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The dataset describes the influence of culture conditions
on the bioreduction of organic acids by Thermoanaerobac-
ter pseudethanolicus as reported in [1]. The data shows that
during glucose fermentation of Thermoanaerobacter pseude-
thanolicus the reducing equivalents are not only converted to
ethanol and hydrogen but also, in the presence of carboxylic
acids (C2-C6), to its corresponding alcohol. To maximize the
alcohol production produced from their carboxylic acid, sev-
eral experiments were performed to investigate the effect of
various environmental factors (initial glucose concentration,
pH, liquid-gas phase ratio, and inhibitory effects of alcohols)
on growth. A kinetic experiment of glucose in the absence
and presence of selected fatty acids are also presented as
are data on selected enzyme activities related to alcohols and
aldehydes and a time course study of the reduction of 3C1
labeled butyrate using glucose as a carbon source.
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Specifications Table

Subject Biology

Specific subject area Microbiology

Data format Raw

Type of data Table, figure

Data collection The bacteria investigated was cultivated under various environmental

conditions and both substrate and end-product formation analysed using
GC-FID, Perkin Elmer Clarus 580, GC-TCD, Perkin Elmer Autosystem XL,
UV-visible Spectroscopy, Bioscreen C (GrowthCurves Ltd, Finland) and
Shimadzu UV-1800 UV-visible Spectrometer, Bruker AV400 NMR Spectrometer.

Data source location Institution: University of Akureyri
Region: Akureyri, Iceland
Data accessibility Repository name: Mendeley

Data identification number: 10.17632/wxrd9fh9xt.1
Direct URL to data: https://data.mendeley.com/datasets/wxrd9fh9xt/1

Related research article S.M. Scully, A.E. Brown, Y. Mueller-Hilger, A.B. Ross, ]. Orlygsson, Influence of
Culture Conditions on the Bioreduction of Organic Acids to Alcohols by
Thermoanaerobacter pseudoethanolicus, Microorganisms. 9 (2021) 1-24.
https://doi.org/10.3390/microorganisms9010162

1. Value of the Data

» The data presents end products from the fermentation glucose in the presence of
volatile fatty acids (formate, acetate, 1-propionate, 1-butyrate, 2-methyl-1-propionate, 1-
pentanoate, 3-methyl-1-butyrate, 2-methyl-1-butyrate, 1-hexanoate) by Thermoanaerobac-
ter pseudethanolicus.

» The data set shows the influence of culture parameters on the fermentation of glucose
in the presence of volatile fatty and under different environmental conditions. A kinetic
experiment showing the formation of 1-butanol from 1-butyrate and 3-methyl-1-butanol
from 3-methyl-1-butyrate.

+ Could be useful for producing longer chain alcohols from low-value volatile fatty acids
found in waste materials.

2. Data Description

Thermoanaerobacter pseudethanolicus ferments glucose predominantly to ethanol but also to
minor amounts of acetate and hydrogen [1]. Growth on glucose in the presence of exogenously
added volatile fatty acids (20 mM) leads to less amounts of ethanol and an increase in acetate
formation and the added fatty acid is converted to their corresponding alcohol [1]. The influence
of various environmental parameters are known to result in a change in end-product formation,
such as using different liquid-gas phase ratios and pH was investigated in batch culture in the
present study.

The dataset contains seven tables (Tables final.docx), six of which detail fermentation data,
namely metabolic end products such as alcohols, fatty acids, and hydrogen, while the remain-
ing table contains enzyme activities towards selected alcohols and aldehyde substrates. Each
line details the experimental conditions for a given experiment with a data point for the ana-
lyte concentration in mmol per L presented as the average+standard deviation measured at the
indicated time. Additionally, one table summarizes the enzymatic activity of crude cell lysates
towards alcohol and aldehyde substrates using NAD™ or NADP* as a cofactor. Table 1 details the
conversion rate of the fatty acid conversion to alcohols using C1-C6 carbon fatty acids. Table 2
displays kinetic conversion of glucose alone and in the presence of 1-butyrate and 3-methyl-1-
butyrate. Table 3 shows the conversion of selected fatty acids to their corresponding alcohols in
the presence of glucose at different initial pH values. The effect of using different L-G ratio on
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Table 1
End product formation after 5 days of cultivation from cultures of T. pseudethanolicus containing glucose (20 mM) and of exogenously added carboxylic acid (RCOOH; 20 mM) and
its conversion to its corresponding short-chain alcohol (ROH). Values represent the average of triplicate fermentations with standard deviation.

Analyte (mmol/L)

Substrate (20 mM) + carboxylic Hydrogen Ethanol Alcohol Acetate Carboxylic Carboxylic acid  ROH/RCOOH Optical Carbon
acid (20 mM) acid conversion (%) Ratio Density balance (%)
(600 nm)

Control (yeast extract) 0.18 + 0.02 138 £ 0.18 ND 292 + 017 ND ND ND 0.06 £ 0.02 ND

Glucose + Formate 250 £ 015 2322 + 464 ND 510 + 1.84 ND ND ND 033 £0.02 708

Glucose + Acetate 145 +£ 0.04 2570 +£3.28 ND 3478 £ 327 ND ND ND 0.35 + 0.04 101.2

Glucose + 1-Propionate 158 £ 0.33 1649 + 2.03 6.62 + 058 13.01 + 0.58 47.2 0,63 0.35 + 0.01 73.8
10.55 £ 0.38

Glucose + 1-Butyrate 173 £1.02 2290 +3.00 9.14 + 117 13.01 +£ 043 638 £ 028 68.1 1,43 030 £ 009 89.7

Glucose + 2-Methyl-1-Propionate  1.27 +£ 0.29 20.36 +£ 110 9.94 + 0.83 2234 4+ 2.55 10.24 + 117 486 0,97 0.31 +£0.04 106.7

Glucose + 1-Pentanoate 142 £ 113 1974 £ 1.77 1158 £ 0.75 1691 + 1.68 8.41 + 050 58.0 137 035 + 0.01 91.6

Glucose + 3-Methyl-1-Butyrate 276 £ 0.26 2142 + 456 418 £090 936 +£0.34 1114 + 1.63 443 0.38 038 £ 004 769

Glucose + 2-Methyl-1-Butyrate 2154+ 0.06 18.87 £1.00 7224025 19.86 + 1.03 375 0.58 0.38 + 0.01 96.8
12.50 + 0.50

Glucose + 1-Hexanoate 115+ 031 3173 £570 6.69 +£1.96 12.00 + 2.06 389 0.55 032 £0.09 109.2

12.23 4+ 2.99
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Table 2
Time-course studies of fermentation of 20 mM glucose, 20 mM 1-butyrate + 20 mM glucose, and 20 mM 3-methyl-1-butyrate + 20 mM glucose by T. pseudethanolicus. Values
represent the average of triplicate fermentations with standard deviation presented as error bars.

