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Construction of POR-IRES-CYP17A1 expression vector
The region encoding green-fluorescent protein (GFP) in the pLenti PGK GFP puro plasmid (Addgene, Watertown, MA, USA, # 19070) was replaced by DNA encoding POR, internal ribosome entry site (IRES) and CYP17A1. POR, CYP17A1 and IRES were amplified via a sequence overlap extension PCR from pcDNA3.1-POR (Genescript, Piscataway, NJ, USA, clone ID: OHu25584C) and pcDNA3.1-CYP17A1 (Genescript, clone ID: OHu23795) and an in-house plasmid encoding IRES (see Suppl. Table 2 for oligonucleotide primers). The primers used introduced overhangs complementary to the adjacent gene of interest. Equimolar ratios of the purified PCR products were annealed by PCR. Using the POR forward and the CYP17A1 reverse primer, the annealed POR-IRES-CYP17A1 sequence was amplified by another PCR. The final PCR product and the pLenti PGK puro plasmid were digested using the restriction enzymes BamHI and SalI (New England Biolabs, Ipswich, MA) and ligated.
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Suppl. Fig. 1. 2D-structures of test compounds. 
[image: ]Suppl. Fig. 2. Similarities between the H295R steroid patterns of test chemicals illustrated using a heat map and corresponding dendrogram.  H295R cells were incubated for 48 h with 0.01% DMSO (solvent control) or the respective test compound (1 µM). Changes in steroid hormone levels were qualitatively monitored by UHPLC-MS and cluster analysis was performed.

Supplemental Tables 
Suppl. Table 1. Oligonucleotide primers used for PCR-amplification of CYP17A1, POR and IRES.
	Construct to amplify, primer overhang
	DNA sequence 5`-3`direction

	POR forward,  BamHI
	CGATGGATCCGCCACCATGATCAACATGGGAGACTCCCACG

	POR reverse, IRES
	GGGGGGGGCGGAATTCTAGACTAGCTCCACACGTCCAGGG

	IRES forward, POR
	CCCTGGACGTGTGGAGCTAGTCTAGAATTCCGCCCCCCCC

	IRES reverse, CYP17A1
	GAGAGCCACGAGCTCCCACATGGTTGTGGCCATATTATCATCGTGTTTTTC

	CYP17A1 forward, IRES
	GAAAAACACGATGATAATATGGCCACAACCATGTGGGAGCTCGTGGCTCTC

	CYP17A1 reverse, SalI
	CCAGCTGACTCACTTATCGTCGTCATCCTTGTAATCG



Suppl. Table 2. Overview of enzyme activity assays performed. Substrate, product and analytical method with reference standards and calibrators are listed.
	Enzyme assay
	Substrate
	Product
	Analytical method
	Reference standards and calibrators

	CYP17A1-hydroxylase
	Progesterone
	17α-hydroxy-progesterone
	Detection of radiolabeled substrate and product after TLC by scintillation counting
	[1,2,6,7-3H(N)]-progesterone as radioactive tracer 

	CYP17A1-lyase
	17α-hydroxy-pregnenolone
	DHEA
	Product detection using an ELISA kit
	Provided by supplier of the ELISA kit 

	CYP21A2
	17α-hydroxy-progesterone
	11-deoxycortisol
	Substrate and product quantification using targeted UHPLC-MS/MS
	17α-hydroxyprogesterone-D8 and 11-deoxycortisol-D5

	CYP11B1
	11-DOC
	corticosterone
	Substrate and product quantification using targeted UHPLC-MS/MS 
	Corticosterone-D8



Suppl. Table 3. Trivial name, IUPAC name and CAS number of test compounds.
	trivial name
	IUPAC name
	CAS No.

	dehydroepiandrosterone
	(3S,8R,9S,10R,13S,14S)-3-hydroxy-10,13-dimethyl-1,2,3,4,7,8,9,11,12,14,15,16-dodecahydrocyclopenta[a]phenanthren-17-one
	53-43-0

	16α-hydroxydehydroepiandrosterone
	(3S,8R,9S,10R,13S,14S,16R)-3,16-dihydroxy-10,13-dimethyl-1,2,3,4,7,8,9,11,12,14,15,16-dodecahydrocyclopenta[a]phenanthren-17-one
	1232-73-1

