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Figure S1. Sequence alignment performed by Clustal Omega of the AfOYEl from
Aspergillus flavus with representative OYEs from different classes: PETNR (Class 1), OYE1
(Class 1I), YqjM (Class III), Chr-OYE1 (Class IV), Nox (Class V), and YqiG (Class VI). The
catalytic residues are highlighted in blue, and the fingerprint motifs are highlighted in purple.
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Figure S2. SDS-PAGE analysis of the purified AfOYEIL. Lane 1: Protein ladder; Lane 2: The
purified AfOYE1. The molecular weight of the purified AfOYEI was at 43.4 KDa ranging
between 41 KDa to 52 KDa. 10 uL of purified AfOYEl was loaded on a 4-12%

polyacrylamide gradient gel, and stained with Coomassie Blue.
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Figure S3. Steady-state kinetics of AfOYEl-catalyzed reduction of 2-cyclopentenone.
Steady-state kinetics were measured in triplicates with varying concentrations of 2-

cyclopentenone and fitting the data to the Michaelis-Menten equation. Errors limits are
standard deviations.



Figure S4. Surface charge distribution of 4fOYE], calculated by ChimeraX APBS software.
Density with red potentially means negative, blue means positive, and white means neutral.
Loop from S316 to G325 of AfOYEI labeled as the red dashed rectangle is brimming with

the positive surface.
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Figure S5. The plot of FMN cofactor interactions in the actives site of AfOYE1l. The
interactions have been calculated and visualized by LigPlus software. The thin green dotted

lines illustrate hydrogen bonds.



F271-E280

Figure S6. Superposition of monomers from the crystal structures of AfOYE1 (green),
BfOYEA4 (cyan), and AnOYES8 (magenta). Red dashed rectangle labeled as F271-E280 means
a6-helix for the residues from Phe271 to Glu280 of AfOYE1, S316-G325 means the loop
region from Ser316 to Gly325 of AfOYEIL, A132-T182 means the cap subdomain region
from Alal32 to Thr182, and N-ter and C-ter mean N terminal and C-terminal domains of

AfOYEL.



Protruding

Figure S7. A view showing N-terminal loops (red) and protruding a6-helix (red color,
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Figure S8. Details of the loop region from Ser 316 to Gly 325, the entrance of the catalytic
pocket, and the superposition of cap regions from the crystal structures of AfOYE1L. (A) The
loop region from Ser 316 to Gly 325 (cyan) reaches the active site entrance of AfOYEI
(green) and is close to FMN (green). (B) C-terminal a helix (red), residues T395 to F401
(labeled as T395°-F401°), from adjacent protomer pointing to FMN together with three loops
and one a-helices (red) (labeled as L55-A60, A142-G147, 1316-G325, and R371-Q375)
contribute to the narrow entrance of catalytic pocket. (C) Superposition of cap regions from

the crystal structures of AfOYE1 (green), CaOYE (cyan), and GSOYE (magenta).



Figure S9. Surface representation of catalytic pocket among members of thermophilic-like
Class III OYEs: (A) AfOYEL, (B) CaOYE, (C) AnOYES, (D) BfOYE4, YqjM (cyans), (F)
TsOYE, and (G) GKOYE. Residues 316 to 325 in AfOYEI close to the entrance of the

catalytic pocket show red.



Table S1. Data collection and refinement statistics for Af OYEI.

Data collection

Wavelength (A) 0.9793

Resolution range (A) 42.86 -1.55(1.605 -1.55)
Space group P1211

Unite cell

a,b,c(A) 47.47,171.42,50.48
a, B,y (°) 90, 117.60, 90

Total reflections 667572 (53857)
Unique reflections 102393 (9786)
Multiplicity 6.5 (5.9
Completeness (%) 99.28 (95.09)

/o (1) 25.71 (7.66)
R-merge (%) 0.05 (0.17)

R-meas (%) 0.05 (0.19)

R-pim (%) 0.02 (0.080)

CCl1/2 0.99 (0.98)
Refinment

Reflections used in refinement 102356 (9786)
Reflections/#R-free 4940 (467)

