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SI 1: Protein Sequence Alignment for (Putative) 2Fe-Superoxide Reductases

In the following, aligned amino acid sequences of (putative) 2Fe-superoxide reductases (2Fe-
SORs) are presented. Sequences were obtained from the superoxide reductase gene ontology
database (SORGOdb, www.sorgo.genouest.org, accessed 23 September 2015) and labelled
according to the locus tags used therein.® Apart from one entry (HOLDEFILI_03091, which
lacks two of the conserved cysteines forming centre 1), all sequences corresponding to
canonical 2Fe-SORs were considered.' The sequence alignment was performed using Clustal
Omega (www.ebi.ac.uk/Tools/msa/clustalo).?™

Strictly conserved amino acids are labelled with an asterisk, while a colon (period)
indicates conservation between groups of strongly (weakly) similar properties. Strictly
conserved histidines and cysteines involved in the formation of the two metal centres are
highlighted in red. Lysine K9 and the quasi conserved tyrosine Y115 “® are labelled in black
and blue, respectively. Other amino acids that appear to be relevant for interdomain electron
transfer in Desulfovibrio desulfuricans (Dd) 2Fe-SOR are indicated by a grey shade. The
sequence of this particular enzyme (locus tag Ddes_2010) is set in bold letters.

' Within SORGOdb, canonical 2Fe-SORs are termed DX-SORs, where DX indicates the presence of a
desulforedoxin domain. Enzymes of this type are also termed Class 1 SORs or desulfoferrodoxins (DFXSs).
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DAAVEKEVPVVRV----DGSNVHVEVGST-LEPMTPERY ITFICLVTKNGY---QIVELT
DAAQEKEVPVVTR----DGDTLTVKVGAV-PPMLEERY IEWIAIVTGGQV---VIKYLK
DGATEKEVPVVSR----DGFKLTVKVGEV-ARPMLPERY IVFIALETEQGI -—-NLKRLN
DAAAEKEVPVITLDR--EGGEVTVQVGTV-ARPMLPERF IEWIHLETENGA---QIKHLK
DAAVEKHIPVVAV----EGNKVEVFIGEV-EfPMVDERY IEWI TLETEKTN---QITHLK
DAAVEKEVPVYTI----EGSHVHVVVGET-KEPMLEEJF IEWI TLNTNQGI ---YRKQLN
DAAVEKEVPVYTV----EGSHVHVVVGET-KEPMLEEJF IEWI TLSTNQGI -—-YRKQLN
DAAVEKEVPVYTV----EGNYVHVVVGET-KEPMLEEJF IEWI TLNTNQGI ---YRKQLS
DAAVEKEVPVYTV----EGSHVHVVVGET-KEPMLEEHF IEWI TLNTNQGI -—-YRKQLN
DAAVEKEVPVYTI----EGSHVHVVVGET-KEPMLEEHF IEWI TLNTNQGI -—-YRKQLN
DAAVEKEVPVYTI----EGSHVHVVVGET-KEPMLEEJF IEWI TLNTNQGI -—-YRKQLN
DAAVEKEVPVYTV----DKQHVHVVVGEI -KEPMLDNJFIEWI TLNTNQGI -—-YRKQLI
DAAVEKEVPVYTV----DKQHVHVVVGET-KEPMLEEHF IEWI TLNTNQGI - —-YRKQLT
DAAVEKEVPVYTV----DKQHVHVVVGET-KEPMLEEHF IEWI TLNTNQGI - ——YRKQLT
DGAVEKEVPVCKV----EGNKVIVTVGSV-EJPMAPERY IEWIALETAKGA---QRKVLN
DAAVEKEVPVVKV----EDNKVTVSVGSV-EPMTEARY ITLIVLETKNGT - --QFKQLT
DGAAEKHEVPVISA----DDRRISVKVGEA-EEPMMEARY IMFICIETSRGH---QIKYLN
DGAHEKEVPAVSV----EGQKVTVKVGEV-EFPMLEARWIQWIALETKQGS-—-QIKYLN
EAAHEKHIPVYTV----DNGVVHVTVGSV-EfPMMDERY I PWISLOTKQGS---QIKHLK
DAAVEKEVPVIHT----DGQKVTVTVGST-SHEPMLEERY IEWIALATKQGN---QRKELK
DAAVEKEVPVVTV----DGQKVTVTVGAA-EEPMTPERY IQWIALATTQGN---QRKELK
DAAVEKEVPVIQI----DGSKVTVTVGSA-EEPMIPERY IQWIALATROGN---QRKELQ
DAAVEKEVPVISQ----EGNIVTVSVGSV-EfPMIPERY IEWISLETNKGN---QRKVLQ
DAAVEKEVPVWTV----ENGIVHVKVGSV-ENPMLPERY IEWVSLHTKQGN---QRKELH
DAAVEKEVPVWTV----ENGIVHVKVGSV-EEPMLPERY IEWVSLOTKQGN---QRKELH
DAAQEKEVPVIEV----KENLVTVKVGSV-THEPMLDERY IEWI SLETKEGN---QRKELK
DAAQEKEVPVVEV----NGSIVTVTVGSV-LEPMOPERY IEWISLHTKQGN---QRKELK

