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Table S1 Sequence of selected promoter and RBS used for the overexpression of rate-limiting

enzymes.
Promoters RBS Sequence
SMYC AGGAGG GGATCGTCGGCACCGTCACGGCCGTGGGAGGCGGCA

CGATCCGCGACGTGATGATCGGCCGCATCCCCACGGT
GCTGCGCAGTGAGCTCTACGCCATCCCGGCGTTGATC
TGTGCGTTCGCACGCACAGGCCCGGTGTGAGAAGGG
TCTCTGACGAGCGGGAGAACCCACCCGGGGTGGGCG
AGTTTGTCCTGCGTGTGCTCGGTCGAGTAGGCTCTGG
GAGTACCCGTGTGTACGACCAGCACGGCATACATCA
TTTCGACGCCGAGAGATTCGCCGCCCGAAATGAGCA
CGATCCGCATGCTTAATTAAGGAGGTATCTCCATG
GI3 AGGAGG GATCGCCACTAGCGCCGCGGTCGGAATCAGCGCACT
GGCCGCCGGAGCGGTCAGCTACCTGTTGCTGCGCCGC
TTCGCTTTCTAGCACCGACGTCCCGGCGCCAGCAGCT
ACCTCTCGAGCAAACGTTTTGCGCGCCCGAAAAATA
AGTCGTTGCAGAACTTTCATGAATTAGGCCTTGCTGC
GCCCAGGCTCCAGTAGTAGAAATGGAGTCACGGCAG
CCCGGTGAAGCCAAGGTCGAACCGGAAGAGAAGGTT
CGTCCTCCCGACCCGGGCACCCAGCACGGCCCCCGG



MOP

L1

L2

AGGAGG

AGGGAGA

AGGAGG

AACCCACGCGGAGTCATAGCCGCGATAATGGCAGAA
GTGTTGCGGGCCTGCGTAATTGCGAAATTCAGATGGT
GCCGACGGCCCTTTGGGTGGGGCTGCAGCCAGAAGG
GTCGCAAAAGCGCCGAGGCCAACCCACGCAGCCACA
AATGCACGCTTGGTAACCGAAGGAGGTATCTCCATG
GGCTCTAGCGCCGATGGTAGTGTGGGGTCTCCCCATG
CGAGAGTAGGGAACTGCCAGGCATCAAATAAAACGA
AAGGCTCAGTCGAAAGGCTGGGCCTTTCGTTTTATCT
GTTGTTTGTCGGTGAACGCTCTCCTGAGTAGGACAAA
TCCGCCGGGAGCGGATTTGAACGTTGCGAAGCAACG
GCCCGGAGGGTGGCGGGCAGGACGCCCGCCATAAAC
TGCCAGGCATCAAATTAAGCAGAAGGCCATCCTGAC
GGATGGCCTTTTTGCGTTTCTACAAACTCTTCCTGTCG
TCATATCTAGACCAGGCTTGACACTTTATGCTTCCGG
CTCGTATAATGTGTGGAATTGTGAGCGCTCACAATTC
GGATCCAGCGATGTCGACAGGAGGATTCACCATG
CGATGATAAGCGGTCAAACATGAGAATTCGCGGCCG
CATAATACGACTCACTATAGGGATCTTAATTAAGGCG
CCTCATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGG
ATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGC
TCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGT
GAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAAC
CGCCTCTCCCAGATCTGATATCGCTAGAGGAAACAGC
TATGACCATGATTACGCCAAGCTTGCATGCCTGCAGC
TAGGGCACCAATTTGCGATTAGGGCTTGACAGCCACC
CGGCCAGTAGTGCATTCTTGTGTCACCGCAGCAGCAA
GGCGGTAGGCGGATCCGAGAGGATCGTGCCGGTGCC
GGTGAAAATCCGGCGGCAAGATTCTCCGGTTTGACA
GCCACCCGGTTATCGGGTAAGCTGCAAGCATCACCA
ACTTGGACGGGAAAGGGAGATCGTCCATG
CGATGATAAGCGGTCAAACATGAGAATTCGCGGCCG
CATAATACGACTCACTATAGGGATCTTAATTAAGGCG
CCTCATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGG
ATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGC
TCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGT
GAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAAC
CGCCTCTCCCAGATCTGATATCGCTAGAGGAAACAGC
TATGACCATGATTACGCCAAGCTTGCATGCCTGCAGC
TAGGGCACCAATTTGCGATTAGGGCTTGACAGCCACC
CGGCCAGTAGTGCATTCTTGTGTCACCGCAGCAGCAA
GGCGGTAGGCGGATCCGAGAGGATCGTGCCGGTGCC
GGTGAAGAGAGATTCGCCGCCCGAAATGAGCACGAT
CCGCATGCTTAATTAAGGAGGTATCTCCATG




