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[bookmark: _Hlk133152690]Figure S1. Bioinformatics analysis of Mn_Atfs and their orthologous from typical sterol-consuming strains. (A) Phylogenetic analysis of Atf1 and their orthologs. (B) Amino acid sequence alignment between Atf1 and Sal1, Query1 represents Sal1, Sbjct1 represents Atf1.
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[bookmark: _Hlk133152745]Figure S2. Schematic of the genomic organization (A) and the proposed catalytic mechanism (B) of the putative HBC operon in M. neoaurum ATCC 25795. The direction and sizes of the genes are indicated by arrows; and the spaces between the arrows indicate the distances between genes.









[image: ]
[bookmark: _Hlk128399857]Figure S3. Effects of ChsH4 on the utilization of phytosterols in strain WIII. (A) The growth curves of strains WIII and WIIIΔchsH4 in the MM medium with 1 g/L phytosterols as the sole carbon source. (B) The growth curves of strains WIII and WIIIΔchsH4 in the MYC/01 medium containing glycerol. All assays were performed in triplicate with three independent measurements. Standard deviations of the biological replicates are represented by error bars.
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Figure S4. Comparison of secondary structures between ChsH4 and Shy. (A) Secondary structure of protein ChsH4. (B) Secondary structure of protein Shy. (C) Alignment of secondary structure of protein ChsH4 and Shy.
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[bookmark: _Hlk133152865]Figure S5. Genomic distribution and effect of CSND gene cluster. (A) Genomic distribution of the CSND gene cluster in M. neoaurum ATCC 25795. (B) Genomic distribution of the CSND gene cluster in M. smegmatis MC2 155. (C) Effects of CSND gene cluster on 4-HBC production. (D) Effects of CSND gene cluster on 9-OHAD production. The direction of the arrows indicated the orientation of genes, and the number blow the arrow represented the amino acid similarity of the two homologues. All assays were performed in triplicate with three independent measurements. Standard deviations of the biological replicates are represented by error bars.
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[bookmark: _Hlk130716598][bookmark: _Hlk133152965]Figure S6. Analysis of metabolite profiles derived from sterols conversion by 4-HBC and 9-OHAD-producing strains. (A) Effects of the individual or combined over-expression of atf1, chsH4 and chsE6 on AD production in 4-HBC-producing strains. (B) HPLC profile of metabolites derived from conversion of 30 g/L phytosterols by strains WIIIΔCSNDΔfadA5-IV in a 5-L bioreactor. (B) HPLC profile of metabolites derived from conversion of 30 g/L phytosterols by strain NwIB-IΔCSND-V in a 5-L bioreactor. All assays were performed in triplicate with three independent measurements. Standard deviations of the biological replicates are represented by error bars.








Table S1. Transcriptional changes of the genes flanking atf1.
	Gene No.
	Multiplier change
	Description

	Mn_4950
	1.4
	Amino acid ABC transporter permease

	Mn_4951
	1.8
	Glutamate ABC transporter substrate-binding protein

	Mn_4952
	1.0
	Amino acid ABC transporter ATP-binding protein

	Mn_4953
	1.1
	tRNA -methyltransferase MiaB

	Mn_4954
	0.9
	Multispecies: hypothetical protein

	Mn_4955
	1.4
	DUF349 domain-containing protein

	Mn_4956
	2.0
	Hypothetical protein

	Mn_4957
	1.0
	Hypothetical protein

	Mn_4958
	1.6
	tRNA (adenosine(37)-N6)-di-methyltransferase MiaA

	Mn_4959
	0.8
	Diaminopimelate epimerase

	Mn_4960
	0.8
	GTPase HflX

	Mn_4961
	1.0
	PE-PPE domain-containing protein

	Mn_4962 (atf1)
	46.0
	Thiolase family protein

	Mn_4963 (chsH4)
	13.1
	Acyl dehydratase

	Mn_4964 (chsE6)
	8.1
	Acyl-CoA dehydrogenase

	Mn_4965 (kstR3)
	1.4
	TetR/AcrR family transcriptional regulator

	Mn_4966
	2.0
	Molybdopterin oxidoreductase

	Mn_4967
	0.7
	Acyl-CoA dehydrogenase

	Mn_4968
	1.4
	Hypothetical protein

	Mn_4969
	0.3
	Transcriptional repressor LexA

	Mn_4970
	0.4
	Organic hydroperoxide resistance protein

	Mn_4971
	1.6
	MarR family transcriptional regulator

	Mn_4972
	1.1
	LysM peptidoglycan-binding domain-containing protein

	Mn_4973
	0.6
	Ranscriptional repressor NrdR

	Mn_4974
	0.6
	PhzF family phenazine biosynthesis protein






















[bookmark: _Hlk128303870]Table S2. Differential expression of genes in strains WIII and WIIIΔkstR3.
	Protein accession
	Protein description
	Log2 FC

