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Drug Discovery Today: Technologies
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Fig. 3. Active learning workflow to profile large sets of molecules through physics-based free
energy calculations combined with machine learning.

Fig. 1. Here we depict that computational resources, number of experimentally determined
protein structures, ability to programmatically enumerate synthetically feasible compounds, 2. B2 $ E> | 'g"ﬁ m H E |:|:| Bg iE ;"'g gﬁ %ﬂ ;E : {E i& 'H' % 7‘:" iﬁ E 1—% ﬁ 1‘h
and the number of endpoints which can be prospectively predicted with an accuracy
approaching wet-lab experiments have all been increasing at an approximately exponential
rate. This suggests that computational methods, especially structure-based computational
methods, can now be applied to accelerate drug discovery efforts at an unprecedented scale.

3. HESXBRBMNES. FTEAK, drug the undruggable

Leah Frye, From computer-aided drug discovery to computer-driven drug discovery, Drug Discovery Today: Technologies, 2021
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Wecomput EFIJE;L AL PHA (Algorithms for Pharmaceutical Industry) - IESEZY &AM SR

Lead Optimization Preclinical tests

* Bioinformatics * Druggability prediction * Library design *(Q)SAR * ADMET prediction * Off-target prediction
* Target fishing * Tool compound design * De novo design * Structure-based » Metabolic site prediction » Side-effect prediction
* Reverse screening * Protein structure * Virtual screen optimization » Metabolite prediction * Drug combination
* Neoantigen prediction » Scaffold hopping * Molecule generation * Physiologically-based prediction
prediction * Antigen design * Free energy calculation phamacokinetic (PBPK) * Immunogenicity prediction
* Epitope prediction * Developability prediction simulations

+ Virtual affinity maturation
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Protein Design Platform

MRNA Design Platform

Small Molecule Design Platform
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RMSD

Algorithm Force Field Maximum ensemble size Maximum ensemble size
50 250

Mean Median Mean Median
ConfGenX OPLS3 0.63 0.52 0.54 0.44
cxcalc Dreiding 0.87 0.77 0.73 0.61
iCon MMFF94s 0.72 0.53 0.59 0.47
MOE MMFF94s 0.75 0.54 0.62 0.50
OMEGA LIRSS 0.67 0.51 0.57 0.46

_NoEstat

RDKit DG UFF 0.77 0.64 0.63 0.52
AlphaConf UFF 0.64 0.54 0.54 0.46

Storage space for 10M molecules

Max allowed conformations per molecule

File Format 100 250 500 1000
AC (AlphaConf) 7.2 GB 11 GB 17 GB 24 GB
SDF 2.7 TB 6.6 TB 14 TB 22 TB

Ratio 375 600 820 920

J. Chem. Inf. Model. 2017, 57, 11, 2719-2728
X. Yan, J. Li, et al. manuscript, 2021



ADOTONHD3L LINdINODIM © LHOIHYAdOD

0 AlphaShape - Z9¥) =445 /253

BT SHR SRR IA L ES RIE

Yootk %

Ligand 1

oo

Ligand 2

b

Similarity
calculations

oa,b <:

Tanimotog, = #
a !

Maximum
Volume overlap

AT

FTIHE
A

RS

AR

gzl U

post analysis

& WECOMPUT

EEEE, fiEEEmiEsEiht
264 5 overlay/second/GPU*
56005 compound/day/GPU*
30724 MEse160HE
(2.38{Z=HEE5R/50 N EIANESR)

ERETEA AT RITEEH At

* GPU: NVIDIA Tesla V100

(EREERESIE

ZISZENRnS

LY

SEIFA

SEE § HFRT

e | smen | EE7

(ISR

REXIEED ERmEEY
AUC Schrodinger / ROCS Alpha$S
(Avg.) Shape Pharmacophore Shape Pharmacophore S+P+DNN
DUD 0.716 0.823 0.750 0.847 0.930
DUD-E 0.663/0.696 0.837

