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Change of bacterial community structure during cellulose
degradation by the microbial consortium

Shigi Ai', Yiquan Zhao', Zhiyuan Sun®, Yamei Gao®, Lei Yan', Hongzhi Tang?,
and Weidong Wang*
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2 Sate Key Laboratory of Microbial Metabolism, School of Life Sciences and Biotechnology, Shanghai Jiao Tong University, Shanghai
200240, China

Abstract: In order to clarify dynamic change of microbial community composition and to identify key functional bacteriain
the cellulose degradation consortium, we studied several aspects of the biodegradation of filter papers and rice straws by the
microbial consortium, the change of substrate degradation, microbial biomass and pH of fermentation broth. We extracted total
DNA of the microbia consortium in different degradation stages for high-throughput sequencing of amplicons of bacterial 16 S
rRNA genes. Based on the decomposition characteristics test, we defined the 12th, 72nd and 168th hours after inoculation as
the initial stage, peak stage and end stage of degradation, respectively. The microbial consortium was mainly composed of
1 phylum, 2 classes, 2 orders, 7 families and 11 genera. With cellulose degradation, bacteria in the consortium showed
different growth trends. The relative abundance of Brevibacillus and Caloramator decreased gradually. The relative abundance
of Clostridium, Bacillus, Geobacillus and Cohnella increased gradually. The relative abundance of Ureibacillus, Tissierella,
Epulopiscium was the highest in peak stage. The relative abundance of Paenibacillus and Ruminococcus did not change
obviously in each stage. Above-mentioned 11 main genera al belonged to Firmicutes, which are thermophilic, broad pH
adaptable and cellulose or hemicellulose degradable. During cellulose degradation by the microbial consortium, aerobic
bacteria were dominant functional bacteriain theinitial stage. However, the relative abundance of anaerobic bacteria increased
gradually in middle and end stage, and replaced aerobic bacteria to become main bacteria to degrade cellul ose.

Keywords: cellulose, consortium, degradation, microbial diversity
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Fig. 1 The consortium was on the degradation of filter
papers.
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Fig. 2 The change of total degradation rate, cellulose
degradation rate, hemicellulose degradation rate and
lignin degradation rate during rice straws degradation by
the consortium. Rice straws weren't degraded before
12 h, so the figure didn’t list.
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Fig. 3 The change of surface morphology of rice straws during rice straws degradation by the consortium.
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Table 1 The statistic of clean data and the alpha diversity indexes of bacterial composition in each sequencing

sample
Samples FHJ1 FHJ2 FHJ3

Sequences count 23 642 24 348 25414
Bases count (bp) 10 054 542 10 367 569 10 831 874
M ean sequences length (bp) 42517 4256 42614
GC percent (%) 54+2 54+2 54+1
Coverage (%) 99.63 99.44 99.54
Observed OTU 292 312 276
Chaol 329.01 392.33 344.25
Shannon 3.98 3.93 3.62
Simpson 0.84 0.85 0.78
PD whole tree 10.03 10.75 10.00

The sample FHJ1, FHJ2 and FHJ3 represented consortium in initial stage, peak stage and end stage of degradation
respectively. The sequencing depth was 20 653 sequences per sample.
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Fig. 5 Bacteria composition of consortium at the phylum (A), class (B), order (C), family (D) and genus (E) taxon
respectively, and the heatmap of clustering analysis of consortium in different degradation stages at the genus taxon (F).
The sample FHJ1, FHJ2 and FHJ3 represented consortium in initial stage, peak stage and end stage of degradation
respectively. Others represented the bacteria which relative abundance was less than 1.00% in each sample. Genera of
top 50 in relative abundance were listed in the figure F.
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Fig. 7 The RDA diagram of community structure of bacterial consortium and cellulose degradation in different
degradation stages. The sample FHJ1, FHJ2 and FHJ3 represented consortium in initial stage, peak stage and end stage

of degradation respectively.
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Table 2 The RDA of community structure of (18]
bacterial consortium and cellulose degradation in
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