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Recent advances in study of drugs against Gram-negative pathogens
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Abstract: The long-term use of antibiotics in clinical practice leads to bacterial variation and resistance. In
addition, the excessive or improper use of antibiotics in medical and agricultural fields increases the occurrence of
bacterial resistance. In 2017, the World Health Organization has for the first time released a list of 12 bacteria or
bacterial families that pose the greatest threat to human health and for which new antibiotics are desperately
needed, and three quarters of them are Gram-negative bacteria. Gram-negative bacteria has multi-layered cell wall
that prevents many antibiotics from accessing their targets. Therefore, it is very difficult to develop drugs against
Gram-negative bacteria, no new class of antibiotic has been approved for Gram-negative pathogens in over fifty
years. Here, we summarized recent advances in the study of new antibacterial agents with different mechanisms of

action against Gram-negative pathogens.
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Table 1 WHO priority pathogens list for R&D of new antibiotics!"
Bacterium or bacterial family (and antibiotics it resists)
Priority : CRITICAL
Acinetobacter baumannii (carbapenem) G
2 Pseudomonas aeruginosa (carbapenem) G
3 Enterobacteriaceae, extended-spectrum-f-lactamase-producing (carbapenem) G
Priority : HIGH
4 Enterococcus faecium (vancomycin) G*
5 Staphylococcus aureus (methicillin, vancomycin) G*
6 Helicobacter pylori (clarithromycin) G
7 Campylobacter spp. (fluoroquinolone) G
8 Salmonellae (fluoroquinolone) G
9 Neisseria gonorrhoeae (cephalosporin, fluoroquinolone) G
Priority : MEDIUM
10 Streptococcus pneumoniae (penicillin-non-susceptible) G*
11 Haemophilus influenzae (ampicillin) G
12 Shigella spp. (fluoroquinolone) G
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Figure 1 Transport of lipoproteins by the Lol system in E. coli.
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Figure 2 Inhibitors of LolCDE transporter
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Table 2 Antibacterial activities of compounds G0507 and G0793
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Figure 3 Export of LPS to the cell surface
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Figure 4 Novobiocin and IMB-881
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Scheme 1 Raetz pathway
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Figure 6 Inhibitors of LpxC
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Figure 7 Inhibitors of WaaC and HIdE
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Table 3 Compounds and antibacterial activity
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Imipenem 0.25
Acinetobacter baumannii 8 0.5
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Figure 8 Inhibitors of type Il topoisomerase
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Figure 9 Inhibitors of FtsZ
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Figure 10 Inhibitors of f-lactamase
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Table 4 Compound 11 and biological activities. “Eco, E. coli, 5 strains; Kpn, MDR K. pneumoniae, 5 strains; Aba, MDR 4. baumannii, 5

strains; Pae, MDR P. aeruginosa, 5 strains. °n = 4, data represent as mean =+ standard deviation; fu, Fraction unbound. “Stability: The degrada-

tion percentage after 4 h incubation in human plasma at 37 C. ¢ Sprague-Dawley rat (male), 1 mg-kg', n=3

MIC*/pg-mL"! Pharmacokinetic properties? ED,,/mg kg’
LE Human PPB Stability® PP w8 7B
E K Ab P (i (degradation)/% AUC,, ty CL Vss Eco Kpn
co n a ae
P . ceracdatiomi®o ech-mL' /b /mLemin'-kg' /L-kg' 210737 212232
<0.03-0.25  <0.03-0.5 0.125-1 0.25-1 0.35+0.06 29 1730 0.45 11.0 0.30 3.37 10.20
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Figure 12 Structures of siderophore-conjugated S-lactam antibi-

otics
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