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Experimental Procedures

General

Unless stated otherwise, standard laboratory reagents were obtained from Sigma-Aldrich® (Steinheim, Germany) or
Carl Roth GmbH & Co. KG (Karlsruhe, Germany) with the highest purity available. Oleic acid (OA) and esters thereof
(methyl, ethyl, i-propyl), oleyl alcohol and oleyl amine were purchased from Sigma-Aldrich® (Steinheim, Germany). The
OA methyl and ethyl ester and oleyl alcohol were distilled prior to use to a purity >90% according to GC-FID analysis.
(R)-10-hydroxy stearic acid was obtained from DSM Innovative Synthesis B.V. (Geleen, Netherlands). Other starting
materials used for the investigations were synthesized from suitable precursors as described below or used as received
from Sigma-Aldrich®. Flash column chromatography was performed on Acros Organics silica gel 0.035-0.070 mm, 60 A.
Analytical thin layer chromatography (TLC) was performed using TLC-plates from Merck (TLC aluminium foil, silica gel
60 F254) and subsequent visualization with cerium ammonium molybdate stain. The specific optical rotations were
determined on a Perkin Elmer Polarimeter 341 with an integrated sodium vapor lamp. All samples were measured at the
D-line of the sodium light (A = 589 nm).

Plasmid and expression strain construction

Restriction enzymes were acquired from Thermo Scientific (St. Leon-Rot, Germany). Sterile water was purchased from
Fresenius Kabi (Graz, Austria). Molecular cloning of the expression vector was performed according to standard
procedures¥ and correct integration of the insert was confirmed by sequencing (LGC Genomics, Berlin, Germany). For
gene amplification, Phusion® High Fidelity DNA polymerase (Thermo Fisher Scientific Inc., St. Leon-Rot, Germany) was
utilized in accordance with the recommended PCR protocol. A codon-optimized gene variant of OhyA (Elizabethkingia
meningoseptica XP_001209325 oleate hydratase) was purchased from DNA2.0 (Menlo Park, CA). For expression of
recombinant OhyA, a modified pMS470 expression vector, pMS470-HISTEV-OhyA was constructed as described
previously.® For all cloning steps and plasmid replication, E. coli Top10 F’ (F'[lacl® Tn10(tet?)] mcrA A(mrr-hsdRMS-
mcrBC) ¢80lacZAM15 AlacX74 deoR nupG recAl araD139 A(ara-leu)7697 galU galK rpsL(Str?) endAl XY) from Life
technologies (Vienna, Austria) was used. Recombinant OhyA was expressed in E. coli BL21Star™ (DE3) (F- ompT
hsdSg (re'mg’) gal dem rnel31 (DE3)) (Life technologies, Vienna, Austria).

Amino acid sequence alignments

The protein sequence of OhyA was compared to the amino acid sequences in the Hydratase Engineering Database
(HyED), in which a total of 2046 sequences are collected.®! Since OhyA is categorized in homologous family 11
(HFam11) of the HyED, all amino acid sequences from HFam11 were selected for the multiple sequence alignment.
Sequences were extracted from the database for a multiple sequence alignment with the Clustal Omega sequence
alignment tool using default settings,! and were visualized with the Unipro UGene software.

Site-directed mutagenesis

Amino acid exchange variants of OhyA were generated by site-directed mutagenesis using a modified Stratagene
QuikChange™ site-directed mutagenesis protocol. Twenty-five pL of two separate PCR reactions containing forward
and reverse primers, respectively, were prepared (Fehler! Verweisquelle konnte nicht gefunden werden.Table S1).
After five cycling steps, PCR reactions were combined and the PCR was continued for 20 additional cycles. Mutated
plasmids were verified by sequencing of the coding regions of the constructs.

Table S1. Primers used for introduction of point mutations into the OhyA nucleotide sequence. The underlined bases mark the mutated codons.

Primer name Primer sequence (from 5’ to 3')

Fw(OhyA_GIn265AI2) GTTTCCGAAGTACAATGCATATGACACGTTTGTC
Rv(OhyA_GIn265Ala) GACAAACGTGTCATATGCATTGTACTTCGGAAAC
Fw(OhyA_GIn265GIu) GTTTCCGAAGTACAATGAATATGACACGTTTGTC
Rv(OhyA_GIn265GIu) GACAAACGTGTCATATTCATTGTACTTCGGAAAC
Fw(OhyA_GIn265Lys) GTTTCCGAAGTACAATAAATATGACACGTTTGTC
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Rv(OhyA_GIn265Lys)
Fw(OhyA_GIn265Ser)
Rv(OhyA_GIn265Ser)
Fw(OhyA_Thr436Ala)
Rv(OhyA_Thr436Ala)

Fw(OhyA_ Thr436Asn)
Rv(OhyA_ Thr436Asn)
Fw(OhyA_ Thr436Asp)
Rv(OhyA_ Thr436Asp)
Fw(OhyA_ Thr436Lys)

Rv(OhyA_ Thr436Lys)
Fw(OhyA_Asn438Ala)
Rv(OhyA_Asn438Ala)
Fw(OhyA_Asn438Arg)
Rv(OhyA_Asn438Arg)
Fw(OhyA_Asn438Asp)
Rv(OhyA_Asn438Asp)
Fw(OhyA_Asn438Lys)
Rv(OhyA_Asn438Lys)
Fw(OhyA_Asn438Ser)
Rv(OhyA_Asn438Ser)
Fw(OhyA_His442Ala)
Rv(OhyA_His442Ala)
Fw(OhyA_His442Asn)
Rv(OhyA_His442Asn)
Fw(OhyA_His442Asp)
Rv(OhyA_His442Asp)
Fw(OhyA_His442GIn)
Rv(OhyA_His442GIn)
Fw(OhyA_His442Glu)
Rv(OhyA_His442Glu)
Fw(OhyA_His442Tyr)
Rv(OhyA_His442Tyr)

Fw(OhyA_ Asn438Ala/His442Ala)
Rv(OhyA_ Asn438Ala/His442Ala)
Fw(OhyA_Thr436Asp/Asn438Asp)
Rv(OhyA_Thr436Asp/Asn438Asp)
Fw(OhyA_Thr436Asp/Asn438Ser)

Rv(OhyA_Thr436Asp/Asn438Ser)

GACAAACGTGTCATATTTATTGTACTTCGGAAAC
GTTTCCGAAGTACAATICTTATGACACGTTTGTC
GACAAACGTGTCATAAGAATTGTACTTCGGAAAC
TGGTTGATGAGCTTTGCGTGCAATCGCCAGCCG
CGGCTGGCGATTGCACGCAAAGCTCATCAACCA
TGGTTGATGAGCTTTAACTGCAATCGCCAGCCG
CGGCTGGCGATTGCAGTTAAAGCTCATCAACCA
TGGTTGATGAGCTTTGATTGCAATCGCCAGCCG
CGGCTGGCGATTGCAATCAAAGCTCATCAACCA
TGGTTGATGAGCTTTAAATGCAATCGCCAGCCG
CGGCTGGCGATTGCATTTAAAGCTCATCAACCA
GATGAGCTTTACCTGCGCACGCCAGCCGCATTTCC
GGAAATGCGGCTGGCGIGCGCAGGTAAAGCTCATC
GATGAGCTTTACCTGCCGCCGCCAGCCGCATTTCC
GGAAATGCGGCTGGCGGCGGCAGGTAAAGCTCATC
GATGAGCTTTACCTGCGCACGCCAGCCGCATTTCC
GGAAATGCGGCTGGCGIGCGCAGGTAAAGCTCATC
GATGAGCTTTACCTGCAAACGCCAGCCGCATTTCC
GGAAATGCGGCTGGCGITTGCAGGTAAAGCTCATC
GATGAGCTTTACCTGCAGCCGCCAGCCGCATTTCC
GGAAATGCGGCTGGCGGCTGCAGGTAAAGCTCATC
CTGCAATCGCCAGCCGGCCTTCCCGGAGCAGCCGG
CCGGCTGCTCCGGGAAGGCCGGCTGGCGATTGCAG
CTGCAATCGCCAGCCGAATTTCCCGGAGCAGCCGG
CCGGCTGCTCCGGGAAATTCGGCTGGCGATTGCAG
CTGCAATCGCCAGCCGGATTTCCCGGAGCAGCCGG
CCGGCTGCTCCGGGAAATCCGGCTGGCGATTGCAG
CTGCAATCGCCAGCCGCAATTCCCGGAGCAGCCGG
CCGGCTGCTCCGGGAATTGCGGCTGGCGATTGCAG
CTGCAATCGCCAGCCGGAATTCCCGGAGCAGCCGG
CCGGCTGCTCCGGGAATTCCGGCTGGCGATTGCAG
CTGCAATCGCCAGCCGTATTTCCCGGAGCAGCCGG
CCGGCTGCTCCGGGAAATACGGCTGGCGATTGCAG
GCGCACGCCAGCCGGCTTTCCCGGAGCAGCCGGAT
ATCCGGCTGCTCCGGGAAAGCCGGCTGGCGIGCGC
GGTTGATGAGCTTTGACTGCGACCGCCAGCCGCATT
AATGCGGCTGGCGGTCGCAGTCAAAGCTCATCAACC
GGTTGATGAGCTTTGACTGCAGCCGCCAGCCGCATT

AATGCGGCTGGCGGCTGCAGTCAAAGCTCATCAACC
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Fw(OhyA_Asn438Ala/His442Ala) GCGCACGCCAGCCGGCTTTCCCGGAGCAGCCGGAT

Rv(OhyA_Asn438Ala/His442Ala) ATCCGGCTGCTCCGGGAAAGCCGGCTGGCGIGCGC

Recombinant protein expression

OhyA was recombinantly expressed in E. coli. First, a pre-culture was inoculated with E. coli BL21 Star (DE3) cells
harboring pMS470-HISTEV-OhyA wild type enzyme or variants, and grown in LB supplemented with 100 pg mL-1
ampicillin at 28°C and 130 rpm overnight. Main cultures were inoculated to an OD600 of 0.1 in auto induction medium
(AIM) - Terrific Broth Base including Trace elements (Formedium, UK) containing 100 pg mL-1 ampicillin. Recombinant
protein was expressed at 28°C and 130 rpm for 22 h. Cells were harvested by centrifugation for 10 min at 4,400 x g and
22°C, and were instantly used for whole cell biotransformations or frozen at -20°C until preparation of cell-free lysates.

In vitro conversion of OA and OA derivatives with cell-free lysate

For preparation of cell-free lysates containing recombinant hydratase enzyme, thawed cell pellets were resuspended in
50 mM HEPES, pH 7.4. Cells were lysed by ultrasonication for 4 min with a Sonifier® 250 (Branson, Danbury, CT)
setting the duty cycle to 80% and the output control to level 8. Cell-free lysate was separated from the total lysate by
centrifugation for 35 min at 48,300 x g and 4°C. In vitro activity assays were performed with 2 mg of E. coli cell-free
lysate in Pyrex® glass culture tubes (Corning, NY). Cell-free lysate was incubated with 2 mM substrates 1a—1j in 1 mL of
50 mM HEPES, pH 6.0, and 2% (v/v) of ethanol. Assays were shaken over night at 25°C and 150 rpm in the presence of
1 mM n-pentadecanoic acid as internal standard. After conversion, assays were quenched either by acidification to pH
2.0 with 0.12 M HCI and extraction with 2 x 2 mL of ethyl acetate (in case of 1a and 1c—1j), or only by extraction with 2 x
2 mL of ethyl acetate (in case of 1b) while agitating on a Vibrax VXR basic shaker (IKA, Germany) for 30 min. The
suspension was centrifuged for 5 min at 2,900 x g and 22°C to improve separation of the phases. Combined organic
phases were concentrated under a N, stream. Fatty acid derivatives were silylated with 10 pL of pyridine and 50 pL of
N,O-bis(trimethylsilyl)trifluoroacetamide (BSTFA). After incubation for 30 min at 500 rpm, the reaction mixtures were
diluted with 200 pL of ethyl acetate and analyzed by GC-MS or GC-FID.

Whole cell bioconversions

Bioconversion assays of 1a—j were performed with E. coli BL21 Star (DE3) cells immediately after expression of
recombinant OhyA. Fifty ODgoo units, which are corresponding to a cell dry weight of 50 mg, were resuspended in 50 mM
HEPES, pH 6.0, supplemented with 100 mM glucose and 0.2 mM FAD in Pyrex® glass culture tubes (Corning, NY).
Biotransformations at 1 mL scale were started by adding substrate to a final concentration of 2 mM from an ethanolic
stock solution (100 mM). n-pentadecanoic acid (1 mM) was used as internal standard. The reactions were conducted in
the presence of 2% (v/v) of ethanol as co-solvent at 30°C and shaking at 150 rpm at a defined angle of the Pyrex® tubes
(55°). Biotransformations were performed for 22 h or 96 h.

Whole cell bioconversions of OA esters 1f and 1g with alcohol additives were performed with 50 mg of E. coli BL21 Star
(DE3) after recombinant expression of OhyA GIn265Ala/Thr436Ala/Asn438Ala. Biotransformations of 1f were co-
incubated with equimolar concentrations of the substrate and either ethanol or i-propanol, and biotransformations of 1g
were co-incubated with equimolar concentrations of the substrate and either methanol or i-propanol. Otherwise, assay
conditions were maintained as described above.

GC-MS analyses

Free fatty acids and derivatives thereof were initially analyzed and identified by gas chromatography-mass spectrometry
(GC-MS). A HP-5 column (crosslinked 5% Ph-Me Polysiloxane; 30 m length, 0.25 mm in diameter and 0.25 pm film
thickness) on a Hewlett-Packard 6890 Series || GC equipped with a mass selective detector was used. Sample aliquots
of 1 uL were injected in split mode (split ratio 30:1) at 240°C injector temperature and 290°C detector temperature with
N as carrier at a flow rate set to 36 cm st in constant flow mode. The temperature program was as follows: 100°C for 1
min, 15°C min'* to 300°C, hold for 5 min. The total run time was 19.33 min. The mass selective detector was operated in
a mass range of 50-400 amu at an electron multiplier voltage of 1765 V. Results were evaluated with the GC-MS Data
Analysis software (Agilent Technologies, Austria).



GC-FID analyses

Product formation was quantified by GC after derivatization of extracted samples with BSTFA. A Shimadzu GC-2010
Plus instrument equipped with a flame ionization detector and a Phenomenex Zebron ZB-5 column (crosslinked 5% Ph-
Me Polysiloxane; 30 m length, 0.32 mm in diameter and 0.25 pum film thickness) was used. Sample aliquots of 1 pL were
injected in split mode (split ratio 10:1) at 240°C injector temperature and 320°C detector temperature. N, was used as
carrier gas at a flow rate set to 20 cm s in constant flow mode. The oven temperature program was as follows: 70°C for
4 min, 35°C min to 300°C, hold for 5 min. The total run time was 15.57 min.

