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Supporting information
Computational Details:

Calculations were undertaken using the
Amsterdam Density Functional 2013
(ADF2013.01) suite at a GGA BP86/TZP all-
electron level of theory in the spin-
unrestricted formalism. Calculations were
performed in an unrestricted fashion using
the GGA Becke-Perdew density functional and
the TZP all-electron basis set. Relativistic
corrections using the Zeroth-Order Regular
Approximation (ZORA) were applied to the
strontium basis set. SCF and geometry
optimisation was achieved using the ADF
default criteria.

Structural Model:

Calculations proceeded from a model derived
from the first listed Mn4CaO5 cluster of RCSB
PDB 4IL6 and coordinating amino acids D1-
Tyrl6l, D1-Aspl70, D1-Glul89, D1-His190,
D1-His332, D1-Glu333, D1-His337, D1-Asp342,
D1-Ala344, CP43-Glu354 and CP43-Arg357
and the optional presence of D1-GIn165.
Three attendant noncovalent waters proximal
to W3 were incorporated at their
crystallographic positions with their oxygen
atoms constrained in Cartesian space but
were otherwise rotable. Carboxylate-terminal
amino acids (Ala, Asp, Glu) coordinating the
cluster were truncated to ethanoate ions and
their terminal methyl carbons pinned in
Cartesian space. Histidine residues were
similarly modelled as 4-methylimidazole in
either neutral or cationic forms with their
terminal methyl carbons pinned in Cartesian
space. CP43-Arg357 was truncated to N-
methylguanidinium. Dihedrals relating the
carbonyl oxygens of D1-Asp170, D1-Glul180
and D1-Ala344, the manganese ions to which
these residues were connected and the
strontium ion were constrained to their
crystallographic values. Protonation of the D1-

His337 simulant was enforced by constraint of
the N-H distances to 1.10 A. D1-Tyr161 was
modelled as a 4-methylphenol molecule,
whilst  D1-GIn165 was modelled as
ethanamide. Due to the conformational
flexibility —of non-covalently interacting
residues D1-Tyrl6l, D1-GIn165 and D1-
His190, all non-hydrogen atoms of these
residues were constrained at their
crystallographic positions.

In light of the typical inability of X-ray
crystallography to resolve hydrogen atoms,
automatic saturation of models was achieved
in either PyMOL or ADFInput. Due to the
arbitrary orientation of hydroxide and water
protons resultant from this technique, where
necessary water and hydroxide molecules
were rotated about their oxygen atoms into
realistic orientations with respect to likely
hydrogen bonding partners, prior to
optimisation.

Electronic Model:

Model total charge was selected to be
consistent with an expected 4xMn"" oxidation
state configuration. Manganese ions were
spin polarised corresponding to an ‘ABBA’
Ms=0 spin-coupling configuration, analogous
to earlier calculations which modelled the Ca
structure. While both the ABBA and ABAB
coupling patterns give rise to the lowest
energy structures, alternative coupling
patterns that satisfy the total spin are not
precluded by calculations. In general, the
calculations do not exhibit significant variation
of interatomic distances with different spin-
coupling patterns, except in those cases
where a given spin-coupling pattern elicits an
Mn oxidation state configuration that is not
{ g,

Optimised coordinates of model structure:

These coordinates have been normalised
against the non-mass-weighted molecular



centroid and rounded to 4 decimal places for
convenience. Cartesian displacements with
respect to the origin are given in A.
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