**x  *x . * * *  x
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SI12: Overview of Animated Figures

Dynamic representations of molecular dynamics (MD) trajectories, normal modes, principal
modes, and electron transfer pathways are available as supplementary material in separate
files. In the following, an overview of all Animated Figures is given together with a detailed
description of the included dynamic representations. For visualization purposes, the number
of MD trajectory frames was reduced by a factor of five. In view of file size limits, all
animations are provided in medium quality. High quality versions can be supplied on request.

Animation SI 1:

Animation S| 2:

Animation SI 3;

Animation S| 4:

Animation SI 5:

Animation S| 6:

Animation SI 7:

Animation SI 8:

Front view dynamic representation of interdomain Fe—Fe stretching mode
11 of Dd 2Fe-SOR, as calculated by normal mode analysis based on an
elastic network model (ENM-NMA). Fe atoms corresponding to the
superoxide reductase (SOR) and desulforedoxin (DX) domain are depicted
as blue and red spheres, respectively. The mode amplitude is scaled to an
average RMSD of 1 A.

Dynamic representation of domain torsional mode 13 of Dd 2Fe-SOR, as
calculated by ENM-NMA. The molecule is viewed from the top along the
crystallographic C, axis (black, also see Figure 1 of the manuscript). Fe
atoms corresponding to the SOR and DX domain are depicted as blue and
red spheres, respectively. The mode amplitude is scaled to an average
RMSD of 1 A.

Front view dynamic representation of principal mode 1 of Dd 2Fe-SOR, as
calculated from MD trajectory | by essential dynamics analysis (EDA).
Regions of high and low atomic fluctuations are color-coded in red and
blue, respectively. Fe atoms are depicted as green spheres.

Top view dynamic representation of principal mode 1 of Dd 2Fe-SOR, as
calculated from MD trajectory | by EDA. Regions of high and low atomic
fluctuations are color-coded in red and blue, respectively. Fe atoms are
depicted as green spheres.

Front view dynamic representation of principal mode 1 of Dd 2Fe-SOR, as
calculated from MD trajectory Il by EDA. Regions of high and low atomic
fluctuations are color-coded in red and blue, respectively. Fe atoms are
depicted as green spheres.

Top view dynamic representation of principal mode 1 of Dd 2Fe-SOR, as
calculated from MD trajectory Il by EDA. Regions of high and low atomic
fluctuations are color-coded in red and blue, respectively. Fe atoms are
depicted as green spheres.

Front view dynamic representation of principal mode 1 of Dd 2Fe-SOR, as
calculated from MD trajectory Il by EDA. Regions of high and low
atomic fluctuations are color-coded in red and blue, respectively. Fe atoms
are depicted as green spheres.

Top view dynamic representation of principal mode 1 of Dd 2Fe-SOR, as
calculated from MD trajectory Il by EDA. Regions of high and low
atomic fluctuations are color-coded in red and blue, respectively. Fe atoms
are depicted as green spheres.

