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Supplementary Table 1: Data collection and refinement statistics
NirN

NirN/DHE

Wavelength (Å)

1.000040

1.000000

Resolution range (Å)a

51.21 - 1.94 (2.01 - 1.94) 45.09 - 2.36 (2.44 - 2.36)

Space group

C2

C2

a, b, c (Å)

191.1, 54.9, 131.8

191.4, 54.6, 132.1

a, β, γ (°)

90, 132.4, 90

90, 131.9, 90

Total reflectionsa

800039 (6970)

286484 (12696)

Unique reflectionsa

75298 (7445)

42328 (4185)

Multiplicitya

10.6 (10.7)

6.8 (6.1)

Completeness (%)a

99.92 (99.93)

99.91 (99.93)

I/σ(I)a

11.1 (1.5)

10.6 (2.3)

Wilson B-factor

29

39

Rmergea,b

0.158 (2.117)

0.13 (0.80)

Rpima,c

0.051 (0.667)

0.053 (0.354)

CC1/2a,d

0.998 (0.563)

0.993 (0.824)

Rworka,e

0.166 (0.247)

0.192 (0.256)

Rfreea,f

0.199 (0.294)

0.235 (0.2992)

Data collection statistics

Unit cell

Refinement statistics

Number of non-hydrogen atoms 8042

7834

protein

7214

7324

ligands

92

190

water

736

320

930

931

Protein residues
RMSD

Bond length (Å)h

0.008

0.009

Bond angle (°)h

0.79

1.01

Favored region (%)g

96.32

94.71

Outliers (%)g

0.22

0.43

Poor rotamer (%)g

0.94

0.67

Clashscoreg

1.73

1.08

MolProbity scoreg

1.17

1.16

Average B-factor (Å2)

42

55

macromoleculesh

42

55

ligandsh

33

44

solventh

43

45

6RTE

6RTD

Ramachandran plot (%)

PDB code
a

Values in parentheses are for the highest resolution shell.
Rmeas = Σhkl{N(hkl)/[N(hkl) - 1]}1/2 × Σi|Ii(hkl) - 〈I(hkl)〉|/Σhkl Σi Ii(hkl).
c
Rpim = Σhkl{1/[N(hkl) - 1]}1/2 × Σi|Ii(hkl) - 〈I(hkl)〉|/Σhkl Σi Ii(hkl).
d
CC1/2 = Σ(x - 〈x〉)(y - 〈x〉)/[Σ(x - 〈x〉)2Σ(y - 〈y〉)2]1/2.
e
Rwork = (Σhkl||Fobs| - k |Fcalc||)/(Σhkl |Fobs|).
f
Rfree is the same as Rwork with 5% of reflections chosen at random and omitted from refinement.
g
Statistics calculated with the MolProbity web server1 (http://molprobity.biochem.duke.edu/)
h
Statistics calculated with Table 1 tool of PHENIX suite2
b

Supplementary Table 2: Distances of heme c to DHE in NirN and NirS
Distance

NirN

NirS (PDB:1NIR)3

Edge-to-Edge

10.2 Å

9.7 Å

23 Å

19.7 Å

Iron-Iron

Supplementary Table 3: Formal potentials are calculated as the midpoint between the
oxidation and the reduction peak potentials of the corresponding voltammograms
(Supplementary Figure 9), from three independent replicates. Error is assumed from hardware
resolution as ± 10 mV.
Sample type

formal potential
E0´ vs SHE [mV]

dihydro-heme d1 (pH 7.2)

+141

heme d1 (pH 7.2)

+175

Supplementary Table 4: Formal potentials are calculated as the midpoint between the
oxidation and the reduction peaks of the corresponding voltammograms (Supplementary
Figures 10 and 11), from three independent replicates. Error is assumed from hardware
resolution as ± 10 mV.

NirN wt (pH 6.0)

E0´ vs SHE [mV]
low potential signal
-47

E0´ vs SHE [mV]
high potential signal
+156

NirN wt (pH 7.2)

-106

+141

NirN wt (pH 8.2)

-123

+139

NirN wt + dihydro-heme d1 (pH 7.2)

-111

+167

NirN wt + heme d1 (pH 7.2)

-101

+169

H417A (pH 7.2)

-90

+134

H417A + dihydro-heme d1 (pH 7.2)

-80

+135

Y461F (pH 7.2)

-88

+116*

Y461F + dihydro-heme d1 (pH 7.2)

-61

+136

Sample type

*

result calculated from the average of only 2 baseline-subtracted CV scans (replicates).

