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Electronic Supplementary Information

S1. General values for all the cases studied

Table S1: Conditions (the same for all case studies)

Variable | Value | Unit
p Hintracellular 7.00 -
p Hextracellular 7.00 -

T 298.15 K
AGATP 50.00 kJ/mol
AY -200.00 | mV

Table S2: Standard energy for common reactions in all the pathways:

Reaction AG’ (kJ/mol)
NADH +H" — NAD" + H, -21.80
NADPH + H" — NADP' + H, -25.50
2Fd,q + 2H" — 2Fd., + H, -76.20
ADP +Pi+H" — ATP + H,0 -8.15

S2. Quasi-equilibrium thermodynamic calculations

For each pathway the calculation of all the metabolites are carried out considering thermodynamic
equilibrium (AGg4;s = 0) or including the energy dissipation referred in the subsequent tables (S4-S45). In
the case that the reaction is coupled to a proton translocated across the membrane, the Apy: energy is
considered liberated in that reaction (AG4;s = Apy+) for calculation purposes.

AG = AG® + RTIn [1; a; (1)

0
AG4is—AG )

AG = AGgis — [lia; = e( kT ()

We assume in all the cases that activities are equal to concentrations neglecting ionic strengths,
assuming activity coefficients equal to 1.

The concentration of each conserved moiety in free form is calculated such that the total concentration
of the conserved moiety in all its forms does not exceed the maximum concentration available in the cell.
The calculation is iterative until the restriction is satisfied (see Electronic Supplementary Information Excel
example).

As each pathway is a chain of series reactions, there it is always only one unknown, which can be
solved knowing the energy dissipated by the reaction via Equation 1 (see ESI Excel example).
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S3. Assumptions and justification

83.1. Total conserved moieties concentrations

The values for the —CoA and —Pi total concentrations inside the cell are obtained from Kleerebezem and
Stams, 2000' but —THF total concentration estimation was not found in any reference. Figure S1 illustrates
the impact of different THF total concentration values within a reasonable range as not very significant for
the purpose of this study.
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Figure S1: Limit (quasi equilibrium) metabolites concentrations (C, mol/L) for acetate oxidation (a) and CO, reduction (b)
considering different total THF concentrations.

S83.2. Energy value of Auy.

Proton motive force can be defined as the energy needed to translocate one proton across the cell
membrane’. Its value is defined according to the chemiosmotic theory as in Equation 3.

Ay, = —FAY + RTIn j:t 3)

In this study we use a constant electrical potential gradient (Ay) across the membrane of -200 mV and

we assume no 4pH considering in all the cases studied, a pH 7 inside and outside the cell compartment

(Table S1). However, it is known that the membrane potential could vary depending on the conditions or

species involved®. As well, some of the processes studied might be running under different pH, fact that
might affect to the Ay, value®’

In the processes running under energy scarcity conditions, the Az value should be optimized with the
homeostasis of the cell in order to survive. Indeed, if lower Ay values are considered, in some cases
higher efficiency harvesting energy could be achieved allowing the cell to survive. An example on the

effect of lowering Ay for acetate reduction to butyrate using ethanol as electron donor is presented
(Figure S2).



Electronic Supplementary Material (ESI) for Energy & Environmental Science
This journal is © The Royal Society of Chemistry 2013

EtOH + Ac- — Bu + H,0

©ApH+ =-19.30 kJ/mol AG, = -21.52 kJ/mol BApH+ =-14.47 kJ/mol AG, = -15.82 kJ/mol
&ApH+ =-7.72 kJ/mol AG, =-8.39 kl/mol *ApH+=-4.82 kJ/mol AGy, =-6.12 kJ/mol
0
G -2
N’
)
=
4 +
-6
\)q/ 10 mM Ac-
pH 7 T298.15K
-8 + + 1 + + + t
o ~ o o> o> o> S &
v ¥ A o o

EtOH
NAD* —vl ~ NADH + H*
Acetaldehyde

NAD* — ',, -+ NADH + H*
CoA—™
2 Acetyl-CoA
|+ con
Acetoacetyl-CoA
NADH + H* ,vl —ANAD*
3-Hydroxybutyryl-CoA

l\»Hzo

Crotonyl-CoA
FADH, + H* ,.l' FAD

Butyryl-CoA

Acetate

Butyrate

Figure S2: Limit (quasi equilibrium) metabolites concentrations (C, mol/L) for acetate reduction to butyrate using ethanol as
electron donor considering different proton motive forces (Apy.). The Apy. value optimization allows the cell to survive under

lower energy available.

The Auyy+ value optimisation could allow the cell to survive in lower energy available conditions like it
is presented in Figure S2 but also it could increase the energy harvested for anabolism and maintenance as

exposed in Figure S3.
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Figure S3: Limit (quasi equilibrium) metabolites concentrations (C, mol/L) for (a) acetate oxidation and for (b) CO, reduction
considering optimised proton motive forces (Apy:) allowing the cell to harvest more energy per mol of product.

