S3_Text: Supplementary tables

Table A Partial charges on non hydrogen atoms of the metal binding residues before and
after ab-initio calculations

Residue name Atom AMBER charge MS1 charge MS2 charge
HIS79 HIS98 HIS106
HIS N -0.42 -0.42 -0.42 -0.42
CA 0.02 0.02 0.02 0.02
CB -0.05 0.10 0.32 -0.22
CG -0.03 -0.14 0.08 0.03
ND1 -0.38 -0.09 -0.23 -0.13
CEl 0.21 -0.15 -0.15 -0.06
NE2 -0.57 -0.12 -0.17 -0.08
CD2 0.13 -0.02 -0.16 -0.13
C 0.60 0.60 0.60 0.60
O -0.57 -0.57 -0.57 -0.57
GLU83 GLU172 GLU105
GLU N -0.52 -0.52 -0.52 -0.52
CA 0.04 0.04 0.04 0.04
CB 0.06 0.25 0.25 -0.10
CG 0.01 -0.05 -0.05 0.16
CD 0.81 0.57 0.57 0.56
OE1 -0.82 -0.62 -0.62 -0.56
OE2 -0.82 -0.62 -0.62 -0.56
C 0.54 0.54 0.54 0.54
O -0.58 -0.58 -0.58 -0.58
GLN175
GLN N -0.42 -0.42
CA 0.00 0.00
CB 0.00 0.00
CG -0.06 0.00
CD 0.70 0.22
OE1 -0.61 -0.24
NE2 -0.94 -0.59
C 0.60 0.60
O -0.57 -0.57




MET10
MET N -0.42 -0.42
CA -0.02 -0.02
CB 0.03 0.04
CG 0.00 0.04
SD -0.27 0.08
CE -0.05 -0.05
C 0.60 0.60
O -0.57 -0.57
CYS102
CYS N -0.42 -0.42
CA 0.04 0.04
CB -0.08 -0.18
SG -0.11 -0.46
C 0.60 0.60
O -0.57 -0.30
HOH O -1 -0.81
FE FE 2 0.92 0.46
Table B Molecular Dynamics Protocol
Parameters MD protocol
Time step for integration 2fs
Temperature 300K
Temperature coupling Langevin dynamics
Pressure 1 bar
Electrostatic Interactions Particle mesh Ewald
Water model TIP3P
Force Field ff99SB

Metal ion force field

Modified using MCPB

Size of cubic box

12 A away from the farthest atom in all directions

Minimization

500 steps [SD] + 2500 steps [CG]

Equilibration

20ps + 50ps + 50ps = 120 ps

Length of production run

100 ns




Table C: List of dynamically stable hydrogen bonds between protein subunits and DNA.

System Chain A Chain B Chain C Chain D
DNA Protein | %O DNA | Protein | %O DNA Protein | %0 DNA Protein | %0
FU-nm 10/02P 28/N 99.3 13°/02P | 60/NH1 | 71.9 5/01P 27/INH2 | 94.7
10/01P 27/NH2 98.4 13°/02P 60/NE 59.1 |[ 24°/02P 37/0G 84.0
9/01P 29/NH1 93.9 5/01P 27/NE 79.7
9/02P 29/NH2 90.5 24°/02P | 40/0G1l | 66.3
10/01P 27/INE 75.0 4/02P 29/NH1 | 535
17°/02P 43/NE2 69.4 6/02P 42/0G 53.3
18°/02P 47/NH2 65.6 22°/02P | 47/NH2 | 53.1
17°/02P 47/NH1 62.0
11/02P 27/NH2 53.6
17°/02P 50/NH2 51.8
FU-m 18°/02P 7/0G1 62.5 20/02P 7/0G1 73.5 13°/01P | 27/INH2 | 99.6 || 23°/O2P 11/OH 99.7
17°/01P 7/N 58.3 21/02P 37/N 63.0 16/02P 37/0G 95.1 |[ 24°/02P 37/0G 99.7
11/02P 27/NH1 55.1 21/02P 37/0G 62.5 12°/01P | 29/NH1 | 81.2 5/01P 27/INH2 | 99.7
17°/02P 8/0G1 53.6 “20/N4 43/0E1 56.7 13°/0O1P 27INE 76.3 || 22°/02P | 47/NH1 | 954
20/02P | 36/NE2 56.5 12°/02P 29/NE 74.2 4/02pP 29/NH2 | 785
21/02P | 40/0G1 55.4 16/02P 40/0G1 | 72.1 4/01P 29/NH1 | 78.0
14/01P 7/0G1 52.7 || 24°/02P | 40/0G1 | 76.6
"23/N7 43/INE2 | 71.7

* Hydrogen bonds involving DNA bases are marked in red and italicized
bonds are formed between the phosphate group of DNA and protein residue.
%0 represents percentage occupancy of the hydrogen bonds.

