fects of high pressure on abiotic RNA polymerization 
and aggregation, as well as the coupled effects of tem-
perature and mineralogy at these conditions. 

Experimental Methods:  High pressure RNA 
polymerization experiments were conducted in a solid-
media piston cylinder apparatus at 5kbar and 10kbar 
with samples contained in Ag capsules pressure-sealed 
at ambient temperature. Each triplicate experiment 
contained imidazole-activated mononucleotides in a 
buffer in the presence of a mineral catalyst.  Parallel 
control experiments with unactivated nucleotides, or 
without mineral catalysts, and at ambient pressure 
conditions were also conducted in triplicate.  Detection 
and analyses of RNA polymerization products were 
performed using Matrix-Assisted Laser Desorp-
tion/Ionization Time-of-Flight Mass Spectrometry 
(MALDI-TOF MS), by which linear and aggregation 
products can be characterized [1].  

Effects of pressure, temperature and mineralogy 
on RNA polymerization:  RNA polymerization ex-
periments with imidazole-activated adenosine mono-
phosphate and guanosine monophosphate with mont-
morillonite clay as the mineral catalyst at 5 and 10 
kbar showed increased aggregation of short oligomers 
compared to ambient pressure experiments, though 
overall polymer length was not substantially different 
for variable pressure conditions. In geological systems 
temperature often increases concomitantly with pres-
sure, and so the coupled effects of elevated tempera-
ture (50-100°C) and pressure on RNA polymerization 
were also investigated.  Temperatures in excess of 
75°C caused the nucleotides to dephosphorylate, thus 
preventing the formation of polymers in excess of 5 
nucleotides in length.  However, at 50°C and 5kbar 
imidazole-activated adenosine monophosphate formed 
polymers up to 10 nucleotides in length, with the addi-
tion of uncharacterized products that were not ob-
served at ambient pressure. 

To date, mineral catalysis of abiotic RNA polymer-
ization has been demonstrated for certain montmoril-
lonite clays in experiments that have generally been 
performed at ambient pressure [2]. However, early 
Earth environments hosted a variety of mineral assem-
blages and more mafic mineralogies were likely abun-
dant in these environments, including deep-sea hydro-
thermal systems.  To investigate the effects of both 
pressure and mineralogy on RNA polymerization we 
used nontronite, a mafic clay and common hydrother-
mal alteration product of basalt, in the place of mont-
morillonite.  While nontronite did not catalyze RNA 
polymerization under ambient pressure conditions, 
oligomers up to 5 and 6 nucleotides long were ob-
served at 5 and 10 kbar, respectively, showing for the 
first time a pressure-dependence of mineral catalytic 
function.  RNA polymerization with mafic clays under 
high pressure conditions represents a novel geochemi-
cal environment for prebiotic chemistry.   

Implications for early Earth chemistry:  The re-
sults suggest that mineral catalysis of RNA polymeri-
zation could be a more common phenomenon in prebi-
otic chemistry than previously thought when examined 
under a wider range of early Earth environments. 
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