S83.3. External pH

pH inside the cell is considered to be around 7 but outside it could be different. Changes in the external pH
could increase or decrease the total energy available in the system to run a specific process but it has more
impact in the intermediate metabolite concentrations due to the generation of a ApH gradient that affects

the Agyy. value.

Agler et al' produced caproate with ethanol under pH 5.5. An analysis of the pathway considering
external acidic pH demonstrates how the pathway keeps feasible even if the potential of the membrane

does not change (Ay =-200 mV) (Figure S4).
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Figure S4: Limit (quasi equilibrium) metabolites concentrations (C, mol/L) for acetate reduction to caproate using ethanol as
electron donor and considering different ApH

Nonetheless, as it was presented in Figure S2 and in Figure S3 the membrane potential could change,
increasing the energy harvested to allow the cell to survive under energy scarcer conditions and reducing
the minimum amount of energy needed to survive. Even in some cases, the change of the membrane
potential could be a key factor to make a pathway feasible (Figure S5). Alcohol production runs
experimentally under lower pH than 7° but when we analyze the pathway, a different potential gradient
across the membrane than -200 mV seems to be needed in order to make the pathway feasible in acidic
conditions (Figure S5).
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Figure S5: Limit (quasi equilibrium) metabolites concentrations (C, mol/L) for acetate reduction to ethanol considering different
ApH at (a) the same membrane potential in all the cases and (b) with optimized membrane potential
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S4.Caproate production

Agler et al' reported butyrate elongation to caproate using ethanol. The oxidation of ethanol to acetate
happens towards its later combination with butyrate for caproate production. Considering that all these
metabolic reactions can occur in the same microorganism® we present in Figure S6 the analysis.
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Figure S6: Limit (quasi equilibrium) metabolites concentrations (C, mol/L) for caproate production using ethanol and butyrate as

substrates.

As well, the possibility of caproate production directly from ethanol as single substrate is analysed. In
this case the process allows for more energy harvesting for growth and maintenance. The caproate
production includes ethanol oxidation to acetic acid, which is later used in the butyrate elongation.
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Figure S7: Limit (quasi equilibrium) metabolites concentrations (C, mol/L) for caproate production using only ethanol as

substrate.
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S5. Alcohol production

Considering that reduction of the NAD" to recover NADH could be coupled with 2 proton translocations
across the cell membrane, the pathway of ethanol production through acetate reduction seems feasible. The
NADH recovery could occur with the electron transfer between a second electron carrier (e.g. NADPH) or
with H, consumption. In this case, the total of the energy of 4 proton translocations could be harvested per

mol of ethanol produced.
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Figure S8: Limit (quasi equilibrium) metabolites concentrations (C, mol/L) for ethanol production with acetate reduction showing
a feasible energy recovery alternative considering the NADH recovery coupled with two proton translocations across the

membrane.

This option appears also feasible and does not imply that the Acetyl-CoA and Acetaldehyde reductions
should have activity in the membrane. Moreover, proton translocations in electron changes between NAD"

and NADPH were already pointed out as coupled with proton translocations in previous studies’.
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S6. Acetate Oxidation/Reduction

Table S3: AG® for acetate oxidation/reduction pathway. Acetate
iCp
Reaction N° | AG® (kJ/mol) ewt® o,
Total 55.05 Acetyl-CoA
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Figure S7: Acetate oxidation
Data for Figure 1.a:

Table S4: Acetate oxidation without energy dissipation and only Apy. energy recovery at the CO
oxidation site.

B Ac Methyl Methylene Methenyl For
H, AG gy Ac AcP b oW -THF -THF -THF -THF

Bar kJ/mol mM
1E-09 |-121.89 10.00 5.65 7.37 3.56E-14 | 3.29E-12 1.34E-06 | 2.66E-07 | 5.83E-10 | 5.98E+06 | 0.34

For CcO CO,

1E-06 -53.40 10.00 5.65 7.37 3.56E-05 | 3.29E-06 | 1.34E-03 | 2.66E-04 | 5.83E-07 | 5.98E-03 0.34
1E-04 -1.73 10.00 5.65 7.37 7.78 7.17E-03 | 2.92E-02 | 5.81E-03 | 5.83E-05 | 5.98E-09 | 0.34

Data for Figure 1.b:

Table SS: Acetate oxidation with energy dissipation and Apy: energy recovery at the CO oxidation site
and Apy. energy invest at the methyl-THF oxidation site.