R-work/R-free (%)
# of non-hydrogen
Protein

Ligands

Solvent

Protein residues

r. m. s. deviation
Bond lengths (A)
Bond angle (°)
Ramachandran plot
Favored

Allowed

Outliers

Average B factor
Protein

Ligands

Solvent

0.1443 (0.1622) / 0.1676 (0.1954)
6997
5965
112
920
774

0.007
0.95

96.88
3.12
0.00
11.12
9.78
12.37
19.66




Table S2. List of OYEs used for phylogenetic analysis and their accession

numbers.
Enzyme Class Accession 1D Source
AcaryoER1 I ABW29811 Acaryochloris marina MBIC11017
AcaryoER3 I ABW32756 Acaryochloris marina MBIC11017
Achr-OYE4 I AFK73188.1 Achromobacter sp. JA81
Chr-OYE2 I ALE60337 Chryseobacterium sp. CA49
CtOYE I RUT11138.1 Chroococcidiopsis thermalis
CyanothER1 I ACK64210 Rippkaea orientalis PCC 8801
CyanothER2 I ACK65723 Rippkaea orientalis PCC 8801
GluER I AAW60280 Gluconobacter oxydans 621H
GsOYE I XP_ 005703492 Galdieria sulphuraria
MR I AAC43569.1 Pseudomonas putida
NCR I AAV90509 Zymomonas mobilis
NemA I BAA13186 Escherichia coli
NerA I CAA74280 Agrobacterium tumefaciens
NospuncER1 I ACC84535 Nostoc punctiforme PCC 73102
NostocER1 I BAB73564 Nostoc sp. PCC 7120
LyngbyaER1 I EAW37813 Lyngbya sp. PCC 8106
PETNR I AAB38683.1 Enterobacter cloacae
SYE1 I AANS55488 Shewanella oneidensis MR-1
SYE3 I AANS57126 Shewanella oneidensis MR-1
SynER I ABB56505 Synechococcus elongatus PCC 7942
XenB I AAF02539.1 Pseudomonas fluorescens
XenB2 I AGS77941.1 Pseudomonas putida
YersER I WP 032896199 Yersinia bercovieri
ArOYE1 I AHL17019 Ascochyta rabiei
ArOYE2 I AHL17020 Ascochyta rabiei
AtOPR1 I NP _177794.1 Arabidopsis thaliana
AtOPR3 I NP_001077884.1 Arabidopsis thaliana
CIER I EEQ40235 Clavispora lusitaniae ATCC 42720
CrOYE2 I XP_001699408.1 Chlamydomonas reinhardtii
CYE I BAD24850 Kluyveromyces marxianus
HYEI1 I KAG7904883.1 Ogataea polymorpha
HYE2 I AAN09953 Ogataea polymorpha
KYEI1 I AAA98815.1 Kluyveromyces lactis



