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I find 1t 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 1s 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)

Predicting antimicrobial resistance http://fowlerlab.org @philipwfowler



Culture-based clinical microbiology

clinician
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Drug susceptibility I
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T patient

drugs
tested ‘
sample
\ bacteria

cultured

most pathogens: 1-2 days
M. tuberculosis: 6-8 weeks
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Culture-based clinical microbiology

clinician Genetics-based clinical microbiology
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Culture-based clinical microbiology

clinician Genetics-based clinical microbiology
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Predict the effect of previously
unseen/rare mutations on the action

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

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

gene (dfrB) protein (DHFR) Phe98
. .CUAUUUGAG., ™)  TFE,, ) ‘5’??, (-‘q—
/TN Trimethoprim ¥~ /
Leu Phe Glu Y
(TMP)

nucleotides amino acids

Wildtype S.aureus DHFR

Predicting antimicrobial resistance http://fowlerlab.org @philipwfowler
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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)

TMP-resistant S.aureus DHFR

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

Predicting antimicrobial resistance http://fowlerlab.org @philipwfowler



Accuracy Computational Chemistry methods for calculating
binding free energies

AG =AH —TAS

. 3. Alchemical methods

computational docking 2. End-point methods

rely on molecular dynamics simulations

1. Empirical
scoring functions

| : >
104 10-2 100 102 104
Computer time per prediction (CPUhours)

()

=
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N windows N windows N windows

Wildtype decharge  decouple  recharge
‘ DHFR ' P > >

Good python packages help enormously

Mutation

DHFR

We are applying Free Energy methods, not
developing them

remove
restraints AG5 AG,
N windows N windows N windows
Wildtype decharge decouple recharge Mutation
Distance % > > > @
restraints AG
AG, AGg, 63
\ J
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AG6 = AG61 + AG62 + AG63

remove
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Python
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(a) remove charges

X

X

X

X

(b) Leucine # Phenylalanine

X

X
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(c) add charges
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Susceptible Resistant

mutation makes it easier mutation makes it harder
for antibiotic to bind for antibiotic to bind

< >
AAGy,p (kcal/mol)

O | | J
{.‘{ & FOOY F99

NADPH'

F123L

:I: FO9Y

" Expt.

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

Predicting antimicrobial resistance 10.1016/j.chembiol.2017.12.009 http://fowlerlab.org @philipwfowler
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for antibiotic to bind for antibiotic to bind
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n>1 makes calculating errors simple
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error bars 95% CI (t-statistic) Experimental value from four independently published isothermal titration calorimetry studie:
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‘Quantitativelv predict effect of F99Y mutation

Susceptible Resistant

mutation makes it easier mutation makes it harder
for antibiotic to bind for antibiotic to bind

< »

AAGy,p (kcal/mol)
0

1 2 3
{.'{ & FOOY

n>1 makes calculating errors simple

:I: F99)

T Exp..

error bars 95% CI (t-statistic) Experimental value from four independently published isothermal titration calorimetry studie:
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Each prediction: 32 repeats, 8x AG, 8-16x A, 0.25 ns duration 3.2h, 4,000 CPUh
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error bars 95% Cl (t-statistic)



NH, AAG+\p (kcal/mol)
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TMP Susceptible FOOY Resistant

Successfully qualitatively predict which
mutations cause TMP resistance

R1: AAGpp 2
183V | 0.8 kcal/mol

TMP

| | |
0.0015 0.038 1 26 661
X K; (M)

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




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




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

Clinically we care about predicting
Resistant/Susceptible/Unknown not the
accuracy and precision of AAG




Just how fast and sloppy can

we be and still make clinical
predictions?

Predicting antimicrobial resistance http://fowlerlab.org @philipwfowler
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363

very major discrepancy

VMD

test result by the reference method interpreted as R and an AST device result of S

Another representation of the concept:

.\'wp x 1 w

Narer Major discrepancy = S sample predicted R
where

Nomo s the number of tests that result in a VMD;

Mrres 5 the number of resistant bacterial isolates as determined by the reference method
(ISO 20776-1)

NOTE The overall VMD is expressed as a percentage.

B B

BP AST devices should have an overall CA > 90 % when compared to the reference method result(s) and
have overall VMD and MD < 3 % each. Analysis should be made of MD and VMD to determine whether
particular species are aftected and require limitations for use of the device with that bacterial species and
particular antimicrobial agents.
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Shown that the shorter the A simulations
the larger the error.




Shown that the shorter the A simulations
the larger the error.

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




Shown that the shorter the A simulations
the larger the error.

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?
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8 transitions..

16 repeats ..each with 8 A values

..each 50 ps long with HREX

v
simulation duration = 16 x 8 x 8 x 50ps /

=51.2ns




8 transitions..

16 repeats ..each with 8 A values

..each 50 ps long with HREX

v
simulation duration = 16 x 8 x 8 x 50ps /

=51.2 ns

Just how quickly could we assess whether a
single DHFR protein mutation confers

resistance to trimethoprim?




GTX1080

9.6 ns /day

1 GPU with 4x OpenMP threads per A simulation

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



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

GTX1080

9.6 ns /day

1 GPU with 4x OpenMP threads per A simulation

(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



Oxford Biomedical
Research Centre

NIHR

Oxford University Hospitals
NHS Foundation Trust OXFORD

(- N
N BILL&MELINDA -
mfm (GATES foundation &1

N\ J

Newton
Fund

LompBioiTled amazon
webservices™

Predicting antimicrobial resistance http://fowlerlab.org @philipwfowler



- - v .
M Group
, M

1

Derrick Crook

Tim Peto

Sarah Walker

Tim Walker

Sarah Hoosdally

’ Ana Gibertoni-Cruz

CRyPTIC

\_ Y, -
Daniela Cirillo

Grace Smith

Stefan Niemann

) ——h o Y
_— ‘

Dominykas
Lukauskis

Alice
Brankin

y

Je Joshua
& Carter

IBME

David Clifton
Tingting Zhu
Samaneh Kouchaki

S—

T

Oliver Adams

philip.fowler@ndm.ox.ac.uk
@philipwfowler
http://fowlerlab.org

IGIB, New Delhi IPSB, Toulouse
Lipi Thukral Matthieu Chavent
' Biochemistry Oxford Brookes

Simon Newstead Lucy Turner

—
r | BDI
| Daniel Wilson
David Eyre
o p——

. BASH THE
EBI BU%{ @
Zam Igbal All the Citlzen Scientists
Martin Hunt

Helen Spiers
Grant Miller
Chris Lintott



http://fowlerlab.org

BAEBH THE

et |

”~
.
-
‘.

tic resistance!

A\

= ~’
.\ 4 ’ ﬂ
»/, 4

6’ TAKE ME TO THE 200NV RSE) ." 5
e . £ . - ® ‘
" 'r.' o’ ¢ ‘. ® » e o -

“ =y " - R e " ou .‘/

.,. '~ o.- ; ‘.~' :
s Pe oo o . —

P . ‘ - ... . P o "~

H%tp://bashthebug.net
@bashthebug


http://bashthebug.net