	WP_081843428.1	
	PPE family protein
	2.25

	Atf1
	transporter
	4.40

	ChsH4
	acyl dehydratase
	4.61

	ChsH6
	acyl-CoA dehydrogenase
	4.29

	CDQ43626.1
	putative transcriptional regulator
	-2.04

	CDQ46370.1
	MerR family transcriptional regulator
	-2.56

	CDQ44450.1
	Dipeptidyl aminopeptidase/acylaminoacyl peptidase
	-2.86


Note: Transcriptome data for WIII and WIIIΔkstR3 using 0.5 g/ L phytosterol induced for 72 h. Log2 FC indicates the fold changes at transcriptomic level (T) for WIIIΔkstR3 compared to strain WIII. The value of |Log2FC| ≥ 2 is used to judge the significance of differential expressed genes.










Table S3. Plasmids and primers used in this study.
	Name
	Sequence (5’-3’)
	Source

	Plasmids
	
	

	For gene knock-out
	
	

	p2NIL
	Nonreplicating plasmid for allelic recombination in Mycolicibacteria, KanR
	Dr. T. Parish

	pGOAL19
	LacZ, Hyg and SacB marker genes cassette-containing vector, HygR
	Dr. T. Parish

	pKO-fadA5
	p2NIL carrying homologous arms of fadA5 and the selection markers from pGOAL19
	This work

	pKO-ltp2
	p2NIL carrying homologous arms of ltp2 and the selection markers from pGOAL19
	This work

	pKO-ltp3
	p2NIL carrying homologous arms of ltp3 and the selection markers from pGOAL19
	This work

	pKO-ltp4
	p2NIL carrying homologous arms of ltp4 and the selection markers from pGOAL19
	This work

	pKO-atf2
	p2NIL carrying homologous arms of atf2 and the selection markers from pGOAL19
	This work

	pKO-atf1
	p2NIL carrying homologous arms of atf1 and the selection markers from pGOAL19
	This work

	pKO-kstR3
	p2NIL carrying homologous arms of kstR3 and the selection markers from pGOAL19
	This work

	pKO-chsH4
	p2NIL carrying homologous arms of chsH4 and the selection markers from pGOAL19
	This work

	pKO-chsE6
	p2NIL carrying homologous arms of chsH6 and the selection markers from pGOAL19
	This work

	pKO-oppcR
	p2NIL carrying homologous arms of oppcR and the selection markers from pGOAL19
	This work

	pKO-CSND
	p2NIL carrying homologous arms of CSND gene cluster and the selection markers from pGOAL19
	This work

	pKO-fadA5
	p2NIL carrying homologous arms of fadA5 and the selection markers from pGOAL19
	This work

	For gene overexpressing
	
	

	pMV261
	Shuttle vector of E. coli-Mycolicibacteria, carrying the heat shock (hsp60) promoter, KanR
	Dr. W. R. Jacobs Jr.

	p261-atf1
	pMV261 with hsp60 controlled atf1, KanR
	This work

	p261-sal1
	pMV261 with hsp60 controlled sal1, KanR
	This work

	p261-shy
	pMV261 with hsp60 controlled shy, KanR
	This work

	p261-sal1&shy
	pMV261 with hsp60 controlled sal1 and shy, KanR
	This work

	p261-chsH4
	pMV261 with hsp60 controlled chsH4, KanR
	This work

	p261-chsE6
	pMV261 with hsp60 controlled chsE6, KanR
	This work

	p261-kstR3
	pMV261 with hsp60 controlled kstR3, KanR
	This work

	p261-atf1&chsH4
	pMV261 with hsp60 controlled atf1 and chsH4, KanR
	This work

	For gene supplementation
	
	

	pMV306
	Integration vector in Mycolicibacteria species, KanR
	Dr. W. R. Jacobs Jr.