Analyte (mmol/L)

Substrate Time Hydrogen Ethanol Alcohol Acetate Carboxylic Glucose Carboxylic Glucose Optical Density ~ Carbon
(h) acid (remaining) acid consumed (600 nm) balance (%)
conversion (%)
(%)
Yeast extract 0 0.00 £ 0.00 0.00 + 0.00 ND 0.00 + 0.00 ND ND NA NA 0.00 + 0.00 ND
(control)
4 0.24 £ 0.07 0.12 £ 0.20 ND 0.45 + 0.07 ND ND NA NA 0.06 + 0.01 ND
8 048 +£013 038 + 0.03 ND 1.34 + 0.03 ND ND NA NA 0.10 + 0.05 ND
12 0.75 +£0.20 057 +0.13 ND 221 £ 025 ND ND NA NA 0.11 + 0.01 ND
18 141 £029 091 +0.18 ND 2.51 £ 0.18 ND ND NA NA 0.12 + 0.02 ND
24 284 +025 113 +034 ND 2.92 + 0.01 ND ND NA NA 0.10 + 0.06 ND
30 234 + 037 138 +£ 0.39 ND 2.99 + 017 ND ND NA NA 0.10 + 0.00 ND
36,5 222 + 048 1.51 £ 0.30 ND 3.09 + 0.24 ND ND NA NA 0.07 £+ 0.01 ND
48 247 + 031 148 + 0.67 ND 3.17 £ 0.19 ND ND NA NA 0.08 + 0.01 ND
120 243 +£0.15 1.28 + 0.24 ND 3.04 + 0.16 ND ND NA NA 0.07 + 0.04 ND
Glucose 0 0.00 + 0.00 0.00 + 0.00 ND 0.00 + 0.00 ND 20.00 +£ 0.00 NA 0.0 0.00 + 0.00 100.0
(20 mM)
4 1.06 + 0.31 ND 1.50 + 0.20 ND 20.00 £ 0.00 NA 0.0 0.05 + 0.00 103.8
0.00 + 0.00
8 152 £ 0.52 ND 2.68 + 0.90 ND 18.30 + 1.10 NA 85 0.09 + 0.01 102.0
0.22 + 0.02
12 074 £ 020 8.88 £ 1.65 ND 6.66 + 1.06 ND 14.70 + 1.47 NA 26.5 0.22 + 0.02 1124
18 124 £ 020 1351 £052 ND 721 + 1.34 ND 9.10 £+ 1.53 NA 54.5 0.34 + 0.02 974
24 1.55 + 0.38 29.55 + 0.49 ND 7.68 + 0.62 ND 240 + 048 NA 88.0 0.31 + 0.06 105.1
30 2.08 £+ 042 3130+352 ND 573 + 1.28 ND 2.30 + 0.57 NA 88.5 0.30 + 0.02 104.1
36,5 176 £ 036  29.80 +£ 0.58 ND 571 + 1.55 ND 0.70 + 0.18 NA 96.5 0.30 + 0.01 92.3
48 262 + 047 3504 +213 ND 6.88 + 1.74 ND 0.00 + 0.00 NA 100 0.25 + 0.01 104.7
120 246 +£ 018 3022 £ 054 ND 6.490.67 ND 0.00 + 0.00 NA 100 0.12 + 0.05 91.8

(continued on next page)
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Table 2 (continued)

Analyte (mmol/L)

Substrate Time Hydrogen Ethanol Alcohol Acetate Carboxylic Glucose Carboxylic Glucose Optical Density ~ Carbon
(h) acid (remaining) acid consumed (600 nm) balance (%)
conversion (%)
)
Glucose 0 0.00 +£ 0.00  0.00 £ 0.00 0.00 + 0.00 0.00 + 0.00 20.00 £ 0.00  20.00 £ 0.00 0.0 0.0 0.00 + 0.00 100.0
(20 mM) (1-BuOH)
+ 4 0.00 + 0.00 036 + 0.24 0.00 + 0.00 1.00 + 0.28 19.68 + 0.25 20.00 + 0.00 0.0 0.0 0.06 =+ 0.01 101.7
1-butryate (1-BuOH)
(20 mM)
8 0.17 £ 0.12 145 £ 0.15 0.40 £ 0.08 2.50 £ 0.16 18.61 + 115 1798 £ 053 2.0 10.1 0.11 £ 0.02 98.2
(1-BuOH)
12 0.64 £ 0.05 1250 £ 1.66  3.47 + 0.72 6.36 + 0.99 14.45 + 2.25 13.56 £ 091 174 322 0.37 + 0.06 106.5
(1-BuOH)
18 082+ 017 1815+ 124 423 +023 9.47 + 037 12.34 + 1.01 9.54 + 1.22 212 523 0.42 + 0.02 105.5
(1-BuOH)
24 111 £+ 0.10 21.88 + 4.80 8.73 £2.03 13.85 + 0.74 8.69 + 1.96 3.21 £ 032 43.7 84.0 0.25 £+ 0.01 99.3
(1-BuOH)
30 113 £ 030 2482+ 178 1011 + 0.72 1489 £ 066  9.79 + 1.33 247 £ 019 50.6 87.7 0.17 + 0.01 107.6
(1-BuOH)
36,5 129 £ 0.08 2727 + 030  10.68 + 1.41 16.15 + 2.87 9.83 + 1.80 0.60 + 0.23 53.4 97.0 0.19 + 0.05 108.6
(1-BuOH)
48 144 £0.09 2734 +£3.65 1043 + 153 15.16 + 1.37 6.50 + 1.60 0.00 + 0.00 522 100.0 0.15 + 0.00 99.1
(1-BuOH)
120 1.25 £ 041 2622 £ 118 1119 £ 0.23 1587 £ 093 643 £ 110 0.00 + 0.00 56.0 100.0 0.13 £ 0.01 99.5
(1-BuOH)

(continued on next page)
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Table 2 (continued)

Analyte (mmol/L)

Substrate Time Hydrogen Ethanol Alcohol Acetate Carboxylic Glucose Carboxylic Glucose Optical Density ~ Carbon
(h) acid (remaining) acid consumed (600 nm) balance (%)
conversion (%)
(%)

Glu 0 0.00 £ 0.00 0.00 £ 0.00 0.00 + 0.00 0.00 + 0.00 20.00 + 0.00 20.00 £ 0.00 0.0 0.0 0.00 + 0.00 100.0
(20 mM) + (3-Me-1-
BuOH)
3-me-1- 4 0.00 + 0.00 0.46 + 0.07 0.00 + 0.00 1.29 + 0.13 2042 + 1.05 20.00 +£ 000 0.0 0.0 0.05 + 0.00 103.6
butryate (3-Me-1-
(20 mM) BuOH)
8 0.32 + 0.04 1.64 + 0.37 0.00 + 0.00 249 + 011 19.68 + 2.33 18.30 + 1.10 0.0 8.5 0.09 + 0.00 100.7
(3-Me-1-
BuOH)
12 043 £ 0.04 894+ 172 0.00 + 0.00 494 + 0.64 18.52 + 2.88 1470 + 147 0.0 26.5 0.35 + 0.04 103.0
(3-Me-1-
BuOH)
18 0.84 + 0.21 15.13 + 2.16 113 £+ 0.07 8.52 + 0.54 14.22 + 1.34 9.10 + 1.53 5.7 54.5 0.38 + 0.03 95.3
(3-Me-1-
BuOH)
24 173 £ 0.16 26.55 +£ 0.87 2.26 + 0.14 12.22 £ 110 12.99 + 1.25 2.40 + 0.48 113 88.0 0.43 + 0.03 98.0
(3-Me-1-
BuOH)
30 1.87 +£ 0.16 2693 £215 224 +0.13 12.72 + 041 13.18 + 1.65 2.30 + 0.57 113 88.5 0.36 + 0.04 102.6
(3-Me-1-
BuOH)
36,5 1.59 + 0.17 31.13 + 0.93 2.29 +0.10 13.26 + 0.64  13.66 + 118 0.70 + 0.18 115 96.5 0.26 + 0.08 102.9
(3-Me-1-
BuOH)
48 215 £ 0.16 2766 £ 165 231 £0.10 13.05 + 0.14 13.82 £ 1.36 0.00 + 0.00 11.6 100.0 0.24 + 0.03 94.7
(3-Me-1-
BuOH)
120 164 + 040 2787 £0.72  6.16 £ 0.27 1344 £ 080 1312 £ 0.72 0.00 + 0.00 308 100.0 0.20 + 0.00 101.0
(3-Me-1-
BuOH)
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Table 3

Impact of initial pH on end product formation and carboxylic acid conversion by T. pseudethanolicus after 5 days.

