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Materials and Methods. 
General Methods. Unless otherwise noted, solvents and reagents were reagent-grade and used without further purification. Triethylamine (Et3N) and dichloromethane (CH2Cl2) were distilled from CaH2 and stored over 4 Å molecular sieves. Tetrahydrofuran (THF), ether (Et2O), and acetonitrile (CH3CN) were dried according to the procedure described by Grubbs (Pangborn et al, 1996). 1,2-Dichloroethane (DCE) was obtained from Fisher and used without further purification.  Reactions were performed under an argon atmosphere in round-bottom flasks sealed under rubber septa with magnetic stirring, unless otherwise noted. Water-sensitive reactions were performed with flame- or oven-dried glassware, stir bars, and steel needles. Reaction temperatures are reported as the temperatures of the bath surrounding the vessel or programmed temperatures for microwave reactions. Microwave reactions were performed using a CEM Discover microwave synthesizer. Sensitive reagents and solvents were transferred using plastic syringes and steel needles using standard techniques. Volatile solvents were removed under reduced pressure using a Büchi rotary evaporator at 20–30 °C (bath temperature). Thin layer chromatography was run on pre-coated plates of silica gel with a 0.25-mm thickness containing 60F-254 indicator (EMD Millipore). Chromatography was performed using forced flow (flash chromatography) and the indicated solvent system on 230-400 mesh silica gel (Silicycle flash F60) according to the method of Still (Still et al, 1978), unless otherwise noted. Radial Preparative Liquid Chromatography (radial plc) was performed on a Chromatotron® using 1-mm, 2-mm, or 4-mm glass plates coated with Merck, TLC grade 7749 silica gel with gypsum binder and fluorescent indicator. 
Proton nuclear magnetic resonance (1H NMR) and carbon nuclear magnetic resonance (13C NMR) spectra were obtained at the indicated field as solutions in the indicated solvent. Chemical shifts are referenced to the deuterated solvent (e.g., for CDCl3, δ = 7.26 ppm and 77.0 ppm for 1H and 13C NMR, respectively) and are reported in parts per million (ppm, δ) relative to tetramethylsilane (TMS, δ = 0.00 ppm).  Coupling constants (J) are reported in Hz and the splitting abbreviations used are: s, singlet; d, doublet; t, triplet; q, quartet; pent, pentet; sext, sextet; m, multiplet; comp, overlapping multiplets of magnetically nonequivalent protons; br, broad; app, apparent. Molecular mass was determined using an LCMS system comprised of an Agilent 1200 Series HPLC and an Agilent 6130 single quadrupole mass spectrometer. Samples were injected onto a Agilent C18 Zorbax Eclipse Plus column (5 micron, 2.1 x 50 mm) and eluted at 0.7 ml/min using a gradient of 10-90% acetonitrile, 0.1% formic acid (11-minute linear ramp). Positive mode electrospray ionization ESI was used to verify the identity of the major component. The experimental data for UKH-1114 and DKR-1051 has been described previously (Sahn et al, 2017).
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		Figure S1. Synthesis of aryl chlorides 6-8. 
[image: ]
	Figure S2. Synthesis of biaryls 4, 5, and 9-11. 


