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A bottom-up strategy for constructing a synthetic microbiome
and its application to the design of Pixian Douban starter

ZHENG Pengfei, ZHANG Lijie’, WANG Dong’, XU Yan

Laboratory of Brewing Microbiology and Applied Enzymology, Key Laboratory of Industrial Biotechnology of
Ministry of Education, School of Biotechnology, Jiangnan University, Wuxi 214122, Jiangsu, China

Abstract: [Objective] This study aimed to construct a synthetic microbiome which would be used as a
starter for Pixian Douban (broad bean paste) fermentation. [Methods] We analyzed core microorganisms
of Pixian Douban fermentation by the combined indicators, including microbial relative abundance,
frequency and eigenvector centrality. Then a fully synthetic medium which simulated the in situ
fermentation system was designed and used to explore the growth and aroma-producing characteristics of
core microorganisms. According to the complementary aroma-producing characteristics of core
microorganisms, a two-strain co-fermentation experiment was conducted. Moreover, taking the microbial
interactions into account, we designed a three-strain community and verified its fermentation
performance. [Results] In this study, 9 microorganisms were identified and isolated from Pixian Douban
as the core microorganisms. Then the volatile profiles of these core microorganisms were detected and a
complementary aroma-producing relationship was found among yeasts, lactic acid bacteria and other
microorganisms. Combining the growth inhibition relationship among microorganisms, we formed a
three-strain combined inoculum, including Pediococcus acidilactici, Staphylococcus carnosus and
Candida versatilis. With the three-strain community as the fermentation starter, the fermentation
samples showed 63.1% similarity of flavor compounds and 21.8% improvement of amino acid nitrogen
content compared to the in situ samples. [Conclusion] A bottom-up strategy for constructing a synthetic
microbiome community was proposed, and a three-strain microbial community as the starter for Pixian
Douban production was built. This study is valuable for synthetic microbiome construction and

fermentation process optimization.

Keywords: synthetic microbiome; starter; Pixian Douban; broad bean paste; flavor compounds
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Table 1  Strains used in this study

Laboratory number Names Sources

LBM 12001 Staphylococcus carnosus Isolated from Pixian Douban
LBM 12002 Pediococcus acidilactici Isolated from Pixian Douban
LBM 12003 Pediococcus pentosaceus Isolated from Pixian Douban
LBM 12004 Weissella confusa Isolated from Pixian Douban
LBM 12005 Tetragenococcus halophilus Isolated from Pixian Douban
LBM 12006 Lactiplantibacillus plantarum Isolated from Pixian Douban
LBM 22001 Candida versatilis Isolated from Pixian Douban
LBM 22002 Zygosaccharomyces rouxii Isolated from Pixian Douban

<l actamicro@im.ac.cn, 010-64807516
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Table 2 Selection basis of core genus and species in Pixian Douban broad bean meju

Selection of genus Selection of species

Genus RA"/% Frequency/% Eigenvector Rank  Rank 4 . L
RAP Freq® Rank Eig® Rank sum Species Principle
Saphylococcus 34.78 100.00 1.00 42 27 43 112 S carnosus h, i
Aspergillus 77.86 100.00 0.79 43 27 41 111 - e, f
Chromohalobacter ~ 17.31 95.83 0.97 41 23 42 106 - j
Candida 9.16  100.00 0.28 40 27 36 103 C. versatilis h
Lactobacillus 1.88  100.00 0.40 33 27 39 99 L. plantarum i
Bacillus 1.66  100.00 0.40 32 27 38 97 - e
Salmonella 3.33  100.00 0.19 36 27 32 95 - g
Halomonas 275  91.67 0.68 34 19 40 93 - j
Acinetobacter 0.89  100.00 0.25 30 27 34 91 - g
Pediococcus 492 100.00 0.07 38 27 26 91 P. acidilactici  h, i,k
P. pentosaceus