	16β-hydroxydehydroepiandrosterone
	(3S,8R,9S,10R,13S,14S,16R)-3,16-dihydroxy-10,13-dimethyl-1,2,3,4,7,8,9,11,12,14,15,16-dodecahydrocyclopenta[a]phenanthren-17-one
	1232-73-1

	androst-4-en-3,17-dione
	(8R,9S,10R,13S,14S)-10,13-dimethyl-2,6,7,8,9,11,12,14,15,16-decahydro-1H-cyclopenta[a]phenanthrene-3,17-dione
	63-05-8

	11β-hydroxyandrost-4-en-3,17-dione
	(8S,9S,10R,13S,14S)-11-hydroxy-10,13-dimethyl-2,6,7,8,9,11,12,14,15,16-decahydro-1H-cyclopenta[a]phenanthrene-3,17-dione
	564-32-9

	16α-hydroxyandrost-4-en-3,17-dione
	(8R,9S,10R,13S,14S)-16-hydroxy-10,13-dimethyl-2,6,7,8,9,11,12,14,15,16-decahydro-1H-cyclopenta[a]phenanthrene-3,17-dione
	5746-45-2

	19-hydroxyandrost-4-en-3,17-dione
	(8R,9S,10S,13S,14S)-10-(hydroxymethyl)-13-methyl-2,6,7,8,9,11,12,14,15,16-decahydro-1H-cyclopenta[a]phenanthrene-3,17-dione
	510-64-5

	androsterone 

	(3R,5S,8R,9S,10S,13S,14S)-3-hydroxy-10,13-dimethyl-1,2,3,4,5,6,7,8,9,11,12,14,15,16-tetradecahydrocyclopenta[a]phenanthren-17-one
	53-41-8

	16α-hydroxyandrosterone
	(3R,5S,8R,9S,10S,13S,14S,16R)-3,16-dihydroxy-10,13-dimethyl-1,2,3,4,5,6,7,8,9,11,12,14,15,16-tetradecahydrocyclopenta[a]phenanthren-17-one
	14167-49-8

	11β-hydroxyepiandrosterone
	(3S,5S,8S,9S,10S,11S,13S,14S)-3,11-dihydroxy-10,13-dimethyl-1,2,3,4,5,6,7,8,9,11,12,14,15,16-tetradecahydrocyclopenta[a]phenanthren-17-one
	514-17-0

	3β,16β,17α-androst-5-enetriol

	(3S,8R,9S,10R,13S,14S,16S,17S)-10,13-dimethyl-2,3,4,7,8,9,11,12,14,15,16,17-dodecahydro-1H-cyclopenta[a]phenanthrene-3,16,17-triol
	25126-70-9

	androst-5-en-3α-ol-17-one
	(3R,8R,9S,10R,13S,14S)-3-hydroxy-10,13-dimethyl-1,2,3,4,7,8,9,11,12,14,15,16-dodecahydrocyclopenta[a]phenanthren-17-one
	2283-82-1

	androstanedione

	(5S,8R,9S,10S,13S,14S)-10,13-dimethyl-2,4,5,6,7,8,9,11,12,14,15,16-dodecahydro-1H-cyclopenta[a]phenanthrene-3,17-dione
	846-46-8

	5β-androstan-11α-ol-3,17-dione
	(5R,8S,9S,10S,11R,13S,14S)-11-hydroxy-10,13-dimethyltetradecahydro-3H-cyclopenta[a]phenanthrene-3,17(2H)-dione
	32694-33-0

	testosterone
	(8R,9S,10R,13S,14S,17S)-17-hydroxy-10,13-dimethyl-1,2,6,7,8,9,11,12,14,15,16,17-dodecahydrocyclopenta[a]phenanthren-3-one
	58-22-0

	testosterone sulfate
	[(8R,9S,10R,13S,14S,17S)-10,13-dimethyl-3-oxo-1,2,6,7,8,9,11,12,14,15,16,17-dodecahydrocyclopenta[a]phenanthren-17-yl] hydrogen sulfate
	651-45-6

	6β-hydroxytestosterone
	(6R,8R,9S,10R,13S,14S,17S)-6,17-dihydroxy-10,13-dimethyl-1,2,6,7,8,9,11,12,14,15,16,17-dodecahydrocyclopenta[a]phenanthren-3-one
	62-99-7

	15β-hydroxytestosterone
	(8R,9S,10R,13S,14S,15R,17S)-15,17-dihydroxy-10,13-dimethyl-1,2,6,7,8,9,11,12,14,15,16,17-dodecahydrocyclopenta[a]phenanthren-3-one
	39605-73-7

	etiocholanolone
	(3R,5R,8R,9S,10S,13S,14S)-3-hydroxy-10,13-dimethyl-1,2,3,4,5,6,7,8,9,11,12,14,15,16-tetradecahydrocyclopenta[a]phenanthren-17-one
	53-42-9

