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1. General information

All enzymes and cells were handled, unless otherwise stated at 4 °C. The variants (OxdB-M1 to OxdB-
M20 and Oxd-D1 to Oxd-D3 refer to the single point mutations introduced in the main paper (e.g. Table
1)

2. Sequence of OxdB

Gene (359 AS, 41.2 kDa)

ATGAAAAATATGCCGGAAAATCACAATCCACAAGCGAATGCCTGGACTGCCGAATTTCCTCCTGA
AATGAGCTATGTAGTATTTGCGCAGATTGGGATTCAAAGCAAGTCTTTGGATCACGCAGCGGAAC
ATTTGGGAATGATGAAAAAGAGTTTCGATTTGCGGACAGGCCCCAAACATGTGGATCGAGCCTTG
CATCAAGGAGCCGATGGATACCAAGATTCCATCTTTTTAGCCTACTGGGATGAGCCTGAAACATT
TAAATCATGGGTTGCGGATCCTGAAGTACAAAAGTGGTGGTCGGGTAAAAAAATCGATGAAAATA
GTCCAATCGGGTATTGGAGTGAGGTAACGACCATTCCGATTGATCACTTTGAGACTCTTCATTCC
GGAGAAAATTACGATAATGGGGTTTCACACTTTGTACCGATCAAGCATACAGAAGTCCATGAATAT
TGGGGAGCAATGCGCGACCGCATGCCGGTGTCTGCCAGTAGTGATTTGGAAAGCCCCCTTGGC
CTTCAATTACCGGAACCCATTGTCCGGGAGTCTTTCGGAAAACGGCTAAAAGTCACGGCGCCGG
ATAATATTTGCTTGATTCGAACCGCTCAAAATTGGTCTAAATGTGGTAGCGGGGAAAGGGAAACG
TATATAGGACTAGTGGAACCGACCCTCATAAAAGCGAATACGTTTCTTCGTGAAAATGCTAGTGAA
ACAGGCTGTATTAGTTCAAAATTAGTCTATGAACAGACCCATGACGGCGAAATAGTAGATAAATCA
TGTGTCATCGGATATTATCTCTCCATGGGGCATCTTGAACGCTGGACGCATGATCATCCAACACA
TAAAGCGATCTACGGAACCTTTTATGAGATGTTGAAAAGGCATGATTTTAAGACCGAACTTGCTTT
ATGGCACGAGGTTTCGGTGCTTCAATCCAAAGATATCGAGCTTATCTATGTCAACTGCCATCCGA
GTACTGGATTTCTTCCATTCTTTGAAGTGACAGAAATTCAAGAGCCTTTACTGAAAAGCCCTAGCG
TCAGGATCCAGCTCGAGCACCACCACCACCACCACTGAGATCCGGCTGCTAACAAAGCCCGAAA
GAAGTTTTTT

Amino acids
MKNMPENHNPQANAWTAEFPPEMSYVVFAQIGIQSKSLDHAAEHLGMMKKSFDLRTGPKHVDRALH
QGADGYQDSIFLAYWDEPETFKSWVADPEVQKWWSGKKIDENSPIGYWSEVTTIPIDHFETLHSGEN
YDNGVSHFVPIKHTEVHEYWGAMRDRMPVSASSDLESPLGLQLPEPIVRESFGKRLKVTAPDNICLIR
TAQNWSKCGSGERETYIGLVEPTLIKANTFLRENASETGCISSKLVYEQTHDGEIVDKSCVIGYYLSMG
HLERWTHDHPTHKAIYGTFYEMLKRHDFKTELALWHEVSVLQSKDIELIYVYNCHPSTGFLPFFEVTEIQ
EPLLKSPSVRIQLEHHHHHH



2. Result sheet of INTMSAIlign HiSol

The program INTMSAIlign_HiSol was applied to the sequence of OxdB according to literature known methods as mentioned in the main work.[1]

Position | Amino acid Conservation [%] HiSol
(OxdB) score
A C D E F G H I K L M N P Q R S T \% W | Y none