Table S2 Primers used in present study

Primers Sequence Application
Genetic deletion
Al-U-F aatgccgatatcttaattaaacgtcgggcatatcgtgatcgtcg
kshAI-up
Al-U-R ggtgggaccteccgtatetggte
Al-D-F ccagatacgggaggcccacctgaccacgeatgacgagegg
kshAI-down
Al-D-R tgaattggtaccgcggecgeaagaatccgagecacctgttcge
pR-U-F aatgccgatatcttaattaaccgatgegggegttgggttc
opccR-up
pR-U-R caggccacacctatcgtggtgacg
pR-D-F gtgtggcctgggtegtetgtgtggcggcgtacg
opccR-down
pR-D-R tgaattggtaccgeggecgegtettcgecaccgtgteccgatgg
un-U-F aaccgtattcctttaattaaagcacacgcgeccagacc
cdun-up
un-U-R tetetetgegatttcggegeagtacgacgegetgegee
un-D-F gcgecgaaatcgeagagagaatg
cdun-down
un-D-R tgaattggtaccgcggecgetectggaaaagegegateecg
al-U-F aaccgtattcctttaattaaagttcgacggcgagttcctcg
sal-up
al-U-R gaattgcacccacacctcgtcggtttacgctccegtcagec
al-D-F acgaggtgtgggtgcaattctcac
sal-down
al-D-R tgaattggtaccgeggecgeagegttgatcagaaaccagagtetttge
Quantitative-PCR
q-hsd4A-F tcaagagcccatgagcetcggtgg
q-hsd4A4
q-hsd4A4-R atgaacgacaacccgatcgacctg
g-sal-F ttgggtttgcgtggtgacgeag
q-sal
g-sal-R tcaatccccctccaggacgagag
g-opccR-F ctaccagtgcacacccggaatcg
g-opccR
g-opccR-R atggcccgceatgceattatgtcg
q-choM?2-F ttgctgacaagacggeggttce
qg-choM?2
q-choM2-R gatcgcctegatattgegttcgge
q-kstDI1-F ggaatctacgttcgecgaggecg q-kstD1



q-kstDI-R

g-16s rRNA-F
g-16s rRNA-R
Overexpression
261-GFP-hsp60-F
261-GFP-hsp60-R
261-GFP-smyc-F
261-GFP-smyc-R
261-GFP-g13-F
261-GFP-g13-R
261-GFP-mop-F
261-GFP-mop-R
261-GFP-L1-F
261-GFP-L1-R
261-GFP-L2-F
261-GFP-L2-R
306-GFP-smyc-F
306-GFP-smyc-R
306-GFP-g13-F
306-GFP-g13-R
306-GFP-mop-F
306-GFP-mop-R

306-GFP-L1-F

306-GFP-L1-R

306-GFP-L2-F

306-GFP-L2-R

261-choM2-smyc-F

gegctgatacttggtgcgcatet
tcacgaacaacgcgacaaac

gcggtaatacgtagggtecg

caatggccaagacaattgcggatccatggtctcgaagggegagga
cagtcgatcgtacgctagttaactcacttgtacagetegtecatgececag
gtaccagatctttaaatctagaggatcgtcggceaccgtcac
cctecgececttcgagaccatggagatacctecttaattaageatgegg
taccagatctttaaatctagagatcgccactagcge
cctecgececttcgagaccatggagatacctecttcggttaccaage
taccagatctttaaatctagaggctctagcgecgatggtagt
cctecgeccttcgagaccatggtgaatectectgtcgacatcge
cggtaccagatctttaaatctagacgatgataagcggtcaaac
teetegececttcgagaccatggacgatcteectttce
taccagatctttaaatctagaccgatgataagcggtcaaacatgag
cctecgeccttcgagaccatggagatacctccttaattaageatge
aacgcgtgcggcecgctctagaggatcgtcggceaccgtecac
gtcgatcgtacgctagttaactcacttgtacagetcgtccatgecca
aacgcgtgcggccgetctagagatcgecactagegeege
gtcgatcgtacgctagttaactcacttgtacagetcgtccatgecca
caacgcegtgeggecgetetagaggetctagegecgatggtagt
gtcgatcgtacgctagttaactcacttgtacagetcgtccatgeeca
aacgcgtgcggccgctctagacgatgataageggtcaaacatgagaattc
g