	11-ketoetiocholanolone 
	(3R,5R,8S,9S,10S,13S,14S)-3-hydroxy-10,13-dimethyl-2,3,4,5,6,7,8,9,12,14,15,16-dodecahydro-1H-cyclopenta[a]phenanthrene-11,17-dione
	739-27-5

	11β-hydroxyetiocholanolone
	(3R,5R,8S,9S,10S,11S,13S,14S)-3,11-dihydroxy-10,13-dimethyl-1,2,3,4,5,6,7,8,9,11,12,14,15,16-tetradecahydrocyclopenta[a]phenanthren-17-one
	739-26-4

	17β-estradiol 
	(8R,9S,13S,14S,17S)-13-methyl-6,7,8,9,11,12,14,15,16,17-decahydrocyclopenta[a]phenanthrene-3,17-diol
	50-28-2

	16-ketoestradiol
	(8R,9S,13S,14S,17R)-3,17-dihydroxy-13-methyl-7,8,9,11,12,14,15,17-octahydro-6H-cyclopenta[a]phenanthren-16-one
	566-75-6

	2-methoxyestradiol
	(8R,9S,13S,14S,17S)-2-methoxy-13-methyl-6,7,8,9,11,12,14,15,16,17-decahydrocyclopenta[a]phenanthrene-3,17-diol
	362-07-2

	estrone 
	(8R,9S,13S,14S)-3-hydroxy-13-methyl-7,8,9,11,12,14,15,16-octahydro-6H-cyclopenta[a]phenanthren-17-one
	53-16-7

	11-deoxycortisol 
	(8R,9S,10R,13S,14S,17R)-17-hydroxy-17-(2-hydroxyacetyl)-10,13-dimethyl-2,6,7,8,9,11,12,14,15,16-decahydro-1H-cyclopenta[a]phenanthren-3-one
	152-58-9

	cortisol
	(8S,9S,10R,11S,13S,14S,17R)-11,17-dihydroxy-17-(2-hydroxyacetyl)-10,13-dimethyl-2,6,7,8,9,11,12,14,15,16-decahydro-1H-cyclopenta[a]phenanthren-3-one
	50-23-7

	cortisone
	(8S,9S,10R,13S,14S,17R)-17-hydroxy-17-(2-hydroxyacetyl)-10,13-dimethyl-1,2,6,7,8,9,12,14,15,16-decahydrocyclopenta[a]phenanthrene-3,11-dione
	53-06-5

	20α-dihydrocortisone
	(8S,9S,10R,13S,14S,17R)-17-((S)-1,2-dihydroxyethyl)-17-hydroxy-10,13-dimethyl-1,6,7,8,9,10,12,13,14,15,16,17-dodecahydro-3H-cyclopenta[a]phenanthrene-3,11(2H)-dione
	566-38-1


	20β-cortol
	(3R,5R,8S,9S,10S,11S,13S,14S,17R)-17-[(1R)-1,2-dihydroxyethyl]-10,13-dimethyl-1,2,3,4,5,6,7,8,9,11,12,14,15,16-tetradecahydrocyclopenta[a]phenanthrene-3,11,17-triol
	667-65-2

	20α-cortolone
	(3R,5R,8S,9S,10S,13S,14S,17R)-17-[(1S)-1,2-dihydroxyethyl]-3,17-dihydroxy-10,13-dimethyl-2,3,4,5,6,7,8,9,12,14,15,16-dodecahydro-1H-cyclopenta[a]phenanthren-11-one
	516-42-7

	17-deoxycortolone
	(3R,5R,8S,9S,10S,13S,14S,17S)-17-[(1R)-1,2-dihydroxyethyl]-3-hydroxy-10,13-dimethyl-1,2,3,4,5,6,7,8,9,12,14,15,16,17-tetradecahydrocyclopenta[a]phenanthren-11-one
	600-68-0

	3α,5β-tetrahydrocortisol
	2-hydroxy-1-[(3R,5R,8S,9S,10S,11S,13S,14S,17R)-3,11,17-trihydroxy-10,13-dimethyl-1,2,3,4,5,6,7,8,9,11,12,14,15,16-tetradecahydrocyclopenta[a]phenanthren-17-yl]ethanone
	53-02-1

	11-deoxycorticosterone 
	(8S,9S,10R,13S,14S,17S)-17-(2-hydroxyacetyl)-10,13-dimethyl-1,2,6,7,8,9,11,12,14,15,16,17-dodecahydrocyclopenta[a]phenanthren-3-one
	64-85-7

