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(Supplementary Information)

Table S1. Comparison of contributions of  selected atomic orbitals to the SOMO and LUMO of the ground state wave function of CuZ obtained from restricted open shell and unrestricted DFT calculations, respectively. Contributions to the LUMO are shown in brackets.

	Model CuZ [Cu4S(OH)]2+
	
	
	
	
	
	
	

	
	dx2-y2
	5.5

(5.35)
	
	
	14.8

(15.4)
	
	
	

	
	dxy
	4.3

(4.1)
	9.2

(9.3)
	
	1.7

(1.65)
	
	
	

	
	dxz 
	
	
	1.3

(1.2)
	
	
	
	

	
	dyz
	
	
	3.1

(2.75)
	1.4

(1.5)
	
	
	

	
	dz2
	
	
	
	
	
	
	

	
	px
	
	
	
	
	10.2

(10.2)
	
	2

(2)

	
	py 
	
	
	
	
	14.4

(14.1)
	11

(11)
	2

(2.1)

	
	pz
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	P. denitrificans [Cu4S(OH)]2+
	
	
	
	
	
	
	

	
	dx2-y2
	13.7

(13.8)
	1.4

(1.25)
	
	5.6

(5.53)
	
	
	

	
	dxy
	
	6.6

(6.2)
	
	2

(1.74)
	
	
	

	
	dxz 
	1.5

(1.25)
	
	1.1

(<1)
	
	
	
	

	
	dyz
	1.1

(1.05)
	
	3.5

(3.02)
	
	
	
	

	
	dz2
	
	
	
	
	
	
	

	
	px
	
	
	
	
	4.3

(4.3)
	12.8

(14.4)
	2

(1.9)

	
	py 
	
	
	
	
	13.2

(12.5)
	16

(17.5)
	2

(2.1)

	
	pz
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	P. denitrificans [Cu4SH(OH)]3+
	
	
	
	
	
	
	

	
	dx2-y2
	16

(16.5)
	1.3

(1.1)
	
	4.7

(4.5)
	
	
	

	
	dxy
	
	5

(4.3)
	
	1.5

(1.1)
	
	
	

	
	dxz 
	2.4

(2.0)
	
	
	
	
	
	

	
	dyz
	1.5

(1.5)
	
	2

(1.77)
	
	
	
	

	
	dz2
	
	
	
	
	
	
	

	
	px
	
	
	
	
	2.2

(2.3)
	17

(20)
	2

(2)

	
	py 
	
	
	
	
	8.7

(8)
	17.3

(18.5)
	2

(2.1)

	
	pz
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


Input coordinates of CuZ structures for DFT calculations:

