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Report:

Aims of the experiment and scientific background

Sorption of bivalent metals on organic matter imegl complexation on carboxylic, phenolic, amine,
thiol and possibly phosphate functional groupssTsivalid for almost any type of organic mattassdlved
or colloidal, living or degraded. The bond strelmking the cation to the functional group is caamgible to
those of moderately chelating model ligands, sucHoa example malonate or glutarate (1-Bdr metal
sorption on microorganisms, it is difficult to draw8D view of metals sorption and to determineldication
of metals sorbing on bacterial cells. The majorl eehll components (teichoic acids, peptidoglycan,
phospholipids, lipopolysaccharides) were descrigadly by Sherbert (5) and later by Beveridge andriu
(6) as the major metal binding sites, and this ephavas the basis of the interpretation of numebacserial
reactivity studies (for example 1, 2). But we evided recently combining Znedge EXAFS and Zn and
proton titrations that these cell wall componeraisrot account for the measured metal loading (7).

On a more molecular level, the coordination of rnsetaspecially copper) to organic matter starts to
be well understood. On humic and fulvic acids @&svehown that copper coordinates predominanty faymi
5- (at low Cu surface loadings) or 6- (at high logd) ring chelates, in essentially, malate, ma®era
lactate like environments (8). Thus, two to thraactional groups bind Cu simultaneosuly. This fhe
macroscopic thermodynamic findings, which predid&bilities accounting for chelating complexest Be
investigated organic matters do not have a suffityehigh site density to form the required highmher of
ring chelates, especially at high metal loadingsese molecular findings thus do still not allowdi@aw a
comprehensive 3D view of metals coordinating on glem biopolymers. These results indicate in faet th
necessary bridging of side chains to form the meguhigh coordination numbers. We consequentlydaeci
to adress these questions through triple-levelleservation of coordination, stability and confotio@ of
copper complexing on Xanthan, a bacterial exopolysaride. In term of site density, xanthan comp#ves
natural organic matter such as humic acids. Monmeasopolysaccharides, to which xanthan belongg, ma
fix large amounts of metal ions, and may thus erpthe astonishingly high metal loads determined on
bacterial substrates.

Experimental method

All samples were recorded in wet state, flash fnoreliquid nitrogen, inserted in a He cryostatd &u K-
edge EXAFS spectra were recorded in fluorescenaerasing a 30-element Canberra detector. 4 todrlssc
of 40 min each were recorded, and averaged. EXA&& tleatment included linear combination fits and
shell simulations.




Results

Spectra of xanthan at pH 3.5 and 5.5 at 140 (XA@ an
XA5) and 1400 (XB3 and XC5) mg/L dissolved copper
concentrations were recorded. The spectra of the tw _
xanthan constituting acids, pyruvic and glucuroaid

and their stoichiometric mixture were recorded iatilar
copper concentration conditions at pH 5 (Pyr5, GCAL |
Mix5, Figure 1a). Pyr5 compares to the low Cu logdi £ | =
samples XA3 and XA5, which indicates that Cu
preferentially binds to pyruvate type sites, agxpected
from the pyruvate-Cu stability constants.

From Cu titrations, circular dichroism experimeraisd
molecular dynamics calculations we know that xamtlsa |- . GoFee) (FoRM )
in a disordered state at pH 3.5, whereas it is maae

ordered state (parallel or anti-parallel chainspEt5.5.  «-
Molecular dynamics calculations suggest that mare
chelating complexes form in the disordered stasethe ..
degree of freedom and thus the possibilities fomfog
inter-molecular  chelating ~ conformations  naturally |
increases. Slight differences in the amplitude haf first
RDF peak are observed as a function of the pH (Hier).
The same trends are observed for the RDFs caldulste
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molecular dynamics (Fig. 1d). These findings can be

interpreted in light of conformational changes anfi9ure 1 a)recorded EXAFS spectra, b) and
formation of chain-crossing chelates. ¢) experimental RDF recorded at the given
Cu concentrations and pH values, and d) the

theoretical RDF spectra obtained from

molecular dynamics calculations.
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