Analyte (mmol/L)

Substrate Initial Hydrogen Ethanol Alcohol Acetate Carboxylic Glucose Carboxylic ~ ROH/ Optical Carbon

(20 mM) +  pH acid acid RCOOH  Density balance (%)

carboxylic conversion  Ratio (600 nm)

acid (%)

(20 mM)

Glucose +1- 5.0 201 £ 014 1117 £ 038 5.8140.31 (1-PrOH) 1321 £ 067 13.78 £ 1.03  5.85 + 0.51 29.1 0.42 0.17 £ 0.02 92.8

propionate
5.5 1.53 £ 037 1443 +£ 101 6.54 + 0.67 (1-PrOH) 1414 +£ 054 12.81 £ 048 237 £0.27 327 0.51 0.24 + 0.08 87.8
6.0 127 £0.07 1814 £ 117 8.21 + 1.01 (1-PrOH) 10.64 +£ 1.01 1117 £ 060 094 £ 0.07 411 0.74 0.29 + 0.20 834
6.5 123 £ 015 2237 £ 0.39 10.13 + 0.42 (1-PrOH) 13.23 +£ 048 1321 £0.77 0.00 +0.00 50.7 0.77 0.25 + 0.11 98.2
7.0 117 £ 0.15 2110 +£ 0.85 8.24 + 0.28 (1-PrOH) 14.54 + 039 12.77 £ 0.50 0.00 + 0.00 41.2 0.65 0.36 + 0.03 94.4
75 137 £ 042 2337 + 0.68 8.34 + 0.39 (1-PrOH) 1234 £ 014 1131 £0.76 0.00 + 0.00 417 0.74 0.34 + 0.03 92.3
8.0 081 +£0.29 20.17 +£0.72 728 + 0.22 (1-PrOH) 1331 +£032 1358 £036 071 £0.09 364 0.54 0.32 + 0.04 929
8.5 038 +£0.21 1941 + 043 6.87 + 0.26 (1-PrOH) 7.81 + 0.37 1336 £ 057 189 +£0.2 344 0.51 0.28 £ 0.02 854

Glucose 5.0 143 £ 0.07 10.00 + 0.58 6.05 =+ 0.42 (1-BuOH) 11.20 £ 0.36 1320 £ 1.03 591 + 113 28.1 0.46 0.17 £ 0.02 871

+1-butyrate
5.5 107 £ 023  13.80 &+ 1.27 6.91 + 0.83 (1-BuOH) 1337 £ 028 13.72 £ 048 2.02 £ 039 314 0.50 0.24 4+ 0.08 86.4
6.0 122 + 0.12 2117 £ 1.50  7.74 + 1.63 (1-BuOH) 9.57 + 1.36 7.62 + 0.60 112 + 0.18 38.7 1.01 0.29 + 0.05 80.6
6.5 1.21 + 0.05 2242 + 1.64 10.00 + 0.45 (1-BuOH) 11.82 + 0.22 742 + 0.77 0.34 + 0.07 50.0 135 0.25 £ 0.11 87.2
7.0 118 + 0.03 19.50 + 1.53  8.91 + 0.31 (1-BuOH) 11.08 + 2.14 777 + 0.50 012 + 0.04 446 115 0.36 + 0.03 79.2
75 139 £ 0.11 2172 + 140 9.11 & 0.36 (1-BuOH) 10.52 +£ 013 789 + 0.76 0.05 £ 0.01 455 115 034 £ 0.03 822

(continued on next page)
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Table 3 (continued)

Analyte (mmol/L)

Substrate Initial  Hydrogen Ethanol Alcohol Acetate Carboxylic Glucose Carboxylic ~ ROH/ Optical Carbon

(20 mM) + pH acid acid RCOOH  Density balance (%)

carboxylic conversion  Ratio (600 nm)

acid (%)

(20 mM)
8.0 0.84 + 0.19 18.43 + 0.69 8.26 + 0.25 (1-BuOH) 1231 £ 043 11.61 + 0.36 1.81 £ 0.25 41.3 0.71 0.32 + 0.04 90.4
8.5 044 +0.05 1924 + 1.24 7.03 + 0.17 (1-BuOH) 8.31 + 0.62 1241 £ 057 2.01 £023 352 0.57 028 + 0.02  85.0

Glucose 5.0 1.01 + 0.15 15.21 + 0.89 2.89 + 0.52 (2-Me-1-BuOH) 8.13 £ 0.37 1539 £ 0.65 5.31 +0.14 14.5 0.19 0.18 + 0.05 871

+2-methyl-

1-butyrate
5.5 121 £ 009 19.31 £ 017 3.81 =+ 0.33 (2-Me-1-BuOH) 9.11 + 048 1431 +£ 0.81 345 + 014 19.1 0.27 0.22 + 0.04 89.1
6.0 0.88 £ 018  28.76 + 143 4.33 £ 0.19 (2-Me-1-BuOH) 8.41 £ 0.54 1290 £ 146 0.00 £ 0.00 241 0.49 0.28 + 0.06 90.7
6.5 0.95 £+ 0.13 28.96 + 0.10 4.42 + 0.20 (2-Me-1-BuOH) 8.06 + 1.49 1291 £ 234 0.00 + 0.00 221 0.22 0.30 + 0.04 90.6
7.0 0.96 £ 013 2752 + 0.75 4.18 + 0.37 (2-Me-1-BuOH) 8.22 + 047 1122 £ 065 0.0 £ 000 209 0.37 0.33 £ 0.03 85.6
75 1.08 + 0.07 2341 +£ 0.96 4.52 + 0.34 (2-Me-1-BuOH) 9.16 + 0.45 1055 £2.02 031 +005 226 0.43 0.53 + 0.18 80.4
8.0 092 +£ 021 22.78 £ 1.23 3.7 £ 0.28 (2-Me-1-BuOH) 9.01 + 0.38 15.81 £ 092 124 + 031 15.9 0.20 046 + 0.10 88.8
8.5 014 £ 0.02 2432+ 0.69 294 + 0.72 (2-Me-1-BuOH) 6.84 + 0.31 16.27 £ 0.61 3.21 £ 047 147 0.18 031 +£0.04 947

Glucose 5.0 071 £0.03 1521 &+ 112 2.71 & 0.38 (3-Me-1-BuOH) 8.13 + 0.37 1751 £ 0.27  4.89 + 0.61 13.6 0.15 0.15 + 0.04 88.9