Organic Synthesis
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(±)-2-Benzyl-9-chloro-1,2,3,4,5,6-hexahydro-1,6-methanobenzo[c]azocine (6). Iodotrimethylsilane (124 mg, 90 L 0.62 mmol) was added in one portion to a solution of carbamate 12 (105 mg, 0.30 mmol) in CH2Cl2 (6.0 mL) at 0 °C in flask wrapped in foil. The cooling bath was removed after 2 h, and the reaction was stirred for an additional 4 h, whereupon the mixture was cooled in an ice bath and quenched with aqueous NaHCO3 (aq) (5 mL) and MeOH (2 mL). After stirring for 30 min at room temperature, the MeOH was removed under reduced pressure, and the aqueous mixture was extracted with CH2Cl2 (3 x 10 mL). The combined organic extracts were dried (Na2SO4), filtered and concentrated under reduced pressure, and the residue was purified via radial plc (SiO2), eluting with hexanes  5% Et2O/hexanes  10% Et2O/hexanes to provide 58 mg (65%) of 6 as a viscous colorless oil: 1H NMR (400 MHz, CDCl3) δ 7.45 (d, J = 7.2 Hz, 2 H), 7.37 (t, J = 7.4 Hz, 2 H), 7.30-7.25 (m, 1 H), 7.22 (d, J = 2.0 Hz, 1 H), 7.20 (app s, 1 H), 7.12 (d, J = 7.4 Hz, 1 H), 4. 18 (d, J = 6.8 Hz, 1 H), 3.86 (d, J = 13.4 Hz, 1 H), 3.60 (d, J = 13.4 Hz, 1 H), 3.28 (t, J = 2.8 Hz, 1 H), 2.54 (dd, J = 13.4, 8.6 Hz, 1 H), 2.22-2.14 (comp, 2 H), 2.06 (pent, J = 7.0 Hz, 1 H), 1.92 (pent, J = 6.2 Hz, 1 H), 1.76-1.62 (m, 2 H), 1.34-1.26 (m, 1 H); 13C NMR (125 MHz, CD3OD) δ 148.2, 145.0, 139.0, 131.6, 129.0, 128.0, 127.8, 126.8, 124.5, 124.4, 64.9, 60.1, 50.4, 41.9, 33.9, 32.5, 23.6; HRMS (ESI) m/z calculated for C19H21ClN (M+H)+, 298.1357; found 298.1367.
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[bookmark: _GoBack](±)-9-Chloro-2-phenethyl-1,2,3,4,5,6-hexahydro-1,6-methanobenzo[c]azocine (JVW-1034). Iodotrimethylsilane (384 mg, 0.27 mL 1.92 mmol) was added in one portion to a solution of carbamate 12 (220 mg, 0.64 mmol) in CH2Cl2 (10.0 mL) at 0 °C in flask wrapped in foil. The cooling bath was removed after 2 h, and the reaction was stirred for an additional 3.25 h, whereupon the mixture was cooled to 0 °C and methanolic HCl (2.0 M, 15 mL) was added. After stirring for 5 min, the volatiles were removed under reduced pressure, 2 N HCl (aq) (30 mL) was added, and the aqueous mixture was washed with Et2O (2 x 15 mL). The pH of the aqueous layer was adjusted to ~9 by the slow addition of 2.2 M NaOH (aq) and then extracted with CH2Cl2 (3 x 20 mL). The combined organic extracts were dried (Na2SO4), filtered and concentrated under reduced pressure to afford 120 mg (90%) of the crude amine 13 that was of sufficient purity (>95% LC and 1H NMR) to use in the subsequent reaction without purification. 2-Phenethyl bromide (R1) (0.16 mL, 211 mg, 1.14 mmol) was added to a mixture of amine 13 (120 mg, 0.57 mmol) and K2CO3 (240 mg, 1.71 mmol) in CH3CN (3.0 mL) and heated at 50 ºC for 24 h. The reaction was cooled to room temperature, filtered, and concentrated under reduced pressure to afford the crude product, which was purified via flash column chromatography (SiO2), eluting with hexanes  5% EtOAc / hexanes, to give 130 mg (73%) of JVW-1034 as a colorless oil: NMR (500 MHz, CDCl3) δ 7.34 (t, J = 7.5 Hz, 2 H), 7.30-7.21 (comp, 5 H), 7.14 (d, J = 5.0 Hz, 1 H), 4.29 (d, J = 5.0 Hz, 1 H), 3.31 (t, J = 5.0 Hz, 1 H), 2.98-2.87 (comp, 3 H), 2.82-2.66 (comp, 2 H), 2.30-2.18 (comp, 2 H), 2.13 (pent, J = 5.0 Hz, 1 H), 1.93 (pent, J = 5.0 Hz, 1 H), 1.79-1.59 (comp, 2 H), 1.39-1.27 (m, 1 H); 13C NMR (125 MHz, CDCl3) δ 148.1, 145.2, 140.4, 132.2, 128.8, 128.4, 128.2, 126.1, 124.9, 124.5, 66.0, 58.3, 50.7, 41.8, 35.2, 34.1, 33.4, 24.2; HRMS (ESI) m/z calculated for C20H23ClN (M+H)+, 312.1514; found 312.1521.
