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Figure S1 – Effect on exogenously added acetate on glucose fermentation (20 mM) by Thermoanaerobacter strain AK152 (65°C, pH 7.0). A – 20 mM acetate, B – 50 mM acetate, C – 100 mM acetate
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Figure S2 – Effect on exogenously added 1-butyric acid on glucose fermentation (20 mM) by Thermoanaerobacter strain AK152 (65°C, pH 7.0). A – 20 mM 1-butyrate, B – 50 mM 1-butyrate, C – 100 mM 1-butyrate







Figure S3 – 13C NMR spectra after 5 days of glucose fermentations (20 mM) by Thermoanaerobacter strain AK152 (65°C, pH 7.0) containing added 13C1 acetate (A) and 13C1 butyrate (B) at a final concentration of 20 mM.
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Table S1 – End product profiles for fermentation of selected substrates by Thermoanaerobacter strain AK152 after 5 days of fermentation (65°C, pH 7.0). The substrate concentration was 20 mM with the exception disaccharides (10 mM) and polymeric substrates for which 2% w/v was used. Data represents average of triplicate ± standard deviation.
	
	 
	Analyte (mM)
	
	

	Substrate
	
	Ethanol
	Acetate
	Lactate
	Hydrogen
	Optical Density 
(600 nm)
	Carbon balance (%)

	Control (YE only)
	
	0.14±0.02
	0.19±0.01
	0.50±0.07
	0.00±0.00
	0.08±0.02
	ND

	D-Glucose
	
	34.48±0.16
	3.35±0.01
	0.72±0.17
	2.71±0.34
	0.34±0.03
	96.39

	D-Fructose
	
	29.91±0.69
	3.84±0.00
	1.05±0.06
	3.15±0.03
	0.29±0.04
	87.00

	D-Galactose
	
	32.03±0.01
	3.96±0.17
	0.84±0.10
	3.05±0.10
	0.28±0.02
	92.07

	D-Mannose
	
	29.42±0.31
	3.65±0.03
	0.93±0.13
	3.23±0.15
	0.28±0.01
	84.99

	D-Arabinose
	
	1.34±0.04
	2.15±0.02
	0.05±0.00
	1.06±0.00
	0.11±0.01
	8.83

	D-Xylose
	
	27.37±2.00
	4.81±0.34
	2.31±0.06
	3.52±0.03
	0.29±0.03
	86.23

	L-Rhamnose
	
	1.81±0.23
	1.65±0.15
	0.05±0.00
	1.10±0.08
	0.12±0.01
	8.77

	L-Fucose
	
	1.51±0.05
	1.31±0.21
	0.05±0.00
	0.91±0.04
	0.08±0.00
	7.18

	Lactose
	
	36.21±1.06
	5.22±0.51
	1.03±0.24
	4.91±0.08
	0.34±0.04
	106.14

	Maltose
	
	[bookmark: OLE_LINK1]39.11±2.35
	3.29±0.58
	1.15±0.19
	3.23±1.27
	0.33±0.01
	108.88

	Trehalose
	
	36.07±4.55
	4.54±0.04
	0.80±0.11
	3.92±0.07
	0.31±0.02
	103.52

	Cellobiose
	
	35.81±5.41
	6.75±0.00
	1.03±0.18
	5.65±0.13
	0.30±0.04
	108.96

	Sucrose
	
	2.63±0.14
	1.86±0.21
	0.31±0.04
	1.34±0.04
	0.10±0.00
	12.00

	Raffiose
	
	2.30±0.22
	2.06±0.28
	0.48±0.05
	1.35±0.02
	0.30±0.05
	12.09

	Glycerol
	
	2.69±0.11
	1.80±0.09
	0.30±0.07
	0.85±0.06
	0.10±0.00
	11.97

	Pyruvate
	
	6.04±0.34
	14.60±0.39
	0.94±0.13
	3.57±0.96
	0.15±0.02
	53.95

	Xylan (oat)
	
	4.59±0.06
	4.47±0.19
	1.82±0.16
	1.53±0.04
	0.21±0.04
	ND

	Starch (potato)
	
	20.72±0.80
	3.89±0.11
	1.54±0.20
	3.01±0.07
	0.37±0.03
	ND

	Carboxymethyl cellulose (CMC)
	