Preparation of OA derivatives

Oleamide (1c) was obtained via a literature procedure® and the material was purified through recrystallization from
acetonel® to a purity of 95% as checked by rp-HPLC at 210 nm. n-propyl (1i) and n-butyl oleate (1j) were synthesized
from OA (1a) via Fischer esterification as described in the literaturel”l and purified via flash chromatography on silica gel
using cyclohexane/ethyl acetate 20:1 as eluent.

n-propyl oleate (1i):

'H-NMR (300 MHz, CDCly): 8 = 0.88 (3H, t, 3J(H,H) = 6.7 Hz, Me), 0.94 (3H, t, 3J(H,H) = 7.4 Hz, -CO,CH,CH,CH,Me),
1.15-1.45 (20H, m, 10 CH,), 1.52-1.70 (4H, m, 2 CHy), 1.92-2.10 (4H, m, 2 CHy), 2.29 (2H, t, 3J(H,H) = 7.5 Hz, -CH,-
CO,CH,CH;Me), 4.02 (2H, t, 2J(H,H) = 6.7 Hz, -CO,CH,CH,Me), 5.34 (2H, m, -CH=CH-).

13C-NMR (75 MHz, CDCly): d = 10.54, 14.25, 22.17, 22.83, 25.17, 27.32, 27.37, 29.26, 29.29, 29.32, 29.47 (2xC), 29.67,
29.84, 29.92, 32.06, 34.54, 65.97, 129.91, 130.15, 174.13.

n-butyl oleate (1j):

'H-NMR (300 MHz, CDCls): & = 0.88 (3H, t, 3J(H,H) = 6.7 Hz, Me), 0.93 (3H, t, 3J(H,H) = 7.4 Hz, -CO,CH,CH,CH,Me),
1.15-1.45 (22H, m, 11 CHy), 1.52-1.70 (4H, m, 2 CH,), 1.92-2.10 (4H, m, 2 CH,), 2.29 (2H, t, 23J(H,H) = 7.5 Hz, -CH»-
CO,CH,CH,CH;Me), 4.07 (2H, t, 3J(H,H) = 6.6 Hz, -CO,CH,CH,CH,Me), 5.34 (2H, m, -CH=CH-).

13C-NMR (75 MHz, CDCly): & = 13.85, 14.25, 19.30, 22.83, 25.17, 27.32, 27.37, 29.26, 29.29, 29.31, 29.47 (2xC), 29.67,
29.84, 29.92, 30.87, 32.06, 34.55, 64.25, 129.91, 130.15, 174.13.

Preparative-scale hydration of OA derivatives

OA derivatives 1c—1j were hydrated to 2c—-2j in a semi-preparative scale. Twenty to 150 mg of non-physiological
substrates were converted in 1 mL scale whole cell bioconversions. Each reaction contained 200 mg of E. coli cells in
Pyrex® glass tubes, after over-expression of OhyA GIn265Ala/Thr436Ala/Asn438Ala, resuspended in 50 mM HEPES,
pH 6.0, containing 100 mM glucose and 0.2 mM FAD. Biotransformations were incubated for 96 h at 30°C and 150 rpm
at a defined angle of the Pyrex® tubes (55°). After quenching by acidification to pH 2.0 with 0.12 M HCI, the suspensions
were extracted with ethyl acetate (3 x 2 mL for 30 min) with intermittent centrifugation for 5 min at 2,900 x g and 22°C to
improve phase separation. The organic phases were quantitatively collected and concentrated under a stream of N,.

Purification of crude reaction products

The products extracted with ethyl acetate were purified via flash chromatography (9.5 g silica gel, 20 x 1 cm column
size) using eluent mixtures of cyclohexane/ethyl acetate in ratios from 10:1 to 1:1 (v/v) dependent on the polarity of the
respective derivative. All fractions containing the desired product were pooled and evaporated to dryness.

NMR analysis of reaction products

'H and *C NMR spectra were recorded on a Bruker AVANCE Il 300 spectrometer (*H: 300.36 MHz; 3C: 75.53 MHz) or
a Varian INOVA 500 (*H: 499.88 MHz; 13C: 125.71 MHz). Chemical shifts were referenced to residual protonated solvent
signals as internal standard. Chemical shift values are reported in parts per million, and coupling constants (J values)
are given in Hertz. Abbreviations for *H-NMR signals are as follows: s, singlet; d, doublet; t, triplet; dd, doublet of
doublets; and m, multiplet.

Modeling of OA and derivatives to the OhyA 3D structure

Docking of OA to the OhyA 3D structure was performed using AutoDock implemented in YASARA structure as
described previously.[? Briefly, receptor (chain A of OhyA; PDB code: 4uir) and ligand (OA, formal charge of -1) were
prepared and energy minimized with the Schrodinger package. The receptor was kept rigid, and the ligand had full
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conformational flexibility around each single bond. The docking box (x=25 A, y=27 A, z= 25 A) was set to be close to the
flavin cofactor covering the elongated active site cavity. After 50 individual runs, the best docking modes were sorted by
binding energies and chemical plausibility and were finally clustered according to a maximum root-mean-square
deviation (r.m.s.d.) of the heavy atoms of 2.0 A.

OA derivatives 1c—1j were prepared using YASARA and AM1 charges were applied accordingly. The derivatives 1c—1j
were docked to the 3D structure model of OhyA after introducing amino acid exchanges that resulted in the best activity
on each substrate. The binding mode with the lowest docking energy was visually inspected. Amino acid exchanges
were introduced in silico using YASARA. Docking was performed using VINAE! implemented in YASARA structure in
analogy to OA after substitution of the carboxylate for the different head groups of 1c—1j using 20 independent docking
runs and a 2.0 A r.m.s.d cluster deviation.

The docking with the lowest energy for 1i and 1j did not result in a productive binding mode, even in the triple variant
(visual inspection). This may be due to the rigid receptor docking, which resulted in higher docking energies for the
larger derivatives in the productive binding mode. By overlaying of 1i and 1j with the docked OA and by performing an
energy minimization step (Force Field: Amber03), the ligands 1i and 1;j fitted quite well into the larger pocket introduced
by the mutations. It can be assumed that small changes in the structure on the site of the mutations, although not
optimal, do also provide enough space for the larger derivatives 1i and 1j.

Results and Discussion

Nucleotide information

Open reading frame of the codon-optimized E. meningoseptica oleate hydratase gene (OhyA, GenBank: ACT54545.1)
used in this study:

5 - ATGCATCACCATCACCATCACCATCACCATCACAACCCAATCACCAGCAAATTCGACAAAGTCCTGAACGCATCC
AGCGAGTACGGCCACGTTAATCACGAACCGGATAGCAGCAAAGAGCAGCAACGCAACACCCCGCAGAAGTCCATG
CCATTTAGCGATCAAATCGGCAACTATCAACGTAACAAAGGTATTCCGGTTCAGAGCTATGATAATTCGAAGATTTAC
ATCATTGGTTCTGGTATTGCGGGTATGTCGGCTGCGTACTACTTCATCCGTGACGGTCACGTTCCGGCGAAGAACA
TCACGTTCCTGGAGCAACTGCACATTGATGGCGGCTCTCTGGATGGTGCTGGCAACCCGACCGACGGCTATATCAT
CCGTGGTGGTCGTGAAATGGATATGACCTACGAGAACCTGTGGGATATGTTCCAGGATATTCCGGCGCTGGAGATG
CCGGCACCGTATAGCGTTCTGGATGAATATCGTCTGATTAATGACAACGATAGCAATTACAGCAAAGCACGTCTGAT
CAACAATAAGGGCGAAATCAAGGACTTCAGCAAGTTTGGTCTGAATAAGATGGACCAGCTGGCCATCATCCGTCTG
TTGCTGAAAAACAAAGAAGAGCTGGACGACTTGACCATTGAGGACTACTTCTCTGAGAGCTTTCTGAAAAGCAATTT
CTGGACGTTTTGGCGCACGATGTTCGCGTTTGAGAACTGGCATAGCCTGTTGGAACTGAAGCTGTACATGCACCGC
TTCCTGCACGCCATTGACGGTCTGAACGACCTGAGCAGCCTGGTGTTTCCGAAGTACAATCAATATGACACGTTTGT
CACGCCGCTGCGTAAATTCCTGCAAGAAAAGGGTGTTAACATCCACTTGAATACCTTGGTCAAGGATCTGGATATTC
ACATCAATACCGAGGGTAAAGTCGTCGAGGGCATCATTACCGAGCAAGACGGTAAAGAGGTAAAGATTCCGGTGG
GTAAGAATGACTATGTTATCGTGACGACCGGTTCCATGACCGAGGACACGTTTTACGGTAACAACAAAACCGCACC
GATCATTGGTATCGACAATAGCACTAGCGGTCAGAGCGCTGGCTGGAAACTGTGGAAGAACCTGGCTGCCAAGAG
CGAAATCTTCGGCAAGCCGGAGAAATTCTGTAGCAATATTGAGAAATCCGCGTGGGAAAGCGCGACCCTGACGTGT
AAACCTTCCGCGTTGATCGACAAACTGAAAGAATATTCGGTCAACGACCCGTACAGCGGTAAGACCGTGACCGGCG
GTATCATTACTATCACCGATAGCAACTGGTTGATGAGCTTTACCTGCAATCGCCAGCCGCATTTCCCGGAGCAGCC
GGATGACGTCCTGGTGCTGTGGGTGTATGCGCTGTTTATGGATAAAGAAGGTAACTACATTAAGAAAACCATGCTG
GAGTGCACCGGTGATGAGATTTTGGCGGAGCTGTGTTACCATCTGGGCATTGAAGATCAGCTGGAAAATGTGCAGA
AGAATACGATTGTTCGCACCGCATTCATGCCGTATATCACGAGCATGTTTATGCCACGTGCCAAAGGTGACCGCCC
TCGTGTGGTCCCGGAAGGTTGCAAAAACCTGGGCCTGGTTGGTCAATTTGTGGAAACGAACAATGACGTCGTGTTT
ACGATGGAATCTAGCGTTCGCACGGCCCGTATTGCGGTGTACAAGTTGCTGAATCTGAACAAGCAGGTGCCGGACA
TTAATCCGCTGCAATACGATATTCGCCATCTGCTGAAAGCGGCAAAGACCCTGAATGATGACAAACCGTTCGTGGG
CGAAGGCTTGCTGCGTAAGGTTCTGAAAGGCACCTATTTTGAGCACGTTCTGCCTGCGGGTGCAGCGGAAGAAGA
AGAGCATGAGAGCTTCATTGCGGAACATGTTAACAAGTTCCGTGAGTGGGTCAAGGGTATCCGTGGCTAATAA - 3’

GC-MS monitoring of the hydration of OA derivatives

Bioconversions of 1a—1j were performed with whole E. coli cells. Representative GC-chromatograms of technical
triplicates of an authentic substrate standard, an OhyA-free E. coli strain (empty vector control, EVC) and a
biotransformation with cells after over-expression of OhyA are overlaid (Figure S1-Figure S10). In case a substrate was
not converted with the wild type enzyme (1h and 1j), a representative chromatogram of the OhyA
GIn265Ala/Thr436Ala/Asn438Ala bioconversion is shown. The OA-derived N-hydroxy oleamide (1d) and the hydrated
reaction product (2d) were both detected as the respective isocyanates after a Lossen rearrangement occurring under
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GC-MS analysis conditions.[®) Moreover, conversion of 1d with the E. coli EVC and the strain expressing OhyA led to the
unexpected formation of oleamide (1c), with a subsequent hydration to 10-hydroxy octadecanamide (2c) only in OhyA
biotransformations. Since N-hydroxy oleamide (1d) was initially oleamide-free, one must assume that the oleamide (1c)
was formed by degradation of N-hydroxy oleamide (1d) in E. coli.%
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Figure S1. Bioconversion of OA (1a) to 10-hydroxy stearic acid (2a) with E. coli whole cells over-expressing OhyA wild type enzyme. a) Overlay of
representative GC-MS chromatograms from technical triplicates of an authentic 1a standard and biotransformations of 1a with an E. coli empty
vector control (EVC) and an E. coli strain over-expressing OhyA wild type. Retention times of the TMS-derivatives of the internal standard n-
pentadecanoic acid (10.40 min), 1a (12.12 min) and 2a (13.24 min) are highlighted. b) Mass spectrum of the peak at 12.12 min, corresponding to
the TMS-derivative of la. c) Mass spectrum of the peak at 13.24 min, corresponding to the TMS-derivative of 2a.
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Mass spectrum of the peak at 14.48 min, corresponding to the TMS-derivative of 2c.
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Figure S4. Bioconversion of N-hydroxy oleamide (1d) to 2d with E. coli whole cells over-expressing OhyA wild type enzyme. Due to thermally
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spectrum of the peak at 11.39 min, corresponding to 1d degraded to (Z)-1-isocyanatoheptadec-8-ene by Lossen rearrangement. c) Mass spectrum
of the peak at 12.71 min, corresponding to the TMS-derivative of 1-isocyanatoheptadecan-9-ol after Lossen rearrangement of silylated 2d.



