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Introduction

IDrug discovery is the process of finding new medications based on the knowledge of the
identified target. Drug discovery is one of the most challenge tasks in the biological
sciences since it takes at least 10 years and cost more than $2.6 billion for a novel medicine
to travel from its initial discovery to the marketplace, as illustrated in Figure 1.
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Figure 1: Illustration of the drug discovery cycle.

I Computer-aided drug design (CADD) technology plays a crucial part in drug discovery.
Specifically, CADD models are utilized to identify hit-finding activities, optimize, and
predict the molecular properties but these models are still massively complex, costly and
time-consuming. Therefore, enhancing the CADD process is an urgent need.
IWe have developed sophisticated mathematical representations integrated with advanced

deep learning architectures to predict the 3D shapes of small molecules as well as their
bioactivities at high accuracy with unprecedented speed.

Persistent topology representations
Cang and Wei (2017)
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Persistence
Bk(X) = Im(∂k+1)

Zk(X) = Ker(∂k)

Hk(X) = Zk(X)/Bk(X)

βk = rank(Hk)

Differential geometry representations

I Element interactive densities
Set of element types: C = {H, C, N, O, S, P, F, Cl, · · ·}
Element interactive density
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I Element interactive curvatures
Element interactive manifolds (EIMs)

ρkk ′(r,ηkk ′) = cρmax, 0 6 c 6 1 and ρmax = max{ρkk ′(r,ηkk ′)}.

Element interactive curvatures (EICs): Gaussian, mean, minimum, maximum
curvatures are defined on EIMs

Graph theory representations

IMultiscale weighted colored subgraphs: G(V,Ekk ′)

V = {(rj,αj)|rj ∈ IR3;αj ∈ C; j = 1, 2, . . . , N}

Ekk ′ = {Φ(||ri − rj||;ηkk ′)|αi = Ck,αj = Ck ′; i, j = 1, 2, . . . , N; ||ri − rj|| > ri + rj + σ}

IWeighted colored matrices:
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IGraph invariants:
Geometric invariant: TrL(ηkk ′)
Algebraic invariant: eigenvalues of adjacency and Laplacian matrices

Math Deep LearningModels (MathDL)

D3R Grand Challenge Results
Nguyen et al. (2019)

D3R Grand Challenge 3 (2017-2018)
Pose Prediction
Cathepsin Stage 1A          Cathepsin Stage 1B
Pose Predictions (partials)          Pose Prediction

Affinity Rankings excluding Kds > 10 µM
Cathepsin Stage 1            Cathepsin Stage 2   
Scoring (partials)                      Scoring (partials)
Free Energy Set Free Energy Set

VEGFR2 JAK2 SC2 p38-α
Scoring (partials)                      Scoring (partials)                 Scoring

JAK2 SC3 TIE2 ABL1
Scoring Scoring Scoring (partials)    
Free Energy Set Free Energy Set 2

Active / Inactive Classification
VEGFR2                               JAK2 SC2                        p38-α 
Scoring (partials)                      Scoring (partials)                  Scoring (partials)                

JAK2 SC3                           TIE2                                 ABL1 
Scoring Scