Identification of a novel tedizolid resistance mutation in rpoB of methicillin-resistant Staphylococcus aureus
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Abstract
Backgr ound: Tedizolid (TDZ) is an oxazolidinone antimicrobial with broad spectrum activity
against Gram positive bacteria including methicillin-resistant S. aureus (MRSA). Resistance to
TDZ is uncommon but mutations in the 23S rRNA target as well as in the transferable rRNA
methyltransferase gene cfr, which also mediate resistance to linezolid and chloramphenicol
have been implicated. The objective of the present study was to determine if other TDZ
resistance pathways exist in MRSA.

•

•

Results: After 10 days of serial passage we recovered a stable mutant with a TDZ MIC of 4
mg/L. WGS revealed a single nucleotide variant (A1345G) in the rpoB gene corresponding to an
amino acid substitution at D449N. The following table and figure summarize the changes in drug
susceptibility between the parent and evolved strain and reveals the location of the amino acid
substitution relative to the TDZ binding site.

•

•

Conclusion: We have identified a novel mutation in the RNA polymerase gene, rpoB, that
mediates oxazolidinone and chloramphenicol resistance. This variant lies outside of the rifampin
resistance determinant clusters of rpoB that span from 1384 - 1464 and 1543 - 1590, and as
expected did not affect rifampin susceptibility. The underlying molecular mechanism by which
this single nucleotide variant confers TDZ resistance remains unclear but may involve
transcriptional modulation by altered sigma factor binding.

Introduction
Tedizolid (TDZ) is an oxazolidinone antimicrobial with broad
spectrum activity against Gram positive bacteria including
methicillin-resistant S. aureus (MRSA).1

•

Resistance to TDZ is uncommon but mutations in the ribosomal
proteins L3, L4, 23S rRNA target as well as in the transferable
rRNA methyltransferase gene cfr, which also mediate resistance
to linezolid and chloramphenicol have been implicated.2 ,3

•

Previous serial passage studies have been largely unsuccessful
at selecting for resistance and only mutations in the 23SrRNA
have been reported.4

•

Genes affecting quinolone efflux such as NorA and MepA or
lincosamide resistance such as lmrB do not affect TDZ activity.4

•

The objective of the present study was further explore the TDZ
resistance and cross resistance pathways that exist in MRSA
using a well characterized laboratory strain, escalating serial
passage techniques, genome sequencing, and protein modeling
techniques.
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Methods

Methods: Using a well characterized MRSA strain, N315, we selected for TDZ resistance by
serial passage in escalating concentrations of TDZ in Mueller Hinton broth (MHB) starting with
0.5x the MIC. Once visible growth was achieved a sample of the broth was diluted 1:1000 into
fresh MHB with twice the previous concentration of TDZ until an isolate with an MIC of >=4
mg/mL was recovered. This MIC was selected since it is 1 dilution above the breakpoint for
resistance >=2mg/L). This isolate was subjected to whole genome sequencing (WGS) and MICs
to other antimicrobials were assessed. Homology modeling was performed to evaluate the
potential impact of the mutation on target protein function.

•
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Using a well characterized MRSA strain, N315, we selected
for TDZ resistance by serial passage in escalating
concentrations of TDZ in Mueller Hinton broth (MHB)
starting with 0.5x the MIC.
Once visible growth was achieved a sample of the broth
was diluted 1:1000 into fresh MHB with twice the previous
concentration of TDZ until an isolate with an MIC of >=4
mg/mL was recovered.
This MIC was selected since it is 1 dilution above the
breakpoint for resistance >=2mg/L).
To explore the cross resistance associated with this
evolved strain we reevaluated susceptibility to a panel
(Table 1) of other antimicrobial agents by broth
microdilution in accordance with CLSI guidelines including:
•

Chloramphenicol and linezolid, which target the 50s
ribosome subunit and are known to be cross resistant
to tedizolid

•

Doxycycline, which targets the 30S ribosome

•

Rifampin, which targets RNA polymerase

•

Moxifloxacin which could be affected by MDR-efflux
pumps but has otherwise unrelated activity

•

Vancomycin, which doesn't have a similar target but
resistance has been associated with rpoB mutations in
some strains.

•

Recovered isolate with changes in susceptibility tedizolid
was subjected to whole genomes sequencing (WGS; Table
2) using the MiSeq platform (Illumina, San Diego, CA, USA)
as previously described 5 to an average read depth of at
least 50X per isolate.

•

Sequence data from this study will be made freely available
through the NCBI Sequence Read Archive

•

Using a strategy of combined de novo genome assembly
and short read re-mapping, we cataloged all forms of
genetic variation in the sequenced isolates, ranging from
single nucleotide variants (SNVs) and small insertions and
deletions (indels), to large-scale structural changes.

•

Homology modeling was performed to evaluate the
potential impact of the mutation(s) on target protein function
(Figure 1).
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Results
Table 1
Drug

MIC (mg/L)
N315

Chloramphenicol

Target

N315-TDZ4

Log2 Fold
Change

--

8

128

4

50s

0.125

0.125

0

30s

2

8

2

50s

Moxifloxacin

0.0625

0.0625

0

DNA gyrase/topoisomerase

Rifampin

0.001

0.001

0

RNA polymerase

Tedizolid

0.25

4

4

50s

Vancomycin

0.5

1

1

Cell wall synthesis

Doxycycline
Linezolid

Table 1. Minimum Inhibitory Concentrations (MICs) of the tedizolid non-susceptible
passage mutant (N315-TDZ4) and the parent strain (N315).

Table 2

N315 è N315-TDZ4

Gene

rpoB- RNA polymerase β-subunit

Nucleic Acid

A1345G

Amino Acid

D449N (ASP449ASN)

Table 2. Whole Genome
Sequencing revealed a single
nucleotide variant in the
tedizolid non-susceptible
passage mutant (N315-TDZ4)
relative the parent strain
(N315).

Figure 1. Homology model illustrating the location of the mutated residue of the RNA polymerase
(RNAP) relative the oxazolidinone binding site on the 50s ribosome in the context of the RNAPribosomal transcriptional complex. One CryoEM study of the structure of the RNAP-ribosomal complex
indicates an S1 protein crosslink between the 30s and RNAP at the helix-turn-helix affected by this
mutation. However the mutated residue is far removed from binding site suggesting of linezolid (ZLD)
and tedizolid suggesting an indirect mechanism. Notably, tetracycline susceptibility was not affected.

Conclusions
• We have identified a novel mutation in the RNA polymerase gene, rpoB, that mediates oxazolidinone and
chloramphenicol resistance.
• This variant lies outside of the rifampin resistance determinant clusters of rpoB that span from 1384 - 1464 and 1543 1590, and as expected did not affect rifampin susceptibility.
• The presence of only 1 nucleotide difference between the susceptible and resistant strains strongly suggests that this
variant plays a role in mediating this resistance phenotype. However, recapitulation of this genetic variant using a
CRISPR-Cas9 based method into a clean genetic background to confirm its role in producing this phenotype is ongoing
and nearly complete.7
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• The underlying molecular mechanism by which this single nucleotide variant confers TDZ resistance remains unclear but
may involve transcriptional modulation by altered sigma-factor binding.
The
• Future studies should use RNAseq to assess transcriptional changes associated with this genetic variant in order to
identify more proximal mechanisms of resistance.
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