319 | 17 |01| 24 | 90.0| 0.2 0.6 0.2 0 04| 0.1 0.8 0 0.1 0.3 0.5 0.3 0.2 04 |01]01 1.7 2.656
226 | 0.6 |1.3]| 3.9 2.9 0.2 04 5.3 35 |79 11 6.2 1.1 01 | 265|300 | 14 2.3 4.3 0 0 1.1 2411
220 L 43 | 0 |207|39.7| O 06 | 09 | 0.2 |[58]| O 06 | 87 |02 | 30|16 | 25|99 |03 | 0|0 1.2 2.281
149 \% 0.1 0 0.6 | 656 | 1.1 0.1 0.9 0.4 7 7.9 0.5 1.8 0.1 1.1 1.4 0 4.1 1.8 |03 |3.0 2.3 2.278
105 I 12703| 82 | 69 | 0.3 | 23 | 0.6 0 25|25 |01|07 | 74|23 |326|21 |31 |13 |0]|O0 14.3 2.252
267 L 6.7 |1.0|149| 20 0 1.2 34 06 |95 | 49 1.6 0.8 0.2 3.3 |40.0| 2.8 5.8 0.5 0 |0.2 0.7 2.226
316 | 140 | 10| 04 0.1 0.4 0.2 1.0 4.3 0 1.5 1.7 0.6 0.8 | 679 | 0.3 0.4 1.1 2.2 0 0 2.2 2.175
180 | 139 |04 | 123 | 5.2 1.2 6.1 0.8 03 |22 20 0.5 34 5.1 29 6.1 | 124 | 7.3 3.6 0 |03 141 1.890
65 L 59 |16 19 2.6 2.9 1.2 {242 | 10 |04 0 0.9 0.5 0.2 12 | 141|112 | 3.6 6.5 | 05|56 35 1.880
262 \Y 38 |03 77 | 23|01 |438| O 01 (06| 01 | 01 |234]| O 47 | 01 | 23 |20 |71 |0 |04] 12 1.852
317 E 28 |03 | 53 14 1119 | 05 4.5 34 102|178 | 1.0 0.6 0.7 2.9 7.2 7.6 51 | 13.7 {2.1]9.2 2.1 -1.452
190 K 0.7 |0.7] 0.1 0.7 2.3 1.0 0.7 8.0 0 4.7 1.6 0.1 0.1 1.1 | 345 | 15 53 | 34.2 (04|03 2.0 -1.471
135 D 29 |0.1| 0.8 1.0 8.7 4.9 0.2 10 |19 |350| 21 20 | 253 | 19 3.8 1.2 0.8 15 |03 |0.7 4.0 -1.496
67 Q 36 (01| 5.0 4.9 0.3 0.5 1.4 89 |11 | 81 0.4 1.6 1.5 0 1.7 0.7 | 322|242 | 0 |05 35 -1.533
49 K 15.0 | 0.3 | 45 3.2 1.5 1.7 1.6 50 [09| 6.9 1.1 1.8 0.7 4.2 9.7 3.7 71 (242 |11]01 5.6 -1.582
63 R 24 102 03 2.2 8.5 0.3 3.2 51 103|346 | 22 0.3 1.1 13 | 158 | 6.3 4.0 52 12603 4.0 -1.882
296 H 08 |01 0.2 06 | 135 | 53 0 0.7 |04 |56.7| 43 0.4 0.1 1.2 0.3 0.4 0.5 15 |07 |74 5.0 -1.943
229 N 0.5 0 0 0 0.1 0 0.1 1.9 0 | 10.0 | 80.1 0 0 0 0 0 0.3 6.1 0 0 0.8 -1.974
250 Q 10 |07| 07 | 33 | 39 | 05| 04 [292|05|240| 18 | 02 | 20 | 20 | 27 | 14 | 31 [195| 0 |04 | 27 -2.153
283 K 2.7 0 0.3 0.7 0.3 0.1 15 24 119|578 | 0.3 0 0 0.5 1.3 0.3 0.2 | 288 0 0 1.0 -2.485

Table S1. Output sheet of INTMSAIlign_HiSol applied to the sequence of OxdB according to the formula given in chapter 9.2. Conservation (similarity) of all amino

acid residues in the gene family for the positions, which exhibited the highest absolute HiSol. The suggested mutations are marked in yellow.