Abundance
a) 1500000
1400000-

1300000

1200000

1100000

1000000-

a00000-

B00000-

700000

500000

500000

400000

300000

200000

100000

Black ... Authentic oleyl alcohol (1€)

Grey ... EVC
Blue ... OhyAWT

TIC: 5.0%datams

Time-> 9

b) Abundance]

150000-

100000

50000

mfz->

abundance
C 250000

200000-

160000-

100000-

50000-

I

128 i
g Low ]

TIC 18.Dhda i
e oo e 12.77 min
11.59 min
mn ED WZ‘DD T?‘ED 13IDD 13%D T4IE||] UlIED
|
— _Si
o7~
325
185 340
16617 R 23 22 a3 %3 il | \
1k 2l B 20 2 2k alo 3 3k
1%
Si—
215 o |

199 ‘ 227 a1 0 9w R

miz=> 40

20 ‘zéu 2k B B alo el sho B EN ol

ol
Figure S5. Bioconversion of oleyl alcohol (1e) to 2e with E. coli whole cells over-expressing OhyA wild type enzyme. a) Overlay of representative
GC-MS chromatograms from technical triplicates of an authentic 1e standard and biotransformations of 1e with an E. coli empty vector control (EVC)
and an E. coli strain over-expressing OhyA wild type. Retention times of the TMS-derivatives of the internal standard n-pentadecanoic acid (10.40
min), le (11.59 min) and 2e (12.77 min) are highlighted. b) Mass spectrum of the peak at 11.59 min, corresponding to the TMS-derivative of le. c)
Mass spectrum of the peak at 12.77 min, corresponding to the TMS-derivative of 2e.
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Figure S6. Bioconversion of methyl oleate (1f) to 2f with E. coli whole cells over-expressing OhyA wild type enzyme. a) Overlay of representative
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Figure S7. B|oconverS|on of ethyl oleate (1g) to 2g with E. coli whole cells over-expressing OhyA wild type enzyme. a) Overlay of representative
GC-MS chromatograms from technical triplicates of an authentic 1g standard and biotransformations of 1g with an E. coli empty vector control (EVC)
and an E. coli strain over-expressing OhyA wild type. Retention times of the TMS-derivative of the internal standard n-pentadecanoic acid (10.40

min), 1g (11.84 min) and the TMS-derivative of 2g (13.02 min) are highlighted. b) Mass spectrum of the peak at 11.84 min, corresponding to 1g. c)
Mass spectrum of the peak at 13.02 min, corresponding to the TMS-derivative of 2g.
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Figure S8. B|oconverS|on of i-propyl oleate (1h) to 2h with E. coli whole cells over-expressing OhyA GIn265AIa!Thr436AIa/Asn438AIa a) Overlay

of representative GC-MS chromatograms from technical triplicates of an authentic 1h standard and biotransformations of 1h with an E. coli empty
vector control (EVC) and an E. coli strain over-expressing OhyA GIn265Ala/Thr436Ala/Asn438Ala. Retention times of the TMS-derivative of the
internal standard n-pentadecanoic acid (10.40 min), 1h (12.00 min) and the TMS-derivative of 2h (13.18 min) are highlighted. b) Mass spectrum of
the peak at 12.00 min, corresponding to 1h. c) Mass spectrum of the peak at 13.18 min, corresponding to the TMS-derivative of 2h.
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Figure S9. Bioconversion of n-propyl oleate (1i) to 2i with E. coli whole cells over-expressing OhyA wild type enzyme. a) Overlay of representative
GC-MS chromatograms from technical triplicates of an authentic 1i standard and biotransformations of 1i with an E. coli empty vector control (EVC)
and an E. coli strain over-expressing OhyA wild type. Retention times of the TMS-derivative of the internal standard n-pentadecanoic acid (10.58
min), 1i (12.58 min) and the TMS-derivative of 2i (13.72 min) are highlighted. b) Mass spectrum of the peak at 12.58 min, corresponding to 1i. c)
Mass spectrum of the peak at 13.72 min, corresponding to the TMS-derivative of 2i.
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Figure S10. Bioconversion of n-butyl oleate (1j) to 2j with E. coli whole cells over-expressing OhyA GIn265Ala/Thr436Ala/Asn438Ala. a) Overlay of
representative GC-MS chromatograms from technical triplicates of an authentic 1j standard and biotransformations of 1j with an E. coli empty vector
control (EVC) and an E. coli strain over-expressing OhyA GIn265Ala/Thr436Ala/Asn438Ala. Retention times of the TMS-derivative of the internal
standard n-pentadecanoic acid (10.58 min), 1j (13.13 min) and the TMS-derivative of 2j (14.21 min) are highlighted. b) Mass spectrum of the peak
at 13.13 min, corresponding to 1j. ¢) Mass spectrum of the peak at 14.21 min, corresponding to the TMS-derivative of 2j.

Spectroscopic and optical data of purified reaction products

Compound 2a: (R)-10-hydroxy stearic acid (analyzed as methyl ester and after esterification of the 10-hydroxy group
with (S)-(+)-O-acetylmandelic acid) (see lit.[211),

H-NMR (500 MHz, CDCls): & = 0.87 (3H, t, 3J(H,H) = 7.2 Hz, H-18), 0.99-1.33 (24H, m, 12 CHj], 1.33-1.40 (2H, dd,
3J(H,H) = 14.8 Hz, 7.0 Hz, H-9 or H-11), 1.58-1.65 (2H, m, H-3 or H-4), 2.19 (3H, s, CH3CO), 2.30 (2H, t, 3J(H,H) = 7.5
Hz, H-2), 3.6646 (3H, s, OCH3), 4.87 (1H, p, 3J(H,H) = 6.2 Hz, H-10), 5.87 (1H, s, H-2"), 7.33-7.39 (3H, m, H-3", H-4", H-
5", 7.47 (2H, dd, 3J(H,H) = 7.2 Hz, 4J(H,H) = 2.0 Hz, H-2", H-6").

13C-NMR (125 MHz, CDCl3): & = 14.24, 20.87, 22.78, 24.88, 25.09, 25.26, 29.26 (3C), 29.40, 29.42, 29.49, 29.51, 31.99,
34.07, 34.26, 34.29, 51.55, 74.92, 76.14, 127.75, 128.77, 129.22, 134.35, 168.85, 170.36, 174.44.

Compound 2c: 10-hydroxy octadecanamide

H-NMR (300 MHz, CDCls): & = 0.88 (3H, t, 3J(H,H) = 6.6 Hz, Me), 1.15-1.45 (23H, m, 11 CH,, -CH-OH), 1.45-1.72 (6H,
M, -CHa-CH(OH)-CHa-, -CHa-CHa- CO,NHy), 2.22 (2H, t, 3J(H,H) = 7.5 Hz, -CH,-CO,NH,), 3.58 (1H, m, >CH-OH), 5.35
(2H, br, -CO;NH,).

13C-NMR (75 MHz, CDCls): & = 14.25, 22.82, 25.63, 25.74, 25.82, 29.32, 29.36, 29.43, 29.53, 29.74 (2C), 29.87, 32.03,
36.03, 37.60, 37.69, 72.16, 175.56.

[@]% =-4.0° (c = 0.15 in CHCl3)

Compound 2d: N,10-dihydroxyoctadecanamide

IH-NMR (300 MHz, CDCls): 5 = 0.88 (3H, t, 3J(H,H) = 6.7 Hz, Me), 1.05-1.40 (22H, m, 11 CH,), 1.40-1.53 (4H, m, -CH,-
CH(OH)-CH,-), 1.56-1.72 (3H, m, -CH,-CH»-CO,NHOH, -CH-OH), 2.17 (2H, t, 3J(H,H) = 7.1 Hz, -CH,-CO,NHOH), 3.58
(1H, m, >CH-OH), 4.37 (2H, d, 3J(H,H) = 7.0 Hz, -CO,NHOH).
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13C-NMR (75 MHz, CDClg): & = 14.25, 22.82, 25.24, 25.54, 25.81, 28.98, 29.21, 29.41, 29.49, 29.71, 29.73, 29.86,
32.04, 35.99, 37.46, 37.68, 72.25, 175.41.

[a]? =-7.9° (c=0.1in CHCIy)
Compound 2e: 1,10-octadecanediol

1H-NMR (300 MHz, CDCls): & = 0.88 (3H, t, 3J(H,H) = 6.8 Hz, Me), 1.15-1.50 (30H, m, 12 CH,, -CH,-CH(OH)-CH,-, 2x
OH), 1.56 (2H, m, -CH,-CH,OH), 3.58 (1H, m, >CH-OH), 3.64 (2H, t, 3J(H,H) = 6.6 Hz, -CH,OH).

13C-NMR (75 MHz, CDCly): d = 14.25, 22.82, 25.79, 25.81, 25.87, 29.43, 29.55, 29.68 (2C), 29.75, 29.83, 29.87, 32.03,
32.95, 37.63, 37.67, 63.23, 72.18.

[a]¥ =-0.5° (c = 0.3 in CHCl3)

Compound 2f: 10-hydroxy stearic acid acid methyl ester

H-NMR (300 MHz, CDCls): & = 0.87 (3H, t, 3J(H,H) = 6.3 Hz, Me), 1.15-1.39 (22H, m, 11 CH,), 1.39-1.52 (4H, m, -CH,-
CH(OH)-CHy-), 1.52-1.69 (3H, t+m, 3J(H,H) = 7.2 Hz, -CH,-CH,-COOMe, -CH-OH), 2.30 (2H, t, *J(H,H) = 7.5 Hz, -CH,-

CO,Me), 3.58 (1H, m, >CH-OH), 3.66 (3H, s, -CO,Me).

13C-NMR (75 MHz, CDCly): & = 14.25, 22.82, 25.09, 25.76, 25.81, 29.27, 29.33, 29.43, 29.55, 29.75, 29.76, 29.87,
32.04, 34.26, 37.62, 37.67, 51.59, 72.16, 174.47.

[a]?° =-1.0 ° (c = 0.35 in CHCl3)

Compound 2g: 10-hydroxy stearic acid acid ethyl ester

IH-NMR (300 MHz, CDCl3): 5 = 0.87 (3H, t, 23J(H,H) = 6.0 Hz, Me), 1.15-1.39 (25H, m, -CO,CH-Me, 11 CH,), 1.40-1.50
(4H, m, -CHo-CH(OH)-CH"), 1.51-1.68 (3H, t+m, *J(H,H) = 6.8 Hz, -CH,-CH,-CO,Et, -CH-OH), 2.28 (2H, t, *J(H,H) = 7.5

Hz, -CH,-CO,Et), 3.58 (1H, m, >CH-OH), 4.12 (2H, t, 3J(H,H) = 7.1 Hz, -CO,CH,-Me).

13C-NMR (75 MHz, CDClg): & = 14.24, 14.40, 22.82, 25.11, 25.76, 25.81, 29.26, 29.34, 29.43, 29.55, 29.74, 29.77,
29.87, 32.03, 34.53, 37.62, 37.67, 60.30, 72.15, 174.04.

[@]¥ =-0.7 ° (c = 0.3 in CHCly)

Compound 2h: 10-hydroxy stearic acid acid i-propyl ester

1H-NMR (300 MHz, CDCls): & = 0.88 (3H, t, 2J(H,H) = 6.6 Hz, Me), 1.12-1.37 (28H, m, 11 CH,, -CO,CHMe,), 1.37-1.48
(4H, m, -CH>-CH(OH)-CHy-), 1.50-1.67 (3H, m, -CH»-CH,-CO,CHMe;, -CH-OH), 2.25 (2H, t, 3J(H,H) = 7.4 Hz, -CH,-

CO,CHMe,), 3.58 (1H, m, >CH-OH), 5.00 (1H, p, 3J(H,H) = 6.4 Hz, -CO,CHMe,).

13C-NMR (75 MHz, CDCly): & = 14.25, 22.01 (-CO,CHMe;), 22.82, 25.18, 25.77, 25.81, 29.24, 29.35, 29.43, 29.57,
29.75, 29.78, 29.87, 32.04, 34.87, 37.63, 37.67, 67.48, 72.17, 173.59.

[a)3° =-3.1° (c = 0.1in CHCI3)

Compound 2i: 10-hydroxy stearic acid acid n-propyl ester

'H-NMR (300 MHz, CDCls): 5 = 0.88 (3H, t, 23J(H,H) = 6.3 Hz, Me), 0.94 (3H, t, 3J(H,H) = 7.4 Hz, -CO,CH,CH;Me), 1.15-
1.38 (22H, m, 11 CH,), 1.38-1.48 (4H, m, -CH,-CH(OH)-CH,-), 1.48-1.67 (3H, m, -CH,-CH,-CO,CH,CH;Me, -CH-OH),
1.65 (2H, sextet, 3J(H,H) = 7.1 Hz, -CO,CH,CH,Me), 2.29 (2H, t, 3J(H,H) = 7.5 Hz, -CH,-CO,CH,CH,Me), 3.58 (1H, m,
>CH-OH), 4.02 (2H, t, 3J(H,H) = 6.6 Hz, -CO,CH,CH,Me).

13C-NMR (75 MHz, CDClg): & = 10.55, 14.25, 22.17, 22.82, 25.16, 25.77, 25.81, 29.28, 29.35, 29.43, 29.56, 29.75,
29.77,29.87, 32.04, 34.54, 37.62, 37.67, 65.98, 72.17, 174.16.

[a]?° =-1.5° (c = 0.15 in CHCl3)
Compound 2j: 10-hydroxy stearic acid acid n-butyl ester
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H-NMR (300 MHz, CDCl3): & = 0.88 (3H, t, 3J(H,H) = 6.6 Hz, Me), 0.93 (3H, t, 3J(H,H) = 7.4 Hz, -CO,CH,CH,CH,Me),
1.18-1.36 (22H, m, 11 CH,), 1.36-1.47 (6H, m, -CH,-CH(OH)-CH,-, -CO,CH,CH,CH,Me), 1.50-1.67 (5H, m, -CH,-CHa-
CO,CH,CH,CH;Me, -CO,CH,CH,CH;Me, -CH-OH), 2.29 (2H, t, 3J(H,H) = 7.4 Hz, -CH,-CO,CH,CH,CH,Me), 3.58 (1H,
m, >CH-OH), 4.07 (2H, t, 3J(H,H) = 6.5 Hz, -CO,CH,CH,CH,Me).

13C-NMR (75 MHz, CDCl3): & = 13.86, 14.25, 19.31, 22.83, 25.16, 25.77, 25.81, 29.28, 29.35, 29.43, 29.56, 29.75,
29.78, 29.87, 30.87, 32.04, 34.55, 37.62, 37.67, 64.26, 72.17, 174.15.