P. denitrificans  2+/4+ 

 C                  2.552000   -4.267700    1.675200

 N                  1.870900   -3.862900    0.547700

 C                  3.309200   -5.323300    1.286200

 C                  2.232500   -4.663400   -0.463100

 N                  3.104000   -5.565600   -0.065700

 C                 -0.077900   -2.420800    5.839200

 N                 -0.828000   -3.227200    5.011100

 C                  0.151800   -1.285000    5.130800

 C                 -1.017900   -2.574800    3.851800

 N                 -0.440700   -1.387700    3.867700

 C                 -2.562200   -4.524000    0.645200

 N                 -3.164400   -3.421200    0.078500

 C                 -1.267300   -4.173700    0.841100

 C                 -2.236900   -2.462800   -0.043700

 N                 -1.064600   -2.871800    0.404200

 C                 -3.917000    3.222100   -1.736200

 N                 -3.770800    1.868100   -1.940700

 C                 -2.732200    3.645200   -1.227100

 C                 -2.530700    1.523800   -1.558600

 N                 -1.861900    2.569400   -1.117000

 C                  1.977200    3.461900    3.569100

 N                  0.784700    3.385100    4.252500

 C                  2.042800    2.336800    2.812000

 C                  0.184800    2.234300    3.906900

 N                  0.910000    1.562500    3.035300

 Cu                -0.212800    2.288000    0.000000

 Cu                 0.777800   -2.019100    0.549100

 Cu                 0.247400   -0.175800    2.231500

 Cu                 2.242400    0.000000    0.000000

 S                  0.000000    0.000000    0.000000

 C                 -1.314700    5.683000    2.351000

 N                 -2.229000    4.699600    2.656200

 C                 -0.460200    5.126000    1.452600

 C                 -1.910200    3.605500    1.951000

 N                 -0.843000    3.814900    1.209400

 C                  4.613300   -1.219100    1.265400

 N                  4.151100   -0.694000    0.079600

 C                  5.217300   -2.389900    0.938500

 C                  4.482200   -1.541200   -0.908100

 N                  5.133600   -2.584700   -0.439300

 O                  2.370600    2.548800   -0.644800

 H                  2.370600    2.548800    0.315200

 H                  2.495220   -3.838527    2.653712

 H                  3.963165   -5.882615    1.922122

 H                  3.530506   -6.278551   -0.622291

 H                  1.861270   -4.580242   -1.463186

 H                  5.684755   -3.058945    1.630428

 H                  5.493653   -3.356855   -0.962883

 H                  4.247392   -1.388227   -1.940749

 H                  4.516481   -0.792751    2.242002

 H                 -0.515810   -4.804766    1.267619

 H                 -3.021154   -5.461292    0.881306

 H                 -4.124070   -3.349430   -0.193313

 H                 -2.422266   -1.491157   -0.451681

 H                 -1.566979   -2.967467    3.021604

 H                 -1.171416   -4.139517    5.234131

 H                  0.253943   -2.642807    6.831920

 H                  0.702883   -0.439134    5.485366

 H                 -0.758939    1.905684    4.289349

 H                  0.428295    4.065562    4.892771

 H                  2.702754    4.246454    3.623376

 H                  2.842219    2.085160    2.146788

 H                 -2.451745    2.683332    1.986141

 H                 -2.995856    4.786543    3.292103

 H                 -1.283401    6.679149    2.740367

 H                  0.375741    5.620652    1.003799

 H                 -2.136984    0.530022   -1.606475

 H                 -4.465703    1.250375   -2.308838

 H                 -4.783796    3.816505   -1.936816

 H                 -2.503856    4.653855   -0.952557

 P. denitrificans  with  H   first structure  3+

 C                  2.552039   -4.267685    1.675212

 N                  1.870939   -3.862885    0.547712

 C                  3.309239   -5.323285    1.286212

 C                  2.232539   -4.663385   -0.463088

 N                  3.104039   -5.565585   -0.065688

 C                 -0.077880   -2.420794    5.839240

 N                 -0.827980   -3.227194    5.011140

 C                  0.151820   -1.284994    5.130840

 C                 -1.017880   -2.574794    3.851840

 N                 -0.440680   -1.387694    3.867740

 C                 -2.562166   -4.523956    0.645213

 N                 -3.164366   -3.421156    0.078513

 C                 -1.267266   -4.173656    0.841113

 C                 -2.236866   -2.462756   -0.043687

 N                 -1.064566   -2.871756    0.404213

 C                 -3.917015    3.222102   -1.736210

 N                 -3.770815    1.868102   -1.940710

 C                 -2.732215    3.645202   -1.227110

 C                 -2.530715    1.523802   -1.558610

 N                 -1.861915    2.569402   -1.117010

 C                  1.977219    3.461897    3.569117

 N                  0.784719    3.385097    4.252517

 C                  2.042819    2.336797    2.812017

 C                  0.184819    2.234297    3.906917