Supplementary Table 5: Melting temperatures of NirN (wt and variants)
NirN variant

TM [°C]a

wt

62.8 ± 0.2

Y461F

61.4 ± 1.0

H323Q

61.4 ± 0.03

H323A

64.2 ± 0.2

H417Q

61.1 ± 0.3

H417A

60.8 ± 0.2

H147A

65.4 ± 0.1

H147Q
63.5 ± 0.1
TM = Thermal unfolding transition midpoint, TM values represent averages of three independent
measurements with the standard deviation as indicated.
a

Supplementary Table 6: List of primers for site directed mutagenesis of the nirN gene
NirN variant

Primer name

Primer sequence

H147A

H147A_fwd

5’-GCCCTGGCCGGAGGTCCGAAGTTC-3’

H147A_rev

5’-ACCTCCGGCCAGGGCGTAGCGCGA-3’

H147Q_fwd

5’-TACGCCCTGCAAGGAGGTCCGAAGTTCTCCCCG-3’

H147Q_rev

5’-TCCTTGCAGGGCGTAGCGCGAGGGGAAGCG-3’

H323A_fwd

5’-CCGGCCCTCGGCTCGGGCATCTACTGGAAG-3’

H323A_rev

5’-CGAGCCGAGGGCCGGCATGCCCGACAGCGG-3’

H323Q_fwd

5’-CCGCAACTCGGCTCGGGCATCTACTGGAAG-3’

H323Q_rev

5’-CGAGCCGAGTTGCGGCATGCCCGACAGCGG-3’

H417A_fwd

5’-GCCGGCGCCGTCGAGTTCACCCGC-3’

H417A_rev

5’-CTCGACGGCGCCGGCCACCTTGCC-3’

H417Q_fwd

5’-GCCGGCCAAGTCGAGTTCACCCGC-3’

H417Q_rev

5’-CTCGACTTGGCCGGCCACCTTGCC-3’

Y461F_fwd

5’-GGCAAGTTCAACGTCGGCAACAAG-3’

Y461F_rev

5’-GACGTTGAACTTGCCCGACGGCTT-3’

H147Q
H323A
H323Q
H417A
H417Q
Y461F

Supplementary Figures

Supplementary Figure 1: Stereo image of NirN focused on the covalently attached heme c
of of NirN (a) and NirN with bound DHE (b). Dark red sticks depicts the peptides of NirN
and pink ball and stick model heme c. The blue mesh indicates the 2FoFc map at a σ-level of
1.

Supplementary Figure 2: Topology diagram of NirN

Supplementary Figure 3: Grouped sequence alignment of NirN (1) and NirS (2). Each group
contains twelve sequences, of which only two are depicted. Red letters show identical residues
within each group, whereas blue letters indicate residues that are identical between both groups
(the Risler matrix of ESPript3.0 was used for calculation, therefore Val and Ile are considered
identical). Green squares highlight those residues of NirN that are discussed in the main text.
Residues that were exchanged in this study, namely H147, H323, H417 and Y461, are marked
with a black star. The B-loop is highlighted by a black box. Secondary structure elements above

the sequences are taken from the NirN structure without bound DHE and those below the
alignment are from NirS (PDB:1NIR3). The sequence alignment was prepared with ClustalW4
and depicted with ESPript3.05. NirN sequences are from Pseudomonas aeruginosa (labeled as
NirN_P.a.; BAA12683.1), Pseudomonas stutzeri (labeled as NirN_P.s.; AAZ43116.1),
Pseudomonas fluorescens (AEV63745.1), Burkholderia cepacia (BAD11789.1), Cupriavidus
necator (SCU73366.1), Oleispira antarctica (CCK76401.1), Pseudogulbenkiania
(BAK76253.1), Pseudomonas mandelii (AHZ73469.1), Tevnia jerichonana (EGW53061.1),
Herbaspirillum (KIF81948.1), Marinobacter hydrocarbonoclasticus (CCG96534.1) and
Colwellia psychrerythraea (AAZ24674.1) and NirS sequences from Pseudomonas aeruginosa
(depicted as NirS_P.a; NP_249210.1), Paracoccus pantotrophus (depicted as NirS_Pa.p;
CAC03621.1), Burkholderia cepacia (BAC66172.1), Pseudomonas fluorescens
(AAG34381.1), Rubrivivax gelatinosus (BAL94003.1), Pseudogulbenkiania (BAK76244.1),
Candidatus Scalindua rubra (ODS31651.1), Ralstonia eutropha (CAJ97059.1), Roseobacter
litoralis (AEI95094.1), Candidatus Scalindua brodae (KHE90378.1) and Paracoccus
denitrificans (AAB17878.1).

