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Tolerance engineering regulates stress resistance of microbial
cell factory
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Abstract: The production efficiency of microbial cell factory is determined by the growth performance,
product synthetic capacity, and stress resistance of the strain. Strengthening the stress resistance is the
key point to improve the production efficiency of microbial cell factory. Tolerance engineering is based
on the response mechanism of microbial cell factory to resist stress. Specifically, it consolidates the cell

wall-cell membrane barrier to enhance the defense against stress, accelerates the stress response to
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improve the damage repair, and creates tolerance evolutionary tools to screen industrial microorganisms

with enhanced robustness. We summarize the regulation strategies and forecast the prospects of

tolerance engineering, which plays an important role in the microbial cell factories for sustainable

production of natural products and bulk chemicals.

Keywords: tolerance engineering; microbial cell factory; stress resistance; stress defense; damage repair;

evolutionary engineering
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Figure 1 Stress on microbial cell factory.
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Figure 2 Regulation of cell wall (A), membrane lipid (B) and membrane protein (C) homeostasis to achieve

stress defense.
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Figure 3 Damage repair engineering regulates stress resistance of microbial cell factory.
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Irrational and semi-rational evolutionary engineering regulates stress resistance of microbial cell
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Table 1 Effects of tolerance engineering on the productivity of microbial cell factories
Strategies of tolerance Microbial cell Target products Enhanced phenotype References
engineering factories
Engineered cell walls S. cerevisiae  Ethanol Improved the ethanol concentration (8.15+0.08) g/L from [18]
(7.06+0.08) g/L ethanol of the control strain
S. cerevisiae  Isobutanol Boosted isobutanol production 4.9-fold in engineered strains [16]
Engineered cell E. coli Octanoic acid, Produced (155+5) mg/L octanoic acid and (216+8) mg/L total ~ [29]
membrane lipids total fatty acids fatty acids, which is 66% and 42% more than the control
Synechocystis Octadecanol Increased octadecanol productivity threefold over the base [23]
sp. strain
E. coli Octanoic acid,  The final octanoic acid titer of the engineered strain was 41%  [32]
total fatty acids higher (43.70 mg/L) than the control and total fatty acids were
35% higher (82.10 mg/L) than the control
Engineered cell S. kudriavzevii Ethanol, The highest ethanol content was (8.98+0.04) g/L and glycerol  [42]
membrane proteins glycerol titer was (10.42+0.13) g/L
S. cerevisiae  Fatty alcohols  The yield of extracellular fatty alcohols from strains containing [41]
FATP1 increased by 5 times
E. coli Catechol Improved the catechol yield about 40% [43]
S. cerevisiae  Succinic, malic, The highest activity toward succinic, malic, and fumaric acids  [38]
and fumaric resulted in 3-, 8-, and 5-fold titer increases, increased the
acids, malate malate titer 12-fold
E. coli Medium-chain  Increased medium-chain fatty acids production by more than ~ [39]
fatty acids two-fold
Transcription factor ~ S. cerevisiae  Ethanol Improved final ethanol concentration of (27.60+1.20) g/L from [8]
engineering (18.90+0.30) g/L ethanol of the control strain
K. marxianus Ethanol Produced (57.29+1.96) g/L ethanol, which was 22.05% higher [46]

than that produced by control strain
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Strategies of tolerance Microbial cell Target products Enhanced phenotype References
engineering factories
Specific regulatory B. subtilis Riboflavin 23%—-66% improved riboflavin titers, as well as 24 h shortened [50]
protein fermentation period
S. cerevisiae  Ethanol The ethanol titer was increased to 73.60 g /L, with ethanol [53]

yields of 0.50 g ethanol/g glucose consumed
Achieved industrially-relevant level of lipid titer (72.70 g/L), oil [56]
content (81.40%) and productivity (0.97 g/(L-h))

Metabolites in Y. lipolytica  Lipid

response to stress

S. cerevisiae  Ethanol Resulted in ethanol titer up to 45 g/L [60]
S. cerevisiae  Ethanol A threefold increase in final ethanol titer (8.50 g/L) [57]
Irrational evolutionary C. beijerinckii Butanol Produced 3.94 g/L butanol more than 5-fold of the level [62]

engineering achieved by wild consortia

Y. lipolytica  Limonene The limonene titers of the evolved strains increased 41%—52% [63]
higher than those of the starting strain

C. ragsdalei  Bioethanol A seven-fold increase in ethanol concentration for shuffled strain [70]
Semi-rational S. cerevisiae  Ethanol Ethanol concentration was 1.36-2.25 times higher than wild [86]
evolutionary type, producing ethanol concentration of 20 g/L with a yield of
engineering 0.44 g/g

B. subtilis Acetoin Resulted in acetoin titer up to 82.50 g/L from 40 g/L [65]

E. coli Lysine The final titer, yield and total amount of lysine reached [90]

(155.00£1.40) g/L, (0.59+0.02) g lysine/g glucose, and
(605.60+23.50) g, with improvements of 14.8%, 9.3% and
16.7%, respectively
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