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Additional experimental procedures 

MqnK/MenK/MenK2 primary structures were aligned using ClustalOmega 1.2.2 command-line version. 
 
One-dimensional SDS-PAGE was carried out with 50 μg of total cell protein applied to each lane. 
Proteins were transferred from polyacrylamide gel onto PVDF (polyvinylidene difluoride) membranes 
using the horizontal semi-dry electrophoretic system. Strep-tagged proteins were detected by ELISA 
using a Strep-Tactin-HRP conjugate (IBA Lifesciences). 
 
Nuclear magnetic resonance spectroscopy (NMR). All NMR spectra were measured on a Bruker DRX 
500 MHz spectrometer equipped with a room temperature 5 mm PABBO probe (Bruker Biospin, 
Karlsruhe, Germany) at 303 K using CDCl3 (99.9% D from Sigma) as solvent. The concentrations of 
the samples were ~ 10-2 mol l-1. The solvent signals were used for referencing the 1H- and 13C-NMR 
spectra at 7.20 ppm and 77.20 ppm respectively. Chemical shift assignment was achieved with 1H-, 
13C- and 13C-DEPT-135 1D spectra, 2D 1H-1H COSY (correlated spectroscopy), 2D 1H-1H NOESY 
(nuclear overhauser enhancement correlated spectroscopy), 2D 1H-13C HSQC (heteronuclear single 
quantum correlation) and 2D 1H-13C HMBC (heteronuclear multiple-bond correlation) spectra, using 
the Bruker pulse sequences zg30, zgpg30, dept135, cosygpmfqf, noesygptp, invietgpsi and 
inv4gplrl2ndqf respectively. 1D spectra were recorded using an excitation pulse of 30° and a repetition 
time of 3.7 s (1H) and 1.5 s (13C). 128 scans (1H, 8.000 scans 13C) were added and Fourier 
transformed with a final digital resolution of 0.08 Hz (1H, 0.26 Hz 13C). The hetero-nuclear long-range 
correlation spectrum (HMBC) was recorded by a matrix of 1 k data points (f2, 1H dimension) and 256 
increments (data points in f1 13C dimension). 64 scans for every increment were added resulting in an 
experimental time of nearly 6 h. The spectrum has been optimized for a heteronuclear coupling 
constant of 9 Hz. Raw data were processed with Topspin (Bruker Biospin, Karlsruhe, Germany) and 
2D data were analyzed using MestReNova 11.0.3 (Metrelab Research S.L.). 
Fig. S3 shows the 1H-NMR spectra of MK8, 7-MMK8, 8-MMK8, 5,8-DMMK8 and 7,8-DMMK8. 
Differences in the shift ranges of aromatic protons and of methyl groups are shown clearly. All 1H- and 
13C NMR signals could be assigned completely (Figs S6 and S7). 

 
Mass spectra were acquired by Alexander Schießer and Christiane Rudolph (Clemens Schöpf 
Institute, Department of Chemistry, Technical University of Darmstadt) on an Impact II quadrupole 
time-of-flight (QTOF) mass spectrometer (Bruker Daltonik) using atmospheric pressure chemical 
ionization (APCI) (5 kV corona discharge) as ion source. The samples were diluted in methanol. 
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Table S1. Taxonomic classification of 237 microbial species predicted to contain at least one protein of the MqnK/MenK/MenK2 family (see Fig. 3). 
Experimentally characterized MMK-producing species are shown in red. 
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Table S2. Taxonomic classification of 63 species for which the presence of MMK and/or DMMK has been demonstrated biochemically. Organisms for which 
MqnK/MenK/MenK2-encoding genes have been assigned are shown in red. Modified from Hein et al. (2017).
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Table S3. Nucleotide primers used in this study. 

Primer Sequence 5'3' 