[a]?’ =-5.1 (c = 0.1 in CHCIy)

NMR spectra of reaction products
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Figure S17. *H-NMR (300MHz, CDCls) of 2e.
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Figure S18. *C-NMR (75MHz, CDCls) of 2e.
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Figure S28. 3C-NMR (75MHz, CDCls) of 2j.
Amino acid sequence alignment
To support our selection of amino acid residues involved in substrate binding in OhyA, we performed alignments of the
OhyA protein sequence with all sequences of HFam11 in the HyED (Figure S29).F! The high degree of conservation of

GIn265, Thr436, Asn438 and His442 is highlighted by the red boxes, and perfectly in line with our docking and site-
directed mutagenesis analyses.?
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Consensus IIIIII!IIII' !-II- lilIIIIIIII!IIIIII'II!IIII_
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IIIIII-::--II____
ktvt ggdgke

giitevd

274 278 280 282 234 286 288 290 292 294 298 300 30: 308 310 312 314 316 318 320 322 32 38 330 332 334 336 3 342 344 346 34 350 382 385
D|238|Elizabethkingiameningoseptica 2575 LVFPRKYNQFDTFVKP LRNF LKEKGVTIELNT LVKD LDIHVNTEG - - - - - KVVEGIITEQDG-------- KEVKIPVREND Yazs
28113 |taxonID|236| Elizabethkingiameningesept 257 S LV F P KY QDT FVT P LRKFLQEKGVNIHLNTLVKDLDIHINTEG- - - - - KVVEGIITEQDG - - - - - - -~ KEVKIPVGKNDYazs
38|Elizabethkingiameningossptica 257 S LVFPKYNQF DT FVTPLRKFLQEKGUNIHLNTLVKDLDIHINTEG- - - - - KVVEGIITEQDG- --- - -~ - KEVKIPVGKNDY326
408|Methylobacteriumextorquens 245 ALVFPKYNQfDSFVRPLVNHLMARGUTVRFGVRAYDLAMSVDGDA- - - - - RTVUTGIHVKT -KG- -~ - -~ - KEDVIPVESRDV31E
408|Methylobacteriumextorquens 245 ALVFPKYNQfDSFVRPLVNHLMARGVTVRFGVRAYDLAMSVDGDA- - - - - RTVTGIHVKT -KG-- - - - - - KEDVIPVESRDV3S
408|Methylobacteriumextorquens 243 ALVFPKYNQFDSFVRPLVNHLMARGVTVRFGVRAYDLAMSVDGDA- - - - - RTVTGIHVKT -KG--- - -~ - KEAVIPVESRDV3s
408|Methylobacteriumextorquens 243ALVFPKYNQFDSFVRPLVNHLMARGVTVRFGVRAYDLAMSVDGDA- - - - - RTVTGIHVKT -KG------ - KEDVIPVESRDV3E
374|Bradyrhizobium 250 ALVFPKYNQFDSFVRPLMTHLRERGVKVQFDTRAYDLDMTTDGEA- - - - - RTVTGIKAKV-GG--- - -~ - ADTTIAVGPKD L3193
40324]Stenotrophomonasmaltophilis 253 ALVFPKYNQFESFVVPLSRMLRAQGVNVQFDTRVHDLEMAVDGQS - - - - - RTUTALRCRV-AG=-=--+ -~ - NETTLPVAAGD L322
13630ISphingabiumyanoikuyae 255 ALVFPKYNQFDSFVRPLSKLLRDKGVQIRFDTQVRDMRMRLEGDR - - - - - RTVTDLLCRI-DG------ - QEDSIAIGPRD L324
136501Sphingabiumyanoikuyae 255 ALVFPKYNQFDSFVRPLSKLLRDKGVQIRFDTQVRDMRMRLEGDR - - - - - RTVTDLLCRI-DG------ - REDSIAVGPRD Laz4
SlAcinetobacter 257 ALVFPKYNQHDTFVKPLGQY LKKKGVTLQLNTLVKDVEIEQKGQE- - - - - SIAKSLLIEKDG-------- KEQKIDLTEND Faze
13690|Sphingobiumyanoikuyae 255 ALVFPKYNQFDSFVRPLSKLLRDKGVQIRFDTQVRDMRMRLEGDR - - - - - RTVTDLLCRI-GG--- - -~ - QEDSIAIGPRD L324
135577 |idiomsrinsloihiensis 255w LLFEKYNQf DT FIKPLTNFLREKGVKFTFEARVDDLDMSFTGDN- - - = - KTUTGIQAVVKG- ===+~ - EEQYIEVGKND L32a
8950| Acinetobscterursingii 257 ALVFPKYNQHDT FYKTLGQY LKKKGVTLOLNTLVKDVETEQKGKE- - - - - SIAKSLLIEKDG:-------- KEQKIDLTEND Fazs
1230476 |Bradyrhizobiumsp.DFCI-1 246 ALIFPKYNQFDSFVRPLVTHLRERGVKVQFDTRAYDLDIKVEGAT - - - - - RTVTAIKAKV-NG------ - ADSTISIGPKDLat7
553151 |Pseudomenaspelagis 255V LVFPKYNQFDTFIKPLANMLRDKGVSYVQLGTRVYDLDMTLSAGQ- - - - - KTVTGLRCVVAG- -~ -~~~ - EEQRIDVADGD L32s
216778|Stenotrophomenasrhizophila 253ALVFPKYNQFESFVVPLARMLRAQGVQIQFDTRVHDLEMAVDGDA- - - - - RTVTAIRCKV-GG------ - REDRIAVGEGD L322
184867 |Sphingomonsssp. ATCC31555 256 VVVFPKYJQFDTFVRPLTKMLREQGVCFQFDTRATDLDFAVAGEQ- - - - - RTUTGIRAVV-AG=-=- -~~~ TATVLRVAAQD L325
745310|Sphingomonassp, MM-1 247 ALVFPKYNQFDTFVRPLVTHLQERGVKVRFDTRGYDLDMAVAGDA- - - - - RTVTAIKIKE-GG------ - KDAAIPVGPKD L3ts
1144307|Sphingobiumsp.AP49 253ALVFPKYNQFDSFVRPLVDHLKARGVKVQFGTRAYDLAMRVAGDT - - - - - RIVIGIHARI-DG------ - IDQVMPVAEKDVI22
1260624 1diomarinasp.28-8 255V LVFPKYNQFDTFIKPLANMLRDQGVKFQLETRVYDLEMAESSDK- - - - - KTVTGILCAVAG- -~ -~~~ - EEQRIDVADGD L32s
366616|Haematobactermissouriensic 251 ALVFPKYNQf DT FVVPLSRHLRGLGVQIRLGVSVQDLDMEEEDGQ- - - - - RRVTGLRCTV-EG------ - GEQVIPVGPKDV320
117645 Elizsbethkingisanopheiis 257 S LVFPKYNQf DT FVTPLRKFLQEKGVNIYLNTLVKDLDIHINTEG- - - - - KVVEGIITEQDG- -~ - - - - - KEVKIPVGKNDY326
1076|Rhodopseudomonaspalustris 252 ALVFPKYNQFDSFVYVPLTRMLEGKGVKVQFGTRAYDLDMVEEAGR - - - - - RTVTAIRCKK-DG------ - KDDSIAVGPND Va2t
5370622|Aureimonassitamirensis 248 ALVFPKYNQFDSFVVPLTRLLKEKGVKVQFDTRAYDLDMIGEADK- - - - - RTVTAIRCKV-GG------ - KDETIALGPDD V317
8950|Acinetobacterursingii 257 ALVFPKYNQHDTFVKP LGQY LKKKGVTLKLNTLVKDVETEQKGQN- - - - - SFAKSLLIEKDG- ------ - KEQKIDLTEND F326
645865 |Methylobscteriumsp. ME200 265 ALVFRKYN|QFDSFVRPLVSHLQSHGUTVRFGVRAYDLTMSVDGET - - = = - RTUTGIRTRT -DG=-=- ===+ KDEVIPVEAEDVS3E
226|Pseudoalteromonashaloplanktis 247 LLVFPKYNQf DT FIKPLSDY LRKKGVKFQFDTCVHDLDMNFTDDK- - - - - KTVAGLQAITKG- ------- QKQYTIAIEPKD L3ts
1525717|Paracoccussp. 5503 243 ALVFPKYNQNDGFIKPLVRHLKDRGVTFRFGTRVTIDMSFDETDGA- - - - - RTVTALHAVV-DG------ - TPQEIAVGPRD L3is
265|Paracoccus 249 ALVFPKYNQNDGFIKPLVRHLKDRGVTFRFGTRVTDMSFDEKDGA- - - - - RTVTALHAVV-DG------ - TPQQIAVGPRDL3E
1525716Paracoccussp. 10990 245 ALVFPKYNQUDGFIKPLVRHLKDRGVTFRFGTRVTDMSFDEKDGA- - - - - RTVTALHAVV-DG--- - -~ - TPQEIAVGPRD L3ie
1076|Rhodopseudomonaspatustris 252 ALVFEKYNQFDSFVVPLTRLLKDKGVKVQFGTRAYDLDMVEEAGR - « - = = RTUTATRCKK-HG ===+~ - KDDSIAVGPKD V32t
34005|Paracoccusaminophitus 245CLVFPKYNQHDTFVKP LVDHLKKLGVOVQFATRVSDLEMTEDAGK - - - - - RSVTGILASV-NG------ - QEHRIPVDEKDV314
29448\Bradyrhizebiumelkanii 248 ALVFPKYNQFDSFVRPLVTHLRERGVKVQFDTRVHDLDIKTDGDA- - - - - RTVTAIHAKV-GG------ - ADTTIPVGPKDLat?
2448|Bradyrhizobiumelicanii 248 ALVFPKYNQFDSFVRPLVTHLRERGVKVQFDTRAHDLDIKADGDA- - - - - RTUTATHAKV-GG--- - -~ - ADTTIPVGPKD L317
20448|Bradyrhizobiumelicanii 248 ALVFPKYNQFDSFVRPLVTHLRERGVKVQFDTRVHDLDIKTDGDA- - - - - RTVUTATHAKV-GG--- - -~ - ADTTIPVGP
28448\Bradyrhizobiumelkanii 208 ALVFEKYNQFDSFVRPLVTHLRERGVKVQFDTRAHDLDIKVDGDA=- - - = = RTVUTATHAKV -GG ===+ -~ - ADTTIRVGE
356|Rhizobiales 252 ALVFPKYNQFDSFVVPLIRLLKEKGVKVQFDTRAYDLDMTEAEGK- - - - - RTVTAIRCKV-DG------ - RDEVIDLGP
1208321 |Marinomenasprofundimaris 255 ALVFPKYNQFDTFIKPLANLLREKGVTFQFGTRVHDLDINFSGDK- - - - - KTVIGIHAKVTK-DGIE---DAKHIPVGL
207549 |Bermaneilamarisrubri 250 ALVFPKYNQFETFVEP LTKMLKEQGUNFIRNQRICDLEIQDNTDA- - - - - KTITGLITAT - =~~~ -~~~ -- GEVLAVDE
1076|Rhodopseudomonaspatustris 252 ALVFRKYNQFDSFYVRLTRLLKEKGVKIQFGVRAYDLDMVEKAGR - « = = = RTUTAIRCKK-AG=-=-=+-=- - QNDSIAVGRNDV32L
257440 |Pleomorphomonaskoreensis 245 ALVFPKYNQfDSFVRPLIDHLRQRGVKVQFNTRVYDLEMRVAGDT - - - - - YTVTAIRAELI-GG- - - - -~ - KDETITVGPNDV317
265 Comamonastestasterani 255 ALVFPKYNQfDSFVVPLARMLQEQGVRVQFDTRAHELDMREDEGS - - - - - RTVTAIRCKV-AG------- REESITVGSDD 323
265|Comamonastestosteroni 254 ALVFPKYNQfDSFVVPLARMLQEQGVRVQFDTRAHELDMREDEGS - - - - - RTVTAIRCKV-AG------- REESITVGSDD a2z
285 Comamenastestosteroni 25a ALVFPKYNQfDSFVVPLARMLQEQGVRVQFDTRAHELDMREDEGS - - - - - RTVTAIRCKV-AG------ - REESITVGSDD V323
1317124 Thioclavasp. 1302W-2 250 ALVFRRYNQFETFILPLVNWLKARGYNFRYDTRVTDLEMTERGGQ- - - - - RTUTATHAEV-DG=-=- -+ -~ - TAQVIPVGDGD L313
5324|Enhydrobacteraerosaccuslob|EEV22910.1 255 T LLFARYfQf DS FVVPAQKFLINKGVKLQSDTLVTAVDFEQQGDK- - - - - KIVKGLTAIQQG - -- - - -~ - QQVHIPVRDND F324
1280946 |Hyphomonasberingensis 255 ALVFPKYNQFDTFIKPLADMLRQKGVRFQFDTRVQDLELSEADGR- - - - - RTVTGIVCTVSG- ------ - QPQRLEVGDTD L324
DI1434011|Komagatasibacter 252 TLVFPKYNQFDSFVVPLARLLQDKGVKIQFNTRVHDVDLQIRGDE- - - - - KTVTGLRAMV-DG-- - - - - - QETTIPVHPND La2:
D|442|Gluconobacteroxydans 252 T LVFPKYNQfDSFVVPLARLLRDKGVKIQFNTRVHDVDLQIRGDE - - - - - KTVTGLRAMV-DG- - - - - - - QETTIPVHPND L321
1055192|Comamonassp. 55 247 ALVFEKYNQFDSFYVPLTRMLKDKGVKVQFNTRAYDLDMREEAGS - « = = = RTUTAIRCKS-AG=-=- -+~ - QEVQIDVGRHDV3IS
269 ALVFPKYNQFDTFVRP LVAHLAERGVRMQLRTRVYDLEMTEEGDT - - - - - RTVTATKAKI-DG------ - KESI1LPVGAKD V338
181029 |Hyphomenasadhaerens 255ALVFPKYNQFDTFIKPLADMLRQKGVRFQFDTRVQDLELSEADGR- - - - - KTVTGIVCTVSG- ------ - QPQRLEVGDTD L324
