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* Experimental approach : batch adsorption experiments
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Introduction

Mineral surfaces might have concentrated building blocks of biomolecules
in the context of the origin of life, facilitating their polymerization. Mineral

ethods

surfaces have also been shown to protect biomolecules from degradation Above : Crystal maker structure of a- « Adsorption at room temperature until equilibrium
TP - : : : : ST ’ alumina Al,O, (red = O, blue = Al) « Wide range of pH (3 — 11), ionic strength 5 nNaCloT v

fam(l}:tatmg thelrI sufrw;]/al |(;1 soﬂs;c. EreV|c)|us V\_/olrk hashhlgr;hghteq the]c Below : TEM image of thombohedral (from 0 10 0.1 M of NaCl), and surface loading v

pre om_lnant role o the edges of minera p.artlc.es In the a sorptlon o) hema’ilte neir]o!oatlcles used in this tudy. . Centrifugation and filtration of the supensions : /WJ

nucleotlldes (FGUIHI? et .al, 2013), implying oxide-like adsorption sites. The K’; i LV — . lon Chromatography analysis of the supernatant

adsorption mechanism is not fully understood vyet. b T SO T~ (ICS-5000 — Dionex; AminoPac PA10 column) SR,
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Here we present experimental and surface complexation modeling results

* Theoretical approach : surface complexation calculations using the

- E P : Extended Triple Layer Model (ETLM)

on the adsorption of nucleotides with alumina and hematite, 2 oxide
minerals presenting the same structure, as a function of pH, ionic strength
and ligand-to-solid ratio.
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« 1 site model

« Takes into account the electrical work linked to the desorption of
chemisorbed water

« Establish the speciation of surface species, the stoichiometry and
the thermodynamic equilibrium constants for the adsorption of

nucleotides on oxide minerals

Characteristics of alumina and hematite used in this study. a: Halter & Pfeifer, 2001; b: Fukushi & Sverjensky, 2007; c: Cornell & Schwertmann,
2003; d: Sverjensky, 2005
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Adenine Cytosine Guanine Uracil
Particle size ~ 5 microns ~ 40 nm OH OH
, , Ribonucleotide 2D structure of ribonucleotides and nucleobases;
Surface area 3.92 m9/g ~ 52 m?/g our study focuses on 5-GMP (Guanosine MonoPhosphate)

High adsorption at low pH; maximum adsorption at pH 5; > 2 umol / m?

Adsorption of GMP on Al,O; (Feuilie et al, 2015) No ionic strength effect above pH 5

5 g/L ; equilibrium reached after 24 h of adsorption Below pH 5, when ionic strength increases the adsorption decreases =+ similar to phosphate adsorption (He et al,
I — e 1997)
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(a) pH profiles of the adsorption of GMP at a constant ionic strength; NaCl 0.1 M. (b) lonic OH
strength effect on the adsorption of GMP on alumina, for a concentration of GMP of 100 uM. l logK =4.2 ; l logK=18.9 Speciation of aqueous and surface species
Alumina: 5 g/L. Experimental error is <0.2 uM of GMP. Symbols are experimental data and solid ; obtained from the ETLM
lines are modeling results. >Al HGMP?2 + H,0 + H* >(Al OH,*), HGMP?2
Other nucleotides on Al,O; (Feuillie et al, 2015)
Adsorptlon Of GMP on Fezo3 5 g/L : eqU”lbrlum reached after 24 h of adsorpt|0n
0.2 g/L ; equilibrium reached in under one hour of adsorption 100 e
. a AMP50uM | [ b CMP50uM | | ¢ UMP 50 uM |
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al L \!\ 4 F 0 N\ i} pH pH
% - {1 . AN pH profiles of the adsorption of AMP (a), CMP (b) and UMP (c); nucleotide concentration 50 uM; NaCl
2 40 A m | \.‘_ i \ .‘_ 0.1 M. Symbols are experimental data and black solid lines are modeling results. The monodentate
AT~ 4 1l o A A 1L R R A inner-sphere is figured in red, the bidentate outer-sphere complex in blue.
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3 4 5 6 7 8 9 10 3 4 5 6 7 8 9 10 3 4 5 6 7 8 9 10
oH oH oH « High adsorption of GMP on both Alumina and Hematite, above 2 pmol/m?
pH profiles of the adsorption of GMP on hematite nanoparticles obtained at an ionic strength of (a) NaCl 0 M, (b) NaCl 0.01 M, and « Same behaviour at low pH for both minerals, but higher adsorption at high
(c) NaCl 0.1 M. Experimental error is ~ 5%. Symbols are experimental data; dashed lines are guides for the eyes and do not pH for hematite
represent modeling data. |  One mechanism for all nucleotides adsorption on alumina : 1 monodentate
High adsorption, similar to alumina : above 2 umol / m? inner-sphere at low pH, 1 bidentate outer-sphere complex at high pH,
High adsorption at low pH; maximum adsorption at pH 5.5 - 6 involving phosphate groups
Similar ionic strength effect at low pH | | » More strongly bound at low pH : Availability of nucleotides for polymerization
Contrary to alumina, hematite shows adsorption even at high pH in the context of the origin of life and in modern soils ?
Surface complexation calculations coming soon...
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