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Supplemental Table S1. Fe?" bonding parameters used in MD simulations.

Bond (A) and angle (°) Bond [kcal mol-']/A2 and angle
Simulation values [kcal mol-']/rad? force constants
duration WT mutants
angle
[ns] bond FE-O FE-O-C bond angle bond angle
FE-O FE-O-C FE-O FE-O-C
0-28 1.85 90 170 100 170 100
28-40 1.85 90 170 10 170 50
40-52 1.85 90 170 5 170 20
52-76 1.85 90 50 10 50 20
76-106 1.85 90 0 0 0 0

Supplemental Table S2.2 Apparent Kinetic Parameters for 3HAO mutants.

Mutated residues in Corresponding
) residues in human K., (HAA, um) K (s!) K/Knl10? (sTuM1)
bacterial system
system

WT WT 22.4+2.7 25 1.116
R47A R43A 147.0+14.0 0.022 0.15
R99A R95A 872.0+140 0.0046 0.005
EI110A E105A 10.2+1.1 0.012 1.17

Supplemental Table S3. Hydrogen bonds between 3-Ohaa bound into the active site of
different 3HAO variants and the surrounding amino acid residues. Percentage of simulation
time during which the hydrogen bond was present is given in the table.

Aminoacid N° Met35 Arg43 His47  Glu53 His91 Leul37 Glyl38 Leul4dl

3HAO varinats

WT 0.0 99.2 50.6 28.5 2.8 11.5 19.5 4.0
Arg43Ala 0.0 0.0 44.2 49.2 4.9 4.8 6.3 5.2
Arg95Ala 3.4 51.9 42.6 49.2 4.5 5.5 5.1 1.9
Glul05Ala 0.0 100.0 51.5 29.9 3.2 18.4 14.0 7.9

3Y. Zhang, K. L. Colabroy, T. P. Begley and S. E. Ealick, Biochemistry, 2005, 44, 7632-7643



Supplemental Table S4P. a) Charge distribution derived from electrostatic potential using
(single point calculations) HF functional and the 6-311G basis set. Designation of atoms is

given in Figure 2b in the main text.

ESP Charges

'Z‘Z;T without

gna- oxygen 11 TS1 12 TS2 13 TS3 14 TS4 15 TS5 16 TS6 17
tion bound
Fe 0,97 098 099 097 09 126 097 097 1,17 094 0383 0,89 0,97 0,84
N3 -1,04 -1,26 -0,72 -064 -061 -084 -08 -101 -1,10 -09% -1,05 -1,09 -1,02 -0,71
cé 0,29 077 008 001 o006 043 1049 064 073 023 0,29 0,35 0,23 0,18
C1 0,38 -0,08 075 102 093 071 048 008 -008 0,64 08 0,93 0,87 0,81
03 -0,71 -04 -083 -08 -0,87 -08 -0,70 -0,56 -045 -049 -0,59 -0,71 -0,60 -0,62
c2 -0,39 -0,08 -055 -0,58 -0,46 -0,17 -0,14 0,19 0,08 0,10 0,01 0,10 0,00 0,40
C3 -0,13 -0,33 -0020 -0,03 -0,12 -0,26 -0,25 -035 -0,30 -0,38 -0,34 -040 -0,33 -0,35
C4 -0,28 -0,09 -030 -0,31 -0,23 o001 -001 -0,05 -004 -0,01 -0,07 0,04 -0,10 -0,02
C5 -0,28 -0,48 -0,16 -0,20 -0,23 -0,32 -0,39 -0,50 -0,52 -0,32 -041 -047 -0,34 -0,29
cé6 0,79 o84 o078 1079 o078 073 079 o084 08 08 08 0,85 0,81 0,78
09 -0,76 -0,77 -o0,77 -0,77 -0,76 -0,75 -0,75 -0,78 -0,78 -0,78 -0,79 -0,78 -0,79 -0,76
08 -0,89 -092 -08 -087 -0,87 -0,79 -086 -0,8 -088 -0,80 -090 -089 -090 -0,89
02 - -0,37 -037 -039 -046 -064 -064 -059 -060 -093 -08 -0,79 -0,89 -0,71
01 - -0,22 -033 -038 -043 -0,78 -064 -040 -0,28 -042 -0,44 -050 -043 -0,57