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(±)-9-Chloro-2-(pyridin-2-ylmethyl)-1,2,3,4,5,6-hexahydro-1,6-methanobenzo[c]azocine (8). The carbamate group of 12 was removed using iodotrimethylsilane, as reported in the synthesis of JVW-1034 from 12. Freshly distilled pyridine-2-carbaldehyde (R2) (20 µL, 21 mg, 0.19 mmol) was added to a solution of amine 13 (16 mg, 0.77 mmol) in DCE (1.5 mL). After 3 h, Na(OAc)3BH (49 mg, 0.23 mmol) was, and the reaction mixture was stirred an additional 16 h. NaHCO3 (aq) (3.0 mL) was added, and the reaction was stirred for 10 min, whereupon the mixture was extracted with CH2Cl2 (3 x 10 mL), and the combined organic layers were dried (Na2SO4), filtered, and concentrated under reduced pressure. The crude product was purified via flash column chromatography (SiO2), eluting with 90% hexanes/0.5% NEt3/Et2O  50% hexanes/1% NEt3/Et2O  1% NEt3/Et2O to give 17 mg (74%) of 8 as a pale yellow oil: NMR (400 MHz, CDCl3) δ 8.61 (d, J = 1.2 Hz, 1 H), 8.52 (dd, J = 4.8, 1.6 Hz, 1 H), 7.78 (d, J = 7.6 Hz, 1 H), 7.29 (ddd, J = 8.0, 4.8, 0.8 Hz, 1 H), 7.21 (dd, J = 8.2, 1.7 Hz, 1 H), 7.17 (d, J = 1.7 Hz, 1 H), 7.12 (d, J = 8.4 Hz, 1 H), 4.14 (d, J = 6.8 Hz, 1 H), 3.85 (d, J = 13.6 Hz, 1 H), 3.59 (d, J = 13.6 Hz, 1 H), 3.28 (t, J = 6.2 Hz, 1 H), 2.47 (dd, J = 13.4, 8.4 Hz, 1 H), 2.23-2.03 (comp, 3 H), 1.92 (app pent, J = 6.0 Hz, 1 H), 1.75-1.60 (comp, 2 H), 1.35-1.1.24 (m, 1 H); 13C NMR (125 MHz, CD3OD) δ 159.5, 148.5, 148.0, 144.5, 137.3, 131.7, 127.9, 124.6, 124.4, 123.7, 122.4, 65.9, 61.1, 50.4, 41.7, 33.7, 33.2, 23.9; HRMS (ESI) m/z calculated for C18H20ClN2 (M+H)+, 299.1310; found 299.1320.
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(±)-2-((3-Methyloxetan-3-yl)methyl)-9-(4-(trifluoromethyl)phenyl)-1,2,3,4,5,6-hexahydro-1,6-methanobenzo[c]azocine (9). To a mixture of amine 15 (Sahn et al, 2017) and 3-methyloxetane-3-carbaldehyde (R6) (20 mg, 0.20 mmol) in DCE (3.0 mL) was added Na(OAC)3BH (70 mg, 0.33 mmol). The mixture was stirred for 20 h, whereupon NaHCO3 (aq) (3.0 mL) was added. The mixture was stirred for 10 min and then extracted with CH2Cl2 (3 x 10 mL), and the combined organic layers were dried (Na2SO4), filtered, and concentrated under reduced pressure. The crude product was purified via flash column chromatography (SiO2), eluting with 90% hexanes/Et2O  50% hexanes/0.5% NEt3/Et2O to give 20 mg (67%) of 9 as a white solid: White solid (crystals from MeOH); NMR (500 MHz, CD3OD) δ 7.83 (d, J = 7.75 Hz, 2 H), 7.75 (d, J = 7.5 Hz, 2 H), 7.63 (s, 1 H), 7.61 (d, J = 10.0 Hz, 1 H), 7.37 (d, J = 10.0 Hz, 1 H), 4.64 (d, J = 5.0 Hz, 1 H), 4.59 (d, J = 5.0 Hz, 1 H), 4.37 (t, J = 5.0 Hz, 1 H), 4.20 (br d, 10.0 Hz, 1 H), 3.39 (t, J = 10.0 Hz, 1 H), 3.33 (app pent, J = 3.8 Hz, 1 H), 3.06-2.92 (comp, 2 H), 2.52-2.39 (m, 1 H), 2.35 (d, J = 15.0 Hz, 1 H), 2.26-2.11 (comp, 2 H), 2.05 (app sext, J = 6.0 Hz, 1 H), 1.89-1.79 (m, 1 H), 1.77-1.70 (m, 1 H), 1.53 (s, 3 H) 1.42-1.33 (m, 1 H); 13C NMR (125 MHz, CD3OD) δ 150.6, 145.3, 143.1, 138.2, 128.8, 128.6, 127.5, 127.1, 125.6, 125.3 (q, JC-F = 3.8 Hz), 123.7, 82.1, 81.7, 68.0, 62.1, 41.8, 40.0, 33.4, 32.9, 23.5, 21.6; HRMS (ESI) m/z calculated for C24H27F3NO (M+H)+, 402.2039; found 402.2054.

