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Report:

When tightly bound to protein ligands, metal ions are critical to the function, structure, and stability of
proteins, by only allowing specific interactions to take place and/or selective chemistry to occur.
Metallobiomolecules are thus considered as elaborated inorganic complexes with well-designed metal active
site structures. Although the various interaction processes between the metallic cation and the protein are
widely studied in all the fields of biochemistry, focus on the specific actinide family is more seldom [1]. In
particular, the knowledge of transportation, fixation and interaction mechanisms of these cations in the
biologically active sites are only poorly understood. Plutonium and neptunium have been generated by the
industrial nuclear activity. Oxidation state (IV) has been of particular concern for its relative stability in
physiological conditions and reactivity similarities with Fe(IIl). For instance Pu(IV) as well as most of the
transition metal cations have been reported to be complexed by transferrin [2-3].

In order to avoid actinide hydrolysis at physiological pH, the Th(IV), Np(IV) and Pu(IV) aquo species were
complexed by NTA (nitrilotriacetic acid). Note that U(IV) is unstable under atmospheric conditions and is
not included in the series. NTA is an interesting protecting and synergistic anion towards transferrin uptake
that has been used in the complex of known crystal structure TfFe(II[)NTA [4].

In a first step, the 1:2 complexes of An:NTA (An = Th, Np, Pu at oxidation state IV) have been investigated
combining spectrophotometry and EXAFS data. These results are currently being correlated to quantum
chemical calculations (manuscript in preparation including the spectrophotometric data). In all cases, the
NTA ligand is tetradentate with 3 coordinating carboxylate functions and one nitrogen atom. The overall
coordination number is 8. An additional water molecule may enter the first coordination sphere (most
probably for the larger actinide cation, i.e. Th(IV)) but no definite conclusion can be drawn from the EXAFS
data. Figure 1 summarizes the interatomic distances obtained from the EXAFS data fitting and compared to
preliminary quantum chemical calculations (ADF-Zora).
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Figure 1 : An-N (top graph) and An-O (middle graph) distances obtained from EXAFS data (e-@-@-@) and quantum
chemical calculations (O-0-0-). The difference between these two distances is reported in the bottom graph from
EXAFS data (e-@-@-@) and quantum chemical calculations (A-A-A-).

Although the calculation is always c.a. 0.03 A shorter than the EXAFS data, both methods agree well on the
distance difference between oxygen and nitrogen ligation.

In a second step, the Np(IV) and Pu(IV) transferrin complexes have been investigated with NTA as a
protecting/synergistic ligand. A former XAS investigation of the 1/2 Tf:Np(IV) complex lead to a putative
coordination pattern including the NTA anion in the iron binding site [5] (c¢f also ESRF report of CH-1764).
Such model must be refined by combining the EXAFS data with models obtained from molecular mechanics.
Figure 2 compares the EXAFS data at the Np and Pu Lj;; edge of 1:2 An:NTA and 2:1 An:NTA:Tf (An =
Np(IV), Pu(IV)).
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Figure 2 : EXAFS LIII edge of 1:2 An:NTA ( )and 2:1 An:NTA:Tf (------- ). An = Np(IV) (top set) and Pu(IV)
(bottom set)

From a qualitative point of view there is a clear structural modification of the actinide coordination sphere
upon uptake by transferrin. Furthermore, this modification is similar for Np and Pu. Simulations are currently
undertaken in order to refine the putative Fe site as the preferred actinide binding site.
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