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Abstract: [Objective] To explore the metabolite composition and metabolite synthesis
potential of Brevibacterium casei G20 in response to saline-alkali stress, and to provide a
reference for the mining of potential functional molecules and the rapidly and stably responsive
genetic logic gate line induced by saline-alkali. [Methods] We used LC-MS to detect the
metabolites of G20 at four growth phases in saline-alkali and normal environments, and
focused on the analysis of the lag and logarithmic phases rich in metabolites with high
differential fold changes. [Results] B. casei G20 grew well in the environment with pH 10.0
and 9% NaCl, and the pH of the environment gradually decreased with the growth. According
to the detection result in positive ion mode and negative ion mode, the numbers of differential
metabolites of B. casei G20 during growth in the saline-alkali environment were 0.69, 0.75, and
0.81 times that in the normal environment, respectively. The metabolites that differed between
the lag and logarithmic phases under saline-alkali stress were mainly benzenoids, organic acids
and their derivatives, and organic heterocyclic compounds. Among them, the MS signal
intensity of the organic acids such as indole-3-acetic acid, kynurenic acid, and gluconic acid
that were up-regulated in the logarithmic phase was lower than that in the lag phase. The
possible osmoprotectants in the strain were L-citrulline, L-proline, N-acetylornithine,
L-carnitine, etc. The differential compounds with larger fold changes or higher MS signal
intensity in the lag phase were pilocarpine, phytosphingosine, and citrate, and in the
logarithmic phase were histamine, L-proline, and thiamine. The differential metabolic pathways
of the strain were mainly the amino acid metabolism and carbohydrate metabolism. There were
also structural analogs of betaine and trigonelline in the metabolites of the strain. In addition,
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for metabolites with large changes induced by saline-alkali stress, such as histamine, L-proline,
and choline, we could infer their synthetic and metabolic pathways through the coupling of
metabolomic and genomic data. [Conclusion] The strain secreted organic acids such as
indole-3-acetic acid, kynurenic acid, and Gluconic acid to reduce the pH value of the
environment, and accumulated osmoprotectants such as L-citrulline and L-proline to maintain
osmotic balance. In addition, the strain may also have the ability to synthesize structural
analogs of betaine, trigonelline, and pilocarpine, allowing the construction of a new synthetic
pathway based on prokaryotic bacteria. Moreover, the enzyme-coding genes and upstream and
downstream element sequences in the synthetic and metabolic pathways of compounds such as
histamine, L-proline, and choline in the strain can serve as a reference for sorting out the logic
gate gene circuits induced by saline-alkali stress.

Keywords: saline-alkali-tolerant bacteria; intestinal endophytic bacteria; metabolomics
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Figure 2 The principal component analysis (PCA) diagram of the experimental sample. A: Positive ion
mode. B: Negative ion mode. CG-lag: Lag phase under normal environment; SA-lag: Lag phase in
saline-alkali environment; CG-log: Logarithmic phase under normal environment; SA-log: Logarithmic
phase in saline-alkali environment; CG-sta: Stationary phase under normal environment; SA-sta: Stationary
phase in saline-alkali environment; CG-dec: Decline phase under normal environment; SA-dec: Decline
phase in saline-alkali environment.
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Figure 3 Volcanic map differential metabolites of Brevibacterium casei G20 in normal and saline-alkali

environment in different growth phases. A, B: Lag phase pos/neg. C, D: Logarithmic phase pos/neg. E, F:

Stationary phase pos/neg. G, H: Decline phase pos/neg.
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Table 1 Quantities of differential metabolites of Brevibacterium casei G20 in normal and saline-alkali
environment in different growth phases

Sample group Mode Number of differential metabolites Up Down
SA-lag: CG-lag pos 1 885 891 994
neg 771 398 373
SA-log: CG-log pos 2736 1119 1617
neg 983 499 484
SA-sta: CG-sta pos 3343 1234 2109
neg 999 429 570
SA-dec: CG-dec pos 2039 980 1 059
neg 1067 403 664
SA-lag: SA-log pos 402 205 197
neg 229 82 147
CG-lag: CG-log pos 581 294 287
neg 329 136 193
SA-log: SA-sta pos 763 447 316
neg 284 152 132
CG-log: CG-sta pos 1007 620 387
neg 395 210 185
SA-sta: SA-dec pos 1063 345 718
neg 395 167 228
CG-sta: CG-dec pos 1338 451 887
neg 459 169 290

pos: Positive ion mode; neg: Negative ion mode.
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Figure 4 Differential metabolites of Brevibacterium casei G20 in different growth stages induced by
saline-alkali stress. A: Lag phase. B: Logarithmic phase. Metabolites in the yellow box are the common
differential metabolites in the two growth phases, and metabolites in the blue box are the opposite differential
metabolites in the two growth phases.
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Table 2 Up-regulated metabolites with biological activity in Brevibacterium casei G20

Annotation Formula Molecular weight RT (min) Score MS signal intensity ratio

compound Normal Saline-alkali

Betaine CsH;NO, 117.079 0 0.713 88.2 1 244.35171 077.92™ 1214.90%1808.61™
436.19'1 033.5114 390.78[1725.3914

Trigonellin C,H,NO,  137.047 8 0.715 75.9 0.53[410.84[" 0.16[%0.99!*]

e 0.460.101 0.51[¢0.28M

Pilocarpine C;;H;(N,O, 208.121 4 2.978 79.4 0.010. 13" 0.371%10.28!"

0.42[10.02!4 0.39°10.2014

lI: Lag phase; I™: Logarithmic phase; I°): Stationary phase; ': Decline phase. MS signal intensity ratio: Annotation compound
of MS signal intensity/Adenine of MS signal intensity, RT (min): Retention time; Score: The matching score of the Secondary

spectrum matching of the compound is in mzCloud Library.
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Figure 5 Bubble plot of metabolic pathways enriched in Brevibacterium casei G20 induced by saline alkali
stress (P<0.05). A: Lag phase in positive ion mode. B: Lag phase in negative ion mode. C: Logarithmic phase
in positive ion mode. D: Logarithmic phase in negative ion mode.
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Figure 6 Biosynthesis of amino acid in Brevibacterium casei G20 induced by saline-alkali stress. A: Lag phase.
B: Logarithmic phase. Up-regulated metabolites are represented in red font and down-regulated metabolites in
blue font. This picture was modified based on KEGG map01230, https://www.kegg.jp/pathway/map01230.
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