[image: ]
(±)-Methyl 3(9-(4-(trifluoromethyl)phenyl)-3,4,5,6-tetrahydro-1,6-methanobenzo[c]azocin-2(1H)-yl)propanoate (10). A solution of amine 15 (32 mg, 0.10 mmol), methyl acrylate (R7) (52 mg, 54 L, 0.60 mmol), and NEt3 (10 mg, 14 L, 0.10 mmol) in CH2Cl2 (4.0 mL) was heated at 40 °C for 24 h, whereupon the reaction mixture was cooled to room temperature, and the volatiles were removed under reduced pressure. The crude product was purified via radial plc (SiO2), eluting with 50% hexanes / Et2O  50% hexanes / 0.5% Et3N / Et2O  70% Et2O / 1% Et3N / hexanes, to give 38 mg (94%) of 10 as a colorless oil: NMR (400 MHz, CDCl3) δ 7.7 (d, J = 8.8 Hz, 2 H), 7.67 (d, J = 8.8 Hz, 2 H), 7.50 (s, 1 H), 7.48 (dd, J = 7.8, 1.8 Hz, 1 H), 7.28 (d, J = 7.8 Hz, 1 H), 4.26 (d, J = 6.8 Hz, 1 H), 3.71 (s, 3 H), 3.53 (t, J = 5.8 Hz, 1 H), 3.07 (app pent, J = 7.2 Hz, 1 H), 2.87 (app pent, J = 7.2 Hz, 1 H), 2.68-2.57 (comp, 3 H), 2.29-2.20 (m, 1 H), 2.19-2.08 (m, 2 H), 1.98-1.89 (m, 1 H), 1.76-1.63 (comp, 2 H), 1.35-1.25 (m, 1 H); 13C NMR (150 MHz, CD3OD) δ 173.2, 149.9, 145.1, 143.4, 138.0, 128.6 (q, JC-F = 31.0 Hz); 127.2, 127.1, 125.3 (q, JC-F = 4.0 Hz), 124.5 (q, JC-F = 270.0 Hz), 123.6, 123.4, 65.7, 51.1, 50.3, 48.1, 42.0, 33.7, 32.6, 32.6 (different C), 23.4; HRMS (ESI) m/z calculated for C23H25F3NO2 (M+H)+, 404.1832; found 404.1850.
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(±)-3-(9-(4-(Trifluoromethyl)phenyl)-3,4,5,6-tetrahydro-1,6-methanobenzo[c]azocin-2(1H)-yl)propanoic acid (11). 4 M HCl (aq) (1.0 mL) and H2O (1.0 mL) were added to a solution of 10 in THF (6.0 mL) at room temperature. The reaction was heated at 40 °C for 36 h, cooled to room temperature, and then concentrated to dryness under reduced pressure. The residue was triturated with Et2O to provide 21 mg (91%) of 11HCl as an off-white solid: White solid (crystals from MeOH); NMR (500 MHz, DMSOd6) δ 7.97 (br s, 1 H), 7.94 (d, J = 5.0 Hz, 2 H), 7.85 (d, J = 5.0 Hz, 2 H), 7.80 (d, J = 5.0 Hz, 1 H), 7.49 (d, J = 5.0 Hz, 1 H), 4.92 (d, J = 5.0 Hz, 1 H), 3.54-3.14 (comp, 5 H), 2.98 (d, J = 5.0 Hz, 3 H), 2.35 (pent, J = 7.5 Hz, 1 H), 2.01-1.91 (m, 1 H), 1.89-1.77 (m, 1 H), 1.78-1.69 (m, 1 H), 1.31-1.12 (m, 1 H); NMR (125 MHz, DMSOd6) δ 172.4, 144.6, 138.2, 130.0, 128.5, 128.2, 128.0, 127.9, 126.3 (q, JC-F = 3.8 Hz), 126.1, 125.0, 123.8; HRMS (ESI) m/z calculated for C22H23F3NO2 (M+H)+, 390.1675; found 390.1689.