+3-methyl-

1-butyrate
5.5 1.09 + 0.06  19.31 + 1.30 3.34 + 0.47 (3-Me-1-BuOH) 9.11 + 048 16.27 £ 035 3.22 +£0.27 167 0.21 0.21 + 0.02 90.8
6.0 0.82 +£0.03 28.76 + 143 4.21 + 0.24 (3-Me-1-BuOH) 8.41 + 0.54 16.14 + 0.80 023 £ 0.04 211 0.26 0.28 + 0.06 96.6
6.5 0.99 + 0.07 28.96 &+ 0.10 5.01 & 0.31 (3-Me-1-BuOH) 8.06 + 149 15.67 £ 234 000+ 000 251 0.32 0.30 + 0.04 96.2
7.0 1.07 + 0.07 2752 £ 0.75 4.15 + 0.24 (3-Me-1-BuOH) 8.22 + 047 1122 £ 0.65 0.00 + 0.00 20.8 0.37 0.33 + 0.03 85.2
7.5 121 £ 0.05 2097 + 0.96 4.34 + 0.34 (3-Me-1-BuOH) 9.16 + 0.45 16.54 + 1.07 0.00 + 0.00 217 0.26 0.53 + 0.18 85.0
8.0 081 £ 014 2414 £ 123 2.64 + 0.23 (3-Me-1-BuOH) 9.01 + 0.38 1756 £ 027 089 +£0.03 132 0.15 0.48 + 0.07 919
8.5 015 + 0.03  24.32 + 147 2.40 + 0.51 (3-Me-1-BuOH) 6.84 + 0.31 1727 £ 030 2.87 £ 0.17 12.0 0.14 0.32 + 0.04 943
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Table 4

Impact of liquid-gas phase ratios on end product formation after 5 days from cultures of T. pseudethanolicus. Values represent the average of triplicates + standard deviation.

Analyte (mmol/L)

Substrate (20 mM) + L-G Hydrogen Ethanol Alcohol Acetate Carboxylic Carboxylic acid ~ ROH/RCOOH  Optical Density ~ Carbon
carboxylic acid ratio acid conversion (%) Ratio (600 nm) balance (%)
(20 mM)
Glucose 0.09 0.96 + 0.19 25.84 + 3.26 ND 14.65 + 3.81 NA ND ND 0.26 + 0.02 101.2
0.34 2.04 +£ 035 2525 + 114 ND 7.19 £ 0.32 NA ND ND 0.28 + 0.01 81.1
1.00 3.72 £ 0.50 3043 £226 ND 6.94 + 2.25 NA ND ND 0.24 + 0.02 93.4
212 6.03 + 0.27 2739 £226 ND 4.21 + 0.09 NA ND ND 0.22 £ 0.00 79.0
526  4.65 + 042 3231 +346 ND 3.62 £+ 0.40 NA ND ND 0.22 £ 0.01 89.8
Glucose 0.09 1.05 + 0.15 13.52 £ 098  11.18 + 0.64 2243 +£1.04 1045 + 082 559 1.07 0.18 + 0.02 96.0
+1-propionate (1-PrOH)
034 033 £+ 027 9.10 + 1.73 8.96 £+ 1.06 15.07 £ 0.57 1224 £ 0.03 448 0.73 0.06 £ 0.01 84.9
(1-PrOH)
1.00 0.75 £ 0.11 10.06 + 0.30 9.57 £ 0.34 14.62 + 0.50 12.00 £ 0.19 479 0.80 0.07 + 0.02 771
(1-PrOH)
212 1.12 + 0.09 11.17 £+ 0.23 10.38 + 0.30 1534 £ 034 11.58 £ 039 519 0.90 0.08 + 0.02 92.2
(1-PrOH)
5.26 1.95 + 0.19 10.96 + 0.39 1048 + 0.25 16.23 +£ 1.08 1249 + 023 524 0.84 0.12 + 0.05 94.2
(1-PrOH)
Glucose +1-butyrate 0.09 0.59 + 0.08 2328 £ 036 1122 + 029 19.40 + 0.68 1345 + 118 56.1 0.83 0.25 £ 0.04 89.8
(1-BuOH)
034  0.96 + 0.05 2471 £ 097 1114 + 0.46 17.50 + 0.43 10.68 + 091  55.7 1.04 0.29 + 0.04 106.8
(1-BuOH)

(continued on next page)
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Table 4 (continued)

Analyte (mmol/L)

Substrate (20 mM) + L-G Hydrogen Ethanol Alcohol Acetate Carboxylic Carboxylic acid ROH/RCOOH  Optical Density ~ Carbon
carboxylic acid ratio acid conversion (%) Ratio (600 nm) balance (%)
(20 mM)
1.00 0.89 + 0.80 20.63 £ 024 9.96 + 0.15 13.99 + 0.19 12.26 +£ 044 498 0.81 0.23 + 0.02 94.7
(1-BuOH)
212 2.00 £+ 0.13 2234 £ 037 1071 £ 0.24 1491 + 044  11.01 £+ 0.09 53.4 0.97 0.20 + 0.02 98.3
(1-BuOH)
5.26 1.85 + 0.63 23.37 + 1.67 10.71 + 1.07 1755 + 0.73 1225 £ 069 534 0.87 0.25 + 0.03 106.5
(1-BuOH)
Glucose + 2-Me-1- 0.09 0.75 + 0.08 2443 £ 045 6.85 £ 032 18.02 £ 0.83 1339 + 154 343 0.51 0.25 + 0.01 104.4
butyrate (2-Me-1-BuOH)
0.34 0.76 + 0.24 27.00 + 1.85 8.15 + 0.29 1511 + 043 1336 £ 032 408 0.61 0.20 + 0.01 106.0
(2-Me-1-BuOH)
1.00 1.35 + 0.06 2419 + 0.62 722 + 0.24 11.91 £ 0.30 14.77 + 0.51 36.1 0.49 0.18 & 0.00 98.6
(2-Me-1-BuOH)
212 2.04 + 0.05 2470 + 0.72 7.24 £ 0.29 12.03 + 0.77 15.09 + 0.23 36.2 0.48 0.22 + 0.02 98.4
(2-Me-1-BuOH)
5.26 1.69 + 0.49 2463 + 117 7.28 + 0.69 11.92 + 2.66 16.13 + 1.10 36.4 0.45 0.20 + 0.01 99.9
(2-Me-1-BuOH)
Glucose + 3-Me-1- 0.09 0.64 + 0.05 19.18 + 1.70 4,07 £ 0.29 14.10 + 1.29 16.42 + 0.69 204 0.25 0.26 + 0.09 89.6
butyrate (3-Me-1-BuOH)
0.34 1.09 + 0.05 29.08 +1.88  5.89 £+ 037 12.55 +£ 0.63 1617 &+ 0.48 295 0.36 0.22 + 0.02 106.1
(3-Me-1-BuOH)
1.00 141 + 0.06 25.62 + 0.70 515 + 0.11 9.83 £ 0.13 17.76 + 0.92 25.8 0.29 0.18 + 0.02 973
(3-Me-1-BuOH)
212 1.92+0.26 25.78+3.80 492 + 054 9.14 + 1.04 18.09 + 1.08  24.9 0.27 0.19 + 0.01 96.6
(3-Me-1-BuOH)
5.26 2.62 £ 0.30 2572 £ 137  5.62 £ 0.03 9.81 + 043 16.93 £ 0.03 281 033 0.22 + 0.00 96.8

(3-Me-1-BuOH)

ND - Not detected; NA - Not applicable.
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Table 5
Impact of glucose concentration on end product formation after 5 days from cultures of T. pseudethanolicus in the presence of (A) 1-propionate (B) 1-butyrate (C) 2-methyl-1-
propionate bioconversion. Additionally, the percent of glucose consumed is shown (%C). Standard deviation is presented as error bars.

