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I ntroduction

Our research is focused on the resistand@upfiavidus metallidurans CH34, a soil bacterium known to resist
to a wide range of metals amikinococcus radiodurans, the most radiation-resistant organism discovéoed
date, to uranium. Bacteria are cultured in liqui@dma enriched with U with a controlled speciatidu:
carbonate, U phosphate or U citrate. U speciatidheatime of inoculation with bacteria is estinthtgsing a
modelling software based on thermodynamics corstata.

The aim of this experiment was firstly to check pésiation in the various bacterial culture mediefobe and
after contact with bacteria; secondly to follow Pesiation after adsorption and/or accumulation rotiie
bacteria. In parallel of this work, elemental as&yof uranium in both the culture media and thetdraa
pellets are processed to quantify its adorption@naccumulation ; transmission electron microscopultra-
thin cuts of bacteria are observed to check thegmee of uranium precipitates inside or outsidebtneerial
membranes.

Experimental methods

The two bacterial strains were grown in solutiondifferent media. FoC. metallidurans CH34, Tris Salt
Medium (TSM, basic medium used fQupriavidus metallidurans CH34) is used for the uranyl phosphate
speciation, TSM with 20% phosphate plus 40mM o&lhonate for the uranyl carbonate speciation atét€i
Salt Medium (CSM, with 50mM of citrate) for urangitrate speciation. FdD. radiodurans, Tryptone Yeast
Glucose medium (TYG) as well as a defined mediuns)re used with 40mM of bicarbonate for the uranyl
carbonate speciation and with 40mM of citrate fiamnyl citrate.

The initial uranium concentration in the media wasM. At different time of the growth curve (lag [gea
exponential phase, stationnary phase and 100hgliguot of bacterial suspension was collected. &#atand
culture media were separated by centrifugationerAéentrifugation, the bacterial pellet was frozenl freeze-
dried by highering temperature from —10 °C to 20riGh under a 0.37 mbar vacuum. Samples were dexlin
and pressed as 5-mm diameter pellets. Liquid cultoedia were anaylsed in 2 mm quartz capillariegy b
edge XAS spectra were recorded in fluorescence rosihg a 30 elements solid state Ge detector (Cea)be
The monochromator was a Si(220) double crystal.

At least 3 spectra for each sample were recorded.cbllected scans for a particular sample werekdtefor
calibration, averaged, and normalized. EXAFS omttdhs were isolated by removal of the pre-edge



background, approximated by a first-order polyndmi@lowed by p-removalvia spline fitting techniques
(Athena software). Spectra were then simulated ibgat combinations fitting (LCF) using U reference
compounds spectra (uranyl carbonate, uranyl citmateuranyl phosphate).

Results

EXAFS oscillations of the three references: ura@ybonate, uranyl citrate and uranyl phosphatep@sented
on figure 1. The first peak of#Khi(k)=f(k) uranyl phosphate curve shows a shiftdomparison to the uranyl
citrate and uranyl carbonate curves. The distirsstrietween uranyl citrate and uranyl carbonateaatéd in
the second and third peak where uranyl carbonate@shn hollow.
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Figure 1: EXAFS oscillations of U reference compasin

EXAFS oscillations of U in the culture media used lbacterial growth of both strains and for eadawtitical
speciation have been compared to oscillations bdafor the reference compounds. Table 1 showsethdts

of the linear combination fitting after normalizati with the Athena software. R factors are showrthia
brackets.

Tableau 1 : Uranium speciesin culture media

Bacterial strain Deinococcus radiodurans
Culture medium TYG Citrate MS Citrate
Theoritical speciation U citrate U citrate
47% U phosphate 17 % U phosphate
53% U citrate 13% U carbonate
Experimental (0,041) 70% U citrate
speciation (0,033)
19% U phosphate
81% U citrate
(0,038)

One or two results fitting with good quality R fard can be obtained for citrate speciation in caltmedia
used for growth oD. radiodurans. As theorically expected, experimental speciagjimes uranyl present in the
minimum culture medium “MS Citrate” as U citrater fé0 to 80%. However, 10 to 15% of U could be
complexed to phosphate and/or carbonate coming tihendissolution of atmospheric GO

On the contrary, in the complex medium “TYG Citfatenear combinations predict that uranium is coexed

to citrate for half part, and complexed to phosptiat the other part.



In the last part of the study, XAS spectra of Wacterial pellets were collected. As before, lineanbination
fitting was used to predict uranyl speciation afiecumulation or adsorption in or to bacteria (€aB). R
factors are given in the brackets.

Tableau 2 : Uranium speciesin bacteria

Bacterial C. metallidurans CH34 Deinococcus radiodurans
strain
Culture TSM 20% CSM TYG Citrate TYG bicarbonate M S Citrate
medium phosphate
plusbic.
Theoritical U carbonate U citrate U citrate U carbonate U citrate
speciation
Experimental speciation
Mid-Exp. 100% U phosphate 100% U phosphate
phase (0,077) (0,088)
End-Exp. 78% U phosphate) 100% U phosphate 100% U phosphate
phase 22% U carbonate (0,050) (0,019)
(0,014
69% U phosphate, 64% U phosphate| 100% U phosphate 100% U phosphate
Stat. phase | 31% U carbonate| 36% U carbonate (0,068) (0,036)
(0,028) (0,023)

For D. radiodurans, it has been evidenced that whatever the cultwd@ium (complex TYG medium or defined
minimum MS medium) and whatever the initial speommbf uranium (citrate or carbonate), bacteriagfarm
uranium in only one species: uranyl phosphate. Gib&inetics of this transformation is fast sinceD%® U
phosphate are detected as soon as the mid-expebqdrase of the growth curve. FGr metallidurans CH34,
uranyl phosphate remains predominant (between 6@¥8@%), the other U species being uranyl carbonate

Conclusions and per spectives

During this experiment, uranium speciation in thétuwwre media could be checked. While uranium caab®n
speciation was well controlled, we noted the presesf 20 to 50% of soluble uranyl phosphate in medied

for citrate exposure of both cell types. Analysisianium speciation directly on bacterial pellst®wed that
the predominant uranium species in bacteria isnaptex with phosphates. Uranyl carbonate is alsamdoin
non negligible amounts. Fitting of the measurec dsting a structural model of shells has not beeogssed
yet. However, the first results obtained from XANEfectra and examinations of EXAFS oscillations are
promising.
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