	2.21±0.10
	2.51±0.01
	0.05±0.00
	1.42±0.04
	0.05±0.00
	ND

	Cellulose
	
	2.56±0.05
	2.72±0.17
	0.05±0.00
	1.25±0.25
	0.04±0.01
	ND

	Avicel
	
	2.10±0.05
	2.37±0.01
	0.05±0.00
	0.97±0.19
	0.06±0.02
	ND

	Serine
	
	3.70±0.23
	17.73±1.12
	0.00±0.00
	6.95±1.12
	0.21±0.03
	53.56

	Theronine
	
	2.30±0.10
	2.39±0.26
	0.00±0.00
	1.47±0.22
	0.11±0.02
	11.72




Table S2 – API ZYM data for Thermoanaerobacter strain AK152 and T. thermohydrosulfuricus.

	
	Alkaline phosphatase
	Esterase (C4)
	Lipase esterase (C8)
	Lipase (C14)
	Leucine arylamidase
	Valine arylamidase
	Cysteine arylamidase
	Trypsin
	α-Chymotrypsin
	Acid phosphatase
	Naphthol-AS-BI-phosophohydrolase
	α-Galactosidase
	β-Galactosidase
	β-Glucuronidase
	α-Glucosidase
	β-Glucosidase
	N-Acetyl-β-glucosaminidase
	α-Mannosidase
	α-Fucosidase

	Thermoanaerobacter strain AK152
	-
	+
	-
	-
	-
	-
	-
	-
	-
	+
	+
	-
	-
	-
	-
	-
	(+)
	-
	-

	[bookmark: _GoBack]T. thermohydrosulfuricus (DSM 567)
	-
	+
	+
	-
	-
	-
	-
	-
	-
	+
	+
	-
	-
	-
	-
	+
	+
	-
	-






Table S3 – Influence of initial 1-propionate on reduction to 1-propanol during glucose (20 mM) fermentation by Thermoanaerobacter strain AK152 after 5 days of fermentation (65°C, pH 7.0). Data represents average of triplicate ± standard deviation.
	
	 
	Analyte (mM)
	
	
	
	

	Initial propionate 
concentration (mM)
	
	Ethanol
	1-Propanol
	Acetate
	Lactate
	1-propionate
	Hydrogen
	Glucose 
degradation (%)
	RCOOH 
conversion (%)
	Optical Density
 (600 nm)
	Carbon balance (%)

	Control (YE only)
	
	0.45±0.15
	0.00±0.00
	4.37±0.73
	0.00±0.00
	0.00±0.00
	4.74±1.23
	ND
	ND
	0.10±0.00
	ND

	0
	
	25.32±0.37
	0.00±0.00
	15.58±0.23
	4.51±0.53
	0.00±0.00
	16.51±0.94
	100
	0.0
	0.25±0.03
	88.5

	10
	
	14.64±1.45
	2.44±0.72
	15.58±1.65
	4.24±0.61
	5.98±0.85
	18.69±1.84
	97.3
	24.0
	0.27±0.01
	85.7

	20
	
	10.79±0.09
	8.37±0.08
	15.55±0.71
	4.73±0.41
	13.11±2.86
	23.14±1.16
	98.7
	41.9
	0.29±0.02
	91.1

	40
	
	10.24±0.29
	7.24±0.58
	17.63±0.98
	4.89±0.51
	30.45±1.18
	22.38±2.10
	99.17
	18.1
	0.25±0.03
	90.4

	60
	
	8.21±0.11
	2.82±0.10
	19.51±2.14
	4.69±0.34
	52.37±8.91
	21.78±1.50
	96.8
	4.7
	0.26±0.03
	85.7

	80
	
	7.37±0.29
	2.48±0.39
	17.58±1.13
	6.24±1.66
	59.85±12.96
	17.19±3.44
	90.9
	3.1
	0.23±0.02
	77.1



Table S4 – Influence of initial pH on reduction of 1-propionate to 1-propanol during glucose (20 mM) fermentation by Thermoanaerobacter strain AK152 after 5 days of fermentation (65°C). Data represents average of triplicate ± standard deviation.