B Ac Methyl Methylene Methenyl For -
H, AGy Ac Ac-P i oy THF THF “THF THF For CO CO,
Bar | kJ/mol mM
1E-09 [-121.89 10.00 5.65 7.37 3.46E-04 1.36 091 1.82E-01 5.28E-04 | 4.65E-04 0.34

1E-06 -53.40 10.00 5.65 7.37 1.09E-03 | 2.42E-01 0.52 1.03E-01 | 2.47E-04 | 1.79E-04 | 0.34

1E-04 -1.73 10.00 5.65 7.37 1.45E-02 | 3.22E-02 | 1.31E-01 | 2.61E-02 | 5.83E-05 | 1.44E-05 | 0.34




Electronic Supplementary Material (ESI) for Energy & Environmental Science
This journal is © The Royal Society of Chemistry 2013

Table S6: Energy dissipated and proton motive force invested or recovered proposed for anabolism and
maintenance in the acetate oxidation pathway.

H, AGeat AGy;s in reac. 5 : AGy;s in reac. 6 : AGy;s in reac. 9 A},lH+1 in reac. 5 : AHH+ in reac. 10
Bar kJ/mol -

1E-09 -121.89 -10 -33 -34 -1 +3

1E-06 -53.40 0.00 -13 -15 -1 +2

1E-04 -7.73 0.00 0.00 0.00 -1 +1

Negative value implies energy investment in order to run the catabolic reactions. Positive value implies energy gained for anabolism.

Data for Figure 2.a:

Table S7: Acetate reduction without energy dissipation and only Apy, energy recovery at the methylene-
THF reduction site.

3 For Methenyl Methylene Methyl Ac :
Hy | AGe | CO: co For THF “THF “THF THF | Coa | AP | Ac
Bar kJ/mol mM
0.5 96.11 | 1678 | 7.35E-05 14.57 1.62E-03 | 8.12E-03 9.9 7.05E-10 737 5.65 10.00
1E-03 3449 | 1678 | 1.47E-06 0.29 7.72E-02 039 9.53 8.40E-05 737 5.65 10.00
1E-04 -11.66 | 16.78 | 3.68E-08 | 7.28E-03 0.72 3.62 2.23 1.26 737 5.65 10.00
Data for Figure 2.b:
Table S8: Acetate reduction with energy dissipation and Apy. energy recovery at the methylene-THF
reduction site and Apy. energy invest at the CO, reduction site.
. For Methenyl Methylene Methyl Ac N
H, AGy CO, CcO For THF THF THF THF CoA Ac-P Ac
Bar kJ/mol mM
0.5 -96.11 1678 | 1.77E-01 14.57 1.80E-02 | 9.05E-02 9.89 1.88E-03 | 14.57 5.65 10.00
1E-03 3449 | 1678 | 3.53B-04 | 291E-02 | 5.22E-01 2.62 6.45 1.00E-02 9.9 5.65 10.00
1E-04 -11.66 | 1678 | 3.53E-05 | 291E-03 | 6.77E-01 3.40 0.84 3.07E-03 737 5.65 10.00

Table S9: Energy dissipated and proton motive force invested or recovered proposed for anabolism and
maintenance in the acetate reduction pathway.

H, AGcat AGdis in reac. 5 : AGdis in reac. 2 A]JH+ in reac. 10 : A]J.].H in reac. 5
Bar kJ/mol =

0.5 -96.11 -6.00 -50.00 -1 +3
1E-03 -34.49 0.00 -15.00 -1 +2
1E-04 -11.66 0.00 0.00 -1 +1
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Data for Figure Sl.a:

Table S10: Acetate oxidation with different values of total THF. Energy dissipated and proton
translocations are the same as the ones presented in Table S6 for the same conditions.

. Ac Methyl Methylene Methenyl For -
THF | H, | AGey | Ac AcP i (o “THF THF THF THF For Cco CO,
mM Bar | kJ/mol mM
50 1E-09 [-121.89 10.00 5.65 7.37 1.73E-03 6.79 4.57 0.91 5.28E-04 | 4.65E-04 | 0.34
10 1E-09 |-121.89 10.00 5.65 7.37 3.46E-04 1.36 0.91 0.18 5.28E-04 | 4.65E-04 | 0.34
5 1E-09 [-121.89 10.00 5.65 7.37 1.73E-04 0.68 0.46 0.09 5.28E-04 | 4.65E-04 | 0.34

Data for Figure S1.b:

Table S11: Acetate reduction with different values of total THF. Energy dissipated and proton
translocations are the same as the ones presented in Table S9 for the same conditions.

