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Supplementary tables

Table S1. The primers for alanine scanning in NemR-PS™

Primer Sequence
W276A-F 5-GAACCGGATGCGGCAGGTGGTCAGCCATATAC-3’
W276A-R 5-ACCACCTGCCGCATCCGGTTCGCTCAGAT-Z
D275A-F 5-AGCGAACCGGCTTGGGCAGGTGGTCAGCC-3
D275A-R 5-ACCTGCCCAAGCCGGTTCGCTCAGATGCAG-¥
WI103A-F 5-TACAGCTGGCTCATACGGGTCGTATTAGTCATGTITAGC-3’
W103A-R 5-CATACGGGTAGCCAGCTGTACTGCAATACGACCACC-¥
R143A-F 5-TGCCATTGCTGTAGATACCAGCATGCCGCG-3
R143A-R 5-GTATCTACAGCAATGGCACGACCATTTTCATC-3
F241A-F 5-TTGGTACCGCTCAGAATACAGATAATGGTCCTAATGAAGTTG-3
F241A-R 5-GTATTCTGAGCGGTACCAATCGGACTAATACGAATAC-3’
Q242A-F 5-TACCTTTCAGAATACAGATAATGGTCCTAATGAAGTTGATG-3
Q242A-R 5-CTGTATTCTGAAAGGTACCAATCGGACTAATACGAATAC-¥
S5272A-F 5-GCATCTGGCCGAACCGGATTGGGCAG-3
5272A-R 5-CCGGTTCGGCCAGATGCAGATATGCAATATGACG-3’
F351A-F 5-GAAAGCGCTITATGGTGGTGGTGCCGAAGG-3
F351A-R 5-CACCATAAGCGCTTTCCGGACGCTGTG-3
Y352A-F 5-AAAGCTTTGCTGGTGGTGGTGCCGAAGG-3
Y352A-R 5-CACCACCAGCAAAGCTTTCCGGACGCTGT-3’
! The mutation site was underlined.
Table S2. The primers for saturation mutagenesis of the residue D275 in NemR-PS™
Primer Sequence
D275A-F 5-AGCGAACCGGCTTGGGCAGGTGGTCAGCC-3
D275A-R 5-ACCTGCCCAAGCCGGTTCGCTCAGATGCAG-¥
D275I-F 5-AGCGAACCGATTTGGGCAGGTGGTCAGCCAT-3’
D275I-R 5-ACCTGCCCAAATCGGTTCGCTCAGATGCAGATATG-3
D275L-F 5-AGCGAACCGCTGTGGGCAGGTGGTCAGCC-3
D275L-R 5-ACCTGCCCACAGCGGTTCGCTCAGATGCAG-¥
D275M-F 5-AGCGAACCGATGTGGGCAGGTGGTCAGCCA-3’
D275M-R 5-ACCTGCCCACATCGGTTCGCTCAGATGCAGATAT-3
D275F-F 5-AGCGAACCGITITGGGCAGGTGGTCAGCCA-3’
D275F-R 5-ACCTGCCCAAAACGGTTCGCTCAGATGCAGATAT-3
D275W-F 5-AGCGAACCGTGGTGGGCAGGTGGTCAGCC-3
D275W-R 5-ACCTGCCCACCACGGTTCGCTCAGATGCAGA-3’
D275Y-F 5-AGCGAACCGTATTGGGCAGGTGGTCAGCCA-3
D275Y-R 5-ACCTGCCCAATACGGTTCGCTCAGATGCAGATAT-3’
D275V-F 5-AGCGAACCGGTTTGGGCAGGTGGTCAGCCA-3’
D275V-R 5-ACCTGCCCAAACCGGTTCGCTCAGATGCAGA-3
D275S-F 5-AGCGAACCGAGCTGGGCAGGTGGTCAGCC-3
D2755-R 5-ACCTGCCCAGCTCGGTTCGCTCAGATGCAGA-3
D275T-F 5-AGCGAACCGACGTGGGCAGGTGGTCAGCC-3
D275T-R 5-ACCTGCCCACGTCGGTTCGCTCAGATGCAGA-3
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D275N-F

