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Advances in stress tolerance mechanisms and synthetic
biology for the industrial robustness of Corynebacterium
glutamicum

Meijuan Xu, Chunyu Shangguan, Xin Chen, Xian Zhang, Taowei Yang, and Zhiming Rao

Key Laboratory of Industrial Biotechnology, Ministry, of Education, School of Biotechnology, Jiangnan University, Wuxi 214122,
Jiangsu, China

Abstract: As a model industrial host and microorganism with the generally regarded as safe (GRAS) status,
Corynebacterium glutamicum not only produces amino acids on a large scale in the fermentation industry, but also has the
potential to produce various new products. C. glutamicum usually encounters various stresses in the process of producing
compounds, which severely affect cell viability and production performance. The development of synthetic biology provides
new technical means for improving the robustness of C. glutamicum. In this review, we discuss the tolerance mechanisms of C.
glutamicum to various stresses in the fermentation process. At the same time, we highlight new synthetic biology strategies for
boosting C. glutamicum robustness, including discovering new stress-resistant elements, modifying transcription factors, and
using adaptive evolution strategies to mine stress-resistant functional modules. Finally, prospects of improving the robustness
of engineered C. glutamicum strains ware provided, with an emphasis on biosensor, screening and design of transcription
factors, and utilizing the multiple regulatory elements.

Keywords: Corynebacterium glutamicum, chassis cell, robustness, tolerance mechanism, synthetic biology
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Osmotic stress
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Fig. 1 Mechanisms of C. glutamicum responds to osmotic stress. G-6-P: glucose-6-phosphate; ACT-CoA: acetyl-CoA;
a-KG: a-ketoglutarate; GLUS5SP: y-glutamyl phosphate; ProA: glutamate-5-semialdehyde dehydrogenase; ProB:
y-glutamyl kinase; ProC: pyrroline-5-carboxylate reductase; GInA: glutamine synthetase; Tres: trehalose synthase;
orange ball: betaine; green ball: pipecolic acid; blue ball : proline; light purple ball: ectoine; membrane channel proteins:
MscCG, MscCG2, MscL; uptake systems for compatible solutes: Betp, Ectp, Lcop, Prop; MtrA: the soluble response

regulator; MtrB: the membrane-bound histidine kinase.
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Fig. 2 Mechanisms of C. glutamicum responds to pH fluctuation. General acid adaptive mechanisms in C. glutamicum
are shown on the left, and molecular strategies adopted by C. glutamicum for coping with alkaline stress are shown on
the right. ROS: reactive oxygen species; McbR: sulfur metabolism regulator; SigB: sigma B factor; CglK: potassium
channel protein; KatA: catalase; Dps: DNA protection during starvation protein; Ftn: ferritin-like protein; Copper

chaperone system: ¢g1328, cg1329; Mpx: mycothiol peroxidase; Multiple resistance and pH adaptation antiporter: Mrp1,

Mrp2; Nhap: Na'/H" antiporter; Cgl1281: putative transporter of the cation difusion facilitator family.
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Fig. 3 Mechanisms of C. glutamicum responds to oxidative stress. SigH: sigma H factor; Mpx: mycothiol peroxidase;
MsrA: methionine sulfoxide reductase; Mca: branched thiol thiotransferamidase; MSH: mycothiol; MSSM: mycothiol
disulfide; Mtr: mycothiol disulfde reductase; KatA: catalase; SOD: superoxide dismutase; CAT: catalase; Suf: suf cluster;
transcription factors: QorR, RosR, OsnR, CosR, OhsR; MSH-R: mycothiol combined with environmental stimuli.
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Table 1 Examples of functional gene elements for enhancing robustness of C. glutamicum

Strategy Purpose

Gene source/host Enhanced phenotype References

Combined reengineering of
missense mutant genes glmu E29°K,

OtsA R328H
Heterologous expression of lysDH, Accumulate compatible
proC solute L-pipecolic acid

Overexpression of katA, dps, mcbR Reduce the level of intracellular
ROS caused by acid stress and

and cg1328
improve cell growth

Overexpression of pQO, aceE, idh Produce acidic substances and

and fine regulation of their neutralize alkaline
expression levels
Overexpression of glsA, gad and
fine regulation of their expression neutralize acids
levels
Overexpression of mpx
stress
Overexpression of mshA
stress

Overexpression of mtr

Adjust metabolic pathways

Produce alkaline substances and C. glutamicum

Eliminate ROS produced by acid C. glutamicum
Eliminate ROS produced by acid C. glutamicum