3. Utilised primers

The following primers were utilized for introduction of the point mutations into the sequence of Oxds
according to a PCR method displayed in the main paper.

Entry Mutation Sequence (5’ to 3’)

1 1319E Forward: GATATCGAGCTTGAATATGTCAACTGCCATC
Reverse: GATGGCAGTTGACATATTCAAGCTCGATATC

2 12260 Forward: GACCCTCCAAAAAGCGAATACGTTTC
Reverse: GAAACGTATTCGCTTTITGGAGGGTC

3 L220E Forward: CGTATATAGGAGAAGTGGAACCGACCCTC
Reverse: GAGGGTCGGTTCCACTTICTCCTATATACG

4 V149E Forward: GTACCGATCAAGCATACAGAAGAGCATGAATATTG
Reverse: CAATATTCATGCTCTTCTGTATGCTTGATCGGTAC

5 1105R Forward: GTCGGGTAAAAAAAGAGATGAAAATAGTCCAATC
Reverse: GATTGGACTATTTTCATCICTTTTTTTACCCGAC

6 L267R Forward: GTGTCATCGGATATTATCGCTCCATGG
Reverse: CCATGGAGCGATAATATCCGATGACAC

Y 1316Q Forward: CAATCCAAAGATCAGGAGCTTATCTATGTCAAC
Reverse: GTTGACATAGATAAGCTCCTGATCTTTGGATTG

8 1180A Forward: CTTCAATTACCGGAACCCGCTGTCC
Reverse: GGACAGCGGGTTCCGGTAATTGAAG

9 L65H Forward: CATGTGGATCGAGCCCACCATCAAG
Reverse: CTTGATGGTGGGCTCGATCCACATG

10 V262G Forward: CATGTGGCATCGGATATTATCTCTCCATG
Reverse: CATGGAGAGATAATATCCGATGCCACATG

11 E317L Forward: CCAAAGATATCCTGCTTATCTATGTCAACTGCC
Reverse: GGCAGTTGACATAGATAAGCAGGATATCTTTGG

12 K190R Forward: CTTTCGGAAAACGGCTAAGAGTCACG
Reverse: CGTGACTCTTAGCCGTTTTCCGAAAG

13 D135L Forward: GAGAAAATTACCTAAATGGGGTTTCACACTTTGTAC
Reverse: GTACAAAGTGTGAAACCCCATTTAGGTAATTTTCTC

14 Q67T Forward: CCTTGCATACAGGAGCCGATGGATAC
Reverse: GTATCCATCGGCTCCTGTATGCAAGG

15 KA9V Forward: CATTTGGGAATGATGGTAAAGAGTTTCGATTTG
Reverse: CAAATCGAAACTCTTTACCATCATTCCCAAATG

16 R63L Forward: CAAACATGTGGATCTAGCCTTGCATCAAG
Reverse: CTTGATGCAAGGCTAGATCCACATGTTTG

17 H296L Forward: GTTGAAAAGGCTTGATTTTAAGACCGAACTTG
Reverse: CAAGTTCGGTCTTAAAATCAAGCCTTTTCAAC

18 N229M Forward: CTCATAAAAGCGATGACGTTTCTTCGTG
Reverse: CACGAAGAAACGTCATCGCTTTTATGAG

19 Q250! Forward: CTATGAAATCACCCATGACGGCGAAATAG
Reverse: CTATTTCGCCGTCATGGGTGATTTCATAG

20 K283L Forward: GATCATCCAACACATTITAGCGATCTACGG
Reverse: CCGTAGATCGCTAAATGTGTTGGATGATC

Table S2. Primers used for the introduction of single mutations in the sequence of OxdB via PCR with
wild-type or mutated pET22b-OxdB(C)6His as templete DNA.