635204 |taxonID| 400666 | Marinomenassp.MWYL 255 A LV FP KY JQFDTFIKP LADMLREKGVT FQFGTRVEDLDINFSGDK- - - - - KTVUTGIRAVVIK-EGKE---EAKHIHVGLGD L32e
69791|Mesoniamobilis 257CLVFPKYNQf DT FITPLRKHLESKGVQIQLNTLVKDLDIHSNIHG- - - - - KVVEGIVTEQDG- --- - -~ - KEVRIPIGKDDY326
643451 |sphinaobacteriumsp. Aa1 257 S LVFRKY DTFVTPLRKVLOSKGUNIRFNVLVKDLDIOSNTDG-: -z~ KVVEALITEODG: ---:-:- KEVKIPVGKED Fazs
6345|Flavobacteriumpsychrophilum 257CLIFPKYNQF DT FVKPLTEH LKSKGVKIQFDTLVKDLDIQINSEG- - - - - KIVKGIITKQNN--- - --- - KEVVIPVTKND Yazs
211Sulfurospirillummultivorans 260 ALVFPKYNQFDTFIAPLRKLLQEKGVQFQFDTLVEDLEITMTHNE - - - - - KIVENIVTIHNE -------- TSSKIAVGRDD Y323
6345|Flavobacteriumpsychrophilum 257CLIFPKYNQf DT FVKP LTEHLKSKGVKIQFDTLVKDLDIQINSEG- - - - - KIVKGIITKQNN- -~~~ - KEVVIPVTKNDY326
233850|Chryseobacteriumsp.JM1 257 CLVFRKYNQFDTY VTR LKNFLVEKGVQIQFNTLVKDLDIHINTEG- - - = - KTVEGIITEQDG- ------ - KEVKIPVGKEDY32s
59141|Halomonassp. TDO1 2625 LVFPKYNQFDSFVRP LMSWLKDQGVKVEYDTVVENLDMETLEGG- - - -RRTVTTIQCHGSN - - - - - - - - GGKTIPVGPRD L33z
91 |Flavobacteriumhydatis 257 SLVFPKYNQFDTFVTPLRKFLQEKGVSIQFNTLINDLDIHINTDG- - - - - KVVKGIITEKDG- ------ - KEVTIPVEKDD Y326
88905 Oleispiraantarctica 237G LVFPKYNQFDSFVLP LLNWLKNKGVKYVQTGT I ISDVDMSIH-DD----AMTSTAIRCRTQD - -~ -~~~ - GDYDIPLEPKD L30s
731540|tsx0nIDI696738 [OleispiraantarcticsRB~ 262 G LV F e KY QDS FVLP LLNWLKNKGVKVQTGT I ISDVDMSIH-DD-++--AMTSTAIRCRTQD ==~~~ - GDYDIFLERKDL33L
45285|Flavihumibacterpetaseus 257 CLVFPKYNQFDNFVVPLRNY LQSKGVKIDLNT LVKDLGLHSNTDG- - - - - KMVOSTITEKDG- ------ - KETSIPI1AKGD Fazs
782201Chryseobacteriumsp.StRE126 257 CLVFPKYNQFDTFVTPLKNFLVEKGVQIQFDTLVKDLDVHINTEG- - - - - KTVEGIITEQNG- - - - - - - - EEVRIPISKDDY326
32346|Halomenasalkeatiantarctica 2625 LVFPKYNQFDSFVRP LMSWLKDQGVKIEYDTVVENLGMETQEGG- - - -SRTVTTIQCHGSN - - - - - - - - GGKAITVGPRD L332
6022|Flavobacteriumsp. JRM 257 S LVFRKYN|Qf DT FUTRLRKFLQEKGVSIQFNTLINDLDIHINTDG- - - - - KVVUKGIITEKDG - ==+ ==+ KEVIIPVEKDDY32s
47|Empedobacterbrevis 257 S LVFPKYNQf DT FVTPLGKWLKEKGVKIQLNTLVKDLDILVNTEG- - - - - KVVKGIITEQDG - -- - - -~ - KDII1IPVTPNDY326
43874|Empedobacterfalsenii 257 S LVFPKYNQ DT FVTPLGKWLKEKGVKIQLNTLVKDLDLLINTEG- - - - - KVVKGIITEQDG------- - QDVIIPVTPNDY32s
13554|Halomonascampaniensis 2625 LVFPKYNQfDSFVRP LMNWLQDQGVNIQYDTVVENLDMDTQDG - - - - - CRTVTALQCRGSD - -~ -~~~ - GDKSIPIGTRD L33t
183151 |Myroidesinjenensis 256 ALVFPKYNQF DT FVKP LQNY LKSKGVKVQFDTLVKDIDLHVDTSG- - - - - KVVEGIITEQNG- -~ - -~ - KDVKIAVGQDDY32s
268027 |Arcticibactersvalbardensis 257CLVFPKYlQf DTY VTP LRKFLQSKGVKIELNTIVRDLDIHIDTEG- - - - - KVVEGI FAERKG- - - - - - - - KELKIAVGKDDY326
38|Elizabethkingiameningossptica 257 SLVFPKYNQ DT FVTPLRKFLQEKGVNIHLNTLVKDLDIHINTEG- - - - - KVVEGIITEQDG------- - KEVKIPVGKNDYazs
24|gi| 380877058| polb | 4UTR(A,B) |taxonID|238]E 257 S LV FP KY JQF DT FYTP LRKFLQEKGVNIHLNTLVKDLDIHINTEG- - - - - KVVEGIITEQDG- --- - -~ - KEVKIPVGKNDY326
6023|Flavobacteriumsp. KMS 2575 LVFPKYNQf DT FVTPLRKFLQEKGVSIQFNTLINDLDIHINTDG- - - - - KVVKGIITEKDG- -~ - - -~ - KEVIIPVEKDDY326
117645 Elizsbethkingisanopheiis 257 S LVFEKYNQF DT FUTPLRKFLQEKGYNIHLNT LVKDLDIHINTEG -« - = - KVVEGIITEQDG- ------ - KEVKIPVGKNDY328
22677 |Elizabethkingiasp. BM10 257 SLVFPKYNQ DT FVTPLRKFLQEKGVNIHLNTLVKDLDIHINTEG- - - - - KVVEGIITEQDG------- - KEVKIPVGKNDYazs
72045 Elizabethkingiamiricols 257 SLVFPKYNQFDTFVTPLRKFLQEKGVNIHLNTLVKDLDIHINTEG- - - - - KVVEGIITEQDG- - - - - - - - KEVKIPVGKND Y326
117645 |Elizabethkingizanopheiis 257 S LVFPKYNQf DT FVTPLRKFLQEKGUNIHLNTLVKDLDIHINTEG- - - - - KVVEGIITEQDG- -~ -~~~ - KEVKIPVGKNDY326
117645 Elizsbethkingissnopheiis 257 S LVFEKYNQF DT FUTPLRKFLQEKGYNIHLNT LVKDLDIHINTEG- - - = - KVVEGIITEQDG- ------ - KEVKIPVGKNDY328
500262|Chryseobacteriumsp. CF365 257 CLVFPKYNQfDTYVTPLKNFLVEKGVQIRFNTLVKDLDIHINTEG- - - - - KTVEGIITEQNG--- - - -- - EEVRIPIGKDDYazs
50|Chryseobacteriumgleum 257 CLVFPKYNQDTYVTPLKNFLVEKGVQIQFNTLVKDLDIHINTEG- - - - - KTVEGIITEQNG- - - - --- - EEVKIPISKEDY326
385985 |Sphingobacteriumpaucimobilis 257 ALVFPKYNQF DT FVTPLGRFLKDKGVGIQFKTLVKDLDIHIDTEG- - - - - KTVKGIITEQNG- -~ - - -~ - KEVTIPVREQDY326
150887 |Marinobsctermanganoxydans 2625 LVFEKYNQfDSFVRP LMNWLKDQGVNIEYDNIVTDLDMESG-DG=----TRTVKTIQCHGAD = ===« =~ GDKTFNVGARD L33t
01 1298607|Psych cMic 253 ALVFPRYNJQFDSFVMP LQNY LKDKGVQFQYDTLVTDLDIEFEHADKYVTGTKKVKATITEKAS - - -« - -~ - EQTTIPMGSND Faz7
470|taxoniD|1296610| Psychrobacterso.JCM189| 253 ALV FPRYJQFDSFVKP LQNY LKDKGVQFQYDTLVTNLDIEFEHADKVTGTKKVKAIITEKAN - - - - - - - - EQTTIPMGSND Y327
63331|Chryseobacteriumtaiwanense 257CLVFPKYNQfDTY I TP LKNY LUSKGVKIEFNTLVKDLDIHIDTEG- - - - - KTVESIITEQNG- -~ - - -~ - EEVKIPVGKEDY326
479237|Msrinobactersp.HL-58 2625 LVFRKYNQF DT FVRP LMNWLKEQGVNIQYDTVVENLEMETS -GS« -TRTVTAIQCHGSE - ==« -=~ - GDKTFNVGERD L33t
7023|Psychrofiexustorquis 257CLVFPKYlQfDSFVKPLTDHLKSKGVKIQFDTLVKDLDIQINTEG- - - - - KVVRGIITQQKD - -- - - -- - KEVKIPVTENDY326
45961|Chryseobacteriumsoli 257 CLVFPKYNQFDTFVTPLKNFLIEKGVQIQLNTLVKDLDIHINTEG- - - - - KTVEGIITEQDG------- - KEVKIPVGKEDY326
76470|Olivibactersitiensis 2575 LI FPKYNQF DT FVTPLGRWLKEKGVKIQLNTLVKDLDMLINADG- - - - - KVVKGIITEQDG- -~ - - -~ - KEVVIPVSEND F326
9600| Cellulophagazlgicola 257CLVFPKYNQHDTFVKP LTDHLKSKGVKIQFNTFVKDLEVQINTEG- - - - - KVVKGIITQQED- -~ - - -~ - KEVTIAVTEND F326
6851|Myroides 257 ALVFPRYNQF DT FVAP LRNHLTELGVQIRLDTLVHDVDLHSTTAG- - - - - KLVKGLLVNQGG - - - - - -~ - QETRIEMNEQD Fazs
480|Ghryseobacteriumvrystaatense 257 CLVFPKYNQfDTYVTPLKNFLVEKGVQIEFNTLVKDLDIHINTEG- - - - - KTVEGIITEQDG - ------ - KEVKIPIGKEDYazs
6832|Myroidesodoratimimus 257 ALVFPRYNQFDTFVTPLRKYLQELGVKISLDTLVKDLDIQSNAGG- - - - - KIVHALITEQKG - - - - - - - - IETRIPITAND Faze
52|Flavobacteriumhibernum 257CLVFPKYNQf DT FVTPLRKFLQSKGVQIELNTLVKDLVLHSNTDG- - - - - KIVESILINRDG- -~ -~~~ - KDDKIAVGKDNY326
670|Marinobacterexcellens 2625 LVFEKY|QfDGFVRP LMSWLKDQGVNIQYDTVVENLEMTTS-GD----TRTVTAIQCHGSE - ===~~~ GDKTFNVGDRD L33t
02113INevosphingobiumsp.PPLY 255 TLVFPKYJQFDSFVRPLSKMLRDKGVKVRYDVQVRNLRLEIVGDK- - - - - KTVTGLVCRTREG--- - - - - VEEVTDVDARD L32s
076|Rhodopseudomonaspalustris 250 ALVFPKYNQFDSFVVPLVRMLKDKGVKVQFDTRAYDLDMVEQDGE - - - - - RIVTAIRCKV-GG------- NSESIAVGENDM33
352021gi]735022192|taxonID| 1206458|Novosp. 252 ALV FP KY JQF DS FVVP LINLLKAKGVKVQFNTRAYDLAMTEGDGE - - - - - RTVTEILCKV-GD------ - KDETIPLGPDD V321
742|Marinobactersantoriniensis 2625 LVFEKYNQF DS FVRP LMNWLKEQGVRIEYDTVVYSDLEMHTE - NG=- -+ -RRTVTGIQCHTGS - = ===~ =« GDKTIRVGKND L33t
50758|Marinobactersp. 85520148 262 ALVFPKYNQfDSFVRPLMGWLIAQGVNVQYDTVVRDLEMDIR-GE----5S5KTTTAILCRTTD - ------- GEKTIKVRPRD L33t
87493I Thalessolituusoleiverans 255 ALVFPKYNQFDTFIKPLTNFLREKGVVFKFNTCIHDLDIKFSSEK- - - - - KVVTAIHGVVTIKKGKEDEKEDLRIDVEAED L332
1475|Frateuriaaurantia 251 ALVFPKYNQFDSFVVPLMRMLEQEGVRTQFDTHVRDLAFSEVGGQ- - - - - RTUTATHCKL-QG-- -~~~ - RDEVIRLGKDD V320
7125410chrobactrumrhizosphaerae 252 ALVFEKYNQfDSFVVRLTRLLKEKGVQVRFGTRAYDLDMSESAGK -« - = = RTUTGIRCKV-AG=-=- -+ -~ - EDEMIALGPDD V32t
0324|Stenotrophomonasmaltophilia 250 ALVFPKYJQFESFVKPLVKMLREQGVQVTFGTRVYDLDMRVDGET - - - - - RTVTGLRCRV-EG---- -~ - NDTLLPVAQGD L3is
0324|Stenctrophemonasmaltophilia 243ALVFPKYNQFESFVKPLVKMLREQGVQVTFGTRVYDLDMRVEGET - - - - - RTVIGLRCRV-EG------ - NDTLLPVAQGD Lziz
36476|Marinomonasposidonica 255 ALVFPKYNQFDTFIKPLSDY LRQQGVQFQFATRVVDLDMQITEDQ- - - - - KIVTGIQAMVREND----QEQPLTIAVNHQD L32e
85|Comamonastestosteroni 205 ALVFRKYNQfDSFYVPLARMLQEQGVRVQFDTRAHE LDMREEEGS -« - = - RTUTATRCKV-AS=-=-=+-=- REETITVGSDDV3IS
076|Rhodopseudomonaspalustris 252 ALVFPKYNQfDSFVVPLTRLLKEKGVKVQFGTRAYDLAMVEEGGR - - - - - RTVTAIRCKK-DG--- - -~ - KDDSIAIGPKDV3zt
08|Methylobacteriumentorquens 243ALVFPKYNQfFDSFVRPLVNHLMARGVTVRFGVRAYDLAMSVDGDA- - - - - RTVTGIHVKT -KG--- - -~ - KEDVIPVENRDV3S
980|Acinetobacterursingii 257 ALVFPKYNQHDTFVKP LGQY LKKKGVTLQLNTLVKDVETEQKGQN- - - - - SFAKSLLIEKDG- ------ - KEQKIDLTEND F326
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elsuNdPysgktvtGGiitftDSnWImsfTcNRQPhfpdQpdDvIVIiwvyal Imdkegnyvkkpmpectgreilaelcyhlg