Analyte (mmol/L)

Substrate + Glucose  Hydrogen Ethanol Alcohol Acetate Carboxylic acid ~ Carboxylic acid ~ Optical Density ~ Carbon
carboxylic acid (mM) conversion (%) (600 nm) balance (%)
(20 mM)
Glucose 0 0.13 £+ 0.04 1.08 + 0.14 ND 3.34 + 0.20 ND NA 0.23 £+ 0.01 NA
10 1.07 + 0.21 12.44 + 0.27 ND 424 + 0.26 ND NA 0.30 + 0.01 834
20 2.26 + 043 3248 + 138 ND 7.03 + 113 ND NA 0.28 + 0.02 98.8
30 4.02 + 0.27 49.23 + 1.72 ND 15.46 + 0.63 ND NA 0.39 + 0.03 107.8
40 526 + 0.14 48.63 + 0.64 ND 2533 £ 0.78 ND NA 113 £ 0.24 92.5
Glucose 0 116 + 0.26 194 £+ 0.19 341 £ 0.27 4.07 + 0.53 17.37 + 0.85 171 0.37 £ 0.10 103.9
+1-propionate (1-PrOH)
10 143 + 0.97 8.67 + 0.10 9.15 £ 0.71 12.58 + 1.05 10.59 + 1.31 45.8 0.45 + 0.12 102.5
(1-PrOH)
20 1.95 + 0.57 17.88 + 1.47 12.36 + 1.34 16.23 £ 1.12 7.86 + 0.75 61.8 0.34 + 0.01 90.6
(1-PrOH)
30 1.80 + 0.42 35.14 + 137 13.56 + 0.83 1749 + 0.57 6.57 £ 1.59 67.8 0.46 + 0.05 91.0
(1-PrOH)
40 115 + 0.52 30.87 + 1.51 14.81 + 1.57 19.96 + 2.95 525+ 0.34 741 114 +£ 0.17 88.6
(1-PrOH)
Glucose 0 1.03 + 0.14 2.59 + 0.25 1.29 + 0.18 3.81 £ 0.72 19.16 + 1.80 6.4 0.31 + 0.05 102.3
+2-methyl-1- (2-Me-1-PrOH)
propionate

(continued on next page)
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Table 5 (continued)

Analyte (mmol/L)

Substrate + Glucose  Hydrogen Ethanol Alcohol Acetate Carboxylic acid ~ Carboxylic acid  Optical Density =~ Carbon
carboxylic acid (mM) conversion (%) (600 nm) balance (%)
(20 mM)
10 1.64 + 0.37 11.29 + 1.83 5.90+0.40 8.66 + 0.56 14.70 £+ 1.70 29.5 0.51 + 0.08 101.4
(2-Me-1-PrOH)
20 1.89 £ 0.13 22.52 + 341 8.79+0.09 11.65+0.14 10.35+1.09 44.0 0.45+0.08 88.9
(2-Me-1-PrOH)
30 1.86 + 113 3271 £ 2.78 9.90 + 0.40 13.48 + 0.22 9.14 + 0.86 49.5 0.71 + 0.09 815
(2-Me-1-PrOH)
40 1.70 £ 0.79 43.81 + 3.57 10.67 £ 0.77 14.44 + 1.07 6.54 £+ 1.57 534 117 +£ 0.16 94.3
(2-Me-1-PrOH)
Glucose 0 114 £ 0.15 1.83 £ 0.07 118 + 0.05 3.64 £+ 0.58 15.78 + 2.17 5.9 0.31 + 0.08 84.8
+1-butyrate (1-BuOH)
10 1.95 + 0.10 10.23 + 3.36 426 + 1.75 7.25 £ 0.61 13.96 + 1.32 213 0.30 + 0.06 89.3
(1-BuOH)
20 1.36 £+ 0.17 2516 + 113 8.07 + 0.56 9.86 + 1.07 12.23 + 1.64 40.4 047 + 0.12 92.2
(1-BuOH)
30 112 + 0.00 33.20 £ 0.78 9.14 + 0.64 10.27 + 0.55 10.31 + 042 45.7 0.60 + 0.16 78.7
(1-BuOH)
40 1.61 + 0.25 42.94 + 4.56 10.14 + 0.61 12.73 + 1.81 9.08 + 0.33 50.7 0.90 + 0.04 93.6
(1-BuOH)

ND - Not detected; NA - Not applicable.
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Fig. 1. Spectrogram of 3C NMR spectra from T. pseudethanolicus culture broth containing 20 mM of *C1 butyrate and
20 mM of glucose at the start of the fermentation (0 h). Peak at 183.3 ppm can be attributed to the C1 position of
butyrate.
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Fig. 2. Spectrogram of 3C NMR spectra from T. pseudethanolicus culture broth containing 20 mM of *C1 butyrate and
20 mM of glucose after 4 h of fermentation. Peak at 183.3 ppm can be attributed to the C1 position of butyrate and the
peak at 60.0 ppm is the C1 position of 1-butanol.

the same fatty acids are shown in Table 4. Table 5 shows the effect of increasing glucose concen-
trations on the conversion of 1-propionate, 1-butyrate, and 2-methyl-1-propionate to their corre-
sponding alcohols. Table 6 shows the inhibitory effects of various compounds added in different
concentrations to an active culture of T. pseudethanolicus. The volumetric activities of oxidative
enzyme reactions using NAD* and NADP* as a cofactor when T. pseudethanolicus is cultivated on
either glucose (20 mM) or glucose supplemented with selected carboxylic acids are presented in
Table 7. Fig. 1 through 11 detail the 1*C NMR spectra of T. pseudethanolicus cultivated on glucose
(20 mM) supplemented with 13C1-labled butyrate over a period of 72 h.

3. Experimental Design, Materials and Methods
3.1. General methods
Yeast extract was obtained from Difco; nicotinamide cofactors were obtained from Megazyme

while all other reagents were acquired from Sigma-Aldrich. Nitrogen gas was acquired from AGA
and contained less than 5 ppm O,.
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Table 6

Impact of alcohol addition on end product formation after 5 days from cultures of T. pseudethanolicus from glucose
(20 mM) in the presence of (A) ethanol (B) 1-propanol (C) 2-propanol (D) 1-butanol (E) 2-methyl-1-propanol (F) 2-
methyl-1-butanol (G) 1-pentanol (H) 1-hexanol.

