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HIGHLIGHTS:

e Productivity and yield of n-caproate and n-caprylate were enhanced
by reducing the hydraulic retention time.

e Bioindicators of hydraulic retention time were inferred from 16S rRNA
amplicon sequence variants (ASVs) by machine learning using a
random forest approach.

e The bioindicators quantitatively predicted the productivity of n-
caproate and n-caprylate with more than 90% accuracy.

BACKGROUND: The ability to quantitatively predict the chain elongation
process in microbial communities provides a stepping stone to engineer
microbiomes for producing desired biochemicals such as medium-chain
carboxylates!2. Before engineering strategies such as changing operating
conditions can be built to improve process performance, we need to analyze
whether the quantifiable processes can be predicted by following microbial
community dynamics. Here, we present the quantitative prediction of a
lactate-based chain elongation process in bench-scale continuous
bioreactors from community dynamics by machine learning. Recently, we
enriched an undefined mixed culture capable of producing n-butyrate (C4),
n-caproate (C6) and n-caprylate (C8) from xylan and lactate in a daily-fed
bioreactor3. We found that the community developed toward predominating
C4 production at the cost of C6 and C8 yields. Since C6 and C8 were the
target products, it was relevant to manipulate the reactor microbiome for
promoting the chain elongation process and thus optimizing C6/C8
productivity. To this end, we conducted a long-term study on the enriched
chain-elongating microbiome in two parallel bioreactors continuously fed
with lactate and xylan in mineral medium for 211 days.

RESULTS & DISCUSSION: We progressively reduced the hydraulic
retention time (HRT) from 8 d to 2 d with different changing modes in both
bioreactors. Comparing the performance at the two HRTSs, the productivities
at HRT of 2 d increased 2.5-fold, 5.6-fold and 7.2-fold for C4, C6 and CS8,
respectively; and the yields increased 1.5-fold and 2.4-fold for C6 and C8,
whereas the C4 yield decreased 1.6-fold. Decreasing the HRT affected the
composition and diversity of reactor microbiomes. Beta diversity analysis
indicated a significant difference between the communities at HRT of 8 d
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and 2 d (P < 0.001) but no significant difference between the communities
in both reactors at the same HRT (P > 0.05). We hypothesized that the HRT
reduction induced variations in community diversity, which could be used
to predict the productivity and yield of carboxylates by machine learning.
Our random forest analysis consisted of two parts. First, we did the feature
selection for ASVs that were relevant to community dynamics caused by
HRT reduction. The two bioreactors shared 11 HRT bioindicators (ASVs).
Next, we trained the random forest algorithm with these bioindicators that
were used later to predict C6/C8 productivity and yield. We reached more
than 90% accuracy in the quantitative prediction of C6/C8 productivity
(Figure 1). Four ASVs assigned to the genera Olsenella, Lactobacillus,
Syntrophococcus and Clostridium IV were denoted as bioindicators of C6/C8
productivity. The inferred bioindicators may delineate their relevance to the
enhanced C6/C8 productivity in the chain elongation process, manipulated
by HRT decline. These species might be involved in the lactate-based chain
elongation producing C6 and C8, e.g. species affiliated to Clostridium IV
have been described as lactate-based chain elongation bacteria*, while
lactate formation by lactic acid bacteria (Olsenella and Lactobacillus)
promoted the chain elongation process3>/.

CONCLUSION: The quantifiable chain elongation process can be accurately
predicted from 16S rRNA ASV dynamics with machine learning. If
experiments with sufficient temporal and/or spatial resolution can be carried
out, such a framework could be adapted for other ecosystem processes and
more complex communities.
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Figure 1. Prediction results of C6/C8 productivity using HRT bioindicators.
a,b, Prediction performance of C6 productivity. c,d, Prediction performance
of C8 productivity. In a and c, we used relative abundance data of bioreactor
A as training set and relative abundance data of bioreactor B as test set. In
b and d, relative abundance data of bioreactor B were used for training and
of bioreactor A for testing. %Var., explained the target variance (%) of the
training set. RRMSE, relative root mean square error.
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