5-AGCGAACCGAATTGGGCAGGTGGTCAGCCA-3

D275N-R 5-ACCTGCCCAATTCGGTTCGCTCAGATGCAGATAT-3
D275Q-F 5-AGCGAACCGCAGTGGGCAGGTGGTCAGCC-3
D275Q-R 5-ACCTGCCCACTGCGGTTCGCTCAGATGCAGA-3’
D275C-F 5-AGCGAACCGIGTTGGGCAGGTGGTCAGCCA-3’
D275C-R 5-ACCTGCCCAACACGGTTCGCTCAGATGCAGATAT-3
D275G-F 5-AGCGAACCGGGTTGGGCAGGTGGTCAGCC-3
D275G-R 5-ACCTGCCCAACCCGGTTCGCTCAGATGCAGA-3’
D275P-F 5-AGCGAACCGCCGTGGGCAGGTGGTCAGC-3
D275P-R 5-ACCTGCCCACGGCGGTTCGCTCAGATGC-3
D275R-F 5-AGCGAACCGCGTTGGGCAGGTGGTCAGCC-3’
D275R-R 5-ACCTGCCCAACGCGGTTCGCTCAGATGCAGA-¥
D275H-F 5-AGCGAACCGCATTGGGCAGGTGGTCAGCCA-3’
D275H-R 5-ACCTGCCCAATGCGGTTCGCTCAGATGCAGATAT-3
D275K-F 5-AGCGAACCGAAGTGGGCAGGTGGTCAGCCA-3’
D275K-R 5-ACCTGCCCACTTCGGTTCGCTCAGATGCAGATA-3
D275E-F 5-AGCGAACCGGAATGGGCAGGTGGTCAGCCA-3
D275E-R 5-ACCTGCCCATTCCGGTTCGCTCAGATGCAGATA-3
! The mutation site was underlined.
Table S3. The primers for iterative saturation mutagenesis of the residue F351 in NemR-PS
D275G.1

Primer Sequence (5'—3’)

F3511-F 5-GAAAGCATTTATGGTGGTGGTGCCGAAGGT-3
F351I-R 5-CACCATAAATGCTTTCCGGACGCTGTGGG-3
F351L-F 5-GAAAGCCTGTATGGTGGTGGTGCCGAAGG-3’
F351L-R 5-CACCATACAGGCTTTCCGGACGCTGTGG-3
F351M-F 5-GAAAGCATGTATGGTGGTGGTGCCGAAGG-3’
F35IM-R 5-CACCATACATGCTTTCCGGACGCTGTGG-3’
F351D-F 5-GAAAGCGATTATGGTGGTGGTGCCGAAGG-3’
F351D-R 5-CACCATAATCGCTTTCCGGACGCTGTGG-3’
F351W-F 5-GAAAGCTIGGTATGGTGGTGGTGCCGAAG-3’
F351W-R 5-CACCATACCAGCTTTCCGGACGCTGTGG-3’
F351Y-F 5-GAAAGCTATTATGGTGGTGGTGCCGAAGGTT-3’
F351Y-R 5-CACCATAATAGCTTTCCGGACGCTGTGGGT-3
F351V-F 5-GAAAGCGTTTATGGTGGTGGTGCCGAAGG-3’
F351V-R 5-CACCATAAACGCTTTCCGGACGCTGTGG-3
F351S-F 5-GAAAGCAGCTATGGTGGTGGTGCCGAAGG-3’
F3515-R 5-CACCATAGCTGCTTTCCGGACGCTGTGG-3’
F351T-F 5-GAAAGCACGTATGGTGGTGGTGCCGAAGG-3’
F351T-R 5-CACCATACGTGCTTTCCGGACGCTGTGG-3’
F35IN-F 5-GAAAGCATTTATGGTGGTGGTGCCGAAGGTT-3’
F35IN-R 5-CACCATAAATGCTTTCCGGACGCTGTGGG-3
F351Q-F 5-GAAAGCCAGTATGGTGGTGGTGCCGAAGGT-3’

F351Q-R

5-CACCATACTGGCTTTCCGGACGCTGTGG-3
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F351C-F 5-GAAAGCIGITATGGTGGTGGTGCCGAAGGT-3

F351C-R 5-CACCATAACAGCTTTCCGGACGCTGTGGG-3
F351G-F 5-GAAAGCGGTTATGGTGGTGGTGCCGAAGGT-3
F351G-R 5-CACCATAACCGCTTTCCGGACGCTGTG-3
F351P-F 5-GAAAGCCCGTATGGTGGTGGTGCCGAAG-3’
F351P-R 5-CACCATACGGGCTTTCCGGACGCTGTG-3
F351R-F 5-GAAAGCCGITATGGTGGTGGTGCCGAAGG-3’
F351R-R 5-CACCATAACGGCTTTCCGGACGCTGTGG-3’
F351H-F 5-GAAAGCCATTATGGTGGTGGTGCCGAAGG-3’
E351H-R 5-CACCATAATGGCTTTCCGGACGCTGTGG-3’
F351K-F 5-GAAAGCAAGTATGGTGGTGGTGCCGAAGGTT-3’
F351K-R 5-CACCATACTTGCTTTCCGGACGCTGTGGG-3
F351E-F 5-GAAAGCGAATATGGTGGTGGTGCCGAAGGTT-3
F351E-R 5-CACCATATTCGCTTTCCGGACGCTGTGG-3’
F351A-F 5-GAAAGCGCITATGGTGGTGGTGCCGAAGGT-3
F351A-R 5-CACCATAAGCGCTTTCCGGACGCTGTGGG-3

1 The mutation site was underlined.

Table S4. The primers for constructing the recombinant plasmid pACYCDuet-1-YsADH.