4. Experiments with whole-cell catalysts

Expression and purification were performed according to a slightly modified literature known protocol.[2]
A preculture of E. coli BL21(DE3) harbouring pET22b-OxdB(C)6His or its variants was inoculated from
a LB-agar-plate and grown for 13 hours in test-tubes containing 5.0 mL LB-medium and 50 pg-mL™
Carbenicillin at 37 °C at 160 rpm rotary shaking. Subsequently, a main culture of 70 mL Terrific-broth
medium containing 50 pg-mL-! Carbenicillin in a 100 mL Erlenmeyer flask (for whole-cell activity
screening: 70 mL medium in 100 mL flask) was inoculated with 700 mL of the preculture. The culture
was incubated for approximately 6 hours at 30 °C and 150 rpm rotary shaking and induced with IPTG
(1.0 mM final concentration). After induction, the incubation conditions were changed to 26 °C and
120 rpm rotary shaking. After 21 hours, the cells were harvested by centrifugation (4,000 x g, 4 °C, 15
min) and washed twice with potassium phosphate buffer (50 mM, pH 7.0). After repeated centrifugation
(4,000 x g, 4 °C, 15 min), the cells were resuspended in 5.0 vol% of the initial medium volume KPB (50

mM, pH 7.0), overlaid with argon and stored at 4 °C as a resting cells suspension.

The activity assay was carried out according to a literature known method. [3] The standard assay
solution contained 387.5 pL of KPB (50 mM, pH 7.0), 12.5 uL of a solution of Z-PAOx in DMSO (200
mM, final concentration: 5.0and mM) and 100 pL of diluted resting cells suspension (2.0 pL resting cells
suspension and 98 pL water) in total volume of 500 pL. The reaction was carried out for 1 minute at
30 °C with shaking at 800 rpm and terminated by the addition of 400 uL of acetonitrile and 100 pL of 0.1
M HCI. After centrifugation (21,500 x g, 15 min, 4 °C), the supernatant was transferred into HPLC vials
and the conversion of the reaction was measured with RP-HPLC in comparison to a calibration curve.
Measurements were conducted on a Macherey-Nagel Nucleodur C18 HTec column at 40 °C with

acetonitrile/water (30:70 v,v) as mobile phase and UV detection at 210 nm.
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Figure S1. Relative activities of the whole-cell catalysts expressing OxdB variants compared to the wild-
type enzyme (0.820 U mgoww™?).



The OxdB-M14 variant was constructed again after the whole-cell catalyst assay and was
active in purified form. A test with whole-cell was not carried out again.



5. Electrophoresis of purified variants OxdB variants

Sodium dodecylsulfate polyacrylamide gelelectrophoreis was carried out according to the method by
Laemmli. [4] 2.5 pg of the purified protein was loaded on the gels.
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Figure S2. SDS-PAGE analysis of the soluble (S) and insoluble fraction (1) of the expression of wild-
type OxdB and the constructed variants.
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Figure S3. SDS-PAGE of OxdB mutants purified via TALON® affinity chromatography. The lanes refer
to the corresponding variants (see Table S1).
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Figure S4. SDS-PAGE of OxdB mutants purified via TALON® affinity chromatography. The lanes
refer to the corresponding variants (see Table S1).
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Figure S5. SDS-PAGE of OxdB mutants purified via TALON® affinity chromatography. The lanes refer
to the corresponding variants (see Table S1).



5. Sequence alignment

Cxdd 1
CxdB 1
CxdEE 1
Cmdd a6l
CxdB a6l
CxdBE 6l
Cmds 121
Cxde 121
CxdRE 121
Cxd 181
OxdB 18
CxdRE 181
Cmd 241
CxdE 241
CxdRE 241
Cxds 301
CxdE 301
OxdRE 301

5AT LECEFRTLSEE YOPPFPMWVARLD VVMGYLGVOYRGEAQRERLT.
E POANAWTAE MEYVWVFRAQIGIQS DHAARHLGMMEESFDLETGEEH
5AT LOCPRTLTRE YTEPPFPHMWVEELD VWVMGEYLGVQFEDEDQEPRAT.