Receptor binding assay
Receptor binding assays for 45 CNS proteins were performed by the Psychoactive Drug Screening Program (PDSP) at Chapel Hill, North Carolina. Binding was tested per standard protocols (https://pdspdb.unc.edu/pdspWeb/content/PDSP Protocols II 2013-03-28.pdf). 1R was sourced from Guinea pig brain and 1R binding affinity (Ki) was determined through competition binding assays with the radioligand [3H]-(+)-pentazocine. 2R/Tmem97 was obtained from rat PC12 cells and the 2R/Tmem97 ligand binding affinity (Ki) was determined through competition binding assays using the radioligand [3H]-ditolylguanidine in the presence of (+)-pentazocine to block 1R binding sites. Ki values were calculated using the Cheng-Prusoff equation (Cheng and Prusoff, 1973) from best-fit IC50 determinations and are reported as the average of 2 or more independent runs performed in triplicate. hERG affinity was determined using a thallium flux (FluxOR) assay with HEK293 cells stably expressing hERG channels. 

Figure S3. -Receptor binding affinity (Ki) of 9, 10, and 11. 
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C. elegans strains
C. elegans were grown at 20 °C and fed OP50 strain bacteria seeded on Nematode Growth Media (NGM) agar plates as described previously (Brenner, 1974). Worms cultured on plates contaminated with fungi or other bacteria were excluded. The reference wild-type (WT) strain was N2 Bristol. The strain VC40979, a Y38H6C.16 null allele gk910298, was outcrossed 6X to make strain JPS949. To make 2R/TMEM97 rescue strain JPS986, a genomic region from ~2200 kb upstream through the 3’ UTR for Y38H6C.16 was isolated via PCR and transformed into the JPS949 background. To make humanized 2R/TMEM97 strain JPS988, the same 5’ and 3’ regions were engineered into a plasmid carrying a cDNA for the human TMEM97 gene (kindly provided by Andrew Kruse) and transformed into the JPS949 background. The two vem-1(null) strains were VC702 carrying the null allele, ok1058, and JPS464 (VC454 outcrossed 2X) carrying the null allele, gk220. To make the rescue vem-1(null) strains JPS819 and JPS842, a genomic region from ~2000 kb upstream through the 3’ UTR for vem-1 was isolated via PCR and transformed into the VC702 background. The extrachromosomal arrays in JPS819 and JPS842 were crossed onto a WT background (N2) to form definitive vem-1(+) extra-copy strains, JPS841 and JPS843, respectively. In all cases, the co-injection reporter PCFJ90 pmyo-2::mCherry (1.25 ng/μl) was used to ensure proper transformation of the each array.

Rats
Adult male Wistar rats (Charles River, Wilmington, MA), weighing 225–250 g upon arrival, were group-housed in an AAALAC-approved, temperature- and humidity-controlled vivarium, on a 12 h/12 h reverse light/dark cycle; all behavioral tests were conducted during the dark phase of the cycle. Rats had ad libitum access to food and water. All procedures adhered to the National Institutes of Health Guide for the Care and Use of Laboratory Animals and were approved by the Institutional Animal Care and Use Committee of Boston University.



Table S1. Binding affinity (Ki, nM) of 6 and JVW-1034 at non- receptor targets.

	Target
	6
	JVW1034 

	5HT1A
	
	

	5HT1B
	
	

	5HT1D
	
	

	5HT2A
	
	336

	5HT2B
	
	3189

	5HT2C
	
	1796

	5HT3
	
	

	5HT6
	
	3141

	5HT7
	
	

	nAchα22
	
	

	nAch24
	
	5758

	nAch32
	
	1062

	nAch34
	>10,000
	111

	nAch42
	
	

	nAch44
	
	1946

	nAch7
	
	>10,000

	α1A
	
	

	α1B
	
	

	α1D
	
	

	α2A
	
	1399

	α2B
	
	570

	α2C
	
	465

	β1
	
	

	β2
	
	

	β3
	
	

	
	
	

	κ
	
	2081

	µ
	6816
	2651

	DAT
	1361
	670

	NET
	
	1527

	SERT
	
	

	D1
	
	

	D2
	
	

	D3
	
	

	D4
	
	1864

	D5
	
	

	H1
	
	1916 a

	H2
	ND
	ND

	H3
	
	

	H4
	ND
	ND

	M1
	
	

	M2
	
	

	M3
	
	

	M4
	
	2151

	M5
	
	

	hERG
	ND
	855 a



 < 50% inhibition of radioligand binding at 10 µM
a Average of 2 or more Ki determinations
ND Not determined




[image: ]
Figure S4.  Predicted secondary structures of Y34H6C.16 (a) and human TMEM97 (b) are similar. Aspartate residues important for ligand binding in the human receptor (D29 and D56) and the predicted corresponding residues in the worm receptor are labeled in red. Though D56 in the human receptor is more obviously conserved, there is an aspartate in the same region of the protein as D29 in the human receptor. The asterisk indicates the location of the early stop codon in the Y34H6C.16 null strain.