, For Methenyl Methylene Methyl Ac :
THF | Hy | AGey CO, Cco For THF THF THF THP Coh Ac-P Ac
mM Bar | kJ/mol mM
50 0.5 -96.11 16.78 0.18 14.57 9.01E-02 0.45 49.45 9.40E-03 10.00 5.65 10.00
10 0.5 -96.11 16.78 0.18 14.57 1.80E-02 | 9.05E-02 9.89 1.88E-03 10.00 5.65 10.00
5 0.5 -96.11 16.78 0.18 14.57 9.01E-03 | 4.52E-02 4.94 9.40E-04 10.00 5.65 10.00

Data for Figure S3.a:

Table S12: Acetate oxidation with different values of Auy,. Energy dissipated and proton translocations
are the same as the ones presented in Table S6 for the same conditions.

. Ac Methyl Methylene Methenyl For .
Ay H, AGy Ac Ac-P | CoA THF THF “THF THF For Cco CO,
mV Bar kJ/mol mM
-200 1E-09 [-121.89 10.00 5.65 7.37 3.46E-04 1.36 091 0.18 5.28E-04 | 4.65E-04 | 0.34
-90 1E-09 [-121.89 10.00 5.65 7.37 4.43E-04 1.36 091 0.18 5.28E-04 | 3.63E-04 | 0.34

Data for Figure §3.b:

Table S13: Acetate oxidation with different values of Auy. Energy dissipated and proton translocations
are the same as the ones presented in Table S9 for the same conditions.

N For Methenyl Methylene Methyl Ac .
A\j} H, | AGa CO, CO For THF “THF THF “THF CoA Ac-P Ac
mV Bar | kJ/mol mM
-200 0.5 -96.11 16.78 0.18 14.57 1.80E-02 | 9.05E-02 9.89 1.88E-03 10.00 5.65 10.00

-80 0.5 -96.11 16.78 1.65E-03 14.57 1.62E-03 | 8.11E-03 9.97 1.80E-02 | 10.00 5.65 10.00
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S7. Butyrate Oxidation/Acetate Reduction

Table S14: AG® for butyrate oxidation/reduction pathway.

Acetate
: g C ATP
Reaction N° | AG” (kJ/mol) ADP
Total -80.02 Acetyl-Pi
1 -0.8 CoA HI“ Pi
2 5.03 2 Acetyl-CoA
3 27.1 I,’COA
4 -61.53 Acetoacetyl-CoA
5 1.72 NADH + H*_ "I‘“NAD*
6 -115.7 3-Hydroxybutyryl-CoA
7 4.93 In H,0
Crotonyl-CoA
FADH, + H* N
2 ,\’Ix FAD
Butyryl-CoA
Acetate
Butyrate
Figure S8: Acetate reduction to butyrate
Data for Figure 3.a:
Table S15: Butyrate oxidation pathway.
. ) Bu Crot HBu AcAcetyl Acetyl Acetyl .
Ho | AGe® | BY | coa | con CoA CoA | -CoA | pi | A°
Bar kJ/mol mM
1E-07 -4.52 10.00 | 1.28E-03 | 1.41E-03 2.83E-03 3.10E-03 2.18 1.15 1.00
5E-07 3.46 10.00 | 1.43E-02 { 3.15E-03 6.31E-03 1.38E-03 2.18 1.15 1.00
1E-06 6.89 10.00 | 3.80E-02 | 4.20E-03 8.40E-03 9.20E-04 2.18 1.15 1.00
1E-05 18.30 10.00 | 4.49E-02 { 4.97E-04 9.94E-04 1.09E-05 2.18 1.15 1.00
1E-04 29.72 10.00 3.11 3.43E-03 6.87E-03 7.52E-06 1.50 1.15 1.00

*Global Gibbs energy considering the reaction (Bu” + 2H,0 —2Ac” + 2H, + H"). 2/3 of the 50 kJ/mol extra gained with the ATP

production are invested in the catabolic pathway.

Table S16: Energy dissipated and proton motive force invested or recovered proposed for anabolism and

maintenance in the butyrate oxidation pathway.

H, AGeat i AGy;s in reac. 4 AHH+ in reac. 5
Bar kJ/mol -
1E-07 -4.52 -14 -2
5E-07 3.46 -12 2
1E-06 6.89 -11 -2
1E-05 18.30 0 -2
1E-04 29.72 0 -2
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Data for Figure 3.b:
Table S17: Acetate reduction pathway.

a . Acetyl Acetyl AcAcetyl HBu Crot Bu .
Hy | AGe | Ac -Pi -CoA -CoA -CoA -CoA CoA | BY

Bar kJ/mol mM
1 -42.51 | 10.00 565 | 1.46E-02 | 7.28E-07 6.65 3.32 1.06E-02 | 1.00
05 | -39.07 | 10.00 565 | 2.90E-02 | 1.45E-06 6.63 331 2.12E-02 | 1.00
0.1 -31.09 | 10.00 5.65 0.14 7.08E-06 6.47 3.23 0.10 1.00
1E-03 | -8.26 10.00 5.65 3.61 1.80E-04 1.65 0.82 2.63 1.00
1E-05 | 1443 | 10.00 5.65 4.77 2.39E-04 | 2.18E-02 | 1.09E-02 3.49 1.00

*Global Gibbs energy considering the reaction (2Ac” + 2H, + H" — Bu™ + 2H,0). 50 kJ/mol extra are invested in the catabolic
process with the hydrolysis of one ATP.

