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Production of isobutyric acid from methanol
by Clostridium Luticellarii
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HIGHLIGHTS:
e Clostridium luticellarii can produce isobutyric acid from methanol
e Supplementation of acetic and butyric acid as electron acceptors
enhanced isobutyric acid titer, selectivity and productivity
e Maximum isobutyric acid production was achieved at pH 6.50

BACKGROUND: The urgency to mitigate climate change has triggered the
development of strategies to reduce CO> emissions, including microbial
technologies to convert CO; into multi-carbon products.!? CO; fermentation
is hampered by low gas-liquid mass transfer due to the low solubility of
H,.34 CO,-derived methanol can serve as alternative feedstock,
circumventing the solubility issue.*> Some acetogens can use methanol as
electron donor, with a product spectrum dominated by acetic and butyric
acid.>® The product portfolio of methanol fermentation has recently been
expanded by the observation that isobutyric acid (iC4) was produced by
mixed culture (2.0 g.L1.d1).” A recent study of the ecology of a similar
system revealed that the microbiome was dominated by Eubacterium and
Clostridium spp., and that isobutyric acid production was closely linked to
the abundance of the Clostridium sp..® This study isolated the organism
responsible for isobutyric acid production, explored its capacity to produce
isomers from a broad range of substrates and investigated potential
metabolic-triggers to isomerisation, such as pH and electron acceptor
availability.

RESULTS & DISCUSSION: Here we obtained seven isolates that exhibited
iC4 production ranging from 2.22 g.L'! to 3.90 g.L'! from an in-house
isobutyric acid-producing CSTR. The 16S rRNA gene sequence analysis of
the isobutyric acid-producing isolates revealed that they all shared high
similarity with C. luticellarii DSM 29923.

C. luticellarii DSM 29923 ability to produce iC4 from different carbon sources
(i.e. glucose, glycerol, methanol, ethanol, lactic acid and CO2 & H;) was
screened. Growth was supported on all carbon sources except ethanol, and
C. luticellarii produced iC4 only when grown on methanol and acetic acid (
1.51 £ 0.07 g.L'!) and COz & Hz (0.12 + 0.01 g.L!). Subsequently, C.
luticellarii ability to produce other isocarboxylic acids was explored with
methanol (200 mM) as electron donor in combination with different
carboxylic acids as electron acceptors. The production of other isocarboxylic
acids was not detected under the tested conditions. However, C. luticellarii
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was shown to be able to synthesise valeric and caproic acid with acetic and
propionic as electron acceptor, respectively. Here, we also screened the
effect of pH on iC4 production by C. luticellarii. Over the range of pH 5.50
to 6.50, increasing pH led to higher cell densities and iC4 production (from
0.37 £ 0.02 g.L'' to 3.91 £ 0.06 g.L1). Further increasing the pH up to 7.00
resulted in higher iC4 selectivity (83% at pH 7.00), but the methanol
converted was halved.

Finally, the evolution of the product spectrum was monitored throughout
the batch incubation under three selected conditions (M, MA and MAB,
Figure 1). During growth on methanol with CO> as only available electron
acceptor (M), acetic and butyric acid production started immediately. iC4
production only started after six days when C. luticellarii started consuming
the acetic acid produced in-situ. When acetic acid was fed as an electron
acceptor in condition MA, butyric and iC4 were directly coproduced. Under
the condition with butyric acid supplementation (MAB), only iC4 net
production occurred during the first six days. Following day six, butyric acid
started to accumulate. Overall, it was observed that the supplementation of
acetic and butyric acid also enhanced iC4 production in terms of production
rate (from 0.120 + 0.024 g.L1.d! in condition M to 0.420 + 0.012 g.Ll.d"
1 in condition MAB). Additionally, condition MA revealed that preliminary
accumulation of butyric acid is not necessary to trigger isobutyric acid
production.
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Figure 1. Substrate and product concentration profile during batch growth
of C. luticellarii DSM 29923 on methanol (Panel A; M), and methanol
and acetic acid with (Panel C; MAB) and without (Panel B; MA) butyric acid

supplementation. Panel D represents the electron balance.
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CONCLUSION: Clostridium luticellarii can produce isobutyric acid from C1
carbon sources, including methanol. It can generate isobutyric acid without
the external addition of acetic and butyric acid as electron acceptors,
although their presence steered isobutyric acid production in terms of final
titer, selectivity, and productivity (maximum of 5.04 £ 0.08 g.L-1, 70% and
0.420 + 0.012 g.L-1.d-1, respectively). pH was shown to significantly
influence isobutyric acid production with the highest production obtained at
pH 6.50.
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