Supplementary Figure 4: The B-factors of (a) NirN and of (b) the NirN/DHE complex
depicted as cartoon putty model. The thickness of the trace and the coloration indicates the
value of the B-factor. Hemes are depicted as ball and stick model. The coloration of the
spheres represents the respective B-factor value. Chain A of the asymmetric unit has been
used in both structures.

Supplementary Figure 5: Flash frozen crystals of NirN with and without soaking in heme d1
or dihydro-heme d1 containing mother liquor. Note the different colors of the crystals.

Supplementary Figure 6: Stereo view of the DHE binding side with electron density maps
for DHE depicted according to figure 4. For the B-loop only the iron ligating conformation is
depicted (a) The dark blue mesh represents the positive electron density of a Fo,soaked-Fo,apo
map calculated with the phases of apo NirN at a σ-level of 2.5. (b) Blue mesh depicts the
2FoFc map at a σ-level of 1.

Supplementary Figure 7: Depiction of different conformations of the B-loop; (a) represents
NirN without bound DHE, and (b) and (c) represent the two distinguishable conformations in
the DHE/NirN complex. Coloration and representation are according to main Figure 4. The Bloop of the NirN/DHE complex is shown in lighter green for the iron-ligating conformation and
in yellow for the conformation resembling the NirN structure without DHE. (d) Hydrophobic
interface between β-sheets 4 and 5 of the NirN/DHE complex. The orientation of the same
residues in the NirN structure without DHE is shown as black lines. (e) Walleyed stereo view
of the NirN/DHE complex focused on the B-loop. The blue mesh depicts the 2FoFc-map at a σ
level of 0.5. The low σ level was chosen as only this shows continous density for the B-loop.
The green and red mesh shows the positive and negative FoFc-map at a σ level of 3, respectively.

Supplementary Figure 8: Comparison of the DHE/heme d1 binding sites of NirN (a) and NirS
(PDB: 1NIR3) (b) as well as their intramolecular electron transport pathway (c) and (d) as
calculated by PATHWAY6 tools. Depictions follow the style of main figure 4.
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Supplementary Figure 9: CV scans (3rd scan) of a pyrolytic graphite edge-plane electrode
incubated with dihydro-heme d1 (green scans – continuous line: baseline subtracted data, left y
axis; dashed line: raw data, right y axis) and with heme d1 (red scans – continuous line: baseline
subtracted data, left y axis; dashed line: raw data, right y axis). Data obtained in 50 mM HEPES
buffer with 100 mM NaCl, pH 7.2.

Supplementary Figure 10: CV scans (3rd scan) of a pyrolytic graphite edge-plane electrode
incubated with wt NirN acquired in buffer with different pH values: A) pH 6.0 in 50 mM MES
buffer, B): pH 7.2 in 50mM HEPES buffer, C): pH 8.2 in 50 mM HEPES buffer (all with
additional 100 mM NaCl). Colored lines (left y axis) correspond to baseline subtracted data (all
the triplicates are presented), thick black lines (right y axis) are raw data examples.

Supplementary Figure 11: CV scans (3rd scan) of a pyrolytic graphite edge-plane electrode
incubated with A) H417A and C) Y461F mutants and respective mutants incubated with
dihydro-heme d1 (B) and D), respectively). Colored lines (left y axis) correspond to baseline
subtracted data (all the triplicates are presented), thick black lines (right y axis) are raw data
examples. Data obtained in 50 mM HEPES buffer with 100 mM NaCl, pH 7.2.

Supplementary Figure 12: UV/Vis absorption spectra of reaction mixtures directly after the
enzyme activity assay with NirN variant H417A (black lines) and of the protein solution after
ultrafiltration (a.A., grey lines). Dashed lines show the spectra of the dithionite-reduced
solutions (red.). The dotted-dashed line in gray shows the spectrum of the extracted reaction
product heme d1.
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