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Abstract:  Overuse of antibiotics in medical care and animal husbandry has led to the development of bacterial antimicrobial
resistance, causing increasingly more health concern. In addition to genetic mutations and the formation of resistance, the various
stresses bacteria encountered in the natural environment trigger their stress responses, which not only protect them from these
stresses, but also change their tolerance to antimicrobials. The emergence of antimicrobial tolerance will inevitably affect the
physiological metabolism of bacteria. However, bacteria can restore their sensitivity to drugs by regulating their own metabolism.
This article reviews recent studies on the relationship between bacterial stress responses or the physiological metabolism and
antimicrobial tolerance, intending to take more effective measures to control the occurrence and spread of antimicrobial resistance.
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Table 1 TCS systems related to antimicrobial tolerance induced by stress responses

External TCSs Activators Bacterial species Antimicrobial tolerance References
pressures
Envelope RcsBCD/F Low temperature, Escherichia coli B-Lactams [7]
stress high osmotic Salmonella enterica serovar ~ Polymyxin B [8]
pressure typhimurium
CpxAR High pH, high Haemophilus parasuis Macrolide [9]
osmotic pressure g colj Aminoglycosides [10]
S. typhimurium CAMPs [11]
E. coli B-lactams [12]
Enterohemorrhagic E. coli Fosfomycin [13]
EnvZ/OmpR Osmotic pressure S. typhimurium B-lactams [14]
E. coli B-lactams [15]
Nutrient  PhoPQ Low Mg 2* Salmonella enterica CAMPs [5]
limitation Klebsiella pneumoniae CAMPs
Pseudomonas aeruginosa CAMPs
Oxidative SoxRS Redox-cycling E. coli and S. enterica Ampicillin, nalidixic acid, [16]
stress agents chloramphenicol, and tetracycline
S. enterica Quinolone
CroRS H,0, Enterococcus faecalis Cephalosporins [17]
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Table 2 Sigma factors related to bacterial stress responses

Sigma Activators Bacterial species Antimicrobial resistance References
factors
o- Heat, ethanol, misfolded membrane S. typhimurium B-lactams, CAMPs, quinolones  [5, 21]
proteins, abnormal LPS and aminoglycosides
E. coli CAMPs
o® Stationary phase, high salt, heat, Bacillus subtilis Rifampicin [5, 22-24]
ethanol, low temperature, acid pH, Staphylococcus aureus  B-lactams, CAMPs,
nutrient starvation, energy stress, cell glycopeptides
wall-active agents Listeria Tetracycline, gentamicin,
monocytogenes B-lactams
o™ Cell wall/envelope-active agents, toxic  B. subtilis Moenomycin, ampicillin, [5]
peptides, high salt, ethanol bacitracin
oW Cell envelope-active agents, alkaline B. subtilis Fosfomycin, ampicillin, [5]
shock vancomycin
% Cell wall-active agents, tunicamycin, B. subtilis Bacitracin, ampicillin, CAPs [5]
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Table 3 Effects of glucose metabolism on antimicrobial tolerance

Bacterial species Carbon source Antimicrobials

Bacterial susceptibility Mechanisms

References

to antimicrobials

E. coli Glucose-fumaric ~ Fluoroquinolones Decreased Affected the DNA negative [36]
acid supercoil process
S. aureus Glucose Methicillin Increased Disrupted metabolic pathways [38]
S. aureus Glucose Daptomycin Increased Related to glucose transport [40]
system
Edwardsiella Glucose, fructose ~ Aminoglycosides Increased Increased NADH and [44-45]
tarda (kanamycin) proton-driven PMF
Vibrio Glucose Aminoglycosides Increased Promoted the pyruvate cycle  [46]
alginolyticus (gentamicin)
S. aureus and Glucose and Quinolones Increased Promoted cellular metabolism [39]
E. coli terminal electron
acceptor

Glucose, mannitol,

fructose, pyruvate

P. aeruginosa Glyoxylate
(tobramycin)

Mannitol, glucose
(tobramycin)

Fumarate
(tobramycin)

Aminoglycosides Increased
Aminoglycosides Decreased
Aminoglycosides Increased

Aminoglycosides Increased

Increased NADH and [47]
proton-driven PMF

Inhibited tricarboxylic acid [43]
cycle and cellular respiration
Induced metabolic pathways to [48]
produce PMF

Enhanced drug killing effect  [49]
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Table 4 Effects of Amino acid metabolism on antimicrobial tolerance

Bacterial species Amino acid Antimicrobials Bacterial Mechanisms References
sources susceptibility to
antimicrobials
Streptococcus Glutamine B-lactams (penicillin) Decreased Not yet clarified [58]
pneumoniae
Pseudomonas Aspartic acid Aminoglycosides Increased Not yet clarified [51]
hydrophila (neomycin sulfate)
V. alginolyticus Phenylalanine Ceftazidime Increased Enhanced host immune [59]
response
Mycobacterium Cysteine Antituberculosis Increased Induced production of [55]
tuberculosis drugs reactive oxygen species
E. coli L-serine Fluoroquinolones Increased Entered TCA cycle after [56]
(ofloxacin and deamination and Increased
moxifloxacin) production of endogenous
reactive oxygen species
Serine Aminoglycosides Decreased Affected the amino acid [60]
synthesis pathway
S. aureus, E. coli Unbuffered Aminoglycosides Increased Enhanced drug action under [61]
and P. aeruginosa L-arginine alkaline conditions
E. tarda Alanine Aminoglycosides Increased Activated TCA cycle [45]
Glycine, Serine, Aminoglycosides Increased Activated TCA cycle [53]
Threonine
Glutamic acid Aminoglycosides Increased Promoted the pyruvate cycle [52]
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