	
	 
	Analyte (mM)
	
	
	
	

	Initial pH
	
	Ethanol
	1-Propanol
	Acetate
	Lactate
	1-propionate
	Hydrogen
	Glucose 
degradation (%)
	RCOOH 
conversion (%)
	Optical Density
 (600 nm)
	Carbon 
balance (%)

	5.0
	
	12.23±0.18
	6.07±0.17
	12.31±0.37
	1.08±0.08
	12.21±0.23
	2.01±0.24
	70.8
	30.4
	0.17±0.02
	90.9

	5.5
	
	15.31±0.91
	7.31±0.37
	14.71±0.31
	2.21±0.10
	12.51±0.62
	13.53±0.67
	88.2
	36.6
	0.24±0.08
	91.0

	6.0
	
	17.23±0.97
	9.21±0.51
	12.31±0.71
	2.47±0.18
	10.09±0.51
	12.27±0.47
	95.3
	46.1
	0.29±0.20
	84.5

	6.5
	
	24.33±0.54
	11.45±0.20
	13.78±0.42
	2.54±0.29
	8.21±0.60
	13.23±0.55
	100.0
	57.3
	0.25±0.11
	96.3

	7.0
	
	22.00±0.43
	8.67±0.32
	13.71±0.27
	2.68±0.21
	11.34±0.36
	12.17±0.85
	100.0
	43.4
	0.36±0.03
	92.9

	7.5
	
	25.94±0.67
	8.38±0.21
	13.34±0.21
	1.98±0.34
	10.99±0.47
	12.37±0.92
	100.0
	41.9
	0.34±0.03
	97.8

	8.0
	
	23.32±0.23
	7.91±0.30
	12.89±0.42
	2.21±0.33
	12.30±0.44
	11.81±0.59
	96.5
	39.6
	0.32±0.04
	96.4

	8.5
	
	18.21±0.5
	5.81±0.17
	6.89±0.65
	2.33±0.15
	12.87±0.38
	7.38±0.41
	90.6
	29.1
	0.28±0.02
	79.3



Ethanol	0	0	0.18519463316790546	0.1496405367854364	0	0	0.18519463316790546	0.1496405367854364	0	24	48	168	0	0	16.298581251371917	16.992032659578744	Acetate	0	0.19048149873426382	0.37524426247778436	0.21728261309210181	0	0.19048149873426382	0.37524426247778436	0.21728261309210181	0	24	48	168	0	6.1792728156243237	11.624755996710556	13.013367946066793	n-Butanol	0	0	0.99994692325736778	0.76164193614501685	0	0	0.99994692325736778	0.76164193614501685	0	24	48	168	0	0	5.9264940610363785	6.0464898222608623	n-Butyrate	0	0.20049937655763422	0	0	0	0.20049937655763422	0	0	0	24	48	168	20	20	13.972118242607422	14.486339268294287	Glucose	0	0	0.18519463316790546	0.1496405367854364	0	0	0.18519463316790546	0.1496405367854364	0	24	48	168	20	20	2.2476190476190472	1.4380952380952376	Lactate	0	24	48	168	0	0.238775448192039	0	0	Optical Density	0	1.4960614960622435E-2	5.0780573713445397E-3	2.4206335258908283E-2	0	1.4960614960622435E-2	5.0780573713445397E-3	2.4206335258908283E-2	0	24	48	168	0	0.26750000000000002	0.46740000000000004	0.32330000000000003	Time (h)


Analyte (mM)


Optical Density (600 nm)




Ethanol	0	9.9186311639055127E-2	1.7123975202835633	1.2250070944764087	0	9.9186311639055127E-2	1.7123975202835633	1.2250070944764087	0	24	48	168	0	0	7.2770076760490463	10.794772727404174	Acetate	0	0.16417177313459239	0.24471276038237236	0.21668207115997462	0	0.16417177313459239	0.24471276038237236	0.21668207115997462	0	24	48	168	0	6.0729987878146048	13.583556337162861	15.171746896630921	n-Butanol	0	2.4518499571514106E-2	0.71136289469506797	0.36657086261958172	0	2.4518499571514106E-2	0.71136289469506797	0.36657086261958172	0	24	48	168	0	0	5.3183642726617135	6.7185485426516962	n-Butyrate	0	0.63	1.1000000000000001	0.37	0	0.63	1.1000000000000001	0.37	0	24	48	168	50	49	48	46	Glucose	0	0	0.59785140616617671	0.10101525445522125	0	0.59785140616617671	0.10101525445522125	0	24	48	168	20	20	6.711904761904762	1.6285714285714283	Optical Density	0	1.654831310637633E-2	6.9431020924847799E-3	1.0356786288333952E-2	0	1.654831310637633E-2	6.9431020924847799E-3	1.0356786288333952E-2	0	24	48	168	0	0.25059999999999999	0.47549999999999998	0.26478666666666667	Time (h)


