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Selection of final structure model in given crystallographic analysis
The final structure model was selected based on disappearing of F,-F, residual density map in Figure
S1. The F,-F. density map was minimalized when the occupancy of positions1 and positions2 is 40 %

and 60 %, respectively.

Occupancy of position1:position2
30:70 4060  50:50

occupancy of position]:position2 for Cu ion.



Table S1. Cu-Ligand distances between oxidized and reduced form of [N,S,] type 1 Cu site

#1. PlastocyaninA pH 6

Cu-Ligand oxidized / A reduced / A elongation due to reduction / A
Cu-N(His37) 1.94 1.91 -0.03
Cu-S(Cys84) 2.16 2.15 -0.01
Cu-N(His87) 1.99 2.54 0.55
Cu-S (Met92) 2.78 2.62 -0.16

PDB

ID - resolution

4DP9 - 1.00 A

4DPA - 1.05 A

#2. PlastocyaninB pH 6

Cu-Ligand oxidized / A reduced / A | elongation due to reduction / A
Cu-N (His37) 2.07 2.06 -0.01
Cu-S (Cys84) 2.14 2.15 0.01
Cu-N (His87) 2.11 2.19 0.08
Cu-S (Met92) 2.74 2.71 -0.03

PDB

ID - resolution

4DP2 - 1.80 A

4DP4 - 1.54 A

#3. PlastocyaniA pH 8

Cu-Ligand oxidized / A reduced / A elongation due to reduction / A
Cu-N (His37) 1.97 1.98 0.01
Cu-S(Cys84) 2.17 2.18 0.01
Cu-N (His87) 2.02 2.1 0.08
Cu-S (Met92) 2.76 2.71 -0.05

PDB

ID - resolution

4DPB - 1.00 A

4DPC - 1.06 A

#4. PlastocyaninB pH 8

Cu-Ligand oxidized / A reduced / A elongation due to reduction / A
Cu-N(His37) 2.04 2.04 0.00
Cu-S (Cys84) 2.38 2.2 -0.18
Cu-N(His87) 2.24 2.21 -0.03
Cu-S (Met92) 2.78 2.74 -0.04

PDB

ID - resolution

4DP5 - 1.88 A

4DP6 - 1.67 A

#5. Pseudoazurin pH6.0

Cu-Ligand oxidized / A reduced / A elongation due to reduction / A
Cu-N (His40) 1.95 2.04 0.09
Cu-S(Cys78) 2.13 2.19 0.06
Cu-N(His81) 1.92 2.11 0.19
Cu-S (Met86) 2.71 2.85 0.14

PDB

ID - resolution

1BOK - 1.35 A

1BOR - 1.60 A

#6. Pseudoazurin pH 6.0

Cu-Ligand oxidized / A reduced / A elongation due to reduction / A
Cu-N(His40) 1.88 2.23 0.35
Cu-S(Cys78) 2.14 2.24 0.10
Cu-N(His81) 1.99 2.36 0.37
Cu-S (Met86) 2.71 2.76 0.05

PDB

ID - resolution

12IA - 1.54 A&

12IB-2.00 4

#7. Pseudoazurin pH7.0

Cu-Ligand oxidized / A reduced / A elongation due to reduction / A
Cu-N(His40) 2.01 2.1 0.09
Cu-S(Cys78) 2.13 2.17 0.04
Cu-N(His81) 2.01 2.31 0.30
Cu-S (Met86) 2.71 2.82 0.11

PDB

ID - resolution

8PAZ - 1.60 A

3PAZ - 1.73A




Table S1. continued

#8. Pseudoazurin pH7.8

Cu-Ligand oxidized / A reduced / A elongation due to reduction / A
Cu-N(His40) 2.16 2.16 0.00
Cu-S(Cys78) 2.16 2.17 0.01
Cu-N(His81) 2.12 2.29 0.17
Cu-S (Met86) 2.76 2.91 0.15

PDB ID - resolution

1PAZ - 1.55 A

1PZA - 1.80 A

#9. Pseudoazurin P80I

Cu-Ligand oxidized / A reduced / A elongation due to reduction / A
Cu-N(His40) 2.01 2.04 0.03
Cu-S(Cys78) 2.13 2.15 0.02
Cu-N(His81) 2.07 2.13 0.06
Cu-S (Met86) 2.9 2.95 0.05