LeOPR1 I NP 001234781.1 Solanum lycopersicum
LeOPR2 I NP 001233868 Solanum lycopersicum
LeOPR3 I NP 001233873.1 Solanum lycopersicum
EBPI I AAA18013 Candida albicans
MgER I EDK41665 Meyerozyma guilliermondii ATCC 6260
OYEl I Q02899 Saccharomyces pastorianus
OYE2 I Q03558 Saccharomyces cerevisiae S288C
OYE2.6 I ABN66026 Scheffersomyces stipitis CBS 6054
OYE3 I P41816 Saccharomyces cerevisiae S288C
Achr-OYE3 11 AFK73187.1 Achromobacter sp. JA81
AfOYEI1 11 XP 041144250.1 Aspergillus flavus NRRL3357
AnabaenaER3 11 ABA25236.1 Trichormus variabilis ATCC 29413
AnOYES 11 XP _001399273.1 Aspergillus niger
BfOYE I XP_001554780.1 Botrytis cinerea B05.10
CaOYE 11 WP _015941499.1 Chloroflexus aggregans
Chr-OYE3 11 AFK73187.1 Achromobacter sp. JA81
CrOYEI I XP_042928859.1 Chlamydomonas reinhardtii
DrER 11 AAF11740 Deinococcus radiodurans R1
FOYE-1 I KRH78075 Ferrovum sp. JA12
GeoER 11 BAO37313 Geobacillus sp. #30
GKOYE 11 BAD76617 Geobacillus kaustophilus HTA426
GloeoER 11 BAC91769 Gloeobacter violaceus PCC 7421
OYERo02 11 ALL54975 Rhodococcus opacus 1CP
PtvC I AFF18622.1 Arthrobacter sp. JBHI
RhrER 11 AMDS82542.1 Rhodococcus rhodochrous ATCC 17895
RmER 11 ABF11721 Cupriavidus metallidurans CH34
TOYE 11 RUT11138.1 Thermoanaerobacter pseudethanolicus ATCC
TsOYE 11 CAP16804 Thermus scotoductus SA-01
XenA 11 AAF02538 Pseudomonas putida
YgqM I BAA12619 Bacillus subtilis
Chr-OYELl v ALE60336.1 Chryseobacterium sp. CA49
Ppo-ER1 v AHC19521 Paenibacillus polymyxa CR1
Ppo-ER2 v AIW41616 Paenibacillus polymyxa CR1
Ppo-ER3 v QBR53093 Paenibacillus polymyxa
Rer-ER7 v QBR53095.1 Rhodococcus erythropolis
AngOYEI11 Vv XP_001390672.2 Aspergillus niger CBS 513.88



AngOYE12 Vv XP_001395504.2 Aspergillus niger CBS 513.88
ArOYE3 Vv AHL17021 Ascochyta rabiei
ArOYE6 Vv AHL17024 Ascochyta rabiei
BfOYEG6 v XP_001547575.1 Botrytis cinerea B05.10
FbOYE Vv TAL24079.1 Frankiales bacterium
MoOYE4 v XP _003720070.1 Pyricularia oryzae 70-15

Nox Vv WP_029256809.1 Rhodococcus erythropolis
PcOYES v XP_002560444.1 Penicillium rubens Wisconsin 54-1255
BcOYE VI WP_098362597.1 Bacillus cereus
LacER VI ADK19581 Lacticaseibacillus paracasei
Lla-ER VI WP _046781786.1 Lactococcus cremoris
MfOYE VI WP _039343246.1 Burkholderia
POYE VI WP 119715197.1 Propionibacterium ruminifibrarum
YqiG VI QBR53092 Bacillus subtilis




Table S3. Polymerase chain reaction primers for mutagenesis.

Oligonucleotides

H211L-F  5°-TTC GAT GCC ATC GAG ATC CTG GCG GCG CAT GGT TAT CTG-3’
H211L-R  5’-CAG ATA ACC ATG CGC CGC CAG GAT CTC GAT GGC ATC GAA-3
H214L-F 5°-ATC GAG ATC CAT GCG GCG CTG GGT TAT CTG CTG CAC CAG-3°
H214L-R  5’-CTG GTG CAG CAG ATA ACC CAG CGC CGC ATG GAT CTC GAT-3’
Y216F-F 5°-ATC CAT GCG GCG CAT GGT TTT CTG CTG CAC CAG TTT CTG-3’
Y216F-R  5°-CAG AAA CTG GTG CAG CAG AAA ACC ATG CGC CGC ATG GAT-3




Table S4. Comparison of AfOYE1 characteristics with those of other thermophilic-like

Class III OYEs. In the crystal, oligomerization data were checked from crystallographic

structures; Interface area, numbers of interacting residues, and interactions involving the

dimerization surface were calculated by PISA software; Catalytic pocket volume, surface,

and depth were calculated by Proteins. Plus/DoGSiteScorer software. Hb: Hydrogen bonds.
Sb: Salt bridges.

Protein In Interface  Interacting Interactions Pocket Pocket  Pocket
PDB ID 2
(PDBID) crystal (A .. . (Hb,Sb)  Volume Surface Depth
(A%) (A%) (A)
AnOYES
(7QFx) ~‘ctramer 2796 71 (18,4) 70338 86499  16.97
CaOYE
1 : 48.4

(700T) tetramer 1451 34 (16, 8) 758.08 748.47 2274
BfOYE4 .