D | 238|Elizabethkingiameningoseptica 407 EY SGKTVTGGIITITDSNWLMSTANRQAHFPEQPDDI LVLWVYALFMDKEGNYIKKTMPECTGDEI LAELCHHLG4ss
2 | I ! 407 EYSVNDPYSGKTVTGGIITITDSNWLMSATHENRQAHFPEQPDDVLVLWVYALFMDKEGNY IKKTMPECTGDEI LAELCYHLG48s
38|Elizabethkingiameningoseptica 407 EYSVNDPYSGKTVTGGIITITDSNWLMSTHNRQAHFPEQPDDVLVLWVYALFMDKEGNYIKKTMPECTGDEI LAELCYHLG4ss
408|Methylobacteriumextorquens S ELAVNDPYSGKTVTGGIITFTDSNWVLSYTHNRQAHFPEQPQDVLVLWAYALLMDKDGNHVRKPMPACTGRE H
408|Methylobacteriumextorquens 233 ELAVNDPYSGKTVTGGIITFTDSNWVLSYTHNRQAHFPEQPKDVLVLWAYALLMDKDGNHVRKPMPACTGRE H
408|Methylobacteriumextorquens 339 ELAVNDPYSGKTVTGGIITFTDSNWVLSYTHNRQAHFPEQPKDVLVLWAYALLMDKDGNHVRKPMPACTGRE H
408|Methylobacteriumextorquens 233 ELAVNDPYSGKTVTGGIITFTDSNWVLSYTHNRQAHFPEQPKDVLVLWAYALLMDKDGNHVRKPMPACTGRE H
374\Bradyrhizobium 400ELSVNDPYSGKTVTGGIITFTDSNWMMSTHENRQAHFPTQPKDVLVVWVYALLMDKPGNYVKKPMPACTGRE H
40324]Stenotrophomonasmeltophilia 403 TLSVNDPYSGRTVTGGVITITOSNWYLS fTHNRQAHFVDQP KDV LY VWY YALLMDQDGNHIKKPMPACTGRE H
136901Sphingobiumyanoikuyae 405QLSVNDPYSGRTVTGGVITFTDSNWVMSATHENRQAHFPDQPGDVLVLWVYALLMDKDGNHVKKPMPACTGRE H
13690|Sphingobiumyanoikuyse 405QLSVNDPYSGRTVTGGVITFTDSNWwYMS fTHNRQAHFPDQPGDVLYLWYYALLMDKDGNHYKKPMPACTGRE H
SlAcinetobacter 407 EYAVNDPYSGKTVTGGIITITDSNWLMSATHENRQAHFPDQPDDVLVLWVYALFMDKQGNYVKKTMPECTGNE H
13690|Sphingobiumyanoikuyze 205QLSVNDPYSGRTVTGGVITFTDSNWYMS fTHNRQAHFPDQPGDVLVLWYYALLMDKDGNHYKKPMPACTGRE H
135577|Idiomarinaloihiensis 405 TLSVNNPYSGRTVTGGIVTFTDSNWLLSYTHNRQAHFPDQPDDTLVLWVYGLLMDKQGNRINKTMPECTGKE H
8980| Acinetobacterursingii 207 EYAVNDPYSGKTVTGGIITITOSNWLMS fTHNRQAHFPEQPDDVLVLWYYALFMDKQGNYVKKTMPECTGNE H
1230476|Bradyrhizobiumsp.DFCI-1 3B ELSVNDPYSGKTVTGGIITFTDSNWVLSHATHENRQAHFPTOQPKDVLVVWVYALLMDKEGNYVKKPMPACTGRE H
553151 |Pseudomenaspelagia 40SELSVNDPYSGRTVTGGIITFTDSNWFLSYTENRQAHFPEQPDDTLVIWVYGLLMDKDGNFVKKPMPQCTGKE H
216778|Stenotrophomonasrhizophila 403 SLSVNDPYSGRTVTGGVITITDSNWVLSHTHENRQAHFVDQPRDVLVVWVYALLMDOQDGNHIKKPMPACTGRE H
194867|Sphingomonassp.ATCC31555 406 ALAVNDPYSGRTVTGGIITFTDSKWLLSYTHNRQAHFPDQPEDVLVLWAYALRMDVAGDKVAKAMPDCTGRE H
745310|Sphingomonassp. MM-1 337 ELSVNDPYSGKTVTGGVITFTDSNWVLSATHENRQAHFPTQPRDVLVVWVYALLMDKEGNHVKKPMPACTGRE H
1144307 |Sphingobiumsp.AP49 402QLSVNDPYSGRTVTGGIITFTDSNWVLSYTHNRQAHFPDQPKDVLVLWVYALLMDKDGNRVAKPMPACTGRE H
1260624|Idiomarinasp.28-8 40SELSVNDPYSGRTVTGGIITFTDSNWFLSYTENRQAHFPGQPEDTLVVWVYGLLMDKDGNFVKKPMPQCTGKE H
366616|Haematobactermissouriensis 401 ELSVNDPYSGKTVTGGVITFTDSNWVLSATHNRQAHFPDQPKDVLVLWVYALLMDKDGNHIKKPMPQCTGRE H
117645|Elizabethkingiaanophelis 407 EYSVNDPYSGKTVTGGIITITDSNWLMSATHNRQAHFPEQPDDVLVLWVYALFIDKEGNYIKKTMPECTGDE H
1076|Rhodopseudomonaspalustris 402QLSVNDPYSGKTATGGIITFTDSNWVLSHTHENRQAHFPTQPDDVLVLWVYALLMDKDGNHVKKPMPACTGRE H
370622|Aureimonasaitamirensis 28 EVSVNDPYSGKTVTGGVITFTDSNWVLSATHNRQAHFPNQPDDVLVLWVYVYALLMDKEGNHVKKPMPACTGRE H
8980|Acinetebacterursingii 407 EYAVNDPYSGKTVTGGIITITDSNWLMSATHENRQAHFPNQPDDVLVLWVYALFMDKQGNYVKKTMPECTGNE H
648885] Methylobacteriumsp. M5200 339 ELAVNDPYSGRTVTGGIITFTDsNwyLsYTHnkQodHfFrPGorrRDVLVLWAYALLMDRDGNHYRKPMPACTGRE H
228|Pseudoalteromonashaloplanktis 337 TLSVNDPYSGRSVTGGIITITDSNWLLSYTHNRQAHFPEQPDDI LVLWVYGLLMDKKGNKIEKTMAECTGKE H
1525717|Peracoccussp. 5503 333DLSVNDPYSGRTATGGIITFTDsSswyLsYTHnkodHfroQrkDT LV VWY YAL LMDKPGDKYKKTMPECTGRE H
265|Paracoccus 333 DLSVNDPYSGRTATGGIITFTDSSWVLSYTENRQAHFPDQPKDTLVVWVYALLMDKPGDKVKKTMPECTGRE H
1525716|Paracoceussp. 10990 299D LSVNDPYSGRTATGGIITFTDsswyLsYTHNRkQdHFPDQPKDT LV VWYY AL LMDKPGDKVKKTMPECTGRE H
1076|Rhodopseudomonaspalustris 402 ELSVNDPYSGKTATGGIITFTDSNWVLSATHENRQAHFPTQPDDVLVLWVYALLMDKDGNYVKKPMPACTGRE H
34003|Paracoccusaminophilus 255 ELSVUNDPYSGKTVTGGIITFTDsNwuMsYTHNRQAHF LGQPKDVLVLWYYALLMDKDGNKVKKPMPACTGRE H
29448|Bradyrhizebiumelkanii 3B ELSVNDPYSGKTVTGGIITFTDSNWVLSHATHENRQAHFPTQPKDVLVVWVYALLMDKEGNY I KKPMPACTGRE H
29448|Bradyrhizebiumelkanii 3B ELSVNDPYSGKTVTGGIITFTDSDWVLSHATHNRQAHFPTQPKDVLVVWVYALLMDKEGNYVKKPMPACTGRE H
29448|Bradyrhizebiumelkanii 3B ELSVNDPYSGKTVTGGIITFTDSNWVLSATHNRQAHFPTQPKDVLVVWVYALLMDKEGNY IKKPMPACTGRQ H
29448|Bradyrhizebiumelkanii 3B ELSVNDPYSGKTVTGGIITFTDSNWVLSHATHNRQAHFPTQPKDVLVVWVYALLMDKEGNYVKKPMPACTGRE H
356|Rhizobiales 40z ELSVNDPYSGKTVTGGIITFTDSNWVLSYTHNRQAHFPDQPGDVLVLWVYALLMDKDGNYVKKPMPACNGRE H
1208321 |Marinomonasprofundimaris 403 TLSVNDPSSGRSVTGGIVTITDSNWLLSYTHNRQAHFPDQPDDTLVLWVYGLLMDKPGNRIQKTMAQCTGKE H
207945|Bermaneilamarisrubri 337 SLSVNDPFSGKTATGGICTITDSNWLMSYJTENRQAHFRNQPDDVLVVWVYALLMDKQGNKVHKTMPECTGKE H
1076|Rhodopseudomonaspalustris 402ELSVNDPASGKTVTGGVITFTDSNWVLSATHNRQAHFPTQPDDVLVLWVYALLMDKDGNYVQKPMPACTGRE H
257440|Plecmorphomonaskoreensis 28 ELSVNDPYSGKTVTGGIITFTDSNWVMSATHENRQAHFPNQPDDVLVVWLYALLMREDGNY I KKPMPACTGRE H
285|Comamonastestosteroni 404 ELAVNDPYSGKTVTGGIITFTDSNWVMSRTHENRQAHFPDQPDDV LWL - - - - - - - - - - - - - - oo mmm oo mm o mm s oo - o
285|Comamonastestosteroni 404 ELAVNDPYSGKTVTGGIITFTDSNWVMSATHENRQAHFPDQPDDVLVLWVYALLMDKEGNHIRKPMPACTGRE
285|Comamonastestasteroni 404 ELAVNDPYSGKTVTGGIITFTDSNWVMSATHENRQAHFPDQPDDVLVLWVYALLMDKEGNHIRKPMPACTGRE
1317124|Thioclavasp. 1302W-2 400 ELSVNDPYSGRTATGGVITFTDSGWYMSYTHNRQAHFRDQPDDVLYVLWAYGLDMDGVGDVTGKTMADCTGRE