PDB ID - resolution

6PAZ- 1.91 A

TPAZ- 2.00 A

#10. Pseudoazurin P80A

Cu-Ligand oxidized / A reduced / A elongation due to reduction / A
Cu-N (His40) 1.98 2.06 0.08
Cu-S (Cys78) 2.14 2.19 0.05
Cu-N(His81) 1.96 2.02 0.06
Cu-S (Met86) 2.76 3.00 0.24

PDB ID - resolution

4PAZ- 1.76 A

S5PAZ- 1.76 A

#11. Amycyanin P94F pH 5.6

Cu-Ligand oxidized / A reduced / A elongation due to reduction / A
Cu-N (His53) 1.97 1.98 0.01
Cu-S(Cys92) 2.22 2.2 -0.02
Cu-N (His95) 2.05 2.04 -0.01
Cu-S (Met98) 2.8 2.92 0.12

PDB ID - resolution

1SFD - 0.99 A

1SFH- 1.05 A

#12. Pseudoazurin with engineered Amicyanin pH 7.5

Cu-Ligand oxidized / A reduced / A elongation due to reduction / A
Cu-N (His40) 2.09 2.05 -0.04
Cu-S(Cys78) 2.22 2.1 -0.12
Cu-N(His81) 2.09 2.5 0.41
Cu-S (Met86) 2.39 2.37 -0.02

PDB ID - resolution

2Ux6- 1.30 A

2UX7- 1.30 A

#13 Pseudoazurin with engineered Amicyanin pH 5.5

Cu-Ligand oxidized / A reduced / A elongation due to reduction / A
Cu-N(His40) 2.1 2.16 0.06
Cu-S(Cys78) 2.27 2.14 -0.13
Cu-N(His81) 2.24 2.64 0.4
Cu-S (Met86) 2.38 2.43 0.05

PDB ID - resolution

2UXF - 2.00 A

2UXG- 1.99 A




Fully optimized oxidized site at BP86/def2TZVP level (Fig. 3A)
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Fully optimized oxidized site at B3BLYP/def2TZVP level (Fig. 3B)
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Fully optimized oxidized site at B38HFP86/def2TZVP level (Fig. 3C)
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Fully optimized reduced site at BP86/def2TZVP level (Fig. 3D)
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Fully optimized reduced site at B3LYP/def2TZVP level (Fig. 3E)
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Fully optimized reduced site at BE8HFP86/def2TZVP level (Fig. 3F)
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Optimized inner-sphere ligands for oxidized, axial site at B38HFP86/def2TZVP level (Fig. 4A)
.620275000

Cu

n Q Q m

T - =-m Q Z2 =& &m =-Zm =T - &-m == O O O Z 0 =2 o o o 2 o O =T m - o= T

7.
10.
10.

9.

9.
11.
11

[©) NG e BN o]

349299000
997606000
928027000
601973000
436988000
713411000

.156764000
.825705000
.399388000
.154072000
.783015000
.647999000
.529995000
.160955000
.115024000
.176315000
.551920000
.483551000
.444634000
.857781000
.986990000
.801006000
.840303000
.819541000
.528272000
.613542000
.434798000
.193875000
.514850000
.920011000
.633998000
.266254000
.255204000
.100024000

9
13

12.
11.
10.
11.

12

12.
11.

10.

11

10.

10.
11.
12.
10.
10.

12

12.

10.

12.
13.
13.
13.
11.

.087789000
270003000
658023000
276347000
552762000
.682297000
390209000
260569000

.963589000
.531001000
.000995000
.839001000

724987000

.432039000

510357000

.683102000
.004053000
.351162000

300158000
821971000
125000000
205576000
116345000

.091658000

073914000

.278140000

738436000

.976720000

348024000
532996000
292913000
907969000
960204000

20
18

19.
19.
20.
18.
20.
19.
18.
25.

24

23.

24

23.

22
21

20.
20.
21.
22.
24.
25.
25.

22

23.
21.
19.
22.
21.
23.
23.

24

23.