(7BLF) ~ dimer 2121 53 (12,3) 82018 83856 965

: 660 4.3

YqM dimer 31 *.3) 818.95 849.48 23.74
(1Z41)

TsER 1262 (17, 5)

(3HF3) tetramer 33 653.90  690.12 20.21
(3GR7) dimer 1199 30 877.28 818.83 19.34
AfOYE1

dimer 492 41 (7, 6) 1203.07 1126.53 24.23

(8159)




14. The data of the products from the 4AfOYE1-catalyzed bioreduction
Cyclopentanone (1b)
Colorless oil; 'HNMR (CDCls): & = 2.13-2.17 (m, 4H), 1.93-1.97 (m, 4H) ppm.

(8)-2-methylcyclopentanone (2b)

Colorless oil; [a]*’p= +16.5° (¢ 0.4, CHC]l5), the optical rotation indicates its configuration to
be (S) (lit. (Shimoda et al. 2004), [a]*’p = +114.9° (¢ 0.52, CHCI3); retention time: tr(S)
12.31 min (Chiral GC with CHIRASIL-DEX CB column); 'HNMR (CDCls): & = 2.19-2.33
(m, 2H), 2.05-2.15 (m, 2H), 1.95-2.03 (m, 1H), 1.74-1.82 (m, 1H), 1.42-1.53 (m, 1H), 1.08 (d,
J=6.96 Hz, 3H) ppm.

Cyclohexanone (3b)
Colorless oil; "THNMR (CDCl3): & = 2.31-2.34 (m, 4H), 1.82-1.88 (m, 4H), 1.69-1.74 (m, 2H)

(8)-2-methylcyclohexanone (4b)

Colorless oil; retention time: tr(S) 7.26 min (Chiral GC with CHIRASIL-DEX CB column);
'"HNMR (CDCl3): 6 = 2.29-2.35 (m, 2H), 2.18-2.26 (m, 1H), 1.98-2.04 (m, 2H), 1.76-1.80 (m,
1H), 1.55-1.64 (m, 2H), 1.29-1.35 (m, 1H), 0.96 (d, J = 6.60 Hz, 3H) ppm.

Propionamide (5b)
Colorless oil; 'HNMR (CDCls): 8 =2.26 (q, J = 7.86 Hz, 2H), 0.96 (t, ] = 7.86 Hz, 3H) ppm.

Phenylnitroethane (6b)
Colorless oil; "THNMR (CDCl3): 6 = 7.30-7.37 (m, 3H), 7.22-7.24 (m, 2H), 4.64 (t, ] = 7.34
Hz, 2H), 3.35 (t, J = 7.34 Hz, 2H) ppm.

1-Phenyl-2-nitropropane (7b)

Colorless oil; "THNMR (CDCls): & = 7.29-7.36 (m, 3H), 7.18-7.20 (m, 2H), 4.78-4.83 (m, 1H),
3.36 (dd, J =7.52 Hz, ] = 14.00 Hz, 1H), 3.04 (dd, J = 6.80 Hz, J = 14.00 Hz, 1H), 1.57 (d,J
=6.66 Hz, 3H) ppm.



Citronellal (8b)
Colorless oil; "THNMR (CDCls): & = 5.06-5.10 (m, 1H), 2.37-2.43 (m, 1H), 2.19-2.26 (m, 1H),
1.96-2.09 (m, 3H), 1.68 (s, 3H), 1.60 (s, 3H), 1.24-1.39 (m, 2H), 0.97 (d, J = 6.66 Hz, 3H)



15. Selected 'H NMR spectra and GC chromatograms
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GC chromatogram of Racemic 2-methylcyclopentanone and (S)- 2-methylcyclopentanone

(2b) from AfOYE1-catalyzed bioreduction
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(8)-2-methylcyclohexanone (4b)
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GC chromatogram of Racemic 2-methylcyclohexanone and (S)-2-methylcyclohexanone (4b)
from AfOYE1-catalyzed bioreduction
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Propionamide (5b)
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1-Phenyl-2-nitropropane (7b)
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16. The sequence information of AfOYEIL.