PS_ubiE_F GTATGTTCAGGCGAACGCTGGTTTTAGAGCTAGAAATAGCAAG 

PS_ubiE_R CAGCGTTCGCCTGAACATACGTGCTCAGTATCTCTATCACTGA 

CPEC2F CGGCGTCACACTTTGCTAT  

gamR TTTATAACCTCCTTAGAGCTCGA 

ubiE_FFA_F AGCCGAATGATGAAGCTTATCAAC 

ubiE_FFA_R GGTTTAAAAGGCATTTCCGGTCTCCTGCTCAATGCCTGCTCATCAAAAAATTGTTCC 

ubiE_RFA_F GGAACAATTTTTTGATGAGCAGGCATTGAGCAGGAGACCGGAAATGCCTTTTAAACC 

ubiE_RFA_R TGGCGTTCGCTGAACACCAGAATC 

Ferri_975_I_F GGAGATATACATATGGCTCAGGTTCGCTTTC 

Ferri_975_I_R GCTCCATGCACTGGCGGCCTGCACCTCGATG 

Ferri_975_O_F GTGCAGGCCGCCAGTGCATGGAGCCATCCG 

Ferri_975_O_R AACCTGAGCCATATGTATATCTCCTTCTTATAC 

Ferri_647_I_F AAGGAGATATACATATGTCATTAGCCGAACGC 

Ferri_647_I_R GGATGGCTCCATGCACTCATGTCGGACGCTTTG 

Ferri_647_O_F TCCGACATGAGTGCATGGAGCCATCCGCAGTTC 

Ferri_647_O_R TTCGGCTAATGACATATGTATATCTCCTTC 

Colli_032_I_F GAAGGAGATATACATATGCTATCCGAACGCCTACTTTC 

Colli_032_I_R GCTCCATGCACTGAACATCTTGCGCTCGCACTC 

Colli_032_O_F CGCAAGATGTTCAGTGCATGGAGCCATCCGCAGTTC 

Colli_032_O_R GCGTTCGGATAGCATATGTATATCTCCTTC 

Colli_643_I_F ATAAGAAGGAGATATACATATGCTTTCAGAAAGAATG 

Colli_643_I_R GCTCCATGCACTCTTCTGGGTGCCGTCGCCAAAGAGC 

Colli_643_O_F ACGGCACCCAGAAGAGTGCATGGAGCCATC 

Colli_643_O_R AGCATTCTTTCTGAAAGCATATGTATATCTCCTTCTTATAC 

The primer pairs labelled Ferri (or Colli)_xxx_I_F (or R) were used to amplify the (methyl)menaquinone 
methyltransferase genes, while the primer pairs Ferri (or Colli)_xxx_O_F (or R) were used to amplify a 
suitable fragment of vector pACYCDuet-1. 
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Table S4. Accession numbers of sequences used in Fig. 2. 

Protein Accession no.  Organism 

Blm-Orf8 AAG02372.1 Streptomyces verticillus 

C10P ARK19493.1 Streptomyces zelensis 

ChuW WP_000993317.1 Escherichia coli 

ChuW ASJ24187.1 Laribacter hongkongensis 

HemN AAN83245.1 Escherichia coli 

HutW WP_080284587.1 Vibrio cholerae 

HutW AIC83437.1 Vibrio alginolyticus 

Jaw5 WP_120753176.1 Streptomyces klenkii 

MenK WP_022738066.1 Adlercreutzia equolifaciens 

MenK WP_011074137.1 Shewanella oneidensis 

MenK2 WP_022739874.1 Adlercreutzia equolifaciens 

MqnK CAE09279.1 Wolinella succinogenes 

NocN ADR01089.1 Nocardia sp. ATCC 202099 

NosN AQM75227.1 Streptomyces sp. 

NosN ACR48343.1 Streptomyces actuosus 

PbtM2 AGY49586.1 Planobispora rosea 

PbtM3 AGY49595.1 Planobispora rosea 

TbtI ADG87272.1 Thermobispora bispora  

Tlm-Orf11 ABL74954.1 Streptoalloteichus hindustanus 

TpdI ACS83777.1 Nonomuraea sp. Bp3714-39 

TpdL ACS83774.1 Nonomuraea sp. WU8817 

TpdU ACS83765.1 Nonomuraea sp. WU8817 

YtkT WP_055490826.1 Streptomyces sp. TP-A0356 

Zbm-Orf26 ACG60749.1 Streptomyces flavoviridis 
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Fig. S1. Alignment of selected MqnK/MenK/MenK2 primary structures. The N-terminal trip-wire (grey), 
the catalytic domain (green), the linker (orange) and the C-terminal HemN domain (blue) are highlighted. 
Cluster-specific motifs denoted in Table 1 are highlighted in red. *, strictly conserved residue.  
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Fig. S2. (A,B) Immunodetection of Strep-tagged MenK and MenK2 homologues from C. tanakaei and 
F. marina using a Strep-Tactin-HRP conjugate (IBA Lifesciences). The proteins were produced in 
Escherichia coli BL21(DE3) (A) or E. coli BL21(DE3) ΔubiE (B). 50 μg of total cell protein was applied 
to each lane. M, Color Prestained Protein Standard (NEB). E. coli BL21(DE3) or E. coli BL21(DE3) 
ΔubiE served as controls. Predicted protein masses are 52.1 kDa (CtMenK2), 52.3 kDa (Fm975), 51.2 
kDa (CtMenK) and 50.3 (FmMenK). (C) HPLC chromatogram of purified quinones from E. coli Fm975. 
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Fig. S3. Parts of 500 MHz 1H-NMR spectra of MK8, 7-MMK8, 8-MMK8, 5,8-DMMK8 and 7,8-DMMK8 
(from top to bottom). All spectra were calibrated at the signal of residual protons in CDCl3 at 7.20 ppm. 
Asterisks mark small amounts of impurities. The signal assignments are given in the top line. 

