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Identification of core yeasts and their functions in the fermentation
process of Maotai-flavor Baijiu
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Abstract: [Background] Yeasts are the most important microbes in Maotai-flavor Baijiu production.
However, the structures and functions of core yeasts in the fermentation microbiota are unclear.
[Objective] To reveal the fermentation mechanism of the Baijiu-making process and improve the product

Foundation items: National Natural Science Foundation of China (31530055); National Key Technologies Research and
Development Program of China (2016YYFD0400503, 2018YFC1604100)
*Corresponding authors: Tel: 86-510-85918201
E-mail: NIE Yao: ynie@jiangnan.edu.cn; XU Yan: yxu@jiangnan.edu.cn
Received: 14-12-2019; Accepted: 12-02-2020; Published online: 23-04-2020

BE&WmE: BEEAKRPAR4(31530055); ERFHLZOETTRI(2016YFD0400503, 2018YFC1604100)
*@{51E&: Tel: 0510-85918201

E-mail: $£58: ynie@jiangnan.edu.cn; %% : yxu@jiangnan.edu.cn
WiSHER: 2019-12-14; #EFHHEA: 2020-02-12; MK E % HEA: 2020-04-23



RTERSE: YA T 0 A I A P A O e B Y 2 1) S L T g 3505

quality, we illustrated the structures and functions of core yeasts in fermentation microbiota. [Methods]
Culture-independent (internal transcribed spacer amplicons and metatranscriptomics sequencing) and
culture-dependent (strain selection and simulated fermentation experiments) technologies were used to
analyze the structural change of yeast microbiota and function of core yeasts in the fermentation process of
Maotai-flavor Baijiu production. [Results] Results of amplicons and metatranscriptomics showed that
yeast in the fermentation process classified to 10 genera. We selected 13 core structure species (relative
abundance>0.2%) of yeast microbiota and identified 2 core yeasts including Pichia kudriavzevii and
Schizosaccharomyces pombe. In the fermentation process, the relative abundance of P. kudriavzevii had
more than 89% of the total microbes in the yeast microbiota. Meanwhile, Schi. pombe expressed more than
21% of the total functional genes in the yeast microbiota. Moreover, the results of the simulated
fermentation experiments showed that P. kudriavzevii could tolerate lactic acid accumulation and Schi.
pombe could tolerate ethanol accumulation in the yeast microbiota. The effects of two core yeasts ensure
the stability of Baijiu production during the fermentation process. [Conclusion] P. kudriavzevii and Schi.
pombe are the dominant yeasts in the fermentation process of Maotai-flavor Baijiu production. These two
yeasts play different roles during fermentation. Our research further deepened our knowledge about the
contribution of core yeasts for fermentation process. It also makes researchers recognize the importance of
the regulation of core microbes during Baijiu production.

Keywords: Microbiota, Core yeasts, Internal transcribed spacer amplicon sequencing, Metatranscriptomic
sequencing, Simulated fermentation, Microbial structure and function
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Table 1 Primers used for microbial biomass analysis in core yeasts

Gk EA S 519751 K Z:75 3k

Primers name Primers sequence (5'—3') Size (bp) References

PkF GTTTGAGCGTCGTTTCCATC 20 [24]

PkR AGCTCCGACGCTCTTTACAC 20

ScF GTGCGCGGTCTTGCTAGGCT 20 .

ScR TACCTCTGGGCCCCGATTGC 20 AP QU sl
SpF AGTGAAGCGGGAAAAGCTCA 20 A5t Our research
SpR ATCGACCAAAGACGGGGTTC 20

ZbF CATGGTGTTTTGCGCC 16 [25]

ZbR CGTCCGCCACGAAGTGGTAGA 21
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Figure 1 The profiles of major metabolites during Maotai-flavor Baijiu production
e A ZEEE RN B FLRRS =2
Note: A: The change of ethanol content; B: The change of lactic acid content.
x2 EREABELABMIEPTERIGMHAE
Table 2 Major yeasts in Maotai-flavor Baijiu production
WEEE (R K PEABIF GenBank 5% 5 ARABLEE
Yeast (genus) Similar strains GenBank accession No. Similarity (%)
Galactomyces Galactomyces candidum JN974289.1 99
Kazachstania Kazachstania humilis KY705010.1 100
Komagataella Komagataella phaffii LT962476.1 100
Naumovozyma Naumovozyma castellii HE576754.1 100
Pichia Pichia fermentans KY104544.1 100
Pichia kudriavzevii KY104586.1 100
Pichia manshurica KY104603.1 100
Pichia membranifaciens KY104630.1 100
Saccharomyces Saccharomyces cerevisiae KY109257.1 100
Saccharomycopsis Saccharomycopsis fibuligera KP132599.1 100
Schizosaccharomyces Schizosaccharomyces pombe KY105378.1 99
Wickerhamomyces Wickerhamomyces anomalus KY105896.1 100
Zygosaccharomyces Zygosaccharomyces bailii KY106025.1 89
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64 _I: Saccharomycopsis fibuligera PMMO08-746L (KP132599.1)
OTu 17
65 I_OOI: Saccharomyces cerevisiae CBS 2888 (KY 109257.1)

100 I: OTU 44
85 Schizosaccharomyces pombe CBS 1062 (KY105378.1)

97 OTU 1
%0 _|: Pichia kudriavzevii CBS 8249 (KY104586.1)
OTU 8
T1|: Pichia fermentans CBS 603 (KY104544.1)
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0.10
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Figure 2 Phylogenetic tree of core yeasts during Maotai-flavor Baijiu production

TE: 5510 GenBank %555 433 RISy 1000 IRE R AR E R ARRER 100 MEHFRHH 10 k.

Note: Numbers in parentheses are GenBank accession numbers; Numbers at the branches are bootstrap values obtained after 1 000 replicates;
The scale bar represents 10 substitutions per 100 nucleotide positions.

100
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Figure 3 The structural distributions in the yeast microbiota during Maotai-flavor Baijiu production
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The major metabolism in the microbiota during Maotai-flavor Baijiu production
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Figure 5 The changes of gene expression in the yeast microbiota during Maotai-flavor Baijiu production
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Figure 6 The tolerant divergence of 4 core functional yeasts in the simulated experiments
TE: A ANEIIIA SRS 40 g/L ZBEH 30 o/L FLERINXIIALL; B: WSIIWIA S 40 o/LZREMISEIRdl; C: USIIWIMAR &5k
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Note: A: Control group without initial content of 40 g/L ethanol and 30 g/L lactic acid; B: Test group with initial content of 40 g/L ethanol;
C: Test group with initial content of 30 g/L lactic acid; D: Test group with initial content of 40 g/L ethanol and 30 g/L lactic acid.
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