Table S18: Energy dissipated and proton motive force invested or recovered proposed for anabolism and
maintenance in the acetate reduction pathway.

H, AGcat A}.LH+ in reac. 5
Bar kJ/mol -
1 -92.51 +4
0.5 -89.07 +4
0.1 -81.09 +4
1E-03 -58.26 +3
1E-05 -35.43 +1




Electronic Supplementary Material (ESI) for Energy & Environmental Science
This journal is © The Royal Society of Chemistry 2013

S8. Acetate reduction with ethanol and lactate

Table S19: AG® for acetate reduction pathway ©) ®
with ethanol and lactate. EtOH Lac
q 0 1 NAD'—v | NADH + H' NAD™—v["*NADH +H" 2
Reaction N° AG” (kJ/mol) Acetaldehyde L b
Total for EtOH -38.65 CUAPHEHT con
N 3 NAD! cop W co, 4
Total for Lac -96.95 2 Acetyl-CoA ’
1 63.68 5 rcon
Acetoacetyl-CoA
2 65.01 6 NADH + H ,vl “NAD
3 25.58 3-Hydroxybutyryl-CoA
4 20.32 7 l*»H,o
5 27.1 Crotonyl-CoA
6 -6153 8 FADH, + H .1 *FAD
7 1.72 Butyryl-CoA
: 9
8 -115.7 Acetate Butyrate
9 4.93
Figure S9: Acetate reduction with ethanol and lactate
Data for Figure 4.a:

Table S20: Acetate reduction pathway with ethanol to butyrate.

ron [ aGu [ e | T | een | o | G | o | v |
mM | kd/mol mM

100.00 | -32.94 459.76 | 4.73E-02 8.45 0.77 0.39 0.35 10.00 | 10.00
10.00 -27.23 45.98 0.35 6.24 0.57 0.29 2.55 10.00 | 10.00
1.00 -21.53 4.60 0.97 1.73 0.16 7.89E-02 7.07 10.00 | 10.00
0.30 -18.54 1.38 1.12 0.60 5.50E-02 | 2.75E-02 8.19 10.00 | 10.00

Table S21: Proton motive force recovered proposed for anabolism and maintenance in the acetate
reduction pathway with ethanol.

EtOH AGeat A]JI.H in reac. 8
mM kJ/mol -
100.00 -32.94 +1
10.00 -27.23 +1
1.00 -21.53 +1
0.30 -18.54 +1
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Data for Figure 4.b:
Table S22: Acetate reduction pathway with lactate to butyrate.
. . Acetyl AcAcetyl HBu Crot Bu . -

tacm | AGea | Pyr CoA | -CoA CoA | -CoA | -CoA | BW | Ac | CO
mM kJ/mol mM
100.00 | -41.59 0.27 2.03 0.60 55.02 27.49 14.85 11000 |10.00 |1000.00
10.00 -35.88 0.27 1.93 5.71 52.20 26.08 1409 {10.00 |10.00 |1000.00
1.00 -30.17 0.27 1.27 37.73 34.47 17.22 9.30 10.00 | 10.00 |1000.00
0.30 -27.19 | 8.07E-02 | 3.40 30.26 27.65 13.81 24.87 | 10.00 {10.00 |{1000.00

Table S23: Proton motive force recovered proposed for anabolism and maintenance in the acetate
reduction pathway with lactate.

Lac’ AG Ay in reac. 8
mM kJ/mol -
100.00 -41.59 +2

10.00 -35.88 +2

1.00 -30.17 +2

0.30 -27.19 +1

Data for Figure S2:
Table S24: Acetate reduction pathway with ethanol to butyrate. One Apys is harvested in reaction 8 for all
the cases.
Acetyl AcAcetyl HBu Crot Bu . -
EtOH AGat AcAld CoA “CoA CoA CoA CoA Bu Ac
mM kJ/mol mM
100.00 | -32.94 4.60 0.97 1.73 0.16 7.89E-02 | 7.07 10.00 | 10.00
10.00 | -27.23 0.46 1.18 0.21 1.92E-02 | 9.59E-03 8.59 10.00 { 10.00
1.00 2153 | 460E-02 | 064 | 1.14E-02 | 1.04E-03 | 522E-04 |  9.35 20.00 | 10.00
0.30 -18.54 | 4.60E-02 | 027 | 476E-03 | 435E-04 | 2.17E-04 | 9.73 50.00 | 10.00
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S9. Acetate reduction until Caproate with ethanol

Table S25: AG for acetate reduction pathway
until caproate with ethanol.