[image: ]
Figure S5. Behavioral improvement in withdrawn worms requires the worm ortholog of PGRMC1. Diacetyl races probed performance during withdrawal from chronic ethanol exposure. Group means for AUC were compared by one-way RM ANOVA with Holm-Sidak post hoc comparison to withdrawn worms (*p<0.05, **p<0.01, ***p<0.001). (a,b) Like WT, strains carrying independent null alleles of PGRMC1 (vem-1(gk220); vem-1(ok1058)) showed impaired diacetyl race performance after withdrawal from chronic ethanol exposure (naive, black vs. withdrawn, red). Treatment with JVW-1034 did not improve this withdrawal-induced behavioral deficit, consistent with JVW-1034’s action through a PGRMC1-mediated pathway. (b,c) Independent extrachromosomal arrays of WT wPGRMC1, pvem-1::vem-1(+), on a PGRMC1 null background (vem-1(ok1058)) reduced behavioral impairment during withdrawal from chronic ethanol exposure. One strain showed withdrawal-induced behavioral impairment that was improved by treatment with JVW-1034 (c). (d,e) The presence of independent extrachromosomal arrays containing WT wPGRMC1, pvem-1::vem-1(+), on a WT background (N2) reduced behavioral deficits in animals withdrawn from chronic ethanol exposure. 

Table S2. Performance on the diacetyl race assay as measured by area under the curve (AUC)  SEM.
	Strain
	Treatment group
	   AUCSEM

	N2
	naive 
	44.70.69

	 
	withdrawn
	30.31.64

	  
	withdrawn+vehicle
	35.30.95

	  
	withdrawn+UKH-1114
	32.42.38

	
	withdrawn+DKR-1051
	29.73.37

	
	withdrawn+3
	38.21.48

	
	withdrawn+JVW-1034
	43.61.48

	
	withdrawn+4
	31.62.44

	
	withdrawn+5
	35.41.92

	
	withdrawn+6
	33.11.86

	
	withdrawn+7
	31.92.58

	
	withdrawn+siramesine
	49.30.64

	
	withdrawn+opipramol
	37.12.96

	
	naive+vehicle
	43.80.82

	
	naive+JVW-1034
	42.62.05

	
	naive+3
	42.21.23

	
	naive+siramesine
	48.80.56

	
	
	

	JPS949
	naive 
	44.32.04

	
	withdrawn+vehicle
	37.02.01

	
	withdrawn+3
	38.42.21

	
	withdrawn+JVW-1034
	37.20.98

	
	
	

	JPS986
	naive 
	46.41.26

	
	withdrawn+vehicle
	39.21.63

	
	withdrawn+JVW-1034
	43.90.93

	
	
	

	JPS988
	naive 
	46.30.98

	
	withdrawn+vehicle
	39.21.52

	
	withdrawn+JVW-1034
	44.41.28

	
	
	

	JPS464
	naive 
	35.91.30

	
	withdrawn+vehicle
	24.01.07

	
	withdrawn+JVW-1034
	25.31.11

	
	
	

	VC702
	naive 
	47.00.81

	 
	withdrawn+vehicle
	36.41.41

	
	withdrawn+JVW-1034
	36.02.15

	
	
	

	JPS819
	naive 
	47.21.18

	
	withdrawn+vehicle
	43.91.65

	 
	withdrawn+JVW-1034
	42.41.81

	
	
	

	JPS842
	naive 
	44.50.92

	
	withdrawn+vehicle
	39.11.29

	
	withdrawn+JVW-1034
	42.01.20

	
	
	




	JPS841
	naive 
	49.30.78

	
	withdrawn
	46.20.76

	
	
	

	JPS843
	naive 
	39.74.31

	
	withdrawn 
	43.11.34












Table S3. Performance on the diacetyl race assay as measured by normalized AUC (NormAUC)  SEM.
	Strain
	   NormAUCSEM

	N2
	0.570.04

	JPS819
	0.940.05

	JPS842
	0.890.04

	JPS841
	0.940.02

	JPS843
	  1.20.16
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