T

X. Yan, J. Li, et al.. J. Chem. Inf. Model., 2013, 53(8), 1967-1978.
X.Yan, J. Li, et al., J. Comput. Chem., 2014, 35(15), 1122-1130.
M. Xia, X. Yan, J. Li, et al. manuscript, 2021
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Hidden nodes layer
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Benchmarks 3: immunogenicity events of clinical studies correctly predicted (6/7)

Drug Name Company
Alemtuzumab Bayer
Atezolizumab Roche

(Tecentriq)
Bococizumab Pfizer
Infliximab Janssen
Ixekizumab Novartis

Vatreptacog alfa Novo Nordisk

NovoSeven Novo Nordisk

Type
Anti-CD52 Ab

Anti-PD-L1 Ab

Anti-PCSK9 Ab
Anti-TNF-a Ab

Anti-IL-17A Ab

FactorVlla analog

FactorVlla

Note

First humanized Ab

Discontinued

MAPPs assay
identified 5-7 TCE*

Discontinued

ADA rate

85%

40%

48%
28%

18%

11%
0

Immunogenicity
(ground truth)

High
High
High
High
High
High

Low

Predicted Risk
(T cell epitopes)

High (7)
High (5)

Medium (3)
High (4)

High (5)

High (6)
Low (0)

Prediction Accuracy

True Positive
True Positive

False Negative

True Positive
True Positive

True Positive

True Negative

Benchmarks 2
Literature T cell epitope
precisely recognized

Letter | Published: 09 September 2019

Asingle T cell epitope drives the neutralizing anti-
drug antibody response to natalizumab in multiple
sclerosis patients

Antonino Cassotta, Vincent Mikol, Thomas Bertrand, Stéphanie Pouzieux, Josiane Le Parc, Paul Ferrari,
Jacques Dumas, Michael Auer, Florian Deisenhammer, Matteo Gastaldi, Diego Franciotta, Chiara Silacci-

Fregni, Blanca Fernandez Rodriguez, Isabella Giacchetto-Sasselli, Mathilde Foglierini, David Jarrossay,

Roger Geiger, Federica Sallusto, Antonio Lanzavecchia & Luca Piccoli &

Nature Medicine 25, 1402-1407(2019) ‘ Cite this article

Experimental TCE Light chain FR2-CDR2 epitope
@ NZM RLLIHYTSALQPGI
@ NZMvart . . ... .. KGN . . ..
@ NZMvar2 . . ... .. KGN .S . .
® NZMvar3 . ... L. KSN. ...
®NZMvard | KSN .S ..
® NZM vars K...YEA.N. .A.V
Predicted TCE1 LIHYTSALQ
Predicted TCE2 IHYTSALQP
Predicted TCE3 YTSALQPGI
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AlphaC/S-based large scale virtual screening workflow using GPU [ v

Alphacs [ Virtual Screening Molecular Shape @

FriantiE

2021-11-1513:13:57

S hEm B E5E8 E suiz8 5 wix#Ee

PAINS Filter

Screening Library
Specs 2021

Modules Workflows

30 5

Filter Pan-assay
Interference
molecules (PAINS)

Programs

31

This workflow s a ligand-based virtual screening workflow using shape-based 30 similarity calculations. Firstly, PAINS Filter madule is used to filter the PAINS molecules, Then conformation search is carried out using
AlphaC, which is a super-fast confermation search engine developed by WECOMPUT. The
conformation library using ShapeAC module, which is supported multiple CPU p
Molecule Select module is used to select the most diverse n molecule using clustering approach using various fingerprints.

d and indexed with MakeAC. The query molecule is searched against the
PostOverlay module is used for filtering the hits using similarity score or the top-n. Finally, Diverse

i B

matre | mmew

A

Diverse Molecule
Select

Clustering and pick 50
diverse molecules

More are coming...
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