Reaction N° | AG® (kJ/mol)
Total -77.41
1 63.68
25.58
3 27.1
4 -61.53
5 1.72
6 -115.7
7 27.1
8 -60.23
9 4.02
10 -118.4
11 8.85
Data for Figure 5:

1 2
2 NAD* 2NAD* 2 coA
2EtOH —*— 2 Acetaldehyde ——= 2 Acetyl-CoA

u 2 NADH + 2 H*
2 NADH + 2 H* S con 3

Acetoacetyl-CoA  NADH + H*

4 N ) 3-Hydroxybutyryl-CoA
»H,0 5
Crotonyl-CoA
FADH, + H ,,vl “FAD

Butyryl-CoA

Khex-CoA

8 NADH + H ,.luNAD‘
Hhex-CoA

9 l >H,0
Thex-CoA

10 FADH, + H* vl —AFAD
Hexanoyl-CoA
11 Acetate —>l—‘ Acetyl-CoA

Caproate

Figure S10: Acetate reduction until caproate

Table S26: Acetate reduction pathway with ethanol until caproate.

N | AGa | Aonit | oo | e | o | o | e | e | e | o | e | o
mM kJ/mol mM

100.00 -65.99 459.76 | 0.03 4.69 0.43 0.21 {1.94E-02 | 3.46 0.19  3.70E-02 { 0.93 10.00
10.00 -54.58 4598 R.77E-03 4.95E-02 4.52E-03 2.26E-03 ! 0.49 8.78 0.47  9.38E-02 { 0.10 10.00
1.00 -43.16 4.60 0.11 0.20 0.02  9.06E-03 1.97 3.52 0.19 3.76E-02 | 3.94 10.00
0.30 -37.19 1.38 0.22 0.12 0.01  i5.38E-03 1.17 0.63  {3.39E-02 6.71E-03 | 7.81 10.00

Table S27: Proton motive force recovered proposed for anabolism and maintenance in the acetate
reduction pathway with ethanol until caproate.

A].LH+ in reac. 6

A].LH+ in reac. 10

EtOH AGat
mM kJ/mol
100.00 -65.99
10.00 -54.58
1.00 -43.16
0.30 -37.19

+2 +1
+1 +1
+1 +1
+1 +1
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Data for Figure S4:

Table S28: Acetate reduction pathway with ethanol until caproate with different external pH. One Apy. is
harvested in reaction 5 and another in reaction 9 for all the cases.

O N
= mM
4 1.00 4.60 032 0.57 523E-02 | 2.61E-02 | 5.68E-03 | 1.02E-02 | 5.49E-04 | 1.09E-04 | 9.0l 1.16
>3 1 100 4.60 0.26 0.46 423E-02 | 2.12E-02 0.15 0.26 1.41E-02 | 2.78E-03 8.79 8.07
7 1.00 4.60 0.11 0.20 1.81E-02 | 9.06E-03 1.97 3.52 0.19 3.77E-02 | 3.94 9.92
8 1.00 460 | 1.81E-02 | 3.23E-02 | 2.95E-03 | 1.47E-03 3.20 573 031 6.12E-02 |  0.64 9.99
Data for Figure S6:
Table S29: Caproate production using ethanol and butyrate as substrates.

fon | AGa | Ao | el | ac | By | Sm | M | T | em | o

mM kJ/mol mM

100.00 | -33.05 91.95 0.09 | 10.00 | 0.65 4.62 1.25 0.25 3.14 10.00

10.00 -27.34 9.20 020 | 1000 | 1.44 1.03 0.28 5.50E-02 7.00 10.00

1.00 -21.63 0.92 022 | 1000 | 1.64 0.12 3.17E-02 | 6.27E-03 7.98 10.00

0.30 -18.65 0.28 023 | 1000 | 1.66 | 3.56E-02 | 9.62E-03 | 1.90E-03 8.07 10.00

Table S30: Proton recovery and dissipation proposed in caproate production using ethanol and butyrate as

substrates.
EtOH AGy Algs in reac. 10
mM kJ/mol =
100.00 -33.05 +1
10.00 -27.34 +1
1.00 -21.63 +1
0.30 -18.65 +1

Data for Figure S7:
Table S31: Caproate production using only ethanol as a substrate.