gtcgatcgtacgctagttaactcacttgtacagetcgtecatgecca
aacgcgtgcggcecgctctagacgatgataageggtcaaacatgagaattc
g

gtcgatcgtacgctagttaactcacttgtacagetcgtccatgecca

attaaggaggtatctccttgctgacaagacggeggttc

q-16s rRNA

pMV261-
hsp60-eGFP
pMV261-
smyc- eGFP
pMV261-
g13- eGFP
pMV261-
mop- eGFP
pMV261-L1-
eGFP
pMV261-L2-
eGFP
pMV306-
smyc- eGFP
pMV306-
gl3- eGFP
pMV306-

mop- eGFP

pMV306-L1-

eGFP

pMV306-L2-

eGFP

pMV261-



261-choM2-smyc-R
261-kstD1-smyc-F
261-kstD1-smyc-R
261-choM2-hsp60-F
261-choM2- hsp60-R
261-kstD1-hsp60-F
261-kstD1-hsp60-R
261-choM2-g13-F
261-choM2-g13-R
261-kstD1-g13-F
261-kstD1-g13-R
261-choM2-mop-F
261-choM2-mop-R
261-kstD1-mop-F
261-kstD1-mop-R
306-hsd4A-L2-F
306-hsd4A-L2-R
306-choM2-L2-F
306-choM2-L2-R
306-kstD1-L2-F

306-kstD1-L2-R

cagtcgatcgtacgctagttaacctaacgccggcectgagatgatc
attaaggaggtatctccatgactgaacaggactacagtgtctttg
agtcgatcgtacgctagttaactcaggcectttccagegagatge
tgcggatccagetgcagaattcatgctgacaagacggeggttce
acgtcgacatcgataagcttctagatcgectcgatattgegticgge
cggatccagctgcagaattcgtgtggattccgaacaacgaggttet
acgtcgacatcgataagctttcaggcectttccagecgagatgea
ccgaaggaggtatctccttgetgacaagacggeggttc
gcagtcgatcgtacgctagttaacctaacgccggectgagatgatcge
aaccgaaggaggtatctccatgactgaacaggactacagtgtctttg
cagtcgatcgtacgctagttaactcaggectttccagcgagatge
cgacaggaggattcaccttgctgacaagacggceggttect
cagtcgatcgtacgctagttaacctaacgccggcectgagatgatcge
gtcgacaggaggattcaccatgactgaacaggactacagtgtctttg
cagtcgatcgtacgctagttaactcaggectttccagcgagatge
attaaggaggtatctccatgaacgacaacccgatcgacctg
gtcgatcgtacgctagttaactcaagageccatgageteggtg
attaaggaggtatctccttgctgacaagacggeggttc
gtcgatcgtacgctagttaacctaacgecggectgagatgate
attaaggaggtatctccatgactgaacaggactacagtgtctttg

gtcgatcgtacgctagttaactcaggectttccagegagatg

smyc-choM?2
pMV261-
smyc-kstD1
pMV261-
hsp60-choM?2
pMV261-
hsp60- kstD1
pMV261-
gl3-choM?2
pMV261-
gl3-kstD1
pMV261-
mop-choM?2
pMV261-
mop-kstD1
pMV306-L2-
hsd4A4
pMV306-L2-
choM?2
pMV306-L2-

kstD1




Figure S1 Time course accumulation of ADD in the biotransformation system using resting cells

of M. neoaurum NRRL B-3805 as the catalysts with/without kshA41 deletion.
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Figure S2 Amino acids sequence alignment between C-terminal of OpccR and Cdun.