 N                  0.910019    1.562497    3.035317

 Cu                -0.212785    2.288035    0.000012

 Cu                 0.777815   -2.019065    0.549112

 Cu                 0.247415   -0.175765    2.231512

 Cu                 2.242415    0.000035    0.000012

 S                  0.000000    0.000000    0.000000

 C                 -1.314679    5.682983    2.350998

 N                 -2.228979    4.699583    2.656198

 C                 -0.460179    5.125983    1.452598

 C                 -1.910179    3.605483    1.950998

 N                 -0.842979    3.814883    1.209398

 C                  4.613295   -1.219083    1.265421

 N                  4.151095   -0.693983    0.079621

 C                  5.217295   -2.389883    0.938521

 C                  4.482195   -1.541183   -0.908079

 N                  5.133595   -2.584683   -0.439279

 O                  2.370600    2.548800   -0.644800

 H                  2.370600    2.548800    0.315200

 H                  2.495259   -3.838512    2.653724

 H                  3.963204   -5.882600    1.922134

 H                  3.530545   -6.278536   -0.622279

 H                  1.861309   -4.580227   -1.463174

 H                  5.684750   -3.058928    1.630449

 H                  5.493648   -3.356838   -0.962862

 H                  4.247387   -1.388210   -1.940728

 H                  4.516476   -0.792734    2.242023

 H                 -0.515776   -4.804722    1.267632

 H                 -3.021120   -5.461248    0.881319

 H                 -4.124036   -3.349386   -0.193300

 H                 -2.422232   -1.491113   -0.451668

 H                 -1.566959   -2.967461    3.021644

 H                 -1.171396   -4.139511    5.234171

 H                  0.253963   -2.642801    6.831960

 H                  0.702903   -0.439128    5.485406

 H                 -0.758920    1.905681    4.289366

 H                  0.428314    4.065559    4.892788

 H                  2.702773    4.246451    3.623393

 H                  2.842238    2.085157    2.146805

 H                 -2.451724    2.683315    1.986139

 H                 -2.995835    4.786526    3.292101

 H                 -1.283380    6.679132    2.740365

 H                  0.375762    5.620635    1.003797

 H                 -2.136999    0.530024   -1.606485

 H                 -4.465718    1.250377   -2.308848

 H                 -4.783811    3.816507   -1.936826

 H                 -2.503871    4.653857   -0.952567

 H                 -0.143896    0.102297   -1.298038

 P. denitrificans  with  H   second structure   3+

 C                  2.552039   -4.267685    1.675212

 N                  1.870939   -3.862885    0.547712

 C                  3.309239   -5.323285    1.286212

 C                  2.232539   -4.663385   -0.463088

 N                  3.104039   -5.565585   -0.065688

 C                 -0.077880   -2.420794    5.839240

 N                 -0.827980   -3.227194    5.011140

 C                  0.151820   -1.284994    5.130840

 C                 -1.017880   -2.574794    3.851840

 N                 -0.440680   -1.387694    3.867740

 C                 -2.562166   -4.523956    0.645213

 N                 -3.164366   -3.421156    0.078513

 C                 -1.267266   -4.173656    0.841113

 C                 -2.236866   -2.462756   -0.043687

 N                 -1.064566   -2.871756    0.404213

 C                 -3.917015    3.222102   -1.736210

 N                 -3.770815    1.868102   -1.940710

 C                 -2.732215    3.645202   -1.227110

 C                 -2.530715    1.523802   -1.558610

 N                 -1.861915    2.569402   -1.117010

 C                  1.977219    3.461897    3.569117

 N                  0.784719    3.385097    4.252517

 C                  2.042819    2.336797    2.812017

 C                  0.184819    2.234297    3.906917

 N                  0.910019    1.562497    3.035317

 Cu                -0.212785    2.288035    0.000012

 Cu                 0.777815   -2.019065    0.549112

 Cu                 0.247415   -0.175765    2.231512

 Cu                 2.242415    0.000035    0.000012

 S                  0.000000    0.000000    0.000000

 C                 -1.314679    5.682983    2.350998

 N                 -2.228979    4.699583    2.656198

 C                 -0.460179    5.125983    1.452598

 C                 -1.910179    3.605483    1.950998

 N                 -0.842979    3.814883    1.209398

 C                  4.613295   -1.219083    1.265421

 N                  4.151095   -0.693983    0.079621

 C                  5.217295   -2.389883    0.938521

 C                  4.482195   -1.541183   -0.908079

 N                  5.133595   -2.584683   -0.439279

 O                  2.370600    2.548800   -0.644800

 H                  2.370600    2.548800    0.315200

 H                  2.495259   -3.838512    2.653724

 H                  3.963204   -5.882600    1.922134

 H                  3.530545   -6.278536   -0.622279

 H                  1.861309   -4.580227   -1.463174

 H                  5.684750   -3.058928    1.630449