Eliminate ROS accumulated in cells C. glutamicum

C. glutamicum Heat tolerance [58]

Silicibacter High osmaotic pressure [59]
pomeroyi tolerance

C. glutamicum

C. glutamicum  Acid tolerance [25]

C. glutamicum  Alkaline tolerance [53]

Acid tolerance [53]
Acid tolerance [60]
Acid tolerance [61]
Oxidative stress [62]
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Table 2 Examples of exporter engineering for enhancing robustness of C. glutamicum

Exporter  Export substance Method Enhanced phenotype and representative effect Reference
CgmA  L-arginine Deletion of cgmR and Improve cell growth and relieve cytotoxicity caused [55]

lysE; Overexpression of by exogenous addition of arginine dipeptide
BrnFE  L-valine cgmA Improve the transport capacity of valine and make  [63]

Overexpression of brnFE
SucE Succinic acid
Overexpression of sucg

CgynfM Succinic acid Overexpression of
cgynfM
MscCG2 L-glutamate Overexpression and directed

mutation of mscCG2

Cg2893 1,5-diaminopentane  Deletion of lysE and cg2894;
Overexpression of cgmA

RthA 5-aminolevulinic acid Heterologous expression
of rthA

the output reach 461.4 mmol/L

Increase succinic acid production and reduce [64]

intracellular accumulation

Reduce by-product formation , increased aerobic [65]
succinate production by 107 mmol/L

Enhance secretion of L-glutamic acid, reduce [56]

intracellular accumulation and metabolic burden,

and increase yield to 130 mmol/L

Improve growth, increase yield by 20% and reduce [66]

by-products N-acetyl-diaminopentane by 75%

Construct Phmuo-rthA biosensor to dynamically [57]

adjust 5-aminolevulinic acid efflux to prevent the

target product from degrading and accumulating again
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Table 3 Examples of transcription factors of C. glutamicum involved in stress response

Transcription Factor Coding gene Stress response Reference
SigH cg0876 Oxidative and Heat stress [74]
SigM cg3420 Oxidative and Heat stress [75]

SigE cgl271 Heat and organic solvent stress [76]
OxyR €g2109 Oxidative stress [41]
RosR cgl324 Oxidative stress [36]
QorR €g1552 Oxidative stress [37]
CosR cg3001 Oxidative stress [39]
OsnR cg3230 Oxidative stress [40]
OhsR cg0039 Oxidative stress [38]

W8 YR T C. glutamicum ATCC13032 5& (R 4H
il AE g 262 4~ sRNA, i i 525 & B
cgh-00105 [y s A - m il 45 T 2 T
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1) 25 e 2 v FEE ST BCRNA (cgb-03605) 43 %
S HMBI FN 22 4% R AU, T E 6CRNA
% 5% DNA #ififs 2 . Zemanova ZU8% 3
C. glutamicum ¢g1935 FiiFffde—A M il S a
SRNA-AMA., Tli 5t Sun 27V %ot 73 2 o i F1
TFE T TG A SRNA AYSENEE s s i1+
E. coli MicC A T &% sRNA K Hfq 5 | A C. glutamicum,
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Table 4 Examples of adaptive laboratory evolution strategies to discovering stress-resistant elements for

enhancing robustness of C. glutamicum

ALE target Phenotype improvement Sequencing/transcriptomics Proven causal mutations  References
Increased growth at Improve growth at Deletion of two genomic Missense mutation in [58]
high temperatures suboptimal temperatures and regions, 295 total point glmU and otsA

Adapt to the growth mutations

temperature broadened

to 415 C
Increased to lerance to Improve cell growth and Seven mutations in evolution Not determined [80]
inhibitors in corn Increased degradation rate of strains
stover hydrolysate several inhibitors
Increased tolerance to  Improve cell growth rate and All the three evolved strains Mutation in Cgl2857, [81]
methanol increase methanol utilization harbored 10 mutations Cgl1063(MetY) and

Cglo833

Increased tolerance Developed the ability to grow No sequencing performed;  Not determined [82]

to H,0, under stress of 10 mmol/L

transcriptome analysis using
H,0, RNA-seq
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Fig. 4 Application of synthetic biology approaches for enhancing the industrial robustness of C. glutamicum. A: global
transcription factor engineering makes the cell reach a fitness state to tolerate harsh conditions; B: using transcription
factors to construct biosensors to dynamically control product efflux; C: stress resistance elements to construct gene

circuits to enhance the robustness of chassis cells.
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