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Search a new antibiotic

• Isolation (soil, seawater, sponge)

• Synthetic modification

“Expansion of antibiotic seeds”
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Methods of culturing microorganisms from soil

1. Lewis, K. Nature 2012, 485 , 439.

Traditional Antibiotic Search

Test against bacteria

Soil is cultured directry

onto medium 1% bacterial 

recovery

“Expansion of antibiotic seeds from soil”
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New method “iChip”

1. Ling, L. L.; Schneider, T.; Lewis, K. et al. Nature 2015, 517, 455.

2. Nichols, D. et al. Appl. Environ. Microbiol. 2010, 76, 2445.

1. Collect sample 2. Place iChip plate

one bacterium per well 

3. Enclose iChip plate

breathable membrane that

allows for bacterial  communication

semi-

permeable 

membranes
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1. Ling, L. L.; Schneider, T.; Lewis, K. et al. Nature 2015, 517, 455.

2. Nichols, D. et al. Appl. Environ. Microbiol. 2010, 76, 2445.

inoculate

Diffusion of nutrients and growth factors through the chambers 

growth of uncultured bacteria in their natural environment 

4. Place iChip device back  

into the environment sample

small molecules and 

metabolities can 

promote bacterial 

growth

New method “iChip”
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High microbial recovery of “iChip”

The growth recovery by “iChip” method

seawater soil

1. Ling, L. L.; Schneider, T.; Lewis, K. et al. Nature 2015, 517, 455.

2. Nichols, D. et al. Appl. Environ. Microbiol. 2010, 76, 2445.

approach 50% of cells from soil that 

will grow on a nutrient Petri dish

diffusion chamber
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Isolation of “Teixobactin”

1. Ling, L. L.; Schneider, T.; Lewis, K. et al. Nature 2015, 517, 455.

“iChip”

“Teixobactin”

Uncultured 

99%

10000 kinds of 

bacterial strains
New 25 

compounds
screening

MW: 1946

screened to 

date
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Activity against pathogenic microorganisms

Table 1

1. Ling, L. L.; Schneider, T.; Lewis, K. et al. Nature 2015, 517, 455.

Teixobactin had excellent activity against Gram-positive pathogens including 

drug-resistant strains

• ineffective against Gram-negative 

bacteria

• good activity against a strain of E. 

coli asmB1 with a defective outer 

membrane permeability barrier
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Structure activity relationship 

1. Ling, L. L.; Schneider, T.; Lewis, K. et al. Nature 2015, 517, 455.

2. Jad, Y. E.; Acosta, G. A.; Naicker, T.; Ramtahal, M.; El-Fahman, A.; Govender, T.; Kruger, H. G.; de la Torre, B. G.; Albericio, F. Org. Lett. 

2015, 17, 6182.

3. Parmar, A.; Iyer, A.; Vincent, C. S.; Lysebetten, D. V.; Prior, S. H.; Madder, A.; Taylor, E. J.; Singh, I. Chem. Commun. 2016, 52, 6060.
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One of targets of antibiotics: Cell wall

Attention to 

cell wall

water

cell-wall 

synthesis 

Inhibition 

expansion

explosion
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cell-wall synthesis cycle

1. Breukink, E.; Ben, K. D. Nature Reviews Drug Discovery 2006, 5, 321.
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cell-wall synthesis cycle and structure of Lipid II

1. Breukink, E.; Ben, K. D. Nature Reviews Drug Discovery 2006, 5, 321.

Ala Ala

AlaGln

Lyn
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Bacterial activity against S. aureus

1. Ling, L. L.; Schneider, T.; Lewis, K. et al. Nature 2015, 517, 455.

Teixobctin show excellent bacterial activity against S. aureus

against S. aureus

Oxacillin

β lactam: 

like penicillin

superior to vancomysin in killing late exponential phase populations

against S. aureus

early exponential phase (2h) late exponential phase (5h)
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1. Ling, L. L.; Schneider, T.; Lewis, K. et al. Nature 2015, 517, 455.

Teixobctin show excellent bacterial activity against 

vancomycin-intermediate resistance S. aureus (VISA)

Bacterial activity against vancomycin-resistant strains
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1. Ling, L. L.; Schneider, T.; Lewis, K. et al. Nature 2015, 517, 455.