S9



Animation SI 9:

Animation SI 10:

Animation S| 11

Animation SI 12:

Animation SI 13:

Animation Sl 14:

Animation Sl 15:

Animation Sl 16:

Animation SI 17:

Animation SI 18:

Animation SI 19:

Front view dynamic representation of principal mode 1 of Dd 2Fe-SOR, as
calculated from the first 25 ns of MD trajectory Il by EDA. Regions of
high and low atomic fluctuations are color-coded in red and blue,
respectively. Fe atoms are depicted as green spheres.

Top view dynamic representation of principal mode 1 of Dd 2Fe-SOR, as
calculated from the first 25 ns of MD trajectory Il by EDA. Regions of
high and low atomic fluctuations are color-coded in red and blue,
respectively. Fe atoms are depicted as green spheres.

Front view dynamic representation of MD trajectory I. Electron transfer
pathways are visualized in blue for subunit A. Water molecules were not
included in the analysis. Fe atoms and tyrosine Y115 of subunit A are
depicted in green.

Front view dynamic representation of MD trajectory I. Electron transfer
pathways are visualized in red for subunit B. Water molecules were not
included in the analysis. Fe atoms and tyrosine Y115 of subunit B are
depicted in green.

Front view dynamic representation of MD trajectory Il. Electron transfer
pathways are visualized in blue for subunit A. Water molecules were not
included in the analysis. Fe atoms and tyrosine Y115 of subunit A are
depicted in green.

Front view dynamic representation of MD trajectory Il. Electron transfer
pathways are visualized in red for subunit B. Water molecules were not
included in the analysis. Fe atoms and tyrosine Y115 of subunit B are
depicted in green.

Front view dynamic representation of MD trajectory Ill. Electron transfer
pathways are visualized in blue for subunit A. Water molecules were not
included in the analysis. Fe atoms and tyrosine Y115 of subunit A are
depicted in green.

Front view dynamic representation of MD trajectory Ill. Electron transfer
pathways are visualized in red for subunit B. Water molecules were not
included in the analysis. Fe atoms and tyrosine Y115 of subunit B are
depicted in green.

Front view dynamic representation of MD trajectory I. Electron transfer
pathways are visualized in blue for subunit A. Water molecules within a
cut-off distance of 5 A around the protein were included in the analysis. Fe
atoms and tyrosine Y115 of subunit A are depicted in green.

Front view dynamic representation of MD trajectory I. Electron transfer
pathways are visualized in red for subunit B. Water molecules within a
cut-off distance of 5 A around the protein were included in the analysis. Fe
atoms and tyrosine Y115 of subunit B are depicted in green.

Front view dynamic representation of MD trajectory Il. Electron transfer
pathways are visualized in blue for subunit A. Water molecules within a
cut-off distance of 5 A around the protein were included in the analysis. Fe
atoms and tyrosine Y115 of subunit A are depicted in green.
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Animation SI 20:

Animation SI 21:

Animation SI 22:

Front view dynamic representation of MD trajectory Il. Electron transfer
pathways are visualized in red for subunit B. Water molecules within a
cut-off distance of 5 A around the protein were included in the analysis. Fe
atoms and tyrosine Y115 of subunit B are depicted in green.

Front view dynamic representation of MD trajectory Ill. Electron transfer
pathways are visualized in blue for subunit A. Water molecules within a
cut-off distance of 5 A around the protein were included in the analysis. Fe
atoms and tyrosine Y115 of subunit A are depicted in green.

Front view dynamic representation of MD trajectory Ill. Electron transfer
pathways are visualized in red for subunit B. Water molecules within a
cut-off distance of 5 A around the protein were included in the analysis. Fe
atoms and tyrosine Y115 of subunit B are depicted in green.
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SI1 3: Data Evaluation of Molecular Dynamics (MD) Trajectory 111

For all three trajectories, the time evolution of Fe—Fe distances, the domain dihedral angle,
and the root mean square deviation (RMSD) reflects the domain rearrangement described in
the manuscript (Figures 4 and Sl 2). By visual inspection of the data, this rearrangement is
most obvious for trajectory Il (Figure 4). In most cases, however, correlations involving
these geometric quantities are least pronounced for this particular trajectory, if all data points
are included (Figures SI 1 and SI 3 — Sl 8). In a similar sense, the contribution of the first
principal mode to the overall atomic fluctuation is small (37%) compared to the values
obtained for the two other trajectories (56% each). These observations can be explained by the
fact that trajectory Il reaches a quasi stable configuration with respect to the above two
internal coordinates (Figure 4) and the eigenvector of the first principal mode after about 25
ns. Thus, the following data points may largely reflect faster and non-correlated fluctuations
of atomic coordinates. In terms of essential dynamics and correlation analyses, these
statistical motions can be interpreted as noise that reduces the informational content of the
obtained results. In addition, essential modes other than the dominating domain rearrangement
may contribute stronger to the overall atomic fluctuation after 25 ns. Indeed, normalized
eigenvalues of the second to fifth principal mode are increased, if this time span is included in
the essential dynamics analysis. Therefore, we have restricted correlation and essential
dynamics analyses of trajectory Il to the first 25 ns within the manuscript (Figure 5;
Animations SI 9 and SI 10). Most results obtained in this way are more similar to the other
two simulations, and almost all correlations emerge more clearly, demonstrating the
feasibility of this approach. Results from essential dynamics and correlation analyses that
consider all data points of trajectory Il are available in Figures SI 1 and SI 3 — SI 8 as well as
Animations SI 7 and Sl 8.
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Sl1 4: Correlations Between Selected Internal Coordinates from MD Simulations
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Figure Sl 1: Scatter plots visualizing the correlation between different internal coordinates for
the entire time span of all three MD trajectories. The corresponding Spearman rank
correlation coefficients p are indicated for all data sets, where values in parentheses reflect the
first 25 ns only. (Top) Correlation between Fe—Fe distances in both subunits. (Centre)
Correlation between the domain dihedral angle Fel-C1’—C2’—Fe2 and the Fe—Fe distance in
subunit A. (Bottom) Correlation between the domain dihedral angle Fel-C1’-C2’-Fe2 and
the Fe—Fe distance in subunit B. Fel and Fe2 refer to the Fe atoms of centres I and Il in one
subunit, while C1’ (C2’) specifies the centroid of the two Fel (Fe2) atoms. All correlations
are statistically significant at the 0.01 level.
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SI5: Root Mean Square Deviation (RMSD) Values of MD Simulations
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Figure SI 2: Time evolution of all-atom RMSD values of all three MD trajectories, as
calculated for subunit A (blue), subunit B (red), and the entire protein (black). All trajectories
were aligned to the first-frame reference structure of the protein prior to RMSD calculations.
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SI16: Correlations Between Electronic Couplings and Interdomain Fe—Fe Distances
from MD Simulations
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Figure SI 3: Scatter plots visualizing the correlation between electronic couplings and
interdomain Fe—Fe distances for the entire time span of all three MD trajectories. The
corresponding Spearman rank correlation coefficients p are indicated for all data sets, where
values in parentheses reflect the first 25 ns only. Water molecules were not included in the
analysis. Data corresponding to subunit A (B) are presented in blue (red) at the top (bottom).
All correlations are statistically significant at the 0.01 level.
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Figure SI 4: Scatter plots visualizing the correlation between electronic couplings and
interdomain Fe—Fe distances for the entire time span of all three MD trajectories. The
corresponding Spearman rank correlation coefficients p are indicated for all data sets, where
values in parentheses reflect the first 25 ns only. Water molecules within a cut-off distance of
5 A around the protein were included in the analysis. Data corresponding to subunit A (B) are
presented in blue (red) at the top (bottom). All correlations are statistically significant at the
0.01 level.
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SI 7: Correlations Between Electronic Couplings and the Domain Dihedral Angle from
MD Simulations
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Figure SI 5: Scatter plots visualizing the correlation between electronic couplings and the
domain dihedral angle Fe1-C1°—C2’—Fe2 for the entire time span of all three MD trajectories.