. All other hydrogen

Table D List of residues forming dynamically stable clusters in the protein-DNA bipartite

network
Chain A Chain B Chain C Chain D
FU-nm [ d12 40 d19” 39|60 d& 27 28 60 d12’ d7 d24’> 37 d25° 39
d20’ 37 dé
28 27 d10 60 d9 26 29d14° 2728 d13° | 36 40 d23°
60d12’




d19” 40 44 43 50
dl17°47d18 7

27 42 d5

60 d11 27 d10 28
29 d9 26

26 42 d6 27 d5 28
29 d4

[ 37 40 d24° 36
d23’

FU-m

d19” 43 d18’ 40

43 d20 40 d21 39
d22 37

d15°39d17 37 d16
40 d15

d7 d22° 43 d23’ 40
d24’ 37 d25” 39 d6

47d16°8 36 40 d20 2 26 28 27 d13° 60 | 26 28 27 d5 60 d4
d12’

60 d10 27 737 40 d21 36 d20 | 36 40 d15 36 40 23

2

7d17°2 50018470198 |3740d16360d157 | 247113739 d24°
d14 47 d13 36 d23’

6d18° 7847d17°2 | 60 d8’ 27 60 d14” 2728 d13° | 60 d6 27 28 d5 26
2629 d12’ 29 d4

60 d10 d11 27

43 47 d22

* Network are generated at MEC = 2%. Cluster colours represent the different clusters obtained
from bipartite network from different DNA entities, blue [nucleobases], green [deoxyribose sugar]
and phosphate [orange]. Bold and underlined residues represent the N-terminal region. Also, note
that DNA residues have a prefix ‘d’.

Table E Top 20 protein-DNA pairs that contribute maximally to the free energy contribution in FU-
nm and FU-m.

FU-nm FU-m
DNA| P | E(kcal/mol) | DNA | P | E (kcal/mol)

10 | 27A -20.903 5 27D -21.594
13> | 27C -20.877 13> | 27C -20.080
5 27D -16.351 4 29D -13.838
17 | 50A -15.320 5 29C -12.468
17 | 47A -14.580 17° | 47A -12.240
4 | 29D -12.808 13> | 60C -12.227
9 29A -12.154 19 | 47B -11.606
7 27B -11.849 7 | 27B -11.179
22> | 47D -11.377 14 | 47C -10.754
13> | 60C -10.501 15° | 50A -10.552
24> | 37D -10.339 22> | 47D -10.021
8 | 60B -9.723 10 | 60A -9.389
11 | 27A -9.130 18 | 50B -9.276
18 | 47A -8.848 24> | 37D -8.775




12> | 60C -8.205 10 | 27A -8.525
12° | 27A -8.050 11 | 27A -8.393
11’ | 29C -7.616 5 | 60D -8.373
6 | 27D -7.362 16 | 37C -7.700
24> | 26D -6.972 14 | 60C -6.595
24> | 13D -6.672 177 | 7A -6.563

* Pairs are coloured based on protein residue location in the DNA binding domain. Orange represents
protein residues from the 2nd helix, blue represents residues from the DBHSs and red for N-terminal
residues.

Table F Mean and standard deviation values of the different parameters used to monitor the
geometry of the metal center. Values are provided for individual subunit of all the metallated system
studied (M1, M2, D-m and FU). Standard deviation is calculated over all the snapshots. The distance
values are compared to experimental values obtained from (Feese etal. J Biol Chem.
2001;276(8):5959-66 and Wisedchaisri G et.al. Journal of molecular biology. 2004;342(4):1155-69),
representing the crystal structures IFX7 and 1U8R. Mean and standard deviation of these values are
obtained from individual monomeric subunits of the crystal structure as provided in the literature.
The angles are compared to expected values (text book) of the given geometry (distorted trigonal
bipyramidal geometry for MS1 and octahedral geometry for MS2).