	5α-dihydro-11-deoxycorticosterone
	(5S,8R,9S,10S,13S,14S,17S)-17-(2-hydroxyacetyl)-10,13-dimethyl-1,2,4,5,6,7,8,9,11,12,14,15,16,17-tetradecahydrocyclopenta[a]phenanthren-3-one
	298-36-2

	corticosterone
	(8S,9S,10R,11S,13S,14S,17S)-11-hydroxy-17-(2-hydroxyacetyl)-10,13-dimethyl-1,2,6,7,8,9,11,12,14,15,16,17-dodecahydrocyclopenta[a]phenanthren-3-one
	50-22-6

	5α-dihydrocorticosterone
	(5S,8S,9S,10S,11S,13S,14S,17S)-11-hydroxy-17-(2-hydroxyacetyl)-10,13-dimethyl-1,2,4,5,6,7,8,9,11,12,14,15,16,17-tetradecahydrocyclopenta[a]phenanthren-3-one
	298-25-9

	5β-dihydrocorticosterone
	(5R,8S,9S,10S,11S,13S,14S,17S)-11-hydroxy-17-(2-hydroxyacetyl)-10,13-dimethyl-1,2,4,5,6,7,8,9,11,12,14,15,16,17-tetradecahydrocyclopenta[a]phenanthren-3-one
	566-01-8

	3α,5β-tetrahydrocorticosterone
	1-[(3R,5R,8S,9S,10S,11S,13S,14S,17S)-3,11-dihydroxy-10,13-dimethyl-2,3,4,5,6,7,8,9,11,12,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-17-yl]-2-hydroxyethanone
	68-42-8

	11-dehydrocorticosterone
	(8S,9S,10R,13S,14S,17S)-17-(2-hydroxyacetyl)-10,13-dimethyl-2,6,7,8,9,12,14,15,16,17-decahydro-1H-cyclopenta[a]phenanthrene-3,11-dione
	72-23-1

	5β-dihydro-11-dehydrocorticosterone
	(5R,8S,9S,10S,13S,14S,17S)-17-(2-hydroxyacetyl)-10,13-dimethyltetradecahydro-3H-cyclopenta[a]phenanthrene-3,11(2H)-dione
	10417-86-4

	aldosterone
	(8S,9S,10R,11S,13R,14S,17S)-11-hydroxy-17-(2-hydroxyacetyl)-10-methyl-3-oxo-1,2,6,7,8,9,11,12,14,15,16,17-dodecahydrocyclopenta[a]phenanthrene-13-carbaldehyde
	52-39-1

	pregnenolone
	1-[(3S,8S,9S,10R,13S,14S,17S)-3-hydroxy-10,13-dimethyl-2,3,4,7,8,9,11,12,14,15,16,17-dodecahydro-1H-cyclopenta[a]phenanthren-17-yl]ethanone
	145-13-1

	7α-hydroxypregnenolone
	1-[(3S,7S,8S,9S,10R,13S,14S,17S)-3,7-dihydroxy-10,13-dimethyl-2,3,4,7,8,9,11,12,14,15,16,17-dodecahydro-1H-cyclopenta[a]phenanthren-17-yl]ethanone
	30626-96-1

	17α-hydroxypregnenolone
	1-[(3S,8R,9S,10R,13S,14S,17R)-3,17-dihydroxy-10,13-dimethyl-1,2,3,4,7,8,9,11,12,14,15,16-dodecahydrocyclopenta[a]phenanthren-17-yl]ethanone
	387-79-1

	21-hydroxypregnenolone
	2-hydroxy-1-[(3S,8S,9S,10R,13S,14S,17S)-3-hydroxy-10,13-dimethyl-2,3,4,7,8,9,11,12,14,15,16,17-dodecahydro-1H-cyclopenta[a]phenanthren-17-yl]ethanone
	1164-98-3

	pregnanolone 

	1-[(3R,5R,8R,9S,10S,13S,14S,17S)-3-hydroxy-10,13-dimethyl-2,3,4,5,6,7,8,9,11,12,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-17-yl]ethanone
	128-20-1

	3α,11β,21-trihydroxy-20-oxo-5β-pregnan-18-al
	(3R,5R,8S,9S,10S,11S,13R,14S,17S)-3,11-dihydroxy-17-(2-hydroxyacetyl)-10-methyl-2,3,4,5,6,7,8,9,11,12,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthrene-13-carbaldehyde
	2527-07-3

