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Mutation, mechanism, selection and evolution
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Evolution of antimicrobial resistance (AMR)
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Evolution of antimicrobial resistance (AMR)

In bacteria =
— (")
1. Extinction of resistant mutants - -
from a bacterial population, = ab
‘fithness costs’ of resistance - - -
= —
- - — — &
-Antibiotic
(—) - . ) e ab
+Antibiotic =
= - —"
2. The impact of different drug — = &
exposures/concentrations on the o) = -
evolution of AMR - -
&
o 3. Genetics of AMR in ab
@ Drug-sensitive ‘wild type’ relation to selection
- environments

Drug-resistant mutants Generations under selection =———p



Sub-lethal drug environments: Facilitators
of AMR evolution
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Evolutionary trajectories to resistance differ
at low and high drug pressures
MBE

Strength of Selection Pressure Is an Important Parameter
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Many flavours of adaptation to antibiotics

Resistance Tolerance Persistence
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Susceptible versus resistant bacterial strains Susceptible versus tolerant bacterial strains Susceptible versus persistent bacterial strains
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Strength of selection

Molecular mechanisms Modes of adaptation



Our model: Trimethoprim
resistance in Escherichia coli
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Our model: Trimethoprim
resistance in Escherichia coli
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Trimethoprim-resistance in E. coli is preceded by
trimethoprim tolerance

Loss-of-function mutations in the ‘mgrB’ gene or its
promoter confer trimethoprim tolerance to E. coli
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Our model: Trimethoprim
resistance in Escherichia coli

Pyrimidine biosynthesis
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Do selection dynamics of resistant bacteria vary at

different selection pressures?

Antibiotic dose vs growth for wild type E. coli
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Do selection dynamics of resistant bacteria vary at
different selection pressures?
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Drug-tolerant bacteria are fixed early in high and low
oressure lineages
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Drug-resistant bacteria are derived from drug-
tolerant bacteria in high and low pressure lineages

1010 1010
................................................. ylng Capacity 0 R R R R o I‘ylng CapaCIty
o 10° 4 10
£ 8 € 10°
5 10 5 107 =&~ Line A
LLIS 107 LL . - Line B
106 © 10 =+ Line C
'IQ_ - Line A n:Q 10°8
= 10° - Line B € 104
= 104 =4 Line C = 108
103 T T T 1 102| T T T 1
0 100 200 300 400 0 100 200 300 400
generations under selection . .
generations under selection
‘ Resistant bacteria harbour

mutations in DHFR in addition to

Genome sequence resistant . . .
loss-of-function mutations in mgrB

Isolates from ~150 generations of

selection Few additional mutations in high

selection lineages

Resistant bacteria are derived from
tolerant bacteria in high and low
Patel and Matange elLife (2021) pressure ”neag €S



Phenotypic transitions during selection of
resistance: Dependency on selection pressure
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Low pressure lineages show two different genetic

trajectories of adaptation
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RpoS-deficiency does not enhance trimethoprim resistance

What drives the fixation of mutations in RpoS?



RpoS is an activator of bacterial stress responses and
a target of PhoPQ signalling

Activated by PhoPQ
signalling

|

RpoS
Stress responses

RpoD
Growth and division

RpoS (red) bound to DNA, part of RNA
polymerase holoenzyme (PDB: 5IPL)

Could loss of RpoS alleviate the detrimental
effects of hyperactive PhoPQ signalling in drug-
tolerant bacteria?



Loss of mgrB, unwanted gene expression and fitness
costs
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Inactivation of RpoS is beneficial in mgrB-deficient
E. coli regardless of antibiotic
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Phenotypic transitions during selection of
resistance: Dependency on selection pressure
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Strength of antibiotic pressure determines the most
successful adaptive strategy
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Phenotypic transitions during selection of
resistance: Dependency on selection pressure
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Take homel

There are many ways to improve fithess in an environment

Strength of selection determines which route will be preferred

Adaptive strategies are not insulated from one another

Genetic structures of adapting populations can be mechanistically explained

Patel and Matange elife (2021)