Analyte (mmol/L)

Alcohol % (v[v) Hydrogen Ethanol Acetate Optical Density
(600 nm)
Ethanol 0 2.93 + 0.07 26.28 + 1.35 6.04 + 0.10 0.38 + 0.07
0.5 10.55 + 1.33 ND 10.80 + 1.57 0.39 + 0.07
1 734 £ 1.70 ND 10.16 + 0.45 0.20 £ 0.03
2 10.00 + 0.66 ND 12.26 + 1.40 0.27 + 0.00
3 6.38 &+ 0.21 ND 8.11 + 0.10 0.19 + 0.00
4 3.86 + 0.41 ND 5.32 + 0.87 0.24 + 0.08
5 1.01 £ 0.15 ND 3.70 + 0.29 0.31 + 0.03
7 0.48 + 0.03 ND 1.63 £ 0.25 0.21 + 0.07
1-Propanol 0 2.93 + 0.07 26.28 + 135 6.04 + 0.10 0.38 + 0.07
0.5 7.82 £+ 1.06 ND? 10.98 + 0.41 0.57 + 0.11
1 738 + 2.60 ND? 12.45 + 047 0.31 £+ 0.02
2 5.36 + 0.38 ND? 7.02 £ 0.53 0.28 =+ 0.02
3 0.00 + 0.00 ND*? 1.58 + 0.03 0.23 + 0.05
4 0.00 + 0.00 ND? 1.21 £0.20 0.26 + 0.11
5 0.00 + 0.00 ND? 1.05 + 0.05 0.25 £ 0.07
7 0.00 + 0.00 ND*? 113 + 0.18 0.38 + 0.07
2-Propanol 0 2.93 + 0.07 26.28 + 1.35 6.04 £ 0.10 0.38 + 0.07
0.5 3.05 + 0.14 ND*? 4.09 + 0.64 0.55 + 0.09
1 2.79 £+ 0.23 ND*? 2.96 + 0.03 0.38 + 0.07
2 5.05 + 0.17 ND? 4.28 + 0.69 0.54 + 0.11
3 10.19 £ 0.02 ND? 3.96 + 0.04 0.31 + 0.16
4 0.00 + 0.00 ND*? 1.30 + 0.10 0.40 + 0.17
5 0.00 + 0.00 ND? 139 £ 0.12 0.34 + 0.05
7 0.00 + 0.00 ND? 1.06 + 0.14 0.30 £ 0.02
1-Butanol 0 2.93 + 0.07 26.28 + 1.35 6.04 + 0.10 0.38 + 0.07
0.5 544 + 033 3.00 = 0.39 9.84 + 0.36 0.28 + 0.01
1 0.06 + 0.01 2.33 + 0.07 2.96 + 0.20 0.11 + 0.05
2 0.00 + 0.00 227 £ 0.03 2.64 + 0.05 0.05 + 0.01
3 0.00 + 0.00 232 £ 0.06 251 + 0.24 0.06 + 0.01
4 0.00 + 0.00 2.29 £ 0.00 2.64 + 0.09 0.06 + 0.01
5 0.00 + 0.00 275 + 0.64 243 + 0.14 0.06 + 0.01
7 0.00 + 0.00 242 + 0.02 248 + 0.16 0.06 + 0.01
2-Methyl-1- 0 2.93 + 0.07 26.28+1.35 6.04+0.10 0.38 + 0.07
propanol
0.5 2.90 + 0.25 2411 + 0.56 3.60 + 0.43 0.26 + 0.07
1 0.00 + 0.00 2.87 £ 0.37 244 + 031 0.22 + 0.06
2 0.00 + 0.00 2.34 + 0.07 2.63 + 0.03 0.11 + 0.05
3 0.00 + 0.00 1.88 + 0.54 2.02 + 0.68 0.09 + 0.05
4 0.00 + 0.00 1.93 + 0.54 1.36 + 0.04 0.10 + 0.04
5 0.00 + 0.00 1.73 + 0.16 1.49 + 0.20 0.05 =+ 0.01
7 0.00 + 0.00 227 £ 012 144 + 0.12 0.01 + 0.00
1-Pentanol 0 2.93 + 0.07 26.28 + 1.35 6.04 + 0.10 0.38 + 0.07
0.5 0.00 + 0.00 2.33 + 0.04 10.80 + 1.57 0.17 + 0.06
1 0.00 + 0.00 2.08 £ 0.15 10.16 + 0.45 0.21 £+ 0.01
2 0.00 + 0.00 1.51 &+ 0.09 12.26 + 1.40 0.19 + 0.00
3 0.00 + 0.00 217 £ 0.10 811 + 0.10 0.32 £ 0.07
4 0.00 + 0.00 224 £ 019 532 + 0.87 0.32 + 0.04
5 0.00 + 0.00 6.17 + 0.01 3.70 £+ 0.29 0.35 £ 0.11
7 0.00 + 0.00 6.99 + 0.63 1.63 + 0.25 0.53 + 0.18

(continued on next page)
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Table 6 (continued)

Analyte (mmol/L)

Alcohol % (v[v) Hydrogen Ethanol Acetate Optical Density
(600 nm)

2-Methyl-1-butanol 0 293 + 0.07 26.28 + 135 6.04 + 0.10 0.38 + 0.07
0.5 3.64 + 0.84 25.02 + 0.84 2.73 £ 0.04 0.39 + 0.07
1 0.00 + 0.00 2.02 + 0.03 2.82 + 0.02 0.18 + 0.03
2 0.00 + 0.00 1.91 + 0.45 143 + 0.34 0.16 + 0.04
3 0.00 + 0.00 2.00 £+ 0.10 1.57 + 0.12 0.24 £ 0.00
4 0.00 + 0.00 219 £ 0.11 1.63 + 0.03 0.33 + 0.04
5 0.00 + 0.00 3.05 + 0.07 1.41 + 0.05 0.47 + 0.02
7 0.00 + 0.00 2.57 £ 0.25 1.54 + 0.17 0.40 + 0.11

1-Hexanol 0 2.93 £+ 0.07 26.28 + 135 6.04 £+ 0.10 0.38 + 0.07
0.5 0.00 + 0.00 2.32 + 0.09 276 £ 0.11 0.09 + 0.02
1 0.00 + 0.00 2.31 +£ 0.07 273 £0.12 0.07 + 0.03
2 0.00 + 0.00 2.73 £ 0.07 2.80 + 0.07 0.06 + 0.03
3 0.00 + 0.00 2.51 + 0.01 2.88 + 0.08 0.04 + 0.04
4 0.00 + 0.00 2.10 + 0.04 2.73 £ 0.04 0.04 + 0.01

2 1- and 2-propanol co-elute with ethanol.
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Fig. 3. Spectrogram of *C NMR spectra from T. pseudethanolicus culture broth containing 20 mM of *C1 butyrate and
20 mM of glucose after 8 h of fermentation. Peak at 183.3 ppm can be attributed to the C1 position of butyrate and the
peak at 60.0 ppm is the C1 position of 1-butanol.
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Fig. 4. Spectrogram of 3C NMR spectra from T. pseudethanolicus culture broth containing 20 mM of *C1 butyrate and
20 mM of glucose after 12 h of fermentation. Peak at 183.3 ppm can be attributed to the C1 position of butyrate and
the peak at 60.0 ppm is the C1 position of 1-butanol.



16 J. Orlygsson and S.M. Scully /Data in Brief 52 (2024) 109962

Table 7

Enzyme activities using either NAD* or NADP* as a factor of culture of T. pseudethanolicus grown on glucose (20 mM)
or glucose supplemented with carboxylic acid (20 mM) after 20 h at 65 °C. Values represent the average of triplicate
determinations+standard deviation.