	3β,15β,17α-trihydroxypregnenone
	1-[(3S,8R,9S,10R,13S,14S,15R,17R)-3,15,17-trihydroxy-10,13-dimethyl-1,2,3,4,7,8,9,11,12,14,15,16-dodecahydrocyclopenta[a]phenanthren-17-yl]ethanone
	80380-40-1

	progesterone
	(8S,9S,10R,13S,14S,17S)-17-acetyl-10,13-dimethyl-1,2,6,7,8,9,11,12,14,15,16,17-dodecahydrocyclopenta[a]phenanthren-3-one
	57-83-0

	11α-hydroxyprogesterone 
	(8S,9S,10R,11R,13S,14S,17S)-17-acetyl-11-hydroxy-10,13-dimethyl-1,2,6,7,8,9,11,12,14,15,16,17-dodecahydrocyclopenta[a]phenanthren-3-one
	80-75-1

	16α-hydroxyprogesterone
	(8S,9S,10R,13S,14S,16R,17R)-17-acetyl-16-hydroxy-10,13-dimethyl-1,2,6,7,8,9,11,12,14,15,16,17-dodecahydrocyclopenta[a]phenanthren-3-one
	438-07-3

	17α-hydroxyprogesterone
	(8R,9S,10R,13S,14S,17R)-17-acetyl-17-hydroxy-10,13-dimethyl-2,6,7,8,9,11,12,14,15,16-decahydro-1H-cyclopenta[a]phenanthren-3-one
	68-96-2

	17α,20α-dihydroxyprogesterone
	(8R,9S,10R,13S,14S,17S)-17-hydroxy-17-(2-hydroxyethyl)-10,13-dimethyl-2,6,7,8,9,11,12,14,15,16-decahydro-1H-cyclopenta[a]phenanthren-3-one
	10456-50-5

	5α-dihydroprogesterone
	(5S,8R,9S,10S,13S,14S,17S)-17-acetyl-10,13-dimethyl-1,2,4,5,6,7,8,9,11,12,14,15,16,17-tetradecahydrocyclopenta[a]phenanthren-3-one
	566-65-4

	5β-dihydroprogesterone
	(5R,8R,9S,10S,13S,14S,17S)-17-acetyl-10,13-dimethyl-1,2,4,5,6,7,8,9,11,12,14,15,16,17-tetradecahydrocyclopenta[a]phenanthren-3-one
	128-23-4

	20α-dihydroprogesterone
	(8S,9S,10R,13S,14S,17S)-17-[(1S)-1-hydroxyethyl]-10,13-dimethyl-1,2,6,7,8,9,11,12,14,15,16,17-dodecahydrocyclopenta[a]phenanthren-3-one
	145-14-2

	5α,20α-tetrahydroprogesterone
	(5S,8R,9S,10S,13S,14S,17S)-17-[(1S)-1-hydroxyethyl]-10,13-dimethyl-1,2,4,5,6,7,8,9,11,12,14,15,16,17-tetradecahydrocyclopenta[a]phenanthren-3-one
	516-59-6
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1     Supplementary Methods  

1

  Construction of POR - IRES - CYP17A1 expression vector  

2

  The region encoding green - fluorescent  protein (GFP) in the pLenti PGK GFP puro plasmid 

3

  (Addgene, Watertown, MA, USA, #   19070) was replaced by DNA encoding POR, internal 

4

  ribosome entry site (IRES) and CYP17A1. POR, CYP17A1 and IRES were amplified via a 

5

  sequence overlap extension PCR from pcDNA3 .1 - POR (Genescript, Piscataway, NJ, USA, clone 

6

  ID: OHu25584C) and pcDNA3.1 - CYP17A1 (Genescript, clone ID: OHu23795) and an in - house 

7

  plasmid encoding IRES (see Suppl. Table 2 for oligonucleotide primers). The primers used 

8

  introduced overhangs complementary  to the adjacent gene of interest. Equimolar ratios of the 

9

  purified PCR products were annealed by PCR. Using the POR forward and the CYP17A1 reverse 

10

  primer, the annealed POR - IRES - CYP17A1 sequence was amplified by another PCR. The final 

11

  PCR product and the p Lenti PGK puro plasmid were digested using the restriction enzymes 

12

  BamH I and  Sal I (New England Biolabs, Ipswich, MA) and ligated.  

13

   

14

  Supplemental Figures  

15

   

16

   

17

  Suppl. Fig. 1.   2D - structures of test compounds.    
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