Zygosaccharomyces 3.40 95.83 0.12 37 23 29 89 Z. rouxii 2]
Tetragenococcus 579 91.67 0.13 39 19 30 88 T. halophilus  k
Klebsiella 0.44  100.00 0.26 24 27 35 86 - j
Millerozyma 1.63  100.00 0.09 31 27 27 85 - j
Weissella 3.08 100.00 0.03 35 27 22 84 W. confusa k

a: relative abundance; b: rank of relative abundance; c: rank of frequency; d: rank of eigenvector; e: mainly used for other
function, such as Koji making and substrate degradation; f: not resistant to high salt; g: pathogenic bacteria; h: widely used in
industry; i: generally recognized as safe (GRAS); j: not separated; k: BLAST results of OTUs with the highest abundance in

each genus.
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Table 3 Composition and nutrient concentration of the
fully synthetic medium, which simulated the nutrient
concentration of Pixian Douban broad bean meju

Nutrients Concentration/(g/L)
Na,HPO, 6.00
KH,PO, 3.00
Glucose 4.50
Fructose 1.98
Mannitol 0.91
Arabinose 1.80
Threonine 0.84
Isoleucine 0.80
Leucine 1.38
Phenylalanine 0.81
Glycine 0.51
Alanine 1.06
Lysine 1.53
Histidine 0.06
Arginine 1.73
Methionine 0.25
Serine 0.15
Proline 0.81
Valine 0.98
Glutamate 2.95
Aspartic acid 1.76
Tyrosine 0.85
Glutamine 0.51
Cysteine 0.02
Thiamine hydrochloride 1.00
Riboflavin 1.00
Nicotinic acid 1.00
Calcium pantothenate 1.00
Pyridoxine hydrochloride 2.00
Biotin 10.00
Folic acid 1.00
Para-aminobenzoic acid 10.00
EDTA 50.00
FeCl;-6H,0 8.30
ZnCl, 0.84
CuCl,-2H,0 0.13
CoCl,-6H,0 0.14
H;BO; 0.10
MnCl,-4H,0 0.02
CaCl, 110.98
MgSO, 36.11

<l actamicro@im.ac.cn, & 010-64807516
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Figure 2 Stability evaluation of the fully synthetic medium and fermentation characteristics of core
microorganisms. A: principal component analysis (PCoA) of flavor compounds of in situ samples and the
synthetic medium; B: growth condition of core microorganisms at different pH and temperature; C: heatmap
and cluster analysis of flavor compounds produced by core microorganisms.
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Figure 3 Analysis of aroma-producing performance of two-strain communities. A: principal coordinates
analysis of volatile compounds of different size communities (control, single strain or two strains); B: principal
coordinates analysis of volatile compounds of communities with different inoculation sequences; C: the number
of volatile compounds produced by two-strain communities and individual strains (*: 0.01<P=<0.05; **:
0.001<P=0.01; ***: P<0.001; ns: not significant); D: the number of volatile compounds in two-strain
communities with different inoculation order; E: proportion of flavor compounds in the two-strain

community compared to single-strain community; F: proportion of volatile compounds produced by
sequential inoculation specially.
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Table 4 Production of volatile compounds by
individual strains and the two-strain community
CAS Names Types

79-09-4 Propanoic acid Common
5779-95-3  3,5-dimethylbenzaldehyde Common
141-78-6 Ethyl acetate Common
123-51-3 3-methyl-1-butanol Common
71-41-0 1-pentanol Common
71-36-3 1-butanol Common
78-83-1 2-methyl-1-propanol Common
60-12-8 Phenethyl alcohol Common
505-10-2 3-ethylthiopropanol Common
590-86-3 Isovaleraldehyde Common
6966-10-5  3,4-dimethylbenzyl alcohol Common
39151-19-4  3',5’-dimethoxyacetophenone Common
589-35-5 3-methyl-1-pentanol Common
108-95-2  Phenol Common
137-32-6 2-methyl-1-butanol Common
105-30-6 2-methyl-1-pentanol 2 strains special
122-78-1 Phenylacetaldehyde 2 strains special
143-08-8 1-nonanol 2 strains special
624-92-0 Dimethyl disulfide 2 strains special
1119-40-0  Dimethyl glutarate 2 strains special
13231-81-7 3-methyl-1-hexanol 2 strains special
75-07-0 Acetaldehyde 2 strains special
84-66-2 Diethyl phthalate 2 strains special
90-02-8 Salicylaldehyde 2 strains special
1192-62-7  2-acetylfuran 2 strains special
98-01-1 Furfural 2 strains special
98-86-2 Acetophenone 2 strains special
111-87-5 1-octanol 2 strains special
103-45-7 Phenethyl acetate 2 strains special
78-59-1 Isophorone 2 strains special
100-51-6 Benzyl alcohol 2 strains special
2785-89-9  4-ethyl-2-methoxyphenol 1 strain special
123-92-2  Isoamyl acetate 1 strain special
513-86-0  Acetoin 1 strain special

