SUPPLEMENTARY MATERIALS

S.1. Methological approach to bioelectrodes formation

It is well known how actively growing cultures can form biofilms on both
biotic and abiotic surfaces, and how this property can be used to study the ability
of bacteria to form biofilms and to interact with other microorganisms [1][2][3].
Among other factors, the density of the starting microbial culture, medium
composition, surface charge density, as well as wettability and structure of the
surface affect biofilm formation and architecture [1][2]. It has been demonstrated
that the use of dynamic (with medium flowing), and even semi-dynamic
conditions (i.e., in shaking conditions), can enhance biofilm formation by
increasing the EPS production and strength of the EPS matrix, providing
nutrients for growth, and promoting expression of molecules involved in signal
transduction, as demonstrated in P. aeruginosa [1][2]. This results in the
generation of denser and thicker biofilms able to resist environmental stressors,
even in multispecies biofilms [1]. As our experimental scheme envisaged the
gradual change of culture media along with the biofilm formation (from
complex to minimal formulations), we periodically checked the electrodes
potentials and the oxidoreductive potential (ORP) of non-BES control cultures
vs. Ag/AgCl reference electrodes to collect information about the change in their
redox state and, indirectly, of microbial metabolism [3].

In fact, in culture media, ORP correlates the net balance of intracellular
reducing equivalents, which is involved in protein, DNA and RNA synthesis,
enzyme activation, and even regulation of the cell cycle. Thus, monitoring and
controlling environmental redox potential helps to elucidate cellular physiology
and intracellular metabolic interaction. For this reason, ORP is widely used to
monitor fermentation processes, control microbial metabolism, and improve the
production of target molecules [3].

A prerequisite for COz uptake by bacteria is its dissolution in the culture
medium, forming firstly H2COs, which rapidly converts to HCOs + H*. At
saturation, an equilibrium is established between CO2 and HCOs. We then used
NaHCO:s during the preparation of biocathode instead of gaseous CO, as the
presence of bubbles in the medium might have affected the microbial adhesion
to the electrode surface. Furthermore, by connecting the carbon cloth electrodes
with a 100 Ohm resistor, we aimed first at distancing the electrodes from each
other and then detecting the presence of any significant current flowing between
them due to the establishment of different values of electrochemical potentials,
which might have led to significant differences in biofilms. We used this
approach to try to balance the fermentative metabolism of Clostridium cells
growing in the medium. Proper analyses are needed to investigate the effects of
the snorkel on the electrochemical properties of C.saccharoperbutylacetonicum
biofilms.

S2. Dissolved CO: calculations

As a first step, for each system, we calculated CO: assimilation rate,
according to Eq 1S:
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where CQOzass is the percentage of CO: captured in the cathode compartment,
COzinis the amount of CO: in the gas mix, and COzev is the concentration of COz
in the gas mix evolved from the cathode chamber headspace. COzass was used to
directly measure the percentage of CO: captured by each system.

In order to calculate the concentration of CO: at saturation in the catholyte,
we applied Henry’s law equation for gas dissolution in water applicable, with
good approximation, to dilute water solutions (with M <1) [4]. Due to the low
ionic strength (0.011908 mol/L) and molarity (3.78 mmol/L and 0.164 mmol/L vs.
(NH)2SOs and FeSOs, respectively), it was possible to refer our calculations to
pure water, according to Eq.3 [5]:

C=PxK Eq (25)

where C is the concentration of a gas in the liquid as mol/L, K is Henry’s constant
for a gas in a solvent (expressed as mol/L atm), and Pis the partial pressure of
the gas on the solvent, expressed in atm. As we used a gas mix composed of 98%
of N2and 2% of COz, we used Dalton’s law to calculate the partial pressure of
CO:z in the mix (Eq. 3S) [4]:

Pt = Pcoz + Py Eq(3S)

where Pt is the pressure of the gas mix and Pcoz2 and Pn2 are the partial pressure
of COz and Ny, respectively, where partial pressures are given by the total
pressure of a gas mix and X, the molar fraction (expressed as percentage) of each
component (Eq. 45):

Pcoz = Pior * Xco2 Eq (4S)

Considering a pressure of the gas mix bubbled in the media of 1.2 + 0.2 atm
and the percentage of CO2in the mix, Pco2=1.2 atm x 0.02=0.024 atm at saturation
in BESs and microbial cultures headspace. Once we obtained the PCO:2 value, we
focused on the calculation of CO: dissolved in water. Henry’s constant for
solubility of a gas in water can be expressed in different ways, e.g., as a function
of gaseous solute concentration expressed as mol*(Kg Pa)! or molarity (M/atm),
but even as a function of molar fraction of gas dissolved in the solvent, i.e., water
in our experiment. When expressed in the function of the molar fraction, Henry’s
constant H* for solubility can be expressed by the following equation Eq (5S) [5]:

Hw»=X/P. Eq.(55)
where X is the molar fraction of the gas and P is its partial pressure.

As Henry’s constant for solubility is temperature dependent and its values
already available in the scientific literature are mostly referred to as 25°C, we
applied Eq.6S [4] to calculate H* of CO:z at 20°C (H*’co2):
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From the resolution of Eq. 7 and the expression of pressure values in atm,
Hw’=14.13 atm-1[33]. From the application of Eq. 6, Xcoz at saturation was

Xco2=Hw"* Pcoz2 = 14.13 (atm™) * 0.024 atm = 0.339 Eq (7S)



Assuming the total amount of moles in the solution is equal to 1, the amount
of CO2 in the catholyte is equal to 0.339 mol. The molarity of CO: is given by Eq.
(8S):

M =XC0,/V 0, Eq(8S)

As the volume of the cathode compartment was 0.125 mol, the
concentration of CO:z in the medium was calculated to be 2.7 M. This value
represents the amount of CO: at saturation, and therefore the initial
concentration of CO2 in our systems. Using the calculated value of H*’coz, we
estimated the residual concentration of CO: in the catholyte at the end of the
experimental session by applying Eqs 55 and 75S.

S3 Carbon conversion efficiency
We calculated the amount of carbon recovery (CR), i.e., the inorganic carbon

directly converted in the investigated metabolites and expressed as a %
according to Eq. 9S [4] mod:
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Ct — .
! ncozat

where n., refers to carbon efficiency at a time t, n is the number of moles of
organic compound produced at time t, f ¢ metabolite is the number of moles of
carbon in a mole of a given metabolite, and nvicto is the number of moles of CO:2
subtracted from the gas mix during the experimental period (6 hours) by each
BES, which is calculated as follows:

Nco2,at = Nco2at,BES — Ncoz,atblank [10S]

As for the control cultures, n¢, is calculated referring to the sterile medium
as blank. As the COz in sterile media is captured in consequence of chemical—
physical processes, we assumed n¢py ¢ can be ascribed to the metabolism of
bacteria.

54 Average well color development (AWCD) calculations and meaning

The capability of microorganisms to utilize different carbon sources was
measured by average well color development (AWCD), which assumes that
higher carbon source utilization capability corresponds to higher microbial
abundance. AWCD is calculated in equation (9S):

AWCD = $%,(C;— R)/n Eq (95)

where Ci is the absorbance of each reaction well at 590 nm, R is the absorbance
of the control well, and n is the number of wells. Values of (Ci —R) lower than
0.06 were considered to be zero [4]. AWCD, by interpolating the absorbance
linked to microbial growth in each group of wells, provided with a specific
carbon substrate, gives a measure of the overall metabolic activity of each tested
strain when a specific carbon source is available. From the combination of
AWCD values for each tested organic compound, it is possible to determine the
metabolic pattern of a test organism.
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