Analyte (mM)


Optical Density (600 nm)




Ethanol	0	0.1643663716393774	0.14433324991275831	1.2464766255333342	0	0.1643663716393774	0.14433324991275831	1.2464766255333342	0	24	48	168	0	0	1.4987513738854641	6.2807157582743613	Acetate	0	24	48	168	0	6.5441819299725266	13.282520130114184	18.786548757759057	n-Butanol	0	0	0.31980456904370003	0.68056450245401623	0	0	0.31980456904370003	0.68056450245401623	0	24	48	168	0	0	2.4929007161473939	4.2693579551363419	n-Butyrate	0	0	0.5	0.77	0	0	0.5	0.77	0	24	48	168	100	100	94.5	93.4	Glucose	0	0	1.2238187881806069	5.0507627227610465E-2	0	0	1.2238187881806069	5.0507627227610465E-2	0	24	48	168	20	20	16.923809523809521	1.6642857142857139	Optical Density	0	9.372418163004801E-3	3.7249906785863786E-3	5.3020268661040419E-2	0	9.372418163004801E-3	3.7249906785863786E-3	5.3020268661040419E-2	0	24	48	168	0	0.24813333333333332	0.39096666666666668	0.28793333333333332	Time (h)


Analyte (mM)


Optical Density (600 nm)




Ethanol	0	0	0.18519463316790546	0.1496405367854364	0	0	0.18519463316790546	0.1496405367854364	0	24	48	168	0	0	16.298581251371917	16.992032659578744	Acetate	0	0.2706687156034398	0.68811136154742669	0.42374202236946668	0	0.2706687156034398	0.68811136154742669	0.42374202236946668	0	24	48	168	20	19.755028165806433	23.203710061187294	21.61317587073022	Glucose	0	0	0.50609731899398813	1.4158392616591431	0	0	0.50609731899398813	1.4158392616591431	0	24	48	168	20	20	12.16190476190476	1.7	Lactate	0	0.11785113019775771	0.35826743580118403	0.46754678910243841	0	0.11785113019775771	0.35826743580118403	0.46754678910243841	0	24	48	168	0	0.40544211485870568	0.49544211485870576	0.81877544819203896	Optical Density	0	8.661408661412991E-3	2.0084211599053513E-2	2.7772048298003997E-2	0	8.661408661412991E-3	2.0084211599053513E-2	2.7772048298003997E-2	0	24	48	168	0	0.26910000000000006	0.41323333333333334	0.38500000000000001	Time (h)


Analyte (mM)


Optical Density (600 nm)




Ethanol	0	1.2472191289246483E-2	0.30944394574067124	0.87030007596358527	0	1.2472191289246483E-2	0.30944394574067124	0.87030007596358527	0	24	48	168	0	0	2.1865010077786464	6.2404972565331187	Acetate	0	4.3838097212775358	2.5932165041247868	1.4754872353342652	0	4.3838097212775358	2.5932165041247868	1.4754872353342652	0	24	48	168	50	45	42.070683939056515	37.792047024911874	Glucose	0	0	1.4241996598798288	0.1912187905262977	0	0	1.4241996598798288	0.1912187905262977	0	24	48	168	20	20	11.733333333333333	1.6642857142857139	Lactate	0	0.11785113019775771	0.35826743580118403	0.46754678910243841	0	0.11785113019775771	0.35826743580118403	0.46754678910243841	0	24	48	168	0	0.34544211485870574	0.25210878152537225	0.97210878152537228	Optical Density	0	2.2738660177474532E-2	1.0956378152574969E-2	1.7740600014906169E-2	0	2.2738660177474532E-2	1.0956378152574969E-2	1.7740600014906169E-2	0	24	48	168	0	0.2767	0.46676666666666672	0.40923333333333334	Time (h)


Analyte (mM)


Optical Density (600 nm)
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