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INTRODUCTION
The function of iron-sulfur proteins, such as
rubredoxin, depends in large part on the stability
and reactivity of their ferric-thiolate bonds.
Recent atomic force microscopy experiments
unexpectedly showed that Fe-S dissociation in
rubredoxin single molecules under mechanical
stress occurred at relatively low forces1.

METHODS
In order to probe the detailed mechanism of
forced rubredoxin unfolding, we develop here an
approximate molecular dynamics scheme to
simulate unfolding trajectories with bond
dissociation and employ density functional theory
pure quantum chemical (QC) and hybrid quantum
chemical molecular mechanical (QC/MM)
potentials to describe in detail the mechanism of
Fe-S rupture in stretched rubredoxin in the
presence of competing chemical agents such as
SCN- and H+.

experimental values in the order of 200 pN.
Analysis of hundreds of unfolding trajectories also
explains the anisotropic response of stretched
rubredoxin when force is applied at different
points along the protein primary sequence.

CONCLUSIONS
We conclude that the stability of ferric-thiolate
bonds decreases in the presence of electrophilic
and nucleophilic agents. Finally, the combination
of quantitative experiments such as singlemolecule atomic force microscopy and molecular
modeling with quantum chemical calculations can
accurately describe the stability and reactivity of
metalloproteins.

ACKNOWLEDGMENTS
Financial support from FAPESP is
acknowledged.

1

RESULTS AND DISCUSSION
In contrast to results previously observed in the
absence of such agents2, a heterolytic bond
cleavage mechanism is obtained here with a
ferric-thiolate dissociation product3. Calculated
rupture forces are in good agreement with the

P. Zheng, H. Li, J. Am. Chem. Soc., 133, 67916798 (2011);
2
G.M. Arantes, A. Bhattacharjee, M.J. Field,
Angew. Chem. Int. Ed., 52, 8144-8146 (2013);
3
P. Zheng, G.M. Arantes, M.J. Field, H. Li,
Nature
Comm.,
6,
7569,
DOI:
10.1038/ncomms8569 (2015)