The amino acid sequence of afvA (UniProt: BSN8Q9, AfOYE1) with N-terminal His6-tag

followed by a tobacco etch virus (TEV) protease cleavage site.

MGSSHHHHHHENLYFQGISYYTPAQVPPAGTQVEGSTKLFSPLTIRGVTFPNRLFLAP
LCQYSAKDGYANDWHLTHIGGIVQRGPGLAIMEATAVQKVGRITPQDLGLYDDGHI
EPLKRITEFAHSQSQKIGIQLAHAGRKASAVAPWLSGNAMAVKEVGGWPDDIVAPS
AIPQEEGINAVPKVLTGEDIGVLKKDWAEAAKRAVRANFDAIEIHAAHGYLLHQFLS
PVSNRRTDKYGGSFENRVRILLEICEEVRAVIPTAMPLLVRISATDWFEFDDNLTKEFP
ESWTVAQSIRLALLLADRGVDLVDVSSGGIHAKSAJAIRSGPGYQVHFAQEIKKAVG
EKLLISAVGGIKTGALAEEVVQSGIDAVQAGRWFQQNPGLVRAFANELGVKVRMAT
QIDWSFEGRGKKAKKSSL

The codon-optimized nucleotide sequence of afvA.

ATGGGCAGTAGTCATCACCACCATCACCACGAGAATCTGTACTTCCAAGGCATCA
GTTACTATACCCCAGCGCAAGTTCCGCCGGCCGGTACGCAAGTTGAAGGTAGCA
CCAAGCTGTTCAGCCCGCTGACGATTCGCGGCGTGACGTTTCCGAATCGTCTGTT
TCTGGCCCCACTGTGCCAGTACAGTGCGAAAGATGGCTATGCGAACGACTGGCA
TCTGACCCACATTGGTGGCATTGTTCAGCGTGGCCCGGGTCTGGCCATCATGGAA
GCGACCGCCGTTCAAAAAGTTGGCCGTATCACGCCGCAAGATCTCGGTCTGTATG
ATGACGGCCACATCGAGCCACTGAAGCGCATCACCGAGTTCGCCCATAGTCAGA
GCCAGAAGATCGGTATCCAGCTGGCGCACGCGGGTCGTAAAGCCAGTGCCGTTG
CGCCGTGGCTGAGTGGTAATGCGATGGCCGTGAAAGAGGTTGGTGGCTGGCCGG
ATGACATCGTGGCGCCAAGCGCCATCCCGCAAGAAGAGGGCATCAATGCCGTGC
CAAAAGTGCTGACGGGTGAGGACATCGGCGTGCTGAAAAAAGACTGGGCGGAA
GCGGCGAAACGTGCGGTTCGTGCCAACTTCGATGCCATCGAGATCCATGCGGCG
CATGGTTATCTGCTGCACCAGTTTCTGAGTCCGGTTAGCAACCGTCGCACGGACA
AATACGGCGGCAGCTTTGAAAACCGTGTGCGCATTCTGCTGGAGATCTGCGAAG
AAGTTCGCGCGGTGATTCCAACCGCCATGCCGCTCCTCGTTCGCATCAGCGCCAC
GGACTGGTTCGAGTTCGACGACAATCTGACGAAGGAATTCCCGGAGAGCTGGAC
CGTGGCGCAGAGTATCCGTCTGGCGCTGCTGCTGGCGGATCGTGGCGTTGATCTG
GTGGACGTGAGCAGCGGTGGCATTCATGCGAAAAGTGCCATCGCCATCCGTAGT
GGCCCGGGCTACCAAGTTCACTTCGCGCAAGAAATCAAAAAGGCGGTGGGTGAA
AAGCTGCTGATCAGTGCCGTTGGCGGCATTAAAACCGGTGCGCTGGCCGAAGAA
GTTGTTCAGAGTGGCATTGACGCCGTTCAAGCCGGCCGTTGGTTTCAGCAGAACC
CGGGTCTGGTTCGCGCGTTCGCCAACGAGCTGGGTGTGAAGGTTCGTATGGCCAC
GCAGATCGACTGGAGCTTCGAATAA



Reference:
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