The abiotic synthesis of nucleosides, nucleotides and RNA in hydrothermal systems
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Recent calculations have shown that the abiotic synthesis of nucleobases, ribose and o | | _ | The figures shown below display the concentration factors for phosphate, adenine, ribose, adenosine
deoxyribose from formaldehyde (CH,0) and hydrogen cyanide (HCN) under hydrothermal Because it is unlikely that ribose, adenine and phosphate existed at concentrations and AMP2 in the model pore described in Section 5
conditions are thermodynamically favored [1]. Yet, to form the nucleosides, and ultimately on the priobiotic earth high enough for significant reactions among them to occur, '
by the addition of phosphate, nucleotides, that constitute RNA, a thermodynamic drive a concentration mechanism for them is required. The mechanism preposed below Fio Ba - Aden Fia. 6b - Ribose | Fig. 6c -Ribosa |l
(negative Gibbs energy) must also be available for the condensation reactions among (after Baaske et al., 2007) combines thermodiffusion (the Soret effeCt) with convection Ig. ba - enine Ig. - RIbose Ig. bC -RIDOSE
these fundamental building blocks. In this study, the energy required for these reactions in a hydrothermal pore system. It can be seen in Figs. 6a-e that 1600 3.0 x 107
and the polymerization of RNA at high temperatures and pressures has been quantified ﬁ]ag;so;tt:de rgg:wegilizr?ggr?;?;;edd 9
Results reveal that none of these reactions are thermodynamically favored under the low many timesytheir bulk solution 1400 25
concentrations of nucleobases, ribose and deoxyribose that would likely exist on the The Soret effect concentration due to the combined
early Earth. A concentrating step of the building block molecules, likely driven by the | o Thot Tcold effects of thermodiffusion and 11200
steep thermal gradients that exist in some hydrothermal systems, is required to overcome ] 42 The Sor_ef[ effect, or thermodlfffusmr_n IS a ‘ 4b convection. However, the scale to -7 2.0
this energetic limitation. Building on work by Baaske et al. [2], who calculate that non-eqwhb_num phgnor_nenon in Whlcr_\ a which they can be concentrated is --1000
nucleotides can be concentrated in hydrothermal environments through a combination of = concentration gradient is established in E very sensitive to the values of the o e
convection and thermal diffusion in narrow pore spaces, we show that nucleobases, ribose, = response to a sustained temperature = mass diffusion coefficients used. For L. 800 - |
o g : © dient. In Fia. 4a. th trati fji = instance, a nearly seven order of 0
and phosphate can be concentrated under hydrothermal conditions to sufficiently high = gracient. In Fg. <a, gilEgCEiliE RIS RS- agnitude difference in concentration
concentrations to overcome the condensation energy barrier. Calculations of this kind 8 Is constant throughout an isothermal g factgor for ribose can be seen in Figs 600 = ER
strongly support the notion that hydrothermal systems played a fundamental role in the 8 solution. However, when a thermal e 6b & ¢ The value of the mass
origin of life. gradl.ent _'_S Imposed on the SOIUt'O_n’ diffusion coefficient is altered 400 3
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Nucleoside - nucleobase + ribose, e.g., adenosine that is open at the top and closed at the bottom can concentrate biomolecules
Nucleotide - nucleobase + ribose + phosphate, e.g., AMP2- through a combination of the Soret effect and convection.. In this scenario, the bulk
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at 25°C and 250°C and 500 bars. Large activities (~1) of each of the reactant compounds 100 0.2 increases and as the concentration
are required for appraciable activities (~10-3) of the condensed, product molecules to coexist. b~ ~b— ~b— b~ " of nucleotides increases by only a
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T4 Dick, LaRowe and Helgeson (2006). Incompressible Navier-Stokes Although the condensation reactions among phosphate, nucleobases, and ribose that form nucleosides, nucleotides
. 250°C 500 bars Heat Transfer and RNA are not thermodynamically favored unless high concentrations of these reactants persist, the combined
O oL Y Mass & Thermal Diffusion force of thermally-driven convection and the non-equilibrium Soret effect can work in concert to concentrate these
99 ribose 199 2 s donosine biomolcules. The thermal gradient required for these phenomena to act in concert can be achieved in hydrothermal
I pores. These results support that notion that fundamental biomolecules, if not life itself, originated in hydrothermal
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