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Abstract: Fermentation industry, as an important part of biotechnology industry, covers a large
proportion in industry in China. However, microorganisms face serious osmotic stress at the late

fermentation stage as a result of the accumulation of microbial metabolites, neutralizers, and supplements,
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which seriously affects the growth of cells and the production of target product and thus results in low
fermentation efficiency and low yield of target product. This paper aims to summarize and analyze cell
structure, response pathways, genes, proteins, metabolism, and division of microorganisms in the
presence of hyperosmotic stress, and to sum up potential measures against osmotic stress based on the
characteristics of microorganisms and the current available techniques: strain improvement, addition of
protective agent, improvement of neutralizers, removal of osmotic inhibitory factors, and membrane
filtration technology. In summary, this study is expected to serve as a reference for raising the production

in fermentation industry, saving energy, and reducing waste emission and cost.
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Osmotic response pathway** >\, A: K" transporters TrkA(G/H)/SapD and KdpFABC mediate K

accumulation in response to high osmotic pressure. Enzymes OtsA and OtsB mediate trehalose synthesis
from glucose at high osmotic pressure. Transporters ProP, ProU, BetT, and BetU mediate some compatible
solutes accumulation at high osmotic pressure. By regulating the expression of OmpC and OmpF proteins,
the pore size of outer membrane proteins can be reduced. Aquaporin AqpZ mediates transmembrane water
flux. Mechanosensitive channels MscL and MscS mediate solute efflux in response to decreasing osmotic
pressure. B: SInl and Shol are osmotic receptors in eukaryotic cells. Ypdl, Ssk1, Ssk2, Ssk22 and Pbs2 are
osmotic signal transduction proteins. Hogl activates the expression of downstream response genes. Enzymes
Gpd mediates glycerol synthesis at high osmotic pressure. Transporter stll regulates glycerol intake. Glycerol
aquaporin Fpsl closes the outward transport channel of glycerol.
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Figure 2 Proteomic analysis of partial osmotic stress mechanism of microorganisms.
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Table 1  Application of compatible solutes in alleviating osmotic stress

Compatible solutes Category Strains

Proline Amino acid Actinomycetes succinate!®?
Torulopsis glabrata™”

Betaine Alkalines Bacillus atrophaeus®"
Lactobacillus delbrueckii™

Glycerol Alcohols Candida glycerinogenest™

Glycine Amino acid Bacillus atrophaeus®")

Sucrose Sugars Cyanobacteria®

Trehalose Sugars Sulfolobus acidocaldarius®™

Pipecolic acid

Aromatic acid

Mannitol Alcohols
Glucosylglycerol Glycoside compounds
Glucosylglycerate Lipid

Glutamate Amino acid
Tetrahydropyrimidine Amino acid derivative

Aspartic acid

Amino acid

Corynebacterium glutamicum®®

Acinetobacter baumannii®"!

Cyanobacteria®®

Cyanobacteria®®

Brachybacterium murist">

Virgibacillus pantothenticus®”’

Lactobacillus plantarum'®®
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