	p306-atf1
	pMV306-hsp60-atf1, integrative into Mycolicibacteria genome DNA, KanR
	This work

	p306-sal1
	pMV306-hsp60-sal1, integrative into Mycolicibacteria genome DNA, KanR
	This work

	p306-shy
	pMV306-hsp60-shy, integrative into Mycolicibacteria genome DNA, KanR
	This work

	p306-sal1&shy
	pMV306-hsp60-atf1 and shy, integrative into Mycolicibacteria genome DNA, KanR
	This work

	p306-chsH4
	pMV306-hsp60-chsH4, integrative into Mycolicibacteria genome DNA, KanR
	This work

	Primers
	
	

	Gene deletion
	
	

	fadA5-UF
	CCGaagcttGTTCCTTCTTGTAGAGCTCCCACTG
	This work

	fadA5-UR
	AATTgaattcGTACTGGGTGACGCAGCCGCCGATG
	This work

	fadA5-DF
	CGCgaattcGACATGGACAAGGTCAACGTCAACG
	This work

	fadA5-DR
	TTAAgcggccgcGGTCGCAGATCAGGATCGGGATCT
	This work

	ltp2-UF
	AATTctgcagACCAGGCTCGCCATCAACGGGGTC
	This work

	ltp2-UR
	GACTaagcttATCCACGGCATGAACGGGATCGCC
	This work

	ltp2-DF
	GCGaagcttGTCCATCGTGAAGGTGACCAGACC
	This work

	ltp2-DR
	TTAAgcggccgcGAGATGGACTGGCGCATCATGAAG
	This work

	ltp3-UF
	GCGctgcagGAACATCAGCACGGTGATGTCCTTG
	This work

	ltp3-UR
	AATTaagcttGGTGAGGGCTGGAAGCTCACCGAGGC
	This work

	ltp3-DF
	GTCAaagcttCGGAATCAGCCAGCGCACGGTCGAT
	This work

	ltp3-DR
	AATTggatccGGATTACCTTGCCGGTCGCGCCTTC
	This work

	ltp4-UF
	TAATctgcagGCCTCGGTGAGCTTCCAGCCCTCAC
	This work

	ltp4-UR
	TAATaagcttGTCAATCCGTCCGGCGGCACCCTGG
	This work

	ltp4-DF
	ATATaagcttGAAGGCGCGACCGGCAAGGTAATCC
	This work

	ltp4-DR
	CGCGggtaccTTCTTAGAACCTGTTCTACTCGATG
	This work

	atf1-UF
	TAATaagcttCTGGTTGGGGGCCAGGTAGGTGCCG
	This work

	atf1-UR
	TAATggtaccGACCTGCTGCACCGACAAGCCGGCA
	This work

	atf1-DF
	ATTAggtaccGCCGGTGGTATGCACCATGTCTGCG
	This work

	atf1-DR
	ATTAggatccGATCACGTGTTCGGCGGCGGCGATA
	This work

	atf2-UF
	AATTggatccGTTGATGCGCGATGCGCCGTTC
	This work

	atf2-UR
	AATTgaattcGCCGTAATGCGATTCGGCGATG
	This work

	atf2-DF
	AATTgaattcTACTCCGGTAGCGGTTGCAGCC
	This work

	atf2-DR
	AATTggtaccACCGGCAGTATCGGGCCTTGAG
	This work

	kstR3-UF
	AATTggatccAGTCGTGGCGCCGTATCTGCC
	This work

	kstR3-UR
	TAATaagcttGACATCGCGCATCTGGATCTGCTCG
	This work

	kstR3-DF
	TAATaagcttTCCATCCTGCGCGACCTGCCG
	This work

	kstR3-DR
	AATTggtaccCTCCACCACCGCCTATGAGCGTG
	This work

	chsH4-UF
	ATATaagcttCGCGGAATTCACGATCGAACAATGG
	This work

	chsH4-UR
	AATTggtaccTCAGTCCCCCTCCAGGACGAGAG
	This work

	chsH4-DF
	AATTggtaccATCGGTATGGCGATGACACCGG
	This work

	chsH4-DR
	AATTggatccGCCAGTTCGATGCCGAAATCCCT
	This work

	chsE6-UF
	TAATaagcttAATGCCGAACTGGCCCGCACAAC
	This work

	chsE6-UR
	AATTgaattcCTCGGGTAACTGGACAGCATGCAGAGC
	This work

	chsE6-DF