1 10 20 30 40 50
C-terminal .FyaEkLwrrwEloN@DPD ARRD ..... LGITGASSGIGASAiA
cdun MEKNJJLRRI SDEYV LT SMIP P LTIE|Y LGRG{E VEMR[EK R T Lhgifey ¥efelel £ p PN 1| K|LEVKIL
60 70 80 90 100 110
c-terminal [FXTEjr[2 LESIINEND AFD|E[L] 1 F\EF$3A E[E DN E\r RV TS G sfYE[H T[VIK DTG RF[EH[VE Y VR
cdun EASKNA TV VESAREVE LIAE(T|V| TEXK pisID Niefe] TENEEYVEY AL ST D A\YD|A LIA/AK|AME S H{E]G|I 3] T8 I )Np)
129 13('_) 149 15(? 16(_) 17(_)
C-terminal AGRSIRRi gD RIAHDME R\ AGALHWQE RF'JAQAN
cdun AGRS I RR)ZI#pSAS D R|f{H DME RIMUNIAN Y NESDAR IAYIN A 11 P [VREAR [eh]G H VEN V S BN G VWM
18(_) 199 200_ 21(_) 229 239
C-terminal . AYKAAL F EG TLSDHTFHMRARLNP
cdun SELE|GESY0 A|SEENATIN T FR\YAERSAW S G K G[V|H SEYT 1Y YR RYKbSIVeiE)I T K|E F vV AMIZG L SK
240 250 260 270 280 290
C—terminal HAAAMiVRGLIEK SERD TP LGTLADLGTYFTPRLSRRVLHQLYLGYPDSAAARGQAPE
cdun EEND M T AR K TRIAVEEIA L « & o ottt e e e e e e e e e e e e e e e e
300 310 320 330

C-terminal EEPQPRRP RARAR PKRAVRAIPGVHW
cdun . RMENYTENK|A I D s VENP GIL|L G\YFIUKEIGETDSS . v v v v v .

Figure S3 Amino acids sequence alignment between NbSal (M. neoaurum) and PsSal

(Pseudomonas sp.).

1 10 20 30 40 50 60
NBSal MGLRGDAAIVGFHELPATRKPTGTAEFTIEQWARLAAAAVADAGLSVQQVDGLVTICGVM
PSSAL . it e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e H
70 80 920 100 110 120
NBSal FVPAEYLGLAVNFAEVDLGGGMVWRAAAAIELGLCQAVLCPA
X FA RS F VP ISIAE Y LGLAVNFAENMVD LGGEWGN[EMVWRAAAAIELGLCQAVLC\AUP AN
130 140 150 160 170
NBSal s . AR YDPGDYAS F RFEE S AEFPYGGQNYAAQY I\Y G Y Djoj
PSsSal GP DYDY T AMMRE\MRE (]G HEY T Np4e] Al EES 3D LR qeHMefody| TG pe\M| 1 LY Rp4ALIR PgeR'4s]P V|
180 190 200 210 220 230
NBSal AKIVDQRNAﬁPAFPTIDVL APLHLEIVMPGGAVV
X1 FU RN A K TE\V D O RN AN P 3] A F [ofefe] P M T I 3ID V LN S ISWAYA P L HWYL E I VMP \YEG GEVA ViV )
240 250 260 270 280 290
NBSal RAG HEIP GE‘GERYKSPY PLQVKE GRENEATIEFD IY
Pssal |opAMA K ARINEIG A[VV| T3 A31 GFe: €3 shds P]M T EpggviG PAEYR IAMA G L)AP AEAM):(E9:Ne] T Y
300 310 320 330 340 350
NBSal DCYTITELLELEDAGFCAKGTGMRFVTHHDLTiRGD AGGQLGiGQP NEEES T H B
X PAMIDCYTITWL LELEDAGF CAKGIMGMRF ViU3HD L TRIR G 31G G 0 LIl G QFAGEA G G Mol v

360 370 380 390 400

NBSal CHATEQLMGRAGATQiADCHRﬁFVﬁGWGGVLSEQEALﬂLEGD
Pssal I[EE\F[H[T A[e):¥:XelD R{O)L|K T&ID N[V T [e] T [efeh¥MEPAeIGI. A T fofelA



Figure S4 Optimization of biotransformation conditions for the improvement of ADD space-time

yield by the engineered M. neoaurum NRRL B-3805axsha 1-opccr-sai-pL2-kstpr Under 30 g/L phytosterols.

(A) Effect of different wet cell sediment. (B) Effects of different liquid volume. (C) The yields of

ADD and AD under the conditions of 80g/L wet cell sediment and a liquid volume of 30 mL
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