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Report: Synchrotron-based XAS is a powerful technique to obtain structural
information on uranium in bacterial systems. Within this proposal we explore
structural parameter of U(VI) after interaction with Mont Terri Clay Isolates and
the Aspo-Strain Pseudomonas fluorescens (planktonic cells and cells fixed in a
biofilm). The present report is focussed on our first XAS measurements, where
we investigated the speciation of U(VI) bound by planktonic cells of P.
fluorescens (see Fig. 1) and P. fluorescens biofilms; and by the Mont Terri
isolates Sporomusa sp. and Paenibacillus sp..
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Fig. 1: U Lj-edge k3-weighted EXAFS spectra (left) and the corresponding
Fourier transforms (right) and the theoretical fits (red line) of 0.2 mM U(VI) with
0.2 g/L P. fluorescens at pH 7.0 A:in 0%-P-SSM and B: in 0.5%-P-SSM .

Experimental. U L;-edge XAS measurements were carried out with wet
pastes of the U(VI) loaded biomasses with a fixed pH. These samples were



measured at 15 K either in fluorescence or in transmission mode. For
comparison a solution containing only UO,** (0.05 M at pH 2.0) was measured
at room temperature.

Results. An example of the measured EXAFS oscillations and corresponding
Fourier transforms are presented in Fig. 1. Selected structural parameters are
summarized in Table 1.

Table 1: Summary of selected structural parameters.

Sample Shell N RA) o (A% AE, (eV)
0.05 M UO,™, u=0 2f 1.77 0.0013 10.6
pH=2.0 U-O¢q 5.1 241 0.0071

P. fluorescens + 0.2 mM U=0 2f 1.79 0.0018 14.9
U(VI); 0%-P-SSM; pH 7 U-Oeqz 5.5 2.34 0.0097
metabolically active U-Oegq2 0.5 2.54 0.0010

=0 2f 1.79 0.0016 13.0
Oc¢q 4f 2.29 0.0018

-P 4f 3.63 0.0049
U
U

P. fluorescens + 0.2 mM
U(VI); 0.5%-P-SSM; pH 7
metabolically active

Af 5.24 0.0032

Af 6.88 0.0016

=0 2f 1.79 0.0018 17.9
Oequ1 4.6 2.36 0.0094

-Oeq2 1.0 2.53 0.0028

=0 2f 1.78 0.0023 8.7
-O¢q1 3.7 2.38 0.0061

U-Oeqz 11 253 0001

P. fluorescens + 0.1 mM
U(Vl); 0.1 M NaCIlO4; pH 7
metabolically inactive
Sporomusa + 0.2 mM U(VI)
pH 4

f. fixed parameter.

The analysis of the data obtained with planktonic cells of the Aspo-strain P.
fluorescens showed that depending on availability of PO,> and metabolic
activity of the cells the formation of highly crystalline meta-autunite-based
structure occurred. If no PO,> added then the U(VI) biosorption on functional
groups of the cell envelope dominates. Our results of the biofilm samples
brought us to the conclusion that the meta-autunite formation was enhanced in
comparison to planktonic cells. The biofilm is more efficient in terms of U(VI)
detoxification. In case of U(VI) interactions with Paenibacillus sp. at pH 7
indications were found for a polynuclear U(VI) surface complex at the cell
envelope. Sporomusa sp. was able to reduce U(VI) to U(IV) at pH 7 without any
added e- donor. However, no reduction occurs at pH 4. The data evaluation is
still in progress.
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