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I find it incredible that doctors must still prescribe 
antibiotics based only on their immediate assessment of a 
patient’s symptoms, just like they used to when 
antibiotics first entered common use in the 1950s. When a 
test is used to confirm the diagnosis it is often based on a 
slow technology that hasn’t changed significantly since 
the 1860s.  

O’Neill report (UK, 2016)
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Laboratories 

Whole Genome Sequencing replaced routine culture-
based microbiology for TB in England in March 2017 

Walker, T. M., Cruz, A. L. G., Peto, T. E., Smith, E. G., Esmail, H., & Crook, D. W. (2017). 
Tuberculosis is changing. Lancet Infec Disease, 17(4), 359–361.
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Predict the effect of previously 
unseen/rare mutations on the action 

of specific antibiotics
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Predict the effect of previously unseen/rare mutations on the action of 
specific antibiotics

..CUAUUUGAG.. ..LFE..

..by considering the effect of the mutation on 
the chemistry and structure of the protein

nucleotides amino acids

Leu Phe Glu

gene (dfrB) protein (DHFR)

Trimethoprim 
(TMP)

Phe98

Wildtype S.aureus DHFR
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Hypothesis: The mutation causes 
the antibiotic to bind less well to the 
protein (whilst not significantly 
affecting the binding of the natural 
substrate)

Calculate how the binding free energy of the 
antibiotic changes (∆∆G) upon introducing 
the mutation 

Tyr98

TMP-resistant S.aureus DHFR

Trimethoprim 
(TMP)
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10-2 100 102 104

1. Empirical 
scoring functions

10-4

2. End-point methods

3. Alchemical methods

Accuracy

Computer time per prediction (CPUhours)

rely on molecular dynamics simulations

�G = �H � T�S

Computational Chemistry methods for calculating 
binding free energies

computational docking
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! Good python packages help enormously

! We are applying Free Energy methods, not 
developing them



Leucine Phenylalanine

add charges

remove charges(a)

(b)

(c)
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error bars 95% CI (t-statistic) Experimental value from four independently published isothermal titration calorimetry studies

Quantitatively predict effect of F99Y mutation 
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Successfully qualitatively predict which 
mutations cause TMP resistance 

Each prediction: 32 repeats, 8x ΔG, 8-16x λ, 0.25 ns duration 3.2h, 4,000 CPUh error bars 95% CI (t-statistic)



! We can do amazingly well considering the 
λ simulations are only 250ps long



! We can do amazingly well considering the 
λ simulations are only 250ps long

!
Clinically we care about predicting 
Resistant/Susceptible/Unknown not the 
accuracy and precision of ΔΔG
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Just how fast and sloppy can 
we be and still make clinical 
predictions?
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! Shown that the shorter the λ simulations 
the larger the error.



!
But it is surprising is how short a 
simulation will still give the correct clinical 
classification!
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!
But it is surprising is how short a 
simulation will still give the correct clinical 
classification!

What is the optimal way to use a fixed amount 
of computational resource?

! Shown that the shorter the λ simulations 
the larger the error.
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simulation duration = 16 x 8 x 8 x 50ps

16 repeats

8 transitions..

..each with 8 λ values

..each 50 ps long with HREX

= 51.2 ns



simulation duration = 16 x 8 x 8 x 50ps

16 repeats

8 transitions..

..each with 8 λ values

..each 50 ps long with HREX

= 51.2 ns

Just how quickly could we assess whether a 
single DHFR protein mutation confers 
resistance to trimethoprim? 



GTX1080

1 GPU with 4x OpenMP threads per λ simulation

9.6 ns /day 

(would take GROMACS longer to produce the TPR input files…)



GTX1080

1 GPU with 4x OpenMP threads per λ simulation

9.6 ns /day 

! 7.5 minutes using 1,024 GPUs with 4,096 CPU cores

(would take GROMACS longer to produce the TPR input files…)



! We could still do better since we’ve assumed 
average behaviour

Increase n until a definite classification (R/S) is made

Focus effort on free energy transitions which have more variability

Create a prior probability based on the antibiogram of the clinical sample

Use Machine Learning to “rule out” mutations that are highly likely to have no effect
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