Parameter | M1 M2 Dm-A Dm-B FU-A FU-B FU-C FU-D Known

Distance between Fe and coordinating ligands

Fe-79@NE2 2.05+0.06 2.07+0.06 | 2.08+0.06 | 2.05+0.06 | 2.08+0.06 | 2.05+0.06 | 2.07+0.06 | 2.07+0.06 | 2.05+0.10

Fe-83@OE2 1.99+0.06 1.99+0.06 | 1.98+0.06 | 1.99+0.06 | 1.98+0.06 | 1.99+0.06 | 1.99+0.06 | 1.98+0.06 | 1.99+0.10

Fe-98@ND1 2.06+0.06 2.07£0.05 | 2.07£0.06 | 2.06+0.06 | 2.07+0.06 | 2.06+0.06 | 2.06+0.06 | 2.06+0.06 | 2.07+0.09

Fe-172@OE1 | 2.05+0.06 2.04£0.06 | 2.01+0.07 | 2.04+0.06 | 2.00+0.06 | 2.02+0.06 | 2.03+0.06 | 1.99+0.06 | 1.92+0.11

Fe-175@0OE1 2.02+0.06 2.03+0.06 | 2.00£0.06 | 2.01+0.07 | 2.01+0.06 | 2.01+0.06 | 2.00+0.06 | 2.01+0.07 | 1.94+0.14

Fe-10@SD NA 2.37+0.06 | 2.39+0.07 | 2.39+0.06 | 2.39+0.07 | 2.37+0.06 | 2.39+0.06 | 2.39+0.06 | 2.32+0.11
Fe-102@0 NA 1.83+0.06 | 1.83+0.06 | 1.83+0.06 | 1.83+0.06 | 1.83+0.06 | 1.84+0.06 | 1.84+0.06 | 2.06+0.13
Fe-102@SG NA 2.19+0.07 | 2.18+#0.07 | 2.19+0.07 | 2.18+#0.07 | 2.19+0.06 | 2.19+0.07 | 2.18+0.07 | 2.88+0.30
Fe-105@OE1 NA 1.98+0.06 | 1.96+0.06 | 1.97+0.06 | 1.96+0.06 | 1.96+0.06 | 1.97+0.06 | 1.97+0.06 | 1.97+0.08
Fe-106@NE2 NA 2.13+0.06 | 2.14+0.06 | 2.14+0.06 | 2.15+0.06 | 2.14+0.06 | 2.14+0.06 | 2.13+0.06 | 2.13+0.07

Angle between Fe and two coordinating ligands

98@ND1-Fe- 89.3+2.49 89.4+2.53 | 87.0+3.07 | 88.5+2.69 | 85.8+2.61 | 88.5+2.66 | 89.2+2.84 | 89.2+2.84 | ~90
172@O0E1

172@O0E1-Fe- | 87.0+2.96 88.9+3.13 | 92.2+3.47 | 88.6£3.39 | 92.7+3.30 | 87.8#3.23 | 89.1+3.33 | 92.2+3.02 | ~90
T9@NE2




79@NE2-Fe- | 89.5+258 | 90.1+2.76 | 91.6+¢2.73 | 90.3t2.80 | 92.1+2.53 | 90.3+2.74 | 90.9+2.78 | 91.8+2.61 | ~90
83@OE2
83@OE2-Fe- | 9044293 | 89.242.94 | 90.3t2.90 | 90.2+2.99 | 90.4+2.89 | 90.4+2.98 | 90.0£2.89 | 90.2£2.94 | ~90
175@0E1
175@O0EL-Fe- | 1305¢2.3 | 130.9+2.2 | 131.24#24 | 130.6£2.3 | 131.6+2.3 | 130.1#22 | 130.3+23 | 1314423 | ~120
98@ND1
105@0E2-Fe- | NA 76.8+2.52 | 78.0+3.88 | 76.5£2.57 | 76.622.79 | 76.4%250 | 76.3+255 | 76.6£2.62 | ~90
106@NE2
106@NE2-Fe- | NA 80.6£2.49 | 80.9+2.54 | 80.622.43 | 80.2+2.44 | 80.1¢2.40 | 79.8+2.47 | 80.7£2.49 | ~90
102@0
102@0-Fe- NA 107.3#2.6 | 107.6+2.8 | 107.0£2.6 | 106.8+2.6 | 1074425 | 107.2¢2.6 | 107.1428 | ~90
102@SG
Table G

Coordinates of the metal centers used to generate the electrostatic parameters using MCPB.