1 1 406 KYCVNPPLSGKTVTGGIVTITDSNWLMSATHENROQAQFLDQPKDVVVIWVYGLLMDKKGNYVPKTMPECTGHE
1260946|Hyphomonasberingensis 205 TLSVNDPYSGRTVTGGIITFTDOSNWLLNYTHNRQAHFPDQPEDTLYVLWYYGLLMDQPGNHYSKTMPECTGRE
D|1434011|Komagataeibacter 402 ELSVNDPYSGKTVTGGVITFTDSNWVLSHTHENRQAHFPTQPDDVLVIWVYALLMDKEGNYVKKPMPACTGRE
D|442|Gluconobacteroxydans 202 ELSVNDPYSGKTVTGGVITFTDOSNWYLS fTHNRQAHFPTQPDDVLVIWVYALLMDKEGNYVKKPMPACTGRE
1055192|Comamonassp.B-9 337 ELSVNDPYSGKTVTGGIITFTDSNWVMSATHENRQAHFPDQPSDVLVLWVYALLMDKKGNHVAKTMPECTGRE

415ELSINDPYSGRTVTGGVITFTDOSNWILS fTHNRQAHFPDQPGDVLVLWAYALLMDKNGNRVAKPMPACTGRE

181028|Hyphomonasadhaerens 405 TLSVNDPYSGRTVTGGIITFTDSNWLLNYTHNRQAHFRDQPEDTLVLWVYGLLMDQPGNHVYGKTMSECTGRE
1835204 |taxonID|400668|Marinomonassp.MWYL 403 T LSVUNDPYSGRSVTGGIITITDSNWLLSYTHNRQAHFPDQPEDTLVLWVYGLLMDKPGNRIHKTMAQCTGKE
65791 |Mesoniamobilis 407 EYTINDPYSGKTATGGIITITDSDWLMSQHTHNRQAHFPNQPDDVLVLWVYSLYMDKEGNYVKKAMPQCTGDE
6434511Sphingobacteriumso.Aal 407 EYSVNDPYSGKTVTGGIITITDSDWLMS o PGOPDDVLVLWVYALFMDKEGNY IKKPMPOCTGDE
6345|Flavobacteriumpsychrophilum 407 EYCVNDPYSGKTATGGIVTITDSNWLMSATHENRQAHFPTQPDDI LVVWVYALYIDKPGNYVQKTMTQCTGNE
21|Sulfurospirillummultivorans 40KLSVNDPYSGKTVTGGIITITOSNWLMS fTHNRQAHFIEQPDDI LVIWLYALFMDKEGNYVKKPMPECSGDE
6345|Flavobacteriumpsychrophilum 407 EYCVNDPYSGKTATGGIVTITDSNWLMSATENRQAHFPTQPDDI LVVWVYALYIDKPGNYVQKTMTQCTGNE
233950| Chryseobacteriumsp.JM1 207 ELCVNDPYSGRTATGGIITITOSNWYMS fTHNRQAHFPTQPDDI LVVWVYSLLMDKEGNY IKKTMPECTGNE
99141 |Halomonassp.TDO1 412ELSVNDPYSGFTATGGIITFTDSSWLMSATHENRQAHFPDQPDDVIVLWTYALLMDKPGDYVKKPMPECTGKE
51 |Flavobacteriumhydatis 207 EYCVUNDPYSGKTATGGIITITOSNWLMS fTHNRQAHFPEQPDDI LVLWVYALFMDKEGNY IKKKMPQCTGDE
885908 Oleispiraantarctica 387 ELSVNDPYSGKTVSGGIITFADSNWLMSATHENRQAHFPDQPDDVIVIWVYALLMDKAGNLVKKAMPECTGKE
731540|taxoniD|§98738|OleispiraantarcticaRe- 412 E LS VNDPYSGKTVSGGIITFADSNWLMS fTHNRQAHFPDQPDDVIVIWVYALLMDKAGNLYKKAMPECTGKE
49295|Flavihumibacterpetaseus 407 ALSVNDPYSGKTVTGGIITITDSNWLMSATHENRQAHFPTQPDDI LVVWVYALYMDKEGNHVKKPMPLCTGNE
78220|Chryseobacteriumsp. StRB125 207 ELCVNDPYSGKTATGGIITITOSNWYMS fTHNRQAHFPTQPDDI LVVWVYALLMDKEGNHIKKTMPECTGNE
32346|Halomonasalkaliantarctica 42ELSVNDPYSGFTATGGIITFTDSSWLMSATHENRQAHFPDQPDDVIVLWTYALLMDKPGDYVKKPMPACTGKE
6022|Flavobacteriumsp.JRM 207 EYSVNDPYSGKTVTGGIITITOSNWLMS fTHNRQAHFPEQPDDI LVLWVYALFMDKEGNY IKKKMPQCTGDE
47|Empedobacterbrevis 407 EYSVNDPYSGKTVTGGIITITDSNWLMSQATHENRQAHFPTQPDDVLVLWVYALFMDKEGNYIKKTMPTCTGNE
43874|Empedobacterfalsenii 207 EYSVNDPYSGQTVTGGIITITOSNWLMS fTHNRQAHFPTQPDDI LVLWVYALFMDKEGNY IKKTMPTCTGNE
13554|Halomonascampaniensis 411 ELSVNDPYSGFTATGGIITFTDSSWLMSATHENRQAHFPDQPDDVIVLWTYALLMDKPGDYVKKPMPECTGKE
185151 |Myroidesinjenensis 206 EYAVNDPYSGRTVTGGIITITOSNWLMS fTHNRQAHFPTQPDDVLVLWVYYALFMDKEGNY IKKVMPECTGEE
288027|Arcticibactersvalbardensis 407 ELCVNDPYSGRTATGGIITITDSNWLMSATHENROQAHFLNQPEDVLVLWVYSLFMNKEGNYIKKTMPQCTGNE
38| Elizabethkingiemeningoseptica 207 EYSVNDPYSGKTVTGGIITITOSNWLMS fTHNRQAHFPEQPDDVLVLWYYALFMDKEGNY IKKTMPECTGDE
24|gi|380877058|pdb|4UIR(A,B) ltaxonID|238|E 407 EY SVNDPYSGKTVTGGIITITDSNWLMS A THNRQAHFPEQPDDVLVLWVYALFMDKEGNYIKKTMLECTGDE
6023|Flavobacteriumsp. KiMS 207 EYSVNDPYSGKTVTGGIITITOSNWLMS fTHNRQAHFPEQPDDI LVLWVYALFMDKEGNY IKKKMPQCTGDE
117645|Elizabethkingiaanophelis 407 EYSVNDPYSGKTVTGGIITITDSNWLMSATHENRQAHFPEQPDDVLVLWVYALFMDKEGNYIKKTMPECTGDE
22877|Elizabethkingiasp. BM10 207 EYSVNDPYSRKTVTGGIITVTDSNWLMS fTHNRQAHFPEQPDDVLVLWYYALFMDKEGNY IKKTMPECTGDE
72045|Elizabsthkingiamiricola 407 EYSVNDPYSGKTVTGGIITITDSNWLMSATHENRQAHFPEQPDDVLVLWVYALFMDKEGNYIKKTMPECTGDE
117645|Eifzabethkingiaanophelis 207 EYSVNDPYSGKTVTGGIITITOSNWLMS fTHNRQAHFPEQPDDVLVLWYYALFIDKEGNY IKKTMPECTGDE
117645|Elizabethkingiaanophelis 407 EYSVNDPYSGKTVTGGIITITDSNWLMSATHENRQAHFPEQPDDVLVLWVYALFMDKEGNYIKKTMPECTGDE
500282| Chryseobacteriumsp. CF385 207 ELCVNDPYSGRTATGGIITITDOSNWYMS fTHNRQAHFPTQPDDI LVVWVYALLMDKEGNY IKKPMPQCTGNE
50|Chrysecbacteriumgleum 407 ELCVNDPYSGRTATGGIITITDSNWVMSATHENRQAHFPTQPDDI LVVWVYALLMDKEGNY IKKTMPQCTGNE
3859851 sphingobacteriumpaucimobilis 207 EYAVNDPYSGKTVTGGIITVTDSNWLMS fTHNRQAHFPEQPDDVLVLWYYALFMDKKGDYVRKTMPECTGNE
150997|Marinobactermanganoxydans 411 ELSVNDPYSGFTATGGIVTFTDSAWLMSATHENRQAHFPDQPDDVIVLWTYALLMDKPGDYVNKTMPECTGKE
01630|taxonID| 1295607 |Psychrobactersp.JCM1: 402 TLSVNDPYMGKTVTGGIITITDSNWLMS fTHNRQAHFPDQP KD T LVVWLYALFMDKEGNYVKKPIPECTGKE
470|taxonlD|1298610|Psychrobactersp.JCM189 408 TLSVNDPYTGKTVTGGIITITDSNWLMS fTHNRQAHFPDQPKDTLYVWLYALFMDKEGNYVKKPIPECTGKE
63331|Chryseobacteriumtaiwanense 207 ELSVNDPYSGKTVTGGIITITOSNWYMS fTHNRQAHFPTQPDDI LVIWVYALLMDKEGNYVKKTMPECTGDE
479237|Marinobactersp.HL-58 411 ELSVNDPYSGFTATGGIITFTDSAWLMSATHENRQAHFPDQPDDVIVLWTYALLMDKPGDYVKKPMPECTGKE
7029|Psychroflexustorquis 407 EYCVUNDPYSGKAATGGIVSITOSNWLMS fTHNRQAHFPEQHDDVLVIWVYALFMNKDGNYNKKTMPQSTGNE
45961|Chryseobacteriumsali 407 ELCVNDPYSGKTATGGIITVTDSNWVMSATHENRQAHFPTQPDDI LVVWVYALLMDKEGNYIKKTMPECTGDE
76470]Olivibactersitiensis 207 EYSVNDPYSGKTVTGGIITITOSNWLMS fTHNRQAHFPTQPDDVLVLWYYALFMDKEGNY IKKTMPACTGNE
9600|Cellulaphagaaigicola 407 EYCVNDPYSGKSATGGIVTITDSNWLMSATENRQAHFPEQPDDI LVIWVYALFMDKNGNYSKKTMPQCTGNE
6831|Myroides 207 EYAVNDPYSGKTVTGGIITITDOSNWLMS fTHNRQAHFPTQPDDI LVLWVYALFMDKDGNYVKKTMPACTGNE
480|Chryseocbacteriumvrystaatense 407 ELCVNDPYSGRTATGGIITITDSNWVMSATHENRQAHFPTQPDDI LVVWVYSLLMDKEGNYIKKTMPECTGNE
6832|Myroidesodoratimimus 407 GYAVNDPYSGKTVSGGIITITOSNWLMS fTHNRQAHFPTQPDDVLYLWYYALFMDKKGNHIKKTMPECTGNE
52|Flavobacteriumhibernum 407 ELCVNDPYSGKTATGGIVTISDSNWLMSATHENRQAHFPEQPDDI LVIWVYALFMDKEGDYVKKTMPQCTGNE
670|Marinobacterexcellens 41ELSVNDPYSGFTATGGIITFIDSsWLMS fTHNRQAHFPDQPDDVIVLWTYALLMDKPGDYVKKTMPECTGRE
02113INovosphingobiumsp.PP1Y 406 ELSVNDPYSGRTVTGGIITFTDSAWLLSNTHNRQAHFPTQPSDTLVLWVYGLFMDKNGDYVKKPMPQCTGKE
076|Rhodopseudomonaspelustris 400QLSVNDPYSGKTVTGGVITFTDSNWwYMS fTHNRQAHFPTQPDDVLYLWYYALLMDKDGNYVKKPMPACTGRE
352021|gil 735022192|taxonlD]1206458|Novosp. 402 EL SVNDPYSGKTVTGGIITFTDSNWVMSYTHNRQAHFPTQPDDVLVYLWVYALLMDKDGNYVKKPMPACTGRE
742|Marinobactersantoriniensis 41 ELSVNDPYSGFTATGGIVTLTDSAWLMS {THNRQAHFPDQPDDVIVLWYYALLIDKPGDYVKKPMPECTGKE
80759|Marinobactersp.B5s20148 42ELAVNDPYSGKTVTGGVVTFTDSAWLMS I TENRQAHF LDQPSDVIVPWVYGLFMDKPGDYVKKPMPECTGEE
57493\ Thalassolituusoleivorans 43 TLSVNDPYSGRTVTGGIITFTDSNWLMSYTHNRQAHFPDQPDDTLYVLWYYGLLMDKQGNCYPKTMSQCTGKE
1475|Frateuriaaurantia 401 ELSVNDPYSGKTATGGIITFTDSNWVLSHTENRQAHFPSQPDDVLVLWVYALLMDKDGNHVKKPMPACTGRE
71254|Ochrobactrumrhizospheerse 402 ELAVNDPYSGKTVTGGIITFTDSNWYLS fTHNRQAHFPTQPDDVLYLWYYALLMDKEGNY IKKPMPECTGRE
0324|Stenotrophemenasmaitophilia 400 ALSVNDPYSGRTVTGGVITFTDSNWVLSATHNRQAHFVDQPKDVLVVWVYALLMDQNGNHVAKPMPACTGRE
0324|Stenotrophomenasmaitophilia s3ALSVNDPYSGRTVTGGVITFTDsNwyLsdTHnkodHufvoorkpvivvwyyaL LMDQNGNHYAKPMPACTGRE
36476|Marinomonasposidonica 403 ELAVNDPYTGRTATGGIITFTDSKWLLSYTHNRQAHFPNQPNDTLVLWVYGLLMDQQGNAVKKTMPECTGKE
85|Comamonastestosteroni s ELAVNDPYSGKTVTGGIITFTDsNnwumsdTHnkodHfroQroDViviwyyAL LMDKEGNHIRKPMPACTGRE
076|Rhadopseudomonaspalustris 402 ELSVNDPFSGKTVTGGIITFTDSNWVLSRATHENRQAHFPTQPNDVLVLWVYALLMDKDGNYVKKPMPACTGRE
08| Methylobecteriumextorquens 339 ELAVNDPYSGKTVTGGIITFTDsNwyLsYTHnkQodHFreEQrkDVLVLWAY AL LMDKDGNHIRKPMPACTGRE
980\Acinstobacterursingii 407 EYAVNDPYSGKTVTGGIITITDSNWLMSATHNRQAHFPEQPDDVLVLWVYALFMDKQGNYVKKTMPECTGNETL

Figure S29. A segment of the multiple sequence alignment of the 116 amino acid sequences from HFam11 collected in the hydratase engineering
database (HyED), highlighting the conserved residues involved in binding of a carboxylate (red boxes). a) GIn265 is conserved among all members
of HFam11. b) Thr436 and Asn438 are conserved among all members of HFam11, while His442 is conserved among all but one member, where it
is substituted with a GIn.

Conversion of OA derivatives with OhyA wild type and substrate binding variants

We compared the activity of OhyA wild type and all solubly expressed variants for hydration of 1a—1j by performing
bioconversions with whole E. coli cells for 22 h (Figure S32 - Figure S39).

28



Table S1. OhyA variants used for conversion of OA derivatives 1b-1j. The enzymes tested with the different substrates were selected on basis of favoring the interaction between head groups and the substrate binding residues.

OhyA variants applied in conversions

Head
Entry
group
Single variants Double variants Triple variants Quadruple variants
GIn265Glu; GIn265Ser
Thr436Asp GIn265GIu/Thr436Asp
Amine 1b
Asn438Asp; Asn438Ser GIn265GIlu/Asn438Asp
His442Asp; His442Glu; His442Tyr
GIn265GIu/Thr436Asp
GIn265Glu; GIn265Ser GIn265GIu/Asn438Asp
Thr436Asp GIn265Ser/Asn438Asp GIn265GIu/Thr436Asp/Asn438Asp
Amide 1c
Asn438Asp; Asn438Ser GIn265Ser/Asn438Ser GIn265Ser/Thr436Asp/Asn438Asp
His442Asp; His442Glu; His442Tyr Thr436Asp/Asn438Asp
Thr436Asp/Asn438Ser
GIn265Ala; GIn265Lys GIn265Ala/Asn438Ala
Hydroxamic acid Thr436Ala; Thra36Asn; Thra36Lys GIn265Lys/Thr436Lys
(N-hydroxy 1d GIn265Ala/Thr436Ala/Asn438Ala
; Asn438Ala; Asn438Arg; Asn438Lys GIn265Lys/Asn438Lys
oleamide)
His442Ala; His442Asn; His442GIn Thr436Ala/Asn438Ala
GIn265Ala; GIn265Lys
GIn265Ala/Asn438Ala
Thr436Ala; Thr436Asn; Thr436Lys
GIn265Lys/Thr436Lys
Alcohol le Asn438Ala; Asn438Arg; Asn438Lys GIn265Ala/Thr436Ala/Asn438Ala

His442Ala; His442Asn; His442GIn

GIn265Lys/Asn438Lys

Thr436Ala/Asn438Ala




Table S2. (continued)

OhyA variants applied in conversions

Head
Entry
group . . - . . )
Single variants Double variants Triple variants Quadruple variants
GIn265Ala; GIn265Glu; GIn265Lys; GIn265Ser
Thr436Ala
GIn265Ala/Asn438Ala
1f Asn438Ala GIn265Ala/Thr436Ala/Asn438Ala GIn265Ala/Thr436Ala/Asn438Ala/His442Ala
Thr436Ala/Asn438Ala
His442Ala
Esters
GIn265Ala
Thr436Ala GIn265Ala/Asn438Ala
1g-1j GIn265Ala/Thr436Ala/Asn438Ala GIn265Ala/Thr436Ala/Asn438Ala/His442Ala
Asn438Ala Thr436Ala/Asn438Ala
His442Ala
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Figure S30. Expression analysis of OhyA wild type enzyme and variants harboring rational amino acid exchanges of substrate binding residues. The level of
recombinant hydratase present in E. coli cell lysate before (lanes indicated with ‘T’ for total lysate) and after (lanes indicated with ‘C’ for cell-free lysate) separation
of insoluble proteins was analyzed. Two pL of lysate was loaded in each lane. To allow for easier comparison of the protein amounts, cell lysate containing the wild
type enzyme was loaded on each gel (a—h).
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Figure S31. Conversion of 1a by OhyA wild type and the amino acid exchange variants as whole cell E. coli biocatalysts after over-expression of the enzymes.
Control reactions contained either the substrate added to the reaction buffer without cells or the substrate added to an E. coli empty vector control (EVC).
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Figure S32. Conversion of 1b by OhyA wild type and the amino acid exchange variants as whole cell E. coli biocatalysts after over-expression of the enzymes.
Control reactions contained either the substrate added to the reaction buffer without cells or the substrate added to an E. coli empty vector control (EVC). No
hydration of 1b was obtained.
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Figure S33. Conversion of 1c by OhyA wild type and the amino acid exchange variants as whole cell E. coli biocatalysts after over-expression of the enzymes.
Control reactions contained either the substrate added to the reaction buffer without cells or the substrate added to an E. coli empty vector control (EVC).
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Figure S34. Conversion of 1d by OhyA wild type and the amino acid exchange variants as whole cell E. coli biocatalysts after over-expression of the enzymes.
Control reactions contained either the substrate added to the reaction buffer without cells or the substrate added to an E. coli empty vector control (EVC).
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Figure S35. Conversion of 1e by OhyA wild type and the amino acid exchange variants as whole cell E. coli biocatalysts after over-expression of the enzymes.
Control reactions contained either the substrate added to the reaction buffer without cells or the substrate added to an E. coli empty vector control (EVC).
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Figure S36. Conversion of 1f by OhyA wild type and the amino acid exchange variants as whole cell E. coli biocatalysts after over-expression of the enzymes.
Control reactions contained either the substrate added to the reaction buffer without cells or the substrate added to an E. coli empty vector control (EVC).
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Figure S37. Conversion of 1g by OhyA wild type and the amino acid exchange variants as whole cell E. coli biocatalysts after over-expression of the enzymes.
Control reactions contained either the substrate added to the reaction buffer without cells or the substrate added to an E. coli empty vector control (EVC).
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Figure S38. Conversion of 1h by OhyA wild type and the amino acid exchange variants as whole cell E. coli biocatalysts after over-expression of the enzymes.
Control reactions contained either the substrate added to the reaction buffer without cells or the substrate added to an E. coli empty vector control (EVC).
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Figure S39. Conversion of 1i by OhyA wild type and the amino acid exchange variants as whole cell E. coli biocatalysts after over-expression of the enzymes.
Control reactions contained either the substrate added to the reaction buffer without cells or the substrate added to an E. coli empty vector control (EVC).
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Figure S40. Conversion of 1j by OhyA wild type and the amino acid exchange variants as whole cell E. coli biocatalysts after over-expression of the enzymes.
Control reactions contained either the substrate added to the reaction buffer without cells or the substrate added to an E. coli empty vector control (EVC).

Stereoscopic imaging of modeling studies
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Figure S41. Stereoscopic representation of the in silico docking of oleic acid (1a) and oleic acid derivatives 1c—1j to the OhyA 3D structure after mutagenesis of
substrate binding residues (amino acid positions 265, 436, 438 and 442). The enzyme variant — substrate combinations resulting in the highest conversion are
shown in the panels. The hydrophobicity of the enzyme cavity is represented by a color gradient from red (hydrophobic) to blue (hydrophilic). Co-crystallized FAD
(yellow) and the substrates in the best docking mode are shown in stick representation. Substrate binding residues and catalytic Glu122 and Tyr241 are highlighted.
a) Docking of (1a) to the 3D structure of OhyA wild type enzyme. b) Docking of oleamide (1c) to OhyA Q265S/N438D. c) Docking of N-hydroxy oleamide (1d) to
OhyA Q265A/T436A/N438A. d) Docking of oleyl alcohol (1e) to OhyA Q265A/T436A/N438A. e) Docking of methyl (1f), ethyl (1g) and n-propyl (1i) oleate to OhyA
Q265A/T436A/N438A. f) Docking of i-propyl (1h) and n-butyl (1j) oleate to OhyA Q265A/T436A/N438A.
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Determination of the enantiomeric excess of reaction products by *H-NMR analysis

All products from the enzyme-catalyzed hydration reactions were O-acylated with (S)-(+)-O-acetylmandelic acid using a known
procedure and purified by flash chromatography on silica gel using cyclohexane/ethyl acetate mixtures.?? A reference material was
obtained from methyl rac-10-hydroxy stearic acid for comparison in the *H-NMR analyses.?