Primer Sequence
pET28a-YsADH-F 5-GGAGATATACCATGGGCATGTCTATTATAAAAAGCTATGCCGC-3’
pET28a-YsADH-R 5-TTATGCGGCCGCAAGCTTAAAGTCGGCTTGCAGTACCACG-¥
pACYCDuet-1-F  5-TTTATAATAGACATGCCCATGGTATATCTCCTTATTAAAGTTAAACAAAA-3
pACYCDuet-1-R 5-CTGCAAGCCGACTTTAAGCTTGCGGCCGCATAATGC-3

Table S5. The primers for constructing the recombinant plasmid pACYCDuet-1-YsADH-
BmGDHuws.

Primer Sequence

pET28a-BmGDHwme-F 5-GTATAAGAAGGAGATATACATATGATGTATAAAGATCTGGAAG-3
5'-

CGGTTTCTTTACCAGACTCGAGCAGGCTCGGATAATCGGTATAACC-3
5-

pACYCDuet-1-YsADH-F  CTTTTTCTGGCTCATCATATGTATATCTCCTTCTTATACTTAACTAATAT

ACTAAGATGGG-3
pACYCDuet-1-YsADH-R  5-GATTATCCGAGCCTGCTCGAGTCTGGTAAAGAAACCGCTGCTGC-3

pET28a-NemR-PS-R
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Figure S1. Sequence comparison of old yellow enzymes PETNR and NemR-PS. The secondary struc-
tural elements of PETNR (a-helices, 3-strands, T-turns, and n-helices) were indicated above the
aligned sequences. The numbering shown was from PETNR. A red background highlights con-
served residues. A for the active site. The figure was produced using ESPript 3.0.
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Residues in disallowed regions 0 0.0%
Number of non-glycine and non-proline residues 309 100.0%
Number of end-residues (excl. Gly and Pro) 2
Number of glycine residues (shown as triangles) 33
Number of proline residues 21
Total number of residues 365

Based on an analysis of 118 structures of resolution of at least 2.0 Angstroms
and R-factor no greater than 20%, a good quality model would be expected
10 have over 90% in the most favoured regions.
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Figure S2. The model evaluation through the Verify-3D analysis (a) and the Ramachandran plot (b).
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Figure S3. SDS-PAGE analysis of NemR-PS variants in alanine scanning. Lane M, Blue Plus II Pro-
tein Marker. Lane 1 to 9 (from left to right): W103A, R143A, F241A, Q242A, S272A, D275A, W276A,
F351A, Y352A.

kDa

L C GV Q EW F HM
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Figure S4. SDS-PAGE analysis of NemR-PS variants in site-saturation mutagenesis of the residue
D275. Lane M, Blue Plus II Protein Marker. Lane 1, wild type. Lane 2-20 (from left to right), the
specific substitution labeled right above the number.
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Figure S5. SDS-PAGE analysis of NemR-PS variants in iterative site-saturation of D275G and the
residue F351. Lane M, Blue Plus II Protein Marker. Lane 1, NemR-PS variant D275G (M1). Lane 2-
20 (from left to right), the specific substitution labeled right above the number.
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Figure S6. SDS-PAGE analysis of the purified NemR-PS and its variant D275G/F351A. Lane M, ma-
reker; lane 1, NemR-PS; lane 2, NemR-PS variant.
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Figure S7. SDS-PAGE analysis of the strain co-expressing NemR-PS D275G/F351A, YsADH and
BmGDHwms. Lane M, Blue Plus II Protein Marke. Lane 1, the strain without the induction. Lane 2, the
strain co-expressing NemR-PS D275G/F351A (39.9 kDa), YsADH (36.8 kDa) and BmGDHuws (28.1
kDa).
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Figure S8. Factors affecting the reduction of (E/Z)-citral to (S)-citronellol. Standard deviations are
indicated in the diagram (n=3). (a), temperature; (b), pH; (c), NADP*; (d), agitation.
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Figure S9. GC analyses of substrate, intermediate, product and by-product. (a), GC chromatogram
for (S)-citronellal, 20.091 min; (R)-citronellal, 20.542 min; nerol, 27.196 min; citronellol, 27.556 min;
geraniol, 28.433 min; (E)-citral, 28.796; (Z)-citral, 29.840 min. (b), GC chromatogram for (S)-citronel-
lol, 95.501 min; (R)-citronellol, 96.249 min. (c) GC chromatogram for reaction solution (95.501 min).
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Figure 5§10. GC-MS analyses of substrate, intermediate and product. (a), GC-MS chromatogram for
citral (MW 152). (b), GC-MS chromatogram for citronellal (MW 154). (c), GC-MS chromatogram for
citronellol (MW 156).