R R Ao NG > S B80T Bl A ) =2 B AS [ 9 AR EL AR
VAR AN TR0 T B4 B D0 8 B A 1 1) 25 5
st W, AR T T & RO
Tl A= 1 =2 100 e A A A T S 36
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Table 5 Production of volatile compounds by a

two-strain community with different inoculation order

CAS Names Types

123-51-3  3-methyl-1-butanol Common

71-36-3  1-butanol Common

78-83-1  2-methyl-1-propanol Common

60-12-8  Phenethyl alcohol Common

505-10-2  3-methylthiopropanol Common

6966-10-5 3,4-dimethylbenzyl alcohol Common

98-01-1  Furfural Common

98-86-2  Acetophenone Common

111-87-5  1-octanol Common

103-45-7  Phenethyl acetate Common

78-59-1  Isophorone Common

100-51-6  Benzyl alcohol Common

79-09-4  Propanoic acid Sequential-special
(in order O, order Y)

5779-95-3 3,5-dimethylbenzaldehyde Sequential-special
(in order O, order Y)

141-78-6  Ethyl acetate Sequential-special
(in order T, order Y)

71-41-0  1-pentanol Sequential-special
(in order T, order Y)

589-35-5  3-methyl-1-pentanol Sequential-special
(in order T, order Y)

108-95-2  Phenol Sequential-special
(in order O, order Y)

137-32-6  2-methyl-1-butanol Sequential-special
(in order T, order O)

75-07-0  Acetaldehyde Sequential-special
(in order O, order Y)

84-66-2  Diethyl phthalate Sequential-special
(in order O, order Y)

90-02-8  Salicylaldehyde Sequential-special

1192-62-7 2-acetylfuran

590-86-3 Isovaleraldehyde

39151-19-4 3',5"-dimethoxyacetophenone
105-30-6  2-methyl-1-pentanol
122-78-1 Phenylacetaldehyde

143-08-8  1-nonanol

624-92-0  Dimethyl disulfide
1119-40-0 Dimethyl glutarate

13231-81-7 3-methyl-1-hexanol

(in order T, order O)
Sequential-special
(in order O, order Y)
Sequential-special
(in order Y)
Sequential-special
(in order T)
Sequential-special
(in order Y)
Sequential-special
(in order Y)
Sequential-special
(in order T)
Sequential-special
(in order O)
Sequential-special
(in order Y)
Sequential-special
(in order Y)
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Figure 4 Microbial interactions and flavor evaluation of synthetic microbiomes at different scales. A: it
meant that plate strains were not inhibited by the strain on the filter paper; B: it meant that plate strains were
inhibited by the strain on the filter paper; C: experimental results of microbial interactions; D: flavor count of
synthetic microbiomes at different scales; E-H: composition of flavor compounds detected in fermentation

samples of the control (E),
community (H).

single-strain community (F),

two-strain community (G) and three-strain
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Figure 5

Fermentation performance analysis of the three-strain community. A: flavor count of the

three-strain community (syn) and in situ samples (situ); B: composition of flavor compounds produced by
three-strain community; C: composition of flavor compounds of in situ samples. D: comparison of flavor
compounds produced by the three-strain community (syn) and in situ sample (situ); E-F: amino nitrogen (E)
and pH (F) condition among the control (no strain), syn (three-strain community) and situ (30-day

fermentation samples of broad bean meju).
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