Metal Sitel sidechain model for force constants:
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Metal Sitel large model for RESP charges:
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44,
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43.
45.
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.573
47.
46.
.937
46.
48.
48.
47.
41.

47

47

42

42

44

375
066
182
694
680
902
970
314
082
536
731
699
821
444
704
741
518
756
062
728
888
506
119

670
782

770
822
106
742
378

.597
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41.
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40.
42.
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46.
44,

163
219
529
506
945
971
337
053
105
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41.
42.
40.
42.
43.
44 .

969
572
735
483
668
585

.709
42.
42.

145
907
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719
.830
.653
.299
.160
.705
.444
.032
.052
.689
.516
.027
.179
.116
.160
.348
L417
.539
.359
.851
.375
.115
.492
.741
.402
. 660
.432
.241
.796
.280
.794
.077
L2277
.353
=7.
=7.
-6.
-5.
-4.
.876
-4.
-3.
.638
-2.
.668
.923
-5.
.703
-3.
.375
-3.
-1.

826
572
426
247
279

317
202

022

175

637

437
861



ATOM 1345 N NME 12 4
ATOM 1346 CH3 NME 12 4
ATOM 3606 H NME 12 5
ATOM 3607 HH31 NME 12 5
ATOM 3608 HH32 NME 12 3
ATOM 3609 HH33 NME 12 3
ATOM 1356 CH3 ACE 13 0
ATOM 1357 C ACE 13 -0
ATOM 1358 O ACE 13 -1
ATOM 3610 HH31 ACE 13 0
ATOM 3611 HH32 ACE 13 1
ATOM 3612 HH33 ACE 13 0
ATOM 1362 N GLC 14 0
ATOM 1363 CA GLC 14 -0
ATOM 1364 C GLC 14 -0
ATOM 1365 O GLC 14 -1
ATOM 1366 CB GLC 14 0
ATOM 1367 CG GLC 14 0
ATOM 1368 CD GLC 14 0
ATOM 1369 OE1l GLC 14 0
ATOM 1370 NEZ GLC 14 1
ATOM 3154 H GLC 14 1
ATOM 3155 HA GLC 14 -1
ATOM 3156 HB2 GLC 14 1
ATOM 3157 HB3 GLC 14 -0
ATOM 3158 HG2 GLC 14 -0
ATOM 3159 HG3 GLC 14 0
ATOM 3160 HE21 GLC 14 2
ATOM 3161 HE22 GLC 14 1
ATOM 1371 N NME 15 0
ATOM 1372 CH3 NME 15 0
ATOM 3613 H NME 15 1
ATOM 3614 HH31 NME 15 1
ATOM 3615 HH32 NME 15 0
ATOM 3616 HH33 NME 15 0
ATOM 1779 FE FE1 16 2

Metal Site 2 sidechain model for force constants:

REMARK

ATOM 76 CB MEF 1 11.
ATOM 77 CG MEF 1

ATOM 78 SD MEF 1

ATOM 79 CE MEF 1

ATOM 1847 HB2 MEF 1 11.
ATOM 1848 HB3 MEF 1 10.
ATOM 1849 HG2 MEF 1 10.
ATOM 1850 HG3 MEF 1

ATOM 1851 HEl1l MEF 1 8
ATOM 1852 HEZ2 MEF 1 7
ATOM 1853 HE3 MEF 1 8
ATOM 811 CA CYF 2 4
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.124

.609
.352
.287
.274
.990
.600
.817
.077
.041
.390
.789
. 937
.350
.392
.340
.279
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.083
.852
.810
.565
.205
.432
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.333
.963
.487
.096
.575
717
.916
.446
.832
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.243
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47
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46.
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043
126
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569
499
485
245
112
900
476
759
719
079
388
691
242
315
457
359
226
462

769
935
125
717
275
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47.
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42 .