22

.014537000
.465061000
184981000
143016000
328699000
943762000
168895000
359272000
150479000
092297000

.395007000

719997000

.398995000

456041000
.615991000
.918221000
877474000
517590000
274173000
166628000
159996000
326989000
031050000
.840643000
256803000
887338000
725762000
888122000
195065000
379993000
847999000
.700780000
040449000
.466285000

17



T - &-n & - & &m =T = Q »n o Q Q @m @&Z & & o @&m & &= 9&m o @&=m Q@ 2 O o Z2 o o o Z2 o0 Qo @m o=

10.
10.
10.

o O @

[©) BT NI

.925862000
.311701000
.839004000
.047008000
.049971000
.281020000
.830003000
.177097000
.544089000
.148315000
.483512000
.133745000

711613000
874914000
378599000

.750645000
.305513000
.664820000
.510997000
.306295000
.836322000
.242017000
.949975000
.155059000
.301546000
.392973000
.802437000
.326525000
.378115000
.875412000
.783760000
.353634000
.796121000
.734411000
.077989000

g o G o

® o

10.
11.
10.

11

10.

12

12.
11.

10.
12.
12.

11

12.
13.

.303442000
.905013000
.636988000
.579000000
.562977000
.368067000
. 748942000
.013150000
.657037000
.734529000
.528315000
.676990000
.952689000
.393202000
.319827000
.815520000
.570803000
.914536000
.837576000
.659324000

669354000
328004000
700999000

.640946000

804984000

.226224000

257883000
564131000

.782451000

409668000
432899000
104255000

.883032000

615377000
001009000

24.
20.
19.
18.
18.
17.
17.
18.
19.
20.
20.
18.
16.
19.
17.
17.
l6.
21.
18.
20.
13.
14.
15.
16.
17.
18.
14.
13.
15.
l6.
le6.
15.
19.
17.
18.

144657000
058111000
102020000
556989000
630999000
415998000
595965000
717019000
758491000
609212000
156412000
962917000
601071000
181691000
146937000
802492000
656364000
552805000
409632000
629282000
737877000
370986000
672015000
566910000
952514000
611825000
484380000
826499000
522264000
171345000
970630000
991672000
451339000
840152000
944926000

18



Optimized inner-sphere ligands for oxidized, rhombic site at B38HFP86/def2TZVP level (Fig. 4B)
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Optimized inner-sphere ligands for reduced, axial site at B38HFP86/def2TZVP level (Fig. 6A)
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Optimized inner-sphere ligands for reduced, rhombic site at B38HFP86/def2TZVP level (Fig. 6B)
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Figure 1. The stereo view of 2Fo-Fc (grey at 1.50 level) and Fo-Fc (green at 4.00 and red, -4.00 levels)
maps around the Cu site of AcPAz modelled with a single Cu position (A) and dual Cu positions (B). Positions
1 and 2 are labelled as ‘Axial’ and ‘Rhombic’ in Figure 1B, respectively.
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Figure 2. 2Fo-Fc (grey at 1.5clevel) and Fo-Fc (green at 4.00 and red -4.0clevels) maps at the Cu binding
site of PAAmIi(A, 20V0), AcNiR(B, 2BW4), PnPc(C, 4DP9), and HdPAz(D, 3EF4). Maps were generated from
structures and electron density maps deposited in the Protein Data Bank.
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Figure 3. Optimized inner sphere environment for the oxidized (A-C) and reduced (D-F) Cu sites in AcPAz
starting from separate axial and rhombic sites, but converging to a single site geometry using BP86 (A,D),
B3LYP (B,E), and B38HFP86 (C,F) functionals with def2TZVP basis sets with all a- and p-carbon atoms fixed

at their crystallographic positions.
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Figure 4. Partially optimized structures for the oxidized (A) axial and (B) rhombic Cu sites of AcPAz at
B38HFP86/def2TZVP level with Cartesian coordinates of the Cu2+ ion, all a- and B-carbon atoms kept fixed
at their crystallographic values. Panel (C) shows the overlay of the optimized atomic positions for the inner

sphere ligands.
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Figure 5. Molecular field analysis of the inner sphere environment at the metal binding site of AcPAz using
Cu2+ ion as probe (A: Cu positions evaluated in MFA, B: the lowest energy structure, C: range of low
energy structures within 20 kJ mol-1). The blue dots correspond to the position of Cu2+ tested in MFA.
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Figure 6. Partially optimized structures for the reduced (A) axial and (B) rhombic Cu sites of AcPAz at
B38HFP86/def2TZVP level with Cartesian coordinates of the Cu2+ ion, all a- and B-carbon kept fixed at their
crystallographic values.
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