Cofactor
NAD* NADP*

Growth Substrate Specific activity Relative Specific activity Relative

conditions (mU/ mg protein) activity (%) (mU/ mg protein) Activity (%)

Glucose Control 15+ 0.2 NA 13 +03 NA
EtOH 254 + 84 100.0" 36.8 +75 100.0"
1-PrOH 259 £ 3.7 101.9* 41.7 £ 11.6 113.24
2-PrOH 232 +£26 911~ 314 £ 75 85.17
1-BuOH 259 + 64 101.94 53.2 £ 111 144.6%
2-BuOH 13.7 £ 35 54.0% 247 £ 9.2 67.0%
2-Me-1-PrOH 262 £22 103.24 402 £ 11 109.1%
1-Pentanol 299 + 79 117.8% 63.6 + 6.6 172.6"
2-Pentanol 181 £ 35 71.4% 322+ 18 87.5%
2-Me-1-BuOH 3.7 £13.7 14.6" 35.0 £ 5.1 95.0"
3-Me-1-BuOH 2.5 +10.8 9.8" 341+ 33 92.6"
1-Hexanol 18.9 + 114 74.4° 90.6 + 13.5 246.0%
2-Hexanol 18.9 + 14.0 74.4" 274 + 10.8 74.4"
1-Heptanol 359 £ 26 1414 86.6 + 7.9 235.3%
1-Octanol 216 + 1.8 85.2% 183 + 2.1 4974
Acetaldehyde 219 + 124 100.0° 74 £ 16 100.0°
Propionaldehyde 426 + 8.3 194.58 70.8 £+ 13.0 956.8°
Butyraldehyde 20.1 £+ 11.0 91.8% 478 £ 0.0 645.9°
2-Methyl-1- 40.2 £ 29.8 183.58 70.8 + 10.8 956.8°
propionaldehyde
Pentanaldehyde 79.4 + 28.6 362.6° 73.0 + 143 986.4°
3-Methyl- 131 £ 10.5 59.88 73.9 + 16.1 998.4°
butyraldehyde
Hexaldehyde 69.9 + 22.3 319.2° 80.0 + 8.7 1080.1°

Glucose + 3- Control 15+ 0.2 NA 13 +03 NA

methyl-1-

butyrate
EtOH 1264 £ 7.2 100.0* 60.3 + 6.6 100.0
1-PrOH 105.8 + 6.7 83.74 73.6 + 124 150.9
2-PrOH 61.2 + 3.0 48.4" 91.0 + 3.9 1411
1-BuOH 871 £ 93 69.0" 85.0 + 14.7 174.6
2-BuOH 571 £ 6.8 45247 105.2 + 7.7 146.1
2-Me-1-PrOH 64.4 + 0.5 50.9% 88.1 £ 53 186.0
1-Pentanol 84.4 + 8.1 66.8" 112.1 +£ 295 166.4
2-Pentanol 45.0 £ 7.6 35.6" 100.3 £ 23.9 1384
2-Me-1-BuOH 305 + 3.7 2414 83.4 + 10.7 90.7
3-Me-1-BuOH 43.0 £ 7.0 34,04 547 £ 73 130.8
1-Hexanol 59.2 + 10.9 46.9" 78.8 £ 173 126.5
2-Hexanol 0.0 £ 0.0 0.0 763 + 2.8 212.7
1-Heptanol 0.0 £ 0.0 0.0% 128.2 £ 10.2 110.8
1-Octanol 0.0 £ 0.0 0.0 66.8 £ 6.1 100.0
Acetaldehyde 496 + 2.2 100.0% 419 + 15 100.0%
Propionaldehyde 679 + 6.0 136.98 217 + 4.5 51.8°
Butyraldehyde 45.0 £ 79 90.7° 31.8 £ 19.6 75.9°
2-Methyl-1- 76.1 + 9.1 153.48 325 +10.3 77.6°
propionaldehyde
Pentanaldehyde 819 + 13.2 165.1% 221423 52.78

(continued on next page)
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Table 7 (continued)

Cofactor
NAD* NADP*
Growth Substrate Specific activity Relative Specific activity Relative
conditions (mU/ mg protein) activity (%) (mU/ mg protein) Activity (%)
3-Methyl- 65.4 + 12.9 131.9% 417 £ 6.9 99.58
butyraldehyde
Hexaldehyde 375 £ 5.1 75.6° 79.5 £ 9.6 189.7%
Glucose + 1- Control 15+ 0.2 NA 13 +03 NA
pentanoic
acid
EtOH 55.5 + 8.8 100.0* 80.3 + 14.3 100.0*
1-PrOH 66.6 £ 1.6 120.0* 770 £ 6.0 96.0%
2-PrOH 453 £ 115 81.6% 623 + 6.8 77.6%
1-BuOH 54.0 + 4.9 97.4" 83.0 + 283 103.4"
2-BuOH 615 + 33 111.0° 799 £ 6.2 99.5%
2-Me-1-PrOH 553 + 74 99.8% 777 £33 96.8"
1-Pentanol 774 £ 73 139.6" 1342 £+ 442 167.1%
2-Pentanol 58.6 + 12.0 105.6" 79.8 £ 6.2 99.4"
2-Me-1-BuOH 52.8 + 24.6 95.1A 834+ 79 103.94
3-Me-1-BuOH 471 £ 6.2 84.9% 65.2 + 8.5 81.24
1-Hexanol 71.0 £ 2.0 128.0" 165.2 £ 9.1 205.8*
2-Hexanol 62.1 + 14.5 111.9% 86.2 + 10.1 107.4%
1-Heptanol 66.1 £+ 23.2 11914 167.6 + 14.8 208.8"
1-Octanol 549 + 43 99.14 68.9 + 10.9 85.8"
Acetaldehyde 522 + 12.0 100.0% 478 + 34 100.0%
Propionaldehyde 714 + 5.6 136.8"° 72.8 + 8.5 152.38
Butyraldehyde 44.5 + 13.2 85.28 56.6 + 2.1 118.4%
2-Methyl-1- 70.8 + 22.2 135.6° 64.5 + 16.6 134.9°
propionaldehyde
Pentanaldehyde 92.6 + 164 177.4° 717 £ 121 150.0%
3-Methyl- 49.5 + 9.0 94.8% 64.6 + 12.3 13518
butyraldehyde
Hexaldehyde 743 £ 4.7 142.3% 60.4 + 12.8 126.4°

A relative to ethanol.
B relative to acetaldehydeNA - not applicable.
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Fig. 5. Spectrogram of *C NMR spectra from T. pseudethanolicus culture broth containing 20 mM of *C1 butyrate and
20 mM of glucose after 16 h of fermentation. Peak at 183.3 ppm can be attributed to the C1 position of butyrate and
the peak at 60.0 ppm is the C1 position of 1-butanol.
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Fig. 6. Spectrogram of '*C NMR spectra from T. pseudethanolicus culture broth containing 20 mM of *C1 butyrate and
20 mM of glucose after 24 h of fermentation. Peak at 183.3 ppm can be attributed to the C1 position of butyrate and
the peak at 60.0 ppm is the C1 position of 1-butanol.