144
556
118
923
357
623

490
055
576
275
243
924
830
859
781
128
342
459
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.969
.564
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.577
.584
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.742
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.671
.314
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.452
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.312
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.029
.917
.853
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.923
.623
.797
.929
.407
.340
.511
.257
.641
.529
.312
.629
.060
.339
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.671
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.257
.238
.273
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.044
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.435
.162
.269
.825
.954
.267
.256
.644
.305
.806
.036
.355
.301
.108
.833
.611
.979
.514
.618
.817
.402
.498
.496
.382
.830
.554
.099
.876
.514
.951
.025
.457
.453
.964
.158
.366
.493
.685
.202
.265
.693
.806
.036
.770
.089
.379
.182
.094
.406
.767



Metal Site2 large model for RESP charges:

REMARK

ATOM 64 CH3 ACE 1 14.361 47.494 5.544
ATOM 65 C ACE 1 13.495 47.805 4.335
ATOM 66 O ACE 1 13.500 46.974 3.419
ATOM 3581 HH31 ACE 1 14.771 46.486 5.484
ATOM 3582 HH32 ACE 1 15.176 48.216 5.583
ATOM 3583 HH33 ACE 1 13.751 47.586 6.443
ATOM 72 N MEF 2 12.901 48.990 4.218
ATOM 73 CA MEF 2 12.104 49.299 3.026
ATOM 74 C MEF 2 12.910 49.485 1.762
ATOM 75 0O MEF 2 12.625 49.106 0.627
ATOM 76 CB MEF 2 11.177 50.490 3.310
ATOM 77 CG MEF 2 9.946 50.055 4.111
ATOM 78 SD MEF 2 9.147 48.576 3.427
ATOM 79 CE MEF 2 8.367 49.275 1.970
ATOM 1845 H MEF 2 13.001 49.676 4.952
ATOM 1846 HA MEF 2 11.403 48.486 2.837
ATOM 1847 HB2 MEF 2 11.717 51.243 3.884
ATOM 1848 HB3 MEF 2 10.843 50.924 2.368
ATOM 1849 HG2 MEF 2 10.240 49.830 5.136
ATOM 1850 HG3 MEF 2 9.210 50.859 4.113
ATOM 1851 HE1l MEF 2 8.752 48.781 1.078
ATOM 1852 HEZ MEF 2 7.289 49.128 2.029
ATOM 1853 HE3 MEF 2 8.586 50.342 1.917
ATOM 80 N NME 3 14.159 49.967 1.956
ATOM 81 CH3 NME 3 15.179 50.159 0.934
ATOM 3584 H NME 3 14.456 50.232 2.884
ATOM 3585 HH31 NME 3 15.460 51.211 0.893
ATOM 3586 HH32 NME 3 16.056 49.559 1.178
ATOM 3587 HH33 NME 3 14.786 49.850 -0.035
ATOM 806 CH3 ACE 4 1.772 43.705 6.099
ATOM 807 C ACE 4 3.026 44.516 5.828
ATOM 808 O ACE 4 4.097 44.172 6.343
ATOM 3588 HH31 ACE 4 1.994 42.831 6.712
ATOM 3589 HH32 ACE 4 1.052 44.339 6.617
ATOM 3590 HH33 ACE 4 1.352 43.383 5.146
ATOM 810 N CYF 5 2.946 45.630 5.088
ATOM 811 CA CYF 5 4.124 46.459 4.853
ATOM 812 C CYF 5 4.623 47.092 6.162
ATOM 813 O CYF 5 5.797 47.442 6.269
ATOM 814 CB CYF 5 3.929 47.575 3.825
ATOM 815 SG CYF 5 5.511 48.287 3.256
ATOM 2598 H CYF 5 2.061 45.903 4.686
ATOM 2599 HA CYF 5 4.923 45.846 4.435
ATOM 2600 HB2 CYF 5 3.407 47.180 2.954
ATOM 2601 HB3 CYF 5 3.340 48.378 4.267
ATOM 816 N NME 6 3.750 47.279 7.133
ATOM 817 CH3 NME 6 4.114 47.706 8.467
ATOM 3591 H NME 6 2.767 47.122 6.961
ATOM 3592 HH31 NME 6 3.620 48.651 8.694
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