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Quantum mechanical calculations - Method

Calculations were performed on the NMR structure of Atox1 (pdb code 1TL4 [1]) using three
different structures (1 (A), 12 (B) and 24 (C)) that represented the structural diversity around
the Cu' binding-site present among the total of 30 NMR structures (Figure S10). CisPt*
(CIHgN,Pt") was built into the structures assuming that the Cys12 sulfur had two available
binding-sites (the third binds to Cu') where the Pt of CisPt* might bind. CisPt" was modelled
in at these sites with a Pt-S distance of 2.25 A and angles consistent with a tetrahedral sulphur
geometry (i.e. angles of 109.5 °) and a square planar geometry for CisPt". For NMR
structures A and C, both binding-sites of CisPt" to sulphur was modelled in two
conformations differing by a rotation of 180 ° around the Pt-NHj; axis causing an exchange of
position for the chlorine and the opposing NH3 group. Only one sulphur binding site was
available in NMR structure B, the unavailable one was blocked by the protein. The protein
structures were truncated to only include amino acids in the proximity of the Cu® binding site
including Thrll, Cys12, Gly13, Glyl4, Cys15, and Lys60 (side chain N (protein structures A
and C) or NCH3 (protein structure B)). Protons were added at the truncation-positions and
were minimized using Macro Model [2] with the OPLS-2005 force field.

The Atox1-CisPt" complexes were geometry optimized with Turbomole [3] in two steps
using dispersion-corrected density functional theory (DFT-D3) [4] in gas phase with the b-lyp
functional [5-7], a multiple grid size “m3”, basis set def2-SVP(Weigend 2005) (stepl) and
def2-TZVP(Weigend 2005) (step2), and an effective-core potential (ECP) def2-ecp for Pt and
the Stuttgart-Koeln MCDHF RS [8] for Cu. CisPt", Cu and Cys12- and Cys15 sulphurs were
allowed to move during optimization, all other atoms were fixated. Single point energies
were calculated for each optimized structures of the Atox1-CisPt™ complex, and Atox1 and
CisPt" separately from the same complex, with DFT-D3 and the same settings as in geometry
optimization step2. Interaction energies, AE, were computed by subtracting the summarized
energy for CisPt" and Atox1 from the Atox1-CisPt" complex energy.
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Quantum mechanical calculations - Results

Low-energy binding modes between CisPt® and Atox1 was computed by geometry
optimization of Atox1-CisPt" complexes using DFT-D3 calculations. The initial binding
modes (start geometry) were generated by placing the CisPt" at a probable binding location to
the sulphur of Cys12, the only accessible binding partner of the two Cu-site cysteins. Three
protein conformations (A, B and C, Figure S10) and several CisPt" starting geometries (Al-
4, B1-2, and C1-4) used in the geometry optimizations. Interaction energies for all optimized
complexes are displayed in Table S1. The complexes with the lowest AE were, in decreasing
order, A3, A2, C4 and B1. These interaction energies are in good agreement with previously
reported basis set superposition error-corrected interaction energies for the cis-
[Pt(NHs),CI(Cys-X)]" complex of ~110 kcal/mol (460.24 kJ/mol) [9].

Table S1. Energies and Pt-Cu distances of geometry optimized Atox1-CisPt complexes, with the
complexes with lowest AE in bold.

Complex Protein CisPt” AE Pt-Cu

Energy (kJ/mol) Energy (kJ/mol) Energy (kJ/mol) (kJ/mol) distance (A)
Conf.1 -7915300 -6096744 -1818119 -437 3.467
NMR Conf.2 -7915320 -6096728 -1818118 -474 3.258
structure A Conf. 3 -7915338 -6096745 -1818111 -482 3.524
Conf. 4 -7915267 -6096744 -1818121 -402 3.728
NMR Conf.1 -8018472 -6199888 -1818124 -460 3.400
structure B Conf.2 -8018433 -6199888 -1818123 -422 3.518
Conf.1 -7915309 -6096740 -1818121 -448 3.598
NMR Conf.2 -7915294 -6096760 -1818119 -416 3.436
structure C  Conf.3 -7915236 -6096706 -1818122 -408 3.697
Conf. 4 -7915327 -6096744 -1818122 -461 3.443

The starting geometries and optimized structures A2 and A3 that had the lowest interaction
energies (AE) between Atox1 and CisPt of all complexes are displayed in Figure S11. In
these complexes, the average Pt-S distance was 2.37 A, a distance slightly bigger than
previously reported distances for the Pt-S bond in a CisPt-cystein complex of 2.32-2.35 A
[10]. The average Pt-Cu distance in these two complexes was and 3.39 A and, in fact, the
average Pt-Cu distance was 3.41 A counting all low-energy AE complexes for all three
protein structures A2, A3, B1 and C4 (Figure S11).

Interpreting the results from this computational study it is clear that there exists several
Atox1-CisPt low energy complexes where the binding geometry of CisPt depends on the
protein geometry. A general trend in the geometry optimizations was that the Cu atom moved
closer to the electron rich carbonyl oxygen of Cysl2, presumably because of the
complementary electrostatic nature of the two atoms. As a consequence, Pt also moved to
maintain an interaction with Cu. The distance between Pt and Cu in the optimized complexes
may be small enough for the two atoms to form a metal-metal interaction. The metal-metal
interaction distance reported here is longer that previously reported for d®-d*° orbital overlap
type Pt-Cu dative bonds (see main text). The use of a static protein structures may hinder the
CisPt from achieving an optimal binding mode to Atox1 due to steric clashes between Pt
ligands in CisPt and the protein residues.
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