Methyl (R)-10-hydroxy stearic /|
acid (2f), derivatized
Methyl rac-10-hydroxy stearic acid, |
derivatized \ |

Methyl rac-10-hydroxy stearic acid, _
derivatized /

| Methyl (R)-10-hydroxy stearic acid (2f),
derivatized

T T T T T T T T~ T T T T T T T T T T T T T 7T T T T 7 T T T T T
5.920 5.910 5.900 5.890 5.880 5.870 5.860 5.850 5.840 5.830 3.710 3.700 3.690 3.680 3.670 3.660 3.650 3.640 3.630 3.620

I Methyl (R)-10-hydroxy stearic acid (2f),
‘ derivatized

- . - . B - e e —— o~ _J'/ \\,__,__ — . _ N
‘.‘ l‘.“
[ Methyl rac-10-hydroxy stearic acid,
i derivatized
\
5.88 5.96 5.94 5.82 5.90 5.88 5.86 5.84 5.82 ppm

Figure S42. *H-NMR analysis (CDCls, 500 MHz) of (S)-O-acetylmandelic acid derivatized 2f ((10R,2'S)- vs. (10RS,2’S)-diastereomers). The material derived from
racemic methyl 10-hydroxy stearic acid shows a broader signal at 5.88 ppm as consequence of incomplete resolution of the 2’-H protons and a partly resolved
methyl ester signal at 3.67 ppm. At both sections of the spectrum, the signals derived from derivatized methyl (R)-10-hydroxy stearic acid (1a converted to the
corresponding methyl ester 1f) appear sharper and are on the side of lower chemical shifts.
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Figure S43. *H-NMR analysis (CDCls, 500 MHz) of (S)-O-acetylmandelic acid derivatized 2c.

Pulse Sequence: PROTON (sZpul)
Solvent: cdcl3

Data collected on: Aug 8 2018

Temp. 30.0 C / 303.1 K
Operator: weber_j

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acg. time 2.049 sec

Width 7997.6 Hz
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Figure S44. *H-NMR analysis (CDCls, 500 MHz) of (S)-O-acetylmandelic acid derivatized 2d.

Temp. 30.0 C / 303.1 K
Operator: weber_j

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acq. time 2.049 sec

width 7997.6 Hz

Single scan
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Figure S45. *H-NMR analysis (CDCls, 500 MHz) of (S)-O-acetylmandelic acid derivatized 2e (both alcohol functionalities converted).
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Pulse Sequence: PROTON (s2pul)
Solvent: cdcl3
Data coilected on: Aug 8 2018
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Figure S46. *H-NMR analysis (CDCls, 500 MHz) of (S)-O-acetylmandelic acid derivatized compound 2g.
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Figure S47. *H-NMR analysis (CDCls, 500 MHz) of (S)-O-acetylmandelic acid derivatized compound 2h.
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FidFiie: R_10_HSA_OnPr_PROTONOO1 |
Pulse Sequence: PROTON (sZpul)

Solvent: cdcl
Data collected on: Aug 9 2018

Temp. 30.0 C / 303.1 K |
Operator: weber_j | ‘

Relax. delay 1.000 sec
Pulse 45.0 degrees
time 2.049 sec
6 Hz

OBSERVE  H1, 499.8527903 MHz
DATA PROCESSING

FT size 32758 |
Total time 0 min 24 sec |
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Figure S48. *H-NMR analysis (CDCls, 500 MHz) of (S)-O-acetylmandelic acid derivatized compound 2i.

Pulse Sequence: PROTON (s2pul)
Solvent: cdc13
Data collected on: Aug 9 2018

Temp. 30.0 C / 303.1 K
Operator: weber_j

Relax. delay 1.000 sec
Pulse 45.0 degrees

16 repetitions |
OBSERVE _ H1, 499.8527903 MHz
DATA PROCESSING

FT size 32768

Total time 0 min 48 sec

5.98 5.96 5.94 ‘ 5.92 5.90 5.88 5.86 5.84 5.82 ppm

Figure S49. 'H-NMR analysis (CDCls, 500 MHz) of (S)-O-acetylmandelic acid derivatized compound 2j.

Based on the clear NMR proof of (R)-selectivity in case of the hydrated compounds 2a and 2f, the strict enzymatic reaction
mechanism involved and the fact that all other compounds 2c—2e and 2g-2j show a similarly shaped sharp NMR signal at 5.90 ppm,
we conclude that the reaction proceeds in all cases with high stereoselectivity (ee = 95 %) and that the products are the expected

(R)-10-alcohols.

Determination of OhyA wild type and variant conversions by GC-FID

Hydration reactions of 1a—1j were quantified via GC on a Shimadzu GC-2010 Plus instrument equipped with a flame ionization
detector and a Phenomenex Zebron ZB-5 column under the conditions described in the Experimental Procedures section of the
Supporting Information. The improvement in catalytic activity is illustrated by representative chromatograms from wild type and the
best variant conversions of each OA derivative (Figure S49-S56). Integration results are shown as peak area values for each

substrate and product, respectively.
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Figure S50. Overlay of GC-FID chromatograms from bioconversions of oleamide (1c) to 2c with E. coli whole cells over-expressing OhyA wild type and OhyA
GIn265Ser/Asn438Asp. Retention times and peak area values for the TMS-derivative of the internal standard n-pentadecanoic acid (11.21 min), 1c (12.90 min) and
2c (13.78 min) are highlighted.
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Figure S51. Overlay of GC-FID chromatograms from bioconversions of N-hydroxy oleamide (1d) to 2d with E. coli whole cells over-expressing OhyA wild type and
OhyA GIn265Ala/Thr436Ala/Asn438Ala. Retention times and peak area values for the TMS-derivative of the internal standard n-pentadecanoic acid (11.21 min),
1d (11.65 min) and 2d (12.36 min) are highlighted.
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Figure S52. Overlay of GC-FID chromatograms from bioconversions of oleyl alcohol (1e) to 2e with E. coli whole cells over-expressing OhyA wild type and OhyA
GIn265Ala/Thr436Ala/Asn438Ala. Retention times and peak area values for the TMS-derivative of the internal standard n-pentadecanoic acid (11.21 min), 1e (11.83
min) and 2e (12.51 min) are highlighted.
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Figure S53. Overlay of GC-FID chromatograms from bioconversions of methyl oleate (1f) to 2f with E. coli whole cells over-expressing OhyA wild type and OhyA
GIn265Ala/Thr436Ala/Asn438Ala. Retention times and peak area values for the TMS-derivative of the internal standard n-pentadecanoic acid (11.21 min), 1f (11.75
min) and 2f (12.45 min) are highlighted.
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Figure S54. Overlay of GC-FID chromatograms from bioconversions of ethyl oleate (1g) to 2g with E. coli whole cells over-expressing OhyA wild type and OhyA
GIn265Ala/Thr436Ala/Asn438Ala. Retention times and peak area values for the TMS-derivative of the internal standard n-pentadecanoic acid (11.21 min), 1g (11.96
min) and 2g (12.68 min) are highlighted.

uVv
1500000
] o Black, dashed ... OhyAWT
4 \/\/\/VWAOJ\ Blue, solid ... OhyA Q265A/T436A/N438A
1250000__ o) ‘. ‘_oé\\(\(’) 100000
\/:\/\/\{\/\/\AO,SI \“[,Q %Q)Q) .
7 ((\\ q\' N 75000 i
- N '1’ :l N 6\ | .
1000000 &g %o L oS &
] '\«b} f];\ b?)/\ J!| ,\‘/b 50000 f]:~\ B
] }‘,\\-&\o) Ii '\,90)
i N
750000 ii | = ;l
: ‘ ; | i 11.0 ' 11‘5 ‘ I120 ' 12',5 ‘130‘ 13!,5 1:‘.“[;
500000~ | I »
] I| 1 o o
. 1 i e~~~ J\
250000 l ’
a | °
] i li | ‘},' /\’\&/
] I‘ I\ i ; ‘I\j ‘| '\q//\o;’JQ
0 79’_1\— uj\ l\-él-u-_ I_-_F.r“ll/l \\'T: = _\/‘\ —_\7‘— ‘_J T \.T__ ‘I'_-ﬁ T_ -k‘-u;.’\ JT‘- ;,?:-,\‘ T’i /ln%'iilii _I_-_-f i = 7‘7‘-_7\” T 7Ti_ T | -
11.0 11.5 12.0 12.5 13.0 13.5 14.0
min

Figure S55. Overlay of G

C-FID chromatograms from bioconversions of i-propyl oleate (1h) to 2h with E. coli whole cells over-expressing OhyA wild type and OhyA

GIn265Ala/Thr436Ala/Asn438Ala. Retention times and peak area values for the TMS-derivative of the internal standard n-pentadecanoic acid (11.21 min), 1h (12.06
min) and 2h (12.77 min) are highlighted. The insert shows a zoom-in to the section in which the reaction product 2h is eluting.
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Figure S56. Overlay of GC-FID chromatograms from bioconversions of n-propyl oleate (1i) to 2i with E. coli whole cells over-expressing OhyA wild type and OhyA
GIn265Ala/Thr436Ala/Asn438Ala. Retention times and peak area values for the TMS-derivative of the internal standard n-pentadecanoic acid (11.21 min), 1i (12.30
min) and 2i (13.07 min) are highlighted. The insert shows a zoom-in to the section in which the reaction product 2i is eluting

uv
1500000 4 o Black, dashed ... OhyA WT
] — AN ((\\(\ Blue, solid ... OhyA Q265A/T436A/N438A
i o © AV
1250000~~~ 58
- ({\\(\ %&\\(\ Fi w
i '\'\('L\QQJQ%(O \%b?\(@b‘b (I
1000000+ RS & > H . : &
J LN Cb({’b [ i | S o
: :1 \'\;{)\/\ H 50000 f | '\(bb; ®
750000~ | I o )
: I‘ | | 26000 . i
B |J‘ } I
5000007 I! ‘ ‘ D110 1.5 160 125 13.0 135 14.0
— I || 7 min
1 | i
i . IR NN N NN
250000~ || i \
i | N
] I} 1\ | ! ,\‘bb(bfo@
B ]l A A A J | b(b
0 4L_’|L_\J| \\—’Ih _I_’T \\__\ = __IILT_Jfl = _Ij \_T_ﬁ_(\__“—ii_lj I\‘.\\ T -);I- 77‘_ —T T T = |;k_ T T 7\77|777
11.0 1.5 12.0 12.5 13.0 13.5 14.0
min

Figure S57. Overlay of GC-FID chromatograms from bioconversions of n-butyl oleate (1j) to 2j with E. coli whole cells over-expressing OhyA wild type and OhyA
GIn265Ala/Thr436Ala/Asn438Ala. Retention times and peak area values for the TMS-derivative of the internal standard n-pentadecanoic acid (11.21 min), 1j (12.66
min) and 2j (13.50 min) are highlighted. The insert shows a zoom-in to section in which the reaction product 2j is eluting.

Control reactions with OA esters
In vivo hydrolysis of fatty acid esters is inherent to essentially all microbes, including E. coli.'? To exclude any side reactions, in

particular hydration of the corresponding free fatty acids after ester cleavage and re-esterification with available alcohols,
respectively, we co-incubated 1f (Figure S57) and 1g (Figure S58) with methanol, ethanol or i-propanol. For experimental details,
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please refer to the section ‘Whole cell bioconversions’ in the Experimental Procedures part of the Supporting Information. For this
control experiment, we applied only the OhyA triple variant GIn265Ala/Thr436Ala/Asn438Ala, since this enzyme variant showed the
highest activity towards 1f and 1g. Owing to the non-formation of 10-hydroxy stearic acid acid ethyl and i-propyl esters in
biotransformations of 1f, as well as the absence of any 10-hydroxy stearic acid acid methyl and i-propyl esters in biotransformations
of 1g, generation of free acid-derived hydration products was highly unlikely.
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Figure S58. Bioconversion of methyl oleate (1f) to 2f with E. coli whole cells over-expressing OhyA GIn265Ala/Thr436Ala/Asn438Ala. Assays were co-incubated
with alcohol additives ethanol or i-propanol for monitoring of potential side reactions from hydration of 1f after its possible hydrolysis to 1a by E. coli-endogenous
hydrolases and subsequent re-esterification with available alcohols. a) Overlay of representative GC-MS chromatograms from technical triplicates of 1f
biotransformations without alcohol additives and with addition of either ethanol or i-propanol. Retention times of the TMS-derivative of the internal standard n-
pentadecanoic acid (10.58 min), 1f (11.60 min) and the TMS-derivative of 2f (12.87 min) are highlighted. b) Mass spectrum of 2f in biotransformations without
alcohol additives. ¢) Mass spectrum of 2f in biotransformations with ethanol as alcohol additive. d) Mass spectrum of 2f in biotransformations with i-propanol as
alcohol additive. Based on the absence of additional peaks and the identical mass spectra in b) — d), we can exclude any of the aforementioned side reactions of

1f in whole E. coli cells.
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Figure S59. Bioconversion of ethyl oleate (1g) to 2g with E. coli whole cells over-expressing OhyA GIn265Ala/Thr436Ala/Asn438Ala. Assays were co-incubated
with alcohol additives methanol or i-propanol for monitoring of potential side reactions from hydration of 1g after its possible hydrolysis by E. coli-endogenous
hydrolases and subsequent re-esterification with available alcohols. a) Overlay of representative GC-MS chromatograms from technical triplicates of 1g
biotransformations without alcohol additives and with addition of either methanol or i-propanol. Retention times of the TMS-derivative of the internal standard n-
pentadecanoic acid (10.58 min), 1g (12.00 min) and the TMS-derivative of 2g (13.21 min) are highlighted. b) Mass spectrum of 2g at 13.21 min in
biotransformations without alcohol additives. c) Mass spectrum of 2g in biotransformations with methanol as alcohol additive. d) Mass spectrum of 2g in
biotransformations with i-propanol as alcohol additive. Based on the absence of additional peaks and the identical mass spectra in b) — d), we can exclude any of
the aforementioned side reactions of 1g in whole E. coli cells.
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