Acetyl | Acetyl i AcAcetyl HBu Crot Bu Khex Hhex Thex Heno :
FIOH | AGeq | AcAld | x| | AC -CoA -CoA -CoA _CoA _CoA -CoA CoA | -CoA | ©%
mM kJ/mol mM
100.00 | -142.04 | 100.00 | 4598 | 0.1 | 1143 0.20 0.19 9.26E-02 | 8.38E-02 0.15 8.10E-02 | 1.60E-02 | 9.07 | 10.00
10.00 | -124.92 | 10.00 4.60 091 | 20.00 0.16 0.15 7.44E-02 | 6.73E-02 | 1.20E-02 | 6.51E-03 | 1.29E-03 | 8.62 | 10.00
1.00 | -107.80 | 1.00 0.46 0.16 | 13.30 | 291E-03 | 2.66E-03 | 133E-03 2.89 5.16E-02 | 2.79E-02 | 5.51E-03 | 6.86 | 10.00
030 | -98.84 0.30 0.14 0.40 | 1324 | 2.14E-03 | 195E-03 | 9.75E-04 2.12 1.14E-02 | 6.15E-03 | 122E-03 | 7.45 | 10.00
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Table S32: Proton recovery and dissipation proposed in caproate production using only ethanol as a

substrate.
EtOH AGea Agrcrlrifaitliqoﬁcr A},l[.H in reac. 6 AHH+ in reac. 10
mM kJ/mol =
100.00 -142.04 -28 +2 +1
10.00 -124.92 -17 +2 +1
1.00 -107.80 -15 +1 +1
0.30 -98.84 -10 +1 +1
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S10. Ethanol reduction

Table S33: AG® for acetate reduction to ethanol. Acetate
Reaction N° | AG" (kJ/mol) ATP ) l 1
Total -41.43 ADP _
Acetyl-Pi
1 -0.8 . l¢ ’
2 5.03 ~ CoA
3 -25.58 Acetyl-CoA
CoA«,
4 -63.68 — HJ o
Acetaldehyde
NADH + H*/“l\vNAD‘ 4
EtOH

Figure S11*: Acetate reduction to ethanol

"Both reductions in this pathway can occur with NADPH instead of NADH as electron donor®. But for this thermodynamic
analysis they are almost equivalent as they have very similar AG? of formation’.

Data for Figure 6.a:

Table S34: Acetate reduction pathway to ethanol with proton translocations at the substrate and product
transport sites.

H, | AGud | Acor | Aok Aﬁyl ’f‘ézzl AcAld | EtOHx | EtOHour
Bar kJ/mol mM

200 | -30.01 | 99.42 | 5.16E-06 | 6.70E-06 | 145E-05 | 1.33E-02 | 5.78E+05 |  0.10
300 | 3202 | 99.42 | 230E-06 | 298E-06 | 642E-06 | 8.85E-03 | 5.78E+05 |  0.10
400 | 3355 | 9942 | 129E-06 | 1.67E-06 | 3.61E-06 | 6.64E-03 | 5.78E+05 |  0.10
500 | -3465 | 9942 | 826E-07 | 1.07B-06 | 2.31E-06 | 531E-03 | 5.78E+05 |  0.10

*Global Gibbs energy considering the reaction (Ac” + 2H, + H* —EtOH + H,0). 50 kJ/mol extra are invested in the catabolic
process with the hydrolysis of one ATP.

Table S35: Proton motive force recovered proposed for anabolism and maintenance in the acetate
reduction pathway to ethanol.

H, AGea AHH+ in Ac” Transp. | AHH+ in EtOH Transp.
Bar kJ/mol -

2.00 -30.11 +2 +2
3.00 -32.12 +2 +2
4.00 -33.55 +2 +2

5.00 -34.65 +2 +2
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Data for Figure 6.b:

Table S36: Acetate reduction pathway to ethanol with recovery of ATP via SLP.

H, | AG. | Acorr | Acn Aeel lfézt/{l AcAld | EtOHx | EtOHoyr
Bar kJ/mol mM

200 | 3001 | 99.42 | 5.15E-04 | 6.67E-04 | 2.50E-12 | 2.30E-09 | 0.10 0.10
300 | 3212 | 9942 | 229E-04 | 297E-04 | L1IE-12 | 1.53E-09 | 0.10 0.10
400 | 3355 | 9942 | 120E-04 | 1.67E-04 | 625E-13 | 1.1SE-09 | 0.10 0.10
500 | -3465 | 99.42 | 823E-05 | 1.07E-04 | 4.00E-13 | 920E-10 | 0.10 0.10

Table S37: Proton motive force recovered proposed for anabolism and maintenance in the acetate
reduction pathway to ethanol.

H, AGcat Au H+ in Ac” Transp.
Bar kJ/mol =

2.00 -30.11 +1

3.00 -32.12 +1

4.00 -33.55 +1

5.00 -34.65 +1

Data for Figure 6.c:

Table S38: Acetate reduction pathway to ethanol with proton translocations at the substrate transport site
and at two reduction sites.

