Context-specific modulation of translation by
ribosome-targeting antibiotics
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Ribosome interacts with many different ligands during protein synthesis
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MRNA structure affects the Nascent protein chain can slow
ribosome progression elongation
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The ribosome can be paused in specific conformations either more prone or
more refractory to antibiotic binding



Different states of the ribosome must be differentially affected by

antibiotics

Why context specificity of ribosomal antibiotics was not discovered earlier?
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Genome-wide analysis of antibiotic action can reveal gene- and codon-specificity
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Carteretal. (1948)Science, 107, 113; Zurenkoet al. (1996) Antimicrob Agents Chemother, 40, 839



Chloramphenicol Linezolid

Leach etal. (2007) Mol Cell, 26, 393; Wilsonet al (1998) PNAS, 105,13339; Dunkle et al. (2010) PNAS,107, 17152



CHL and LZD should inhibit formation of every peptide bond
because they should compete with any aminoacyl-tRNA
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CHL and LZD cause redistribution of ribosomes on mRNAs
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chloramphenicol

Marks et al.(2016) PNAS 113, 12150



What are the sites where CHL and LZD arrest translation

in the cell?



What distinguishes the sites of the preferential antibiotic action?

Strong antibiotic action
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Linezolid and chloramphenicol preferentially inhibit translation when Ala is in the
penultimate position of the nascent protein

Marks et al.(2016) PNAS 113, 12150



Penultimate amino acid of the nascent chain can directly interact with the antibiotic




Most of the proteins contain alanine, serine or threonine.
At a high concentration of CHL or LZD, synthesis of all proteins is inhibited

linezolid




Nascent peptide
exit tunnel



Macrolides bind at the nascent peptide exit tunnel

Methymycin Pikromycin
(MTM) (PKM)
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Telithromycin Erythromycin
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Schlunzen, (2001) Nature, 413,814, Tu et al., (2005) Cell, 121, 257; Bulkley et al., (2010). PNAS 107, 17158, Dunkle et al.(2010) PNAS 107, 17152



chloramphenicol

telithromycin

Daviesetal. (2014) PNAS, 111,15379; Kannan et al. (2014) PNAS, 111,15958



SucA

Macrolides arrest translation at a limited number of sites within the gene.
Specific sequence motifs define the sites of the macrolide action.



The predominant motif for the
macrolide action:

[R/K] X [RIK]

C-terminus of the nascent chain and the incoming amino acid
are critical for the main ‘problematic’ motif.

Sothiselvam et al. (2014) PNAS, 111,9804; Sothiselvamet al. (2014) Cell Reports, 16,1789; Gupta et al. (2015) Nature Chem Biol,12,153



The structure of the antibiotic determines the protein selectivity of the inhibitor
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Orthosomycins bind at a unique ribosomal site

Evernimicin

Adrian et al.(2000) AAC 44, 3101, Belovaet al., (2001) PNAS, 98, 3726, Arenzet al., (2016) PNAS, 113, 7527; Krupkin et al. (2016) PNAS, E6796
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Translation of the proline-rich sequences is preferentially inhibited by orsosomycins
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Specificity of the antibiotic action is in the heart of the regulations of inducible
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Many ribosomal antibiotics act in a context- and protein-specific manner.

Regulation of resistance mechanisms often relies on context specificity of

antibiotic action.

Understanding the principles of context specificity is critical for the knwoledge-

based new antibiotic discovery and drug development
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