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Figure S1: Side and top views of the initial configurations of the Azurin. The Azurin
representation used is analogous to the one shown in Fig. 1 of the main manuscript. The
position of the residues in which the mutations have been performed (K41,1.120 and S89C)
has been marked with a van-der-Waals representation in an opaque color (orange,pink and
yellow respectively). A detailed view of the Cu complex of the protein, i.e the five residues
of the Cu coordination sphere is shown in the inset.
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Figure S2: Cu-mutation distance distributions obtained from the unrestrained
Azurin simulations in water. Probability of occurrence (%) of a given d sy ¢y, value when
a)Mut=residue 45 (lysine), b)Mut=residue 120 (leucine) and c)Mut=residue 89 (serine).
The same distance distributions obtained when that amino-acids are not mutated, i.e. in
the wild-type protein, are also shown for comparison (bottom panel). The definition of
dprui—cw 1s included in the caption of Fig.1 of the main manuscript.
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Figure S3: Evolution of the minimum distance between the Azurin protein and
its periodic image during a)the unrestrained MD simulations in water;b)the
adsorption MD simulations. For all the simulations, the minimum distance between
the protein and its periodic images is larger than the value of the real-space cut-off used
in these simulations (10A), evidencing that the Azurin does not interact with its periodic
images in any of them.
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Figure S4: Structural characterization of the five unrestrained Azurin structures
in water. Time evolution of the a)RMSD, b)the Rg, and the percentage of c)a-helix and
d)3-sheet content for all proteins considered. The reference configuration used for computing
the RMSD evolution is the crystallographic Azurin structure. Note that the simulations of
the L120C and S89C were stopped earlier (at 300 ns) as they were already converged at this
time.
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Figure S5: Time-dependence of the protein root-mean-square fluctuation (RMSF)
during its unrestrained simulation in water. a-b) RMSF per residue calculated in the
time range tg;,,=100-300 ns of the a)wild-type and b)K41C unrestrained simulations in
water. It is represented with a continuous cyan line. The value of the RMSF obtained using
the last 200ns of these two simulations (;,=300-500 ns) is also here shown for comparison.
As observed in these figures, the RMSF distribution along the protein is practically identical
in these two time ranges and for both Azurin structures, thus indicating that 300 ns of
simulation are enough for a proper description of the unrestrained Azurin fluctuations in
water. c-d) RMSF of each residue over the last 150 ns (s;,,=150-300ns) of the ¢)L.120C and
d)S89C unrestrained simulations in water (cyan).The value of the RMSF obtained using the
last 200ns of these two simulations (;,=100-300ns) is also here shown for comparison. From
these figures, we observe that the suppression of the wild-type fluctuations (dashed line) with
the introduction of mutations is even detected using a time range sma (150 ns) than the one
used for the RMSF data displayed in the main manuscript (200 ns). The black arrows point
to the residues where this suppression effect is larger (RM S Fiyiid—type >> BRM S Farutant), i-€.
the amino-acid segments where larger RMSF differences are detected between the Mutant
and the wild-type (|A RMSF| > 0.3A, see Fig.4 of the main manuscript).
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Figure S6: Evolution of the energy of the system during the unrestrained Azurin
MD simulations in water. We show the energy evolution obtained for the wild-type
(black), K41C mutant (blue), L120C mutant (red), S89C mutant (green) and Apo (brown)
proteins. The average of the total energy in the first 10 ns has been taken as our energy
reference. The L120C and S89C results go only until 300 ns as these simulations are shorter
than the other three.
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Figure S7: Characteristics of the MD simulations of the Azurin adsorption pro-
cess. a)Representation of the four initial orientations of the wild-type over the whole gold
surface considered in this work: O1, O2, O3 and O4. The protein is represented with its
secondary structure as in Fig. 1 of the main manuscript. The copper atom is shown using
its van-der-Waals representation in an opaque orange color, and its coordination residues
are also represented in orange with ball-stick model. The main chains of the two cysteines
are colored in light orange and their sulfur atoms are highlight in pink. The gold atoms are
represented with a van-der-Waals representation in an opaque yellow color. b)Time evolu-
tion of the total energy variation during the simulation of the wild-type adsorption process
for each initial orientation: O1 (red), O2 (black), O3 (blue) and O4(green). The average of
the total energy in the first 10 ns has been taken as our energy reference.
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Figure S8: Principal component analysis for the Apo, wild-type and K41C proteins
during their unrestrained dynamics in water (last 200ns of simulation). Here
we illustrate the principal component direction (arrows) for the two amino-acids segments
where larger RMSF differences (|A RMSF| > 0.5A) are observed between a) the wild-
type and K41C mutant proteins; b) the wild-type and Apo proteins (see Fig. 4 of the
main manuscript). In one of these amino-acid segments (residues 5-16), we notice not only
that the fluctuations are smaller with the introduction of the K41C mutation, but also that
they change its directional character from a breathing movement (wild-type) to a shearing
displacement in the direction parallel to the S-barrel (K41C Mutant, see movies for more
details). This shearing displacement observed in the 5-16 amino-acid segment with the
introduction of the K41C mutation is also observed for the Apo. In the other amino-acid
segment, i.e. residues 95-110/115-123 for the Mutant/Apo case, we observe smaller/larger
fluctuations amplitude than in the wild-type (see regions marked with a circle), as predicted
by the RMSF results (Fig. 4 of the main manuscript), but the directional character of the
fluctuations is the same.
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Figure S9: Characterization of the wild-type regions where the 5 — sheet content
is lost during the adsorption simulation. We focus on the two adsorption simulations
where larger protein secondary structure losses are observed, i.e. using the Ol and O2
initial orientations (see Fig. 5 of the main manuscript). a) Amino-acids which have lost its
B — sheet structure at the end of the adsorption simulation for both the O1 (red) and O2
(black) cases. The amino-acids belonging to all the 8 —sheets of the Azurin wild-type protein
are also here shown for comparison (gray). b) Secondary structure content of the protein
regions that are in contact with the surface (closer than 8A) at the end of the adsorption
process for the O1 (left panel) and O2 (center panel) initial orientations. These protein
regions correspond to three different amino-acid segments: residues 1-27, residues 36-38
and residues 127-128 (marked with yellow color in a)). The secondary structure content
of that amino-acid segments in the free solved state of the wild-type protein is also shown
(right panel). From this figure, we conclude that most of the 5 — sheet content lost during
adsorption is located in the protein-surface contact regions. Additionally, we observe that
the main difference between the O1 and O2 initial orientations is located in the S2b [ — sheet
(residues 20-24), which is practically distorted in the latter case but not in the former.
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Figure S10: Hydrophobic level description of the protein-surface contacting areas.
Here we show the side view (top panel) and bottom view (bottom panel) of the Azurin
Connolly surface! for all the a)wild-type and b)K41C adsorption configurations. The bottom
views are also represented in Fig. 5 (wild-type) and Fig. 6 (K41C) of the main manuscript.
The protein-surface contacting residues are colored according to their hydrophobicity index:
very hydrophobic (blue), hydrophobic (cyan), neutral (orange), and hydrophilic (red).The
rest of the Azurin amino-acids (non-interacting) are colored in grey. The copper(II) ion is
shown using its van-der-Waals representation in an opaque green color
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