	AATTgaattcGTGACCGCCGATGCGTTGGCC
	This work

	chsE6-DR
	AATTggatccGTGGTGCGGGTGTTCAACGATCGCG
	This work

	opccR-UF
	TTAAagcttgTCGCTTCGCGGCAACGGACCA
	This work

	opccR-UR
	GCCcatatgGTCAAGCGCGCGGTCCGAGC
	This work

	opccR-DF
	GACcatatgGCCGGTAACGACATAATGCATGTCGG
	This work

	opccR-DR
	ATAggatccGCAGCAATCGTTCTCGCGACCG
	This work

	CSND-UF
	AATTaagcttCGACTGCGCTCCGCCTCGGCC
	This work

	CSND-UR
	AATTggtaccGGGCAACGACCTTGTGCATGGTCGCC
	This work

	CSND-DF
	AATTggtaccCAGCCACCTGGCGGCACTGGACATG
	This work

	CSND-DR
	AATTggatccGCGGCGACGGCGAACGGTTGGAAC
	This work

	Gene augmentation
	
	

	atf1-F
	TAGCggatccATTGGGTTTGCGTGGTGACGCAGC
	This work

	atf1-R
	TAGCaagcttTCAGTCCCCCTCCAGGACGAGAGCT
	This work

	chsH4-F
	AATTgaattcATGACCGACCCGATGGTGCG
	This work

	chsH4-R
	TTGGaagcttCTATTCGGCCGCGGTGTAATGCAAG
	This work

	chsE6-F
	AATTggatccAATGGCGCTGGCCCTCACCGA
	This work

	chsE6-R
	TATAaagcttTCATGCGCGCGGTAGCCCGA
	This work

	kstR3-F
	AATTgaattcATGACCGCGGCCGACACCGAAC
	This work

	kstR3-R
	ATATaagcttTCAGTCCCGGCCCGCCACCG
	This work

	atf1&chsH4-F
	AATTggatcctTTGGGTTTGCGTGGTGACGCAGC
	This work

	atf1&chsH4-R
	TTGGaagcttCTATTCGGCCGCGGTGTAATGCAAG
	This work


Notes: The restriction enzyme sites are indicated with lowercase letters.
image4.tiff




image5.tiff
C19+ gene cluster of M. smegmatis MC2 155

« 3

80% 8% 90% 74% 85%

6% 3% 1% 9%

C19+ gene cluster of M. neoaurum ATCC 25795

D

4HBC 2.5

2.04

WIIACSND L0

9 OHHBC

Titer of 9-OHAD (g L)
@

; : ' ' 10 12min NwIB-T NWIB-IACSND




image6.tiff
4-HBC

14 min|

12

min|

a
<
% [<|
a..,A
Leol
<!
—
la
s ° Se © © o o
2 © e 9o 9 o e © © ©o o
2 88838 22888 %
s = = = = = =
£ £ 2 g 8 5§ g
$ § § § & & 3

(1/3) @V Jo L





image1.tiff
Mx_Fadas

Ma_2105
Me_FadAs
1123

Ma 2086
Ma 1591

u Mn_2930
i I
L

%

15
Mu 2767
9L nin_2766
% Mn_3094
—————™ Mu_1s1o
9 sl
Min_1962 (utf1)
wlam 210
M Lapt
Ms_Lep3

SRR

g

b A1 [T TR £ s

»s_sal1 [ EOIWERE: 2o
Q< Eiger o SR Ar v LG LAVNF AR
a_sall 1) - . AEPPRARI.

R

Hac o vl
itz -« clf

[TV RSN -0 SYUAY it PR
a_sall priE0E i 8 )

Mo Atel [ETCEIER VLI REVARE LimLE vy
ra_eai1 [ POH: MR I oy o offes 1 ver g

R

B

B R

;R

o a1 SRR
Ps_eall [IISEEE]

HERE R

BB

a1
s eall





image2.tiff
atfl (Mn_4962) chsH4 (Mn_4963) chsE6 (Mn_4964) kstR3 (Mn_4965)

[o)
XNSCoA SCDA
Cth4 ? Atll Ch=H6 ?

3-0CDO-CoA 22-OH-BNC-CoA 3-OPA 4-HBC





image3.tiff
Cell density (ODggq)

1.0
0.9
0.8
0.74
0.6
0.5
0.4+
0.34
0.24
0.14

0.0

—s— WL
—e— WIillAchsH4
[ 1 2

3 4
Time (d)

Cell density (ODggq)

—=— WIII
—o— WIlIAchsH4
0 1 2

3 4
Time (d)