W 200 150 00 50 o 5
Fig. 7. Spectrogram of *C NMR spectra from T. pseudethanolicus culture broth containing 20 mM of 3C1 butyrate and
20 mM of glucose after 30 h of fermentation. Peak at 183.3 ppm can be attributed to the C1 position of butyrate and
the peak at 60.0 ppm is the C1 position of 1-butanol.
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Fig. 8. Spectrogram of 3C NMR spectra from T. pseudethanolicus culture broth containing 20 mM of >C1 butyrate and
20 mM of glucose after 36 h of fermentation. Peak at 183.3 ppm can be attributed to the C1 position of butyrate and
the peak at 60.0 ppm is the C1 position of 1-butanol.
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Fig. 9. Spectrogram of *C NMR spectra from T. pseudethanolicus culture broth containing 20 mM of C1 butyrate and
20 mM of glucose after 48 h of fermentation. Peak at 183.3 ppm can be attributed to the C1 position of butyrate and

the peak at 60.0 ppm is the C1 position of 1-butanol.
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Fig. 10. Spectrogram of *C NMR spectra from T. pseudethanolicus culture broth containing 20 mM of *C1 butyrate and
20 mM of glucose after 60 h of fermentation. Peak at 183.3 ppm can be attributed to the C1 position of butyrate and
the peak at 60.0 ppm is the C1 position of 1-butanol.
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Fig. 11. Spectrogram of >C NMR spectra from T. pseudethanolicus culture broth containing 20 mM of 3C1 butyrate and
20 mM of glucose after 72 h of fermentation. Peak at 183.3 ppm can be attributed to the C1 position of butyrate and
the peak at 60.0 ppm is the C1 position of 1-butanol.
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3.2. Microorganism and cultivation

Thermoanaerobacter pseudethanolicus (DSM 2355) was obtained from DSMZ culture collection.
The strain was cultivated in serum bottles using the Basal Mineral (BM) medium prepared as
previously described [2] using the Hungate technique [3,4]. The content and preparation of BM
has been described earlier [2]. After media preparation it was transferred to serum bottles and
autoclaved (121 °C) for 60 min. All heat sensitive components of the medium were added sepa-
rately through filter (0.45 nm) sterilized solutions after autoclaving. Substrate concentration was
20 mM unless otherwise stated. All fermentations were done at 65 °C and at pH of 7.0 with a
liquid-gas (L-G) ratio of 1:1 without agitation except stated otherwise. All growth experiments
were performed using cultures taken from the exponential growth phase with inoculation vol-
ume of 2% (v/v). All cultivations were performed as triplicates and fermentation products were
quantified after five days of cultivation unless stated otherwise.

3.3. Conversion of fatty acids in the presence of glucose

The strain was cultivated on glucose (20 mM) in the presence of added volatile fatty acids
(20 mM). The strain was cultivated in Hungate tubes (18 x 150 mm) in BM containing glu-
cose and the added acid. The acids added were formate, acetate, propionate, butyrate, 2-methyl-
propionate, 2-methyl-1-butyrate, 3-methyl-1-butyrate, pentanoate, and hexanoate).

3.4. Kinetic experiments

Time course studies of glucose (20 mM) fermentation as the sole carbon source as well
as with supplementation of exogenously added c 1-butyrate (20 mM) or 3-methyl-1-butyrate
(20 M) were done in 125 mL serum bottles over a period of 120 h. Samples (1 mL) were taken
periodically for the analysis of volatiles and gases (0.2 mL headspace gas). The strain was culti-
vated over a period of 7 days.

3.5. Effect of initial pH on glucose fermentation and carboxylic acid reduction

To study the influence of initial pH of the cultivation medium on the end product formation
from glucose with exogenously added carboxylic acids (1-propionate, 1-butyrate, 2-methyl-1-
butyrate, and 3-methyl-1-butyrate), the strain was grown in Hungate tubes (18 x 150 mm) in
BM medium supplemented with glucose (20 mM) and 20 mM the acids (from stock solutions
titrated to pH 7.0 £+ 0.3) at pH ranging from pH 5.0 to 8.5 (in 0.5 pH unit increments). The pH
of the cultivation broth was titrated to the desired pH using either 6 M NaOH and HCI prior to
sterilization.

3.6. Effect of liquid-gas phase ratio on end product formation

T. pseudethanolicus was cultured in 125 mL serum bottles (118.5 mL nominal volume with
butyl rubber septa inserted) with a defined L-G phase ratio; bottles were which were filled with
a specific final volume of media to give defined L-G values of 0.09, 0.34, 0.98, 2.12, or 5.62.
All cultivations otherwise contained glucose (20 mM) and one of the following fatty acids: 1-
propionate, 1-butyrate, 2-methyl-1-butyrate, and 3-methyl-1-butyrate, (20 mM each).
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3.7. Effects on inhibitors on end product formation

Effects of different concentrations of alcohols (ethanol, 1-propanol, 2-propanol, 1-butanol, 2-
methyl-1-propanol, 2-methyl-1-butanol, 1-pentanol, and 1-hexanol) were tested using glucose
as substrate (20 mM) in Hungate tubes (18 x 150 mm). The concentrations of alcohols used
were 0.0, 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, and 7.0% (v/v).

3.8. Effect of different initial glucose concentrations on end product formation

The strain was cultivated in Hungate tubes (18 x 150 mm) using four different concentrations
(10, 20, 30 and 40 mM) of glucose with the addition of three different fatty acids (1-propionate,
1-butyrate, or 2-methyl-1-propionate).

3.9. BC-labled experiment

BM medium supplemented with 13C1 butyrate and 20 mM glucose was syringe filtered into
a 125 mL serum bottle with a liquid-gas phase ratio of 1:1. During cultivation, 1 mL samples
were collected and frozen at —80 °C prior to analysis.

3.10. Analytical methods

Hydrogen, carboxylic acids, and low molecular weight alcohols were measured by gas chro-
matography as described earlier [2]. Glucose was analyzed by the 3,5-dinitrosalysylic acid
method [5] in microplates. Optical density (OD) was quantified at a wavelength of 600 nm us-
ing a Shimadzu UV-1800 UV-visible spectrophotometer with quartz cuvettes (I = 1 m) against a
water blank. Carbon-13 nuclear magnetic resonance (NMR) spectra were attained with a Bruker
AV400 NMR Spectrometer; 1 mL of cell-free culture broth and 300 pL of D,0 was added to
achieve signal lock.

3.11. Enzyme assays

Cells were cultivated 1 L serum bottles fitted with butyl rubber septa containing 500 mL
of BM media containing glucose (20 mM) and supplemented to afford 20 mM of carboxylic
acid. Cells were harvested by centrifugation (4700 rpm, <4 °C) and rinsed 3X with rigorously
degassed Tris-HCl buffer (50 mM, pH 7.5). The resultant cell pellets were resuspended in 10 mL
of Tris-HCl to which one volume of glass beats (150-212 pm) were added; cells were lysed
by vortexing three times (30 s followed by cooling on an ice bath for at least 2 min) and the
cell debris removed by centrifugation as above. Lysed cell material was transferred to a sterile
nitrogen flushed serum bottle.

Oxidative assays using NAD* or NADP* as a cofactor linked to nitroblue tetrazolium (NBT)
reduction were performed using the method described by [6] with the modifications of [7];
briefly 50 pL of enzyme solution, 135 pL of reagent solution (containing 300 uM NAD* or NADP+
and 0.13% w/v gelatin dissolved in 50 mM Tris-HCIl, pH 8.0) supplemented to afford 5.5 mM
of the relevant substrate, and PMS solution (80 M) were added to microplates. Samples were
incubated at 65 °C and the absorbance read every 5 minat a wavelength of 580 nm. A standard
curve was constructed using NADH and the activity calculated according to the equation below
where v is the sample volume in mL and ¢ is time in minutes:

nmol NADH

ADH activity (mU per mL) = BT R nmol NADH - 2
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Limitations

Not applicable.
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