 H                  5.493648   -3.356838   -0.962862

 H                  4.247387   -1.388210   -1.940728

 H                  4.516476   -0.792734    2.242023

 H                 -0.515776   -4.804722    1.267632

 H                 -3.021120   -5.461248    0.881319

 H                 -4.124036   -3.349386   -0.193300

 H                 -2.422232   -1.491113   -0.451668

 H                 -1.566959   -2.967461    3.021644

 H                 -1.171396   -4.139511    5.234171

 H                  0.253963   -2.642801    6.831960

 H                  0.702903   -0.439128    5.485406

 H                 -0.758920    1.905681    4.289366

 H                  0.428314    4.065559    4.892788

 H                  2.702773    4.246451    3.623393

 H                  2.842238    2.085157    2.146805

 H                 -2.451724    2.683315    1.986139

 H                 -2.995835    4.786526    3.292101

 H                 -1.283380    6.679132    2.740365

 H                  0.375762    5.620635    1.003797

 H                 -2.136999    0.530024   -1.606485

 H                 -4.465718    1.250377   -2.308848

 H                 -4.783811    3.816507   -1.936826

 H                 -2.503871    4.653857   -0.952567

 H                 -0.143896    0.102297   -1.298038

Model CuZ              2+/4+ 

 C                  2.791600    3.782100    2.277900

 N                  2.137600    3.511000    1.089500

 C                  3.669100    4.781400    2.004600

 C                  2.635700    4.341200    0.151600

 N                  3.568000    5.127700    0.662600

 C                  0.034300    1.876500    6.133500

 N                 -0.514100    2.825500    5.303500

 C                  0.164400    0.758400    5.376100

 C                 -0.693400    2.254600    4.101400

 N                 -0.294400    0.998400    4.102500

 C                 -2.262800    4.957800    1.058600

 N                 -3.019300    3.994500    0.421500

 C                 -1.003300    4.451800    1.132000

 C                 -2.208900    2.954300    0.127200

 N                 -0.976600    3.185000    0.536900

 C                  4.612700    0.551600    1.450000

 N                  3.909600    0.506800    0.258700

 C                  5.573800    1.499800    1.283200

 C                  4.457100    1.421900   -0.572600

 N                  5.467600    2.043000    0.009900

 Cu                 0.118900    0.000000    2.266900

 Cu                -0.466600   -2.161800   -0.238900

 Cu                 2.072300    0.000000    0.000000

 Cu                 0.664300    1.951000    0.704700

 S                  0.000000    0.000000    0.000000

 C                 -4.311400   -2.217900   -2.079200

 N                 -4.011200   -0.878900   -2.215400

 C                 -3.225200   -2.790100   -1.508600

 C                 -2.768800   -0.685600   -1.730800

 N                 -2.252100   -1.819000   -1.289900

 C                 -2.074500   -5.552100    1.919800

 N                 -2.751200   -4.488600    2.484400

 C                 -1.314500   -5.023800    0.923000

 C                 -2.398000   -3.375600    1.812400

 N                 -1.528700   -3.657300    0.859000

 C                  1.490800   -3.812000    3.440200

 N                  0.375000   -3.578900    4.217200

 C                  1.661700   -2.697600    2.680400

 C                 -0.081100   -2.359500    3.908100

 N                  0.666400   -1.786900    2.979100

 O                  2.076300   -1.882700   -0.376500

 H                  2.637300    3.301500    3.221400

 H                  4.334200    5.231700    2.711700

 H                  2.318900    4.361200   -0.870200

 H                  0.302600    1.995000    7.162500

 H                  0.565000   -0.172500    5.719300

 H                 -1.107200    2.755600    3.251300

 H                 -2.598700    5.907200    1.420200

 H                 -3.995600    4.055900    0.214300

 H                 -0.163500    4.944700    1.575500

 H                 -2.524700    2.062100   -0.371800

 H                  4.436200   -0.039300    2.324400

 H                  6.298100    1.782600    2.018200

 H                  4.117600    1.617000   -1.568400

 H                 -5.219200   -2.706000   -2.366300

 H                 -3.129600   -3.827300   -1.263900

 H                 -2.267600    0.259400   -1.706300

 H                 -2.135500   -6.580800    2.207700

 H                 -0.654700   -5.577400    0.288000

 H                 -2.771500   -2.395300    2.023000

 H                  2.099100   -4.692300    3.436200

 H                  2.443100   -2.549300    1.964700

 H                 -0.940600   -1.905500    4.355400

 H                 -4.608400   -0.177200   -2.604100

 H                 -3.388600   -4.536200    3.253400

 H                 -0.020500   -4.206100    4.888300

 H                  6.040700    2.760100   -0.386700

 H                  4.093500    5.829100    0.181100

 H                 -0.738500    3.768300    5.550000

 H                  2.905800   -2.123500   -0.795500
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