Hy | AGey | Acorr | Acn Aceyl | AcOl | AcAld | EOHy | EtOHour
Bar kJ/mol mM

200 | 3001 | 9942 | 124E-02 | 1.61E-02 | 346E-02 | 133802 | 0.10 0.10
300 | -3212 | 9942 | 552E-03 | 7.15E-03 | 1.54E-02 | 88SE-03 | 0.0 0.10
400 | -3355 | 9942 | 3.10E03 | 4.02E-03 | 8.68E-03 | 6.64E-03 | 0.10 0.10
500 | -3465 | 9942 | 1.99E-03 | 2.58E-03 | 5.56E-03 | 531E03 | 0.0 0.10

Table S39: Proton motive force recovered proposed for anabolism and maintenance in the acetate
reduction pathway to ethanol.

H, AGCm AHI—H in Ac” Transp. E AHI—H in reac. 3 E AHH+ in reac. 4
Bar kJ/mol -

2.00 -30.11 +1 +1 +2

3.00 -32.12 +1 +1 +2

4.00 -33.55 +1 +1 +2

5.00 -34.65 +1 +1 +2
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Data for Figure 6.d:
Table S40: Acetate reduction pathway to ethanol with proton translocations at the two reduction sites only.
. . Acetyl Acetyl
Hz AGcat Ac ouT Ac IN ?Sly _ézg AcAld EtOHIN EtOHOUT
Bar kJ/mol mM
2.00 -30.11 99.42 29.84 7.95 8.93 31.93 0.10 0.10
3.00 3212 | 99.42 13.26 6.32 7.88 21.28 0.10 0.10
4.00 3355 | 99.42 7.46 4.92 6.76 15.96 0.10 0.10
5.00 3465 | 99.42 4.77 3.82 5.72 12.77 0.10 0.10

Table S41: Proton motive force recovered proposed for anabolism and maintenance in the acetate
reduction pathway to ethanol.

H, AGcat E AGdis in Ac” Transp. AHI—H in reac. 3 E A},lH+ in reac. 4

Bar kJ/mol =

2.00 -30.11 -2.98 +1 +3

3.00 -32.12 -4.99 +1 +3

4.00 -33.55 -6.42 +1 +3

5.00 -34.65 -7.52 +1 +3
Data for Figure S5.a:

Table S42: Acetate reduction pathway to ethanol with different pH and a constant potential gradient across
the membrane of -200 mV.

pH | Hy | AGey | Acour | Acw Aceol Al | AcAld | EtOHw | EtOHour
- Bar kJ/mol mM
5 200 | -40.41 | 6327 | 298E-07 | 3.87E-07 | 8.35E-07 | 3.19E-05 0.10 0.10
6 200 | -3570 | 9451 | 2.98E-03 | 3.87E-03 | 8.34E-03 | 3.19E-02 0.10 0.10
7 200 | -3011 | 99.42 29.84 7.95 8.93 31.93 0.10 0.10
8 2.00 -24.41 99.94 2.98E+05 10.00 10.00 3.19E+04 0.10 0.10
Data for Figure S5.b:

Table S43: Acetate reduction pathway to ethanol with different pH optimizing the membrane potential.

Acetyl Acetyl

pH AY H, AGgy | Acour Acy pi CoA AcAld EtOHn | EtOHour
- mV Bar kJ/mol mM
5 -80 2.00 -40.41 | 63.27 22.95 7.48 8.65 1.16E-02 0.10 0.10
6 -140 2.00 -35.70 | 94.51 11.63 6.01 7.65 8.29E-03 0.10 0.10
7 -200 2.00 -30.11 99.42 7.46 4.92 6.76 6.64E-03 0.10 0.10
8 -260 2.00 -24.41 99.94 5.44 4.14 6.04 5.67E-03 0.10 0.10
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Data for Figure S8:
Table S44: Acetate reduction pathway to ethanol with proton translocations at the two reduction sites only.
. . Acetyl Acetyl
H2 AGcat Ac ouT Ac IN (_:fe)ly -éeOZ AcAld EtOHIN EtOHOUT
Bar kJ/mol mM
2.00 3011 | 99.42 29.84 7.95 8.93 1.33E-02 0.10 0.10
3.00 3212 | 99.42 13.26 6.32 7.88 8.85E-03 0.10 0.10
4.00 -33.55 | 99.42 7.46 4.92 6.76 6.64E-03 0.10 0.10
5.00 -34.65 | 99.42 4.77 3.82 5.72 5.31E-03 0.10 0.10

Table S45: Proton motive force recovered proposed for anabolism and maintenance in the acetate
reduction pathway to ethanol.

H, AGcat E AGdis in Ac” Transp. A}.LH+ in reac. 3 E A}.LH+ in reac. 4
Bar kJ/mol =

2.00 -30.11 -2.98 +2 +2

3.00 -32.12 -4.99 +2 +2

4.00 -33.55 -6.42 +2 +2

5.00 -34.65 -7.52 +2 +2
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