The corresponding Spearman rank correlation coefficients p are indicated for all data sets,
where values in parentheses reflect the first 25 ns only. Water molecules were not included in
the analysis. Data corresponding to subunit A (B) are presented in blue (red) at the top
(bottom). Fel and Fe2 refer to the Fe atoms of centres I and II in one subunit, while C1° (C2)
specifies the centroid of the two Fel (Fe2) atoms. All correlations with |p| > 0.05 are
statistically significant at the 0.01 level.
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Figure Sl 6: Scatter plots visualizing the correlation between electronic couplings and the
domain dihedral angle Fe1-C1°—C2’—Fe2 for the entire time span of all three MD trajectories.
The corresponding Spearman rank correlation coefficients p are indicated for all data sets,
where values in parentheses reflect the first 25 ns only. Water molecules within a cut-off
distance of 5 A around the protein were included in the analysis. Data corresponding to
subunit A (B) are presented in blue (red) at the top (bottom). Fel and Fe2 refer to the Fe
atoms of centres I and II in one subunit, while C1’ (C2’) specifies the centroid of the two Fel
(Fe2) atoms. All correlations are statistically significant at the 0.01 level.
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S18: Correlations Between Electronic Couplings and RMSD Values from MD
Simulations
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Figure SI 7: Scatter plots visualizing the correlation between electronic couplings and RMSD
values for the entire time span of all three MD trajectories. The corresponding Spearman rank
correlation coefficients p are indicated for all data sets, where values in parentheses reflect the
first 25 ns only. Water molecules were not included in the analysis. Data corresponding to
subunit A (B) are presented in blue (red) at the top (bottom). All correlations are statistically
significant at the 0.01 level.
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Figure Sl 8: Scatter plots visualizing the correlation between electronic couplings and RMSD
values for the entire time span of all three MD trajectories. The corresponding Spearman rank
correlation coefficients p are indicated for all data sets, where values in parentheses reflect the
first 25 ns only. Water molecules within a cut-off distance of 5 A around the protein were
included in the analysis. Data corresponding to subunit A (B) are presented in blue (red) at the
top (bottom). All correlations are statistically significant at the 0.01 level.
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S19: Contributions of Individual Amino Acids to Electron Transfer Pathways from
MD Simulations
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Figure SI 9: Relative contributions of amino acids to electron transfer pathways as calculated
by the pathways model for all frames of the three MD trajectories. Data are shown for the
subunit assuming a closed configuration during the MD simulations, i.e. subunit A for
trajectory I and Il (blue) and subunit B for trajectory I1l (red). Water molecules within a cut-
off distance of 5 A around the protein were included in the analysis. Amino acids belonging to
the respective other subunit are marked by an asterisk, and important residues are labelled in
one-letter code.
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Figure SI 10: Relative contributions of amino acids to electron transfer pathways as calculated
by the pathways model for all frames of the three MD trajectories. Data are shown for the
subunit assuming an opened configuration during the MD simulations, i.e. subunit B for
trajectory I and 11 (red) and subunit A for trajectory 111 (blue). Water molecules within a cut-
off distance of 5 A around the protein were included in the analysis. Amino acids belonging to
the respective other subunit are marked by an asterisk, and important residues are labelled in

one-letter code.
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Figure SI 11: Relative contributions of amino acids to electron transfer pathways as calculated
by the pathways model for all frames of the three MD trajectories. Data are shown for the
subunit assuming a closed configuration during the MD simulations, i.e. subunit A for
trajectory | and Il (blue) and subunit B for trajectory Il (red). Water molecules were not
included in the analysis. Amino acids belonging to the respective other subunit are marked by
an asterisk, and important residues are labelled in one-letter code.
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Figure Sl 12: Relative contributions of amino acids to electron transfer pathways as calculated
by the pathways model for all frames of the three MD trajectories. Data are shown for the
subunit assuming an opened configuration during the MD simulations, i.e. subunit B for
trajectory | and Il (red) and subunit A for trajectory Il (blue). Water molecules were not
included in the analysis. Amino acids belonging to the respective other subunit are marked by
an asterisk, and important residues are labelled in one-letter code.
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