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Characterise vancomycin resistance in C. difficile:
 Evolution — rate, extent
 Phenotype — growth, fitness

 Genetic — mutations, routes, population dynamics
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Vancomycin resistance evolves rapidly
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Resistance is accompanied by growth and sporulation defects

Growth Sporulation

Bc1 Bc1
109+

1.0 108~

1074
106-
1054
104-
1034
1024
1014
1004
10-1 T | T T T 1

OD600nm
CFU/mL

Bc4

10°+ -
108- ? i;?’§3=:
107{
105_
105_
104_
103-
102_
101_
100-
10-1 T T T T T T

TO T T2 T3 T4 T5

Time (days)

:l Spore counts

CFU/mL

Resistant isolate
sporulation
efficiency defect

OD600Nnm




Genetic Characterisation of resistance: Sequencing

resistance
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O Isolates sequenced (30x)
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Genetic Characterisation of resistance: Sequencing

What do we want to gain from sequencing?

[ Isolates ] [ Populations ]
 Mutations involved in an * Mutations involved in

individual bacterium to population resistance

promote resistance. * Frequency of these mutations

in the population
 Frequency change over time
(evolutionary dynamics)
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Resistance evolves in parallel in replicate lines

maa




Resistance evolves in parallel in replicate lines

maa

Bcl: 3437
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Population sequencing reveals evolutionary dynamics
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Population sequencing reveals evolutionary dynamics
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Population sequencing reveals evolutionary dynamics
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Validating the role of 3437 in resistance

Histidine Kinase Response D-ala-D-ala
Regulator carboxypeptidase




Validating the role of 3437 in resistance

714G>T
Glu238Asp

x:

3437

Histidine Kinase Response D-ala-D-ala
Regulator carboxypeptidase




Validating the role of 3437 in resistance
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Validating the role of 3437 in resistance
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3437 SNP results in 4x increase in vancomycin resistance

Recapitulated 3437 SNP in WT background to validate effects on resistance:

Vancomycin (pg/mL)




3437 SNP results in increased expression of 3437/8/9
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 Vancomycin resistance evolves rapidly in C. difficile in laboratory settings

* Resistance is accompanied by fitness costs

e 2 main routes to resistance — occurred in 10 replicate lines:
 vanTaG (fix late)
e 3437/8/9 (fix early)

e 3437 SNP increases expression of 3439 D-ala-D-ala carboxypeptidase
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