5, 6, 7, 8 19,24,14 13 5,8-Me     7-Me           2-Me    18   17           16    27, 21,26 
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Fig. S4. Mass spectra of DMK8, 7-MDMK8, 8-MDMK8, 5,8-DMDMK8 and 5,8-DMMK8. Insets show 
simulated isotopic distribution patterns.
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Fig. S5. Mass spectra of DMK7, 7-MDMK7, 8-MDMK7 and 5,8-DMDMK7. Insets show simulated isotopic 
distribution patterns. 
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Fig S6. 1H chemical shifts of spectra of MK8, 7-MMK8, 8-MMK8, 5,8-DMMK8 and 7,8-DMMK8 
calibrated at the 1H signal of residual protons in CDCl3 at 7.20 ppm. 
  

 MK8 7-MMK8 8-MMK8 5,8-DMMK8 7,8-DMMK8 
1 - - - - - 
2 - - - - - 
3 - - - - - 
4 - - - - - 
5 7.61 7.89 7.93 - 7.84 
6 8.02 7.39 7.45 7.26 7.37 
7 8.02 - 7.39 7.26 - 
8 7.61 7.80 - - - 
9 - - - - - 
10 - - - - - 
11 - 2.40 2.67 2.62 2.35 
11’ - - - 2.62 2.59 
12 2.13 2.10 2.08 2.06 2.09 
13 3.31 3.28 3.26 3.25 3.26 
14 4.96 4.97 4.94 4.97 4.97 
15 - - - - - 
16 1.73 1.71 1.70 1.71 1.72 
17 1.92 1.88 1.89 1.91 1.91 
18 2.00 2.00 1.97 2.00 1.98 
19 5.05 5.03 5.03 5.06 5.03 
20 - - - - - 
21 1.53 1.52 1.51 1.53 1.53 
22 1.92 1.9 1.89 1.88 1.88 
23 1.99 2.0 1.97 1.99 1.99 
24 5.00 4.94 4.98 5.00 5.00 
25 - - - - - 
26 1.53 1.52 1.52 1.54 1.52 
27 1.62 1.60 1.60 1.62 1.61 

6 
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Fig S7. 13C chemical shifts of spectra of MK8, 7-MMK8, 8-MMK8, 5,8-DMMK8 and 7,8-DMMK8 
calibrated at the 13C signal of CDCl3 at 77.20 ppm. 

  

 MK8 7-MMK8 8-MMK8 5,8-DMMK8 7,8-DMMK8 
1 185.4 185.7 186.4 188.3 188.3 
2 143.3 143.0 143.5 142.8 143.9 
3 146.1 146.0 143.6 145.8 145.1 
4 184.4 184,4 183.9 187.4 184,7 
5 133.6 126,3 124.2 139.1 124,6 
6 126.6 133.9 131.4 136.6 134.2 
7 126.6 144.0 136.2 136.6 144.2 
8 133.6 126.2 139.7 139.1 139.1 
9 133.1 132.0 128.9 131.5 130.5 
10 133.1 130.2 132.7 136.6 132.0 
11 - 21.6 21.8 23.3 21.4 
11’ - - - 23.3 17.2 
12 13.0 12.7 11.9 12.9 13.1 
13 26.5 26.8 24.7 25.8 25.6 
14 119.6 118.9 118.3 119.9 119.3 
15 137.5 137.3 136.3 137.4 137.3 
16 17.2 15.8 15.4 16.2 16.4 
17 40.1 39.6 38.6 39.7 39.7 
18 27.0 26.5 24.5 26.7 26.6 
19 124.7 124.2 123.5 124.5 124.2 
20 134.7 134.9 133.7 135.1 134.3 
21 16.6 15.8 15.1 16.2 16.0 
22 39.7 39.6 38.5 39.8 39.7 
23 25.8 27.1 24.7 26.9 26.4 
24 124.5 124.3 123.3 124.5 124.4 
25 131.1 131.1 130.1 131.3 131.2 
26 17.6 17.6 16.5 17.9 17.7 
27 26.0 24.3 24.7 25.9 25.5 

6 
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