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ANTIBIOTIC DISCOVERY

1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

β-lactam

Sulfadrugs*

Aminoglycosides Tetracyclines

Glycopeptides

Macrolides

Quinolones*

LipopeptidesStreptogramins

Oxazolidinones*Pleuromutilins

Chloramphenicols

Ansamycins

The timeline of clinically used antibiotic discovery and overview of mechanism-guided strategies for 
combating antibiotic resistance. (*) Denotes synthetic compounds.
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ANTIBIOTIC CLASSIFICATION
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Antimicrobial Resistance(AMR)

•  An increasing resistance to frontline 

lifesaving antibiotics that undermines the 

ability to treat common and serious 

infectious disease

• Cause 700,000 deaths every year

• Increase to 10 million deaths a year by 

2050

4
(Usman Abubakar, 2022; Jeon, K. ,2022; Suriya Rehman,2023)



MECHANISTIC BASIS OF ANTIBIOTIC RESISTANCE

• Modifications of the Antibiotic Molecule
• Decreased Antibiotic Penetration and Efflux
• Changes in Target Sites

(Nat Rev Microbiol, 2023)
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III. The novel antibiotics targeting on the immutable sites against AMR: The PPi moiety

IV. The anti-AMR strategy targeting all the constituent part in bacteria: Oxidative stress

Are there any binding schemes that allow antibiotics to bypass mutable sites?

Are there any combating strategies targeting all of components in bacteria to avoid AMR development?

• Vancomycin
• Vancomycin conjugates
• Teixobactin & Clovibactin

• ROS production
• Ferroptosis/Cuproptosis like bacterial cell death

II. Mutational basis of antibiotic resistance

I. The development and mechanism of antibiotics
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Vancomycin binding scheme
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Resistance evasive antibiotics

Lipid II-caging vancomycin conjugates

A dipicolyl-derivative of vancomycin, Dipi-van, which can chelate Zn2+ resulting in the formation of Dipi-van–
Zn2+ complexes with the pyrophosphates of cell-wall lipids.

(Angew Chem Int Ed Engl, 2016)

Vancomycin

dipicolyl-1,6-
hexadiamine (Dipi)
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Resistance evasive antibiotics

(Chemical Engineering Journal, 2022)

PPi-caging PZn2020

x

• Neutral phospholipids, phosphatidylcholine

• Negatively charged phospholipids, phosphatidylglycerol;
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Resistance evasive antibiotics

(Nature, 2015; Cell, 2023; Nature 2024)
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Natural antimicrobial peptides found in uncultivable bacteria.



Resistance evasive antibiotics

• Lipid II is immutable, but the pentapeptide is modifiable;

• MurNAc sugar moiety is conserved, but it is conceivably modifiable; 

• Pyrophosphate is the end of the road for the evolution of resistance evasion: 
present in all lipid II-type compounds,  completely immutable target;

(Nature, 2015; Cell, 2023; Nature 2024)

1 2 3

• Vancomycin
• Teixobactin
• Clovibactin
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PPi participated cell wall biosynthesis

(mSystems, 2020)
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Horizontal gene transfer, acquisition of foreign DNA material through HGT is one of the most important 
drivers of bacterial evolution and it is frequently responsible for the development of antimicrobial resistance.

UV/H2O2, ozonation, photocatalysis, and Fenton reaction have been successfully used to kill antibiotic 
resistant bacteria, and more importantly repress the dissemination of antibiotic resistant genes.

Induction of ROS: A strategy for the control of ARG dissemination

ROS refers to reactive radicals, including superoxide anion(O2−), peroxide(O2
2-), hydrogen peroxide 

(H2O2), hydroxyl radicals (OH•), and hydroxyl ions(OH−) that are produced continually as alternative 
metabolites of several cell biological pathways.

Fenton reaction: H2O2 + Fe2+ → HO· + Fe3+ +OH-

Initiation:

Propogation：

R2N2 → 2R· + N2 
R· + O2 → ROO·
ROO· + LH → ROOH + L·

L· + O2 → LOO·
LOO· + LH → LOOH + L·

Inhibition: LOO· + LOO· → nonradical products

Lipid autoxidation:

R2N2 is azo compound; LH is lipid substrate;

(Biomed Pharmacother, 2019)
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Ferroptosis/Cuproptosis-like bacterial cell death

(Microbiol Res, 2024)

Irons and ROS generated from lipid and iron metabolism are the two key substances involved in ferroptosis.

Iron catalyzes the formation of highly reactive hydroxyl radical through Fenton reaction. It further acts as a 
cofactor for lipoxygenase to catalyze PUFA oxidation, exerting oxidative damage in cells
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Ferroptosis/Cuproptosis-like bacterial cell death
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(ACS Nano, 2024; Microbiol Res, 2024; Materials & Design, 2024 )



• Clovibactin as a first-generation antibiotic may have the potential for long-term effectiveness, it is 

imperative to exercise caution, maintain continual monitoring, and undertake further research to gain a 

comprehensive understanding of the potential pathways of resistance development.

Drawbacks and Conclusion

• The DNA repair process can involve the activation of mutagenic DNA polymerases that lack proofreading 

activity potentially leading to resistance-conferring mutations
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