QAMEHTIVSSFSLEWGPOTHEDLTHETDSSGEDN = DPAAHCEWLRSAEVHNIINNT S

VDRALHOGADSY I8 STFLAYWDEFETFESWVADPE SEGRRIDENSPIGYWSEVITI
QAMEDIVAGFDLEWGPAHHDLTHHT DNQGYENL = OVSSOHEWSTSTPTASWHES

QDELOEGIRCYFREISAPRAEQFETLYAFQDNL GAVMDSTRGEIEEHS SMEDEFFP
PIDHFETPHSGENYDNGVSHE VP IEKHTEVHE RDRM SSDLESPLEL.OLPEPT
ELDRLSDGIRCFEFREIVAPRAEQFETLYAFQENL GAVMDGINGEINEHS SMEERFP

IS0 TDWHEPTHNELOVVAGDEPARGEEVY DHIALTRSGODWADAE RSLYLDETLF

VEESFGERLEVIAPDNICLIERTAONWSKCESGERETYIGLVEPFTLI FLEENASETG 2
IS0 TDWNHOASSETLRVIAGDEAVEEE DHIALTRSGODWADAE RSLYLDETLE 2

TLODGMDFLEDHGOPLG RFVENIDLDGHFLDWSYHI ESLERLEEWAESEIFTHL
CISsSKLVYEQTHDGEIVDERCVIGY YL.SMGHLERWTHDHPT ITGTFYEMLEERDEET
TLOSGMDFLEDHGEAVS REVENIDIDGHNFLDLSYHI ASLDQLEEWSESEFTHL

RIFVIFFEVARAGLEFL HEVSVSDARSQVFEYTNCHEFHT GHMLED ‘BPT
ELALWHEVSVLOSEDIERIYVNCHPSTOGFLPFFEVIEIQEPLLESPSEHRTIO
RIFTTFFRVARGLSEL HEVSVFDARDOLYEY TNCHPFGT GMLED IAFH

Figure S6. Alignment of the sequences of OxdA, OxdB and OxdRE.
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6. Mass spectrometry of OxdB variants

Static nanoESI measurements of the purified OxdB (variants) were carried

native conditions according to methods described in the main paper.

Aa. Ingram, OC1, KO-OxdB-WT-d, 50% ACN, 0.1% FA UGA603

OC1_INGRAMAA_0917_KO-OXDB-WT-N_01 32 (0.557) Sm (SG, 3x30.00); Sb (20,4.00); Cm (1:197)

3247.3523

out under denaturing and
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Figure S8. ESI-mass spectrum of native (upper) and denatured (lower) purified OxdB-M1.



Aa. Ingram, OC1, KO-OxdB-M2-d, 50% ACN, 0.2% FA UGA603 20-Sep-2019

10:42:59
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Aa. Ingram, OC1, KO-OxdB-M4-d, 50% ACN, 0.2% FA UGA603 20-Sep-2019
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Figure S10. ESI-mass spectrum of native (upper) and denatured (lower) purified OxdB-M4.



Aa. Ingram, OC1, KO-OxdB-M8-d, 50% ACN, 0.1% FA UGA603 20-Sep-2019
12:00:53
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Figure S12. ESI-mass spectrum of native (upper) and denatured (lower) purified OxdB-M9.



Aa. Ingram, OC1, KO-OxdB-M12-d, 50% ACN, 0.1% FA UGA603 20-Sep-2019

13:1655
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Figure S14. ESI-mass spectrum of native (upper) and denatured (lower) purified OxdB-M13.



Aa. Ingram, OC1, KO-OxdB-M17-d, 50% ACN, 0.1% FA UGA603 20-Sep-2019
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Figure S16. ESI-mass spectrum of native (upper) and denatured (lower) purified OxdB-M19.
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Figure S18. ESI-mass spectrum of native (upper) and denatured (lower) purified OxdB-D2.
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Figure S19. ESI-mass spectrum of native (upper) and denatured (lower) purified OxdB-D3.

Cofactor leaching was discussed as one reason for the uncomplete incorporation of the heme cofactor
into Oxds.[5] In our studies, we could find no evidence for cofactor leaching during the purification
procedures, which would be visible due to its characteristic deep red colour. Cofactor incorporation up
to 98 % was observed in the mass spectra. In addition, the time between activity assay and mass
measurement was kept short (4 to 14 days), it was the same between the variants with the highest
(OxdB-M1) and the lowest heme content (wild-type OxdB). Precipitation of small amount of heme is only
relevant for long incubation times (~4 months).[5]
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