b. Mulliken atomic spin densities
Mulliken atomic spin densities

/;LOST without

gna- oxygen 11 TS1 12 TS2 13 TS3 14 TS4 15 TS5 16 TS6 17
tion bound
Fe 3,82 303 29 283 292 342 335 332 362 414 281 3,19 4,14 3,80
N3 0,00 -0,02 013 o016 0,10 004 001 o001 -001 -0,23 0,12 0,10 -0,11 0,00
cé 0,01 -0,03 013 o019 012 o001 o000 000 -0,02 -0,26 0,20 0,18 -0,19 0,00
C1 0,00 002 -003 -002 -001 o002 000 000 002 -0,06 0,01 0,01 0,01 0,01
03 0,04 -005 003 005 006 005 005 o003 -001 -0,23 0,04 -0,10 -0,01 0,01
Cc2 0,01 -0,03 025 040 026 -001 -001 o000 -002 -0,22 046 034 -046 0,00
C3 -0,01 002 -007 -0,24 -0,10 002 o000 o000 o001 0,122 -0,21 -0,17 0,21 0,00
c4 0,01 -0,04 027 045 029 001 -001 o000 -003 -0,36 052 042 -051 0,00
C5 0,00 002 -005 -008 -004 o001 o000 o000 o001 015 -0,20 -0,11 0,10 0,00
cé 0,00 000 o001 o001 o001 o000 o000 000 o000 -001 o001 0,01 -0,01 0,00
09 0,00 000 o000 -001 o000 o000 o000 o000 o000 o001 -001 -001 o001 0,00
08 0,00 000 o000 o000 000 o000 o000 000 o000 0,01 000 0,00 0,00 0,00
02 - 303 29 283 292 342 335 332 362 414 281 3,19 4,14 3,80
01 - -0,02 013 o016 0,10 004 001 o001 -001 -0,23 0,12 0,10 -0,11 0,00

b The HF functional was choosen due to our expirience with previous calculations®®. Charges derived with this
functional nicely correlated with the experimental data.
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Supplemental Figure S1. Model system that was used to determine partial charges
distribution on Fe?* and 3-Ohaa
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Supplemental Figure S2. The Root Mean Square Deviation (RMSd) values, for the each of
the protein regions shown in Figure 2 during the last 20 ns of in total 100 ns long MD
simulations. Displayed are WT system (black line) and its complex with 3-Ohaa (blue line).
The Root Mean Square Fluctuations (RMSFs) per amino acid residues calculated for the last
20 ns of MD simulations are shown in the last (bottom, right) graph.




Residues 1-23 Residues 24-107
3,5 3,5
3 3
2,5 2,5
= 2 — WT-Cplx = 2 e WT-CplX
§ 1,5 ——R43A § 1,5 | —R43A
e« 3
1 ——RY5A 1 ——R95A
0,5 ——E105A 0,5 ——E105A
0 0
80000 85000 90000 95000 100000 80000 85000 90000 95000 100000
Time [ps] Time [ps]
Residues 108-165 Residues 166-180
3,5 35
3 3
2,5 2,5
'-é- 2 e WT-CPIX % 2 e WT-CplX
S 15 ——R43A 515 —R43A
3 3
1 ——R95A 1 ——R95A
0,5 ——EF105A 05 ——E105A
0 0
80000 85000 90000 95000 100000 80000 85000 90000 95000 100000
Time [ps] Time [ps]
Residues 181-197 Residues 198-278
35 35
3
2,5
=z 5 m—— WT-cplx — WT-cplx
g 15 ——R43A — R4z
3
1 . ——R95A ~—R95A
0,5 —— E105A ——E105A
0
80000 85000 90000 95000 100000 80000 85000 90000 95000 100000
Time [ps] Time [ps]
Residues 279-286 Aminoacid fluctuations
3,5 12
3 10 i
2,5 s VI
= = ) \
‘é‘ 2 — WT-cplx = A'm“» — WT-Cplx
% 6 \hill
—_— | —
215 RA3A £ \ Y\ s
1 ——R95A ( .{ ' § ——R95A
0,5 —— E105A 2 v ——E105A
0! 0
80000 85000 90000 95000 100000 0 50 100 150 200 250
Time [ps] Residue number

Supplemental Figure S3. The Root Mean Square Deviation (RMSd) values, for the each of
the protein regions shown in Figure 2 during the last 20 ns of in total 100 ns long MD
simulations of the 3HAO variant complexes with 3-Ohaa (WT — blue line; Arg43Ala —red
line; Arg95Ala — green line; Glul05Ala — purple line). The Root Mean Square Fluctuations
(RMSFs) per amino acid residues calculated for the last 20 ns of MD simulations are shown

in the last (bottom, right) graph.
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Supplemental Figure S4. The Fe?* coordination during 100 ns of the MD simulations of the

3HAOQ variants complexed with 3-Ohaa.




a b

Supplemental Figure S5. Structure of the 3HAO active site after 60 ns of productive MD simulations followed by energy minimization. The
black dashed lines connects the iron ion and the surrounding residues that coordinates it (distance less than 2.5 A) are shown a) active site in the
WT complex is shown, b) active site in the Glul05Ala mutant is shown
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Supplemental Figure S6. The Arg43 and Arg95 interactions with the substrate (3-Ohaa) and
the enzyme amino acid residues during 100 ns of MD simulations of the 3HAO variant
complexes.