• Not mutants of S. aureus or M. tuberculosis resistant even when plating on 

media with a low dose

• Serial passage of S. aureus in the presence of sub-MIC levels of teixobactin

over a period of 27 days failed to produce resistant mutants

serial passaging in the presence of sub-MIC levels of antimicrobials

No resistance acquisition

Ofloxacin

Inhibition of DNA synthesis
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1. Ling, L. L.; Schneider, T.; Lewis, K. et al. Nature 2015, 517, 455.

An almost complete inhibition at a twofold molar excess of teixobactin

with respect to the lipid substrate Lipid I, Lipid II

Teixobactin binds to cell wall precursors
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Teixobactin inhibit to synthesis cell wall

1. Ling, L. L.; Schneider, T.; Lewis, K. et al. Nature 2015, 517, 455.

Teixobactin is a new peptidoglycan synthesis inhibitor?

Teixobactin

Teixobactin strongly inhibited synthesis of peptidoglycan, but had virtually 

no effect on label incorporation into DNA, RNA and protein
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1. Ling, L. L.; Schneider, T.; Lewis, K. et al. Nature 2015, 517, 455.

Teixobactin binds to cell wall precursors

• Teixobactin leads to the formation of a 2:1 stoichiometric 

complex

• Teixobactin was active against vancomycin-resistant 

enterococci that have modified lipid II (lipid II-D-Ala-D-Lac 

or lipid II-DAla-D-Ser instead of lipid II-D-Ala-D-Ala)
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Antagonization of the antimicrobial activity 

by cell wall precursors

1. Ling, L. L.; Schneider, T.; Lewis, K. et al. Nature 2015, 517, 455.

• The addition of peptidoglycan precursor prevented teixobactin from inhibiting 

growth of S. aureus

• Teixobactin specifically interacts with the peptidoglycan precursor, rather than 

interfering with the activity of one of the enzymes
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Antagonization of the antimicrobial activity of 

teixobactin by cell wall precursors

1. Ling, L. L.; Schneider, T.; Lewis, K. et al. Nature 2015, 517, 455.

The addition of purified lipid II prevented teixobactin from inhibiting growth of S. aureus
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A model of teixobactin targeting and resistance

1. Ling, L. L.; Schneider, T.; Lewis, K. et al. Nature 2015, 517, 455.

CM; cytoplasmic membrane

CW; cell wall

OM; outer membrane

T; teixobactin.

Gram-negative bacterium

Gram-positive bacterium

Gram-negative bacterium (have outer membrane) 

teixobactin

Gram-positive organisms (lack of outer membrane)

targets • precursors of peptidoglycan (PG) 

• wall teichoic acid (WTA)
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Model for the mechanism of action of teixobactin

1. Ling, L. L.; Schneider, T.; Lewis, K. et al. Nature 2015, 517, 455.
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In vivo efficacy in mouse models of infection

1. Ling, L. L.; Schneider, T.; Lewis, K. et al. Nature 2015, 517, 455.

• Single dose treatment with 

teixobactin and vancomycin in 

septicemia protection model using 

MRSA

• Survival is depicted 48 h after 

infection

PD50 (protective dose atwhichhalf oftheanimals survive) 

Teixobactin: 0.2mg per kg

Vancomycin: 2.75mg per kg
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1. Ling, L. L.; Schneider, T.; Lewis, K. et al. Nature 2015, 517, 455.

• Single dose treatment with teixobactin and 

vancomycin in neutropenic mouse thigh 

infection model using MRSA ATCC33591

• Colony forming units (c.f.u.) are determined 

after 26h

• Two dose treatment with teixobactin (i.v., 24h and 

36h post-infection) and single dose treatment with 

amoxicillin (subcutaneous, 24h post-infection) in 

immunocompetent lung infection model using S. 

pneumoniae ATCC6301 for mice 

• c.f.u. are determined at 48h post infection

In vivo efficacy in mouse models of infection

Teixobactin showed good efficacy to MRSA
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Pharmacokinetic analysis of teixobactin

1. Ling, L. L.; Schneider, T.; Lewis, K. et al. Nature 2015, 517, 455.

• after i.v. injection of 20mg per kg 

dose teixobactin in mice

The teixobactin level is kept above the MIC for 4 h
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Summary

Uncultured:
99%

1%

uncultured

“iChip”

“Teixobactin”

• Inhibits cell wall synthesis by 

binding Lipid II and Lipid III 

• No resistant bacteria against 

Staphylococcus aureus or 

Mycobacterium tuberculosis

“multiple sites of action”

New antibiotics that are likely to avoid 

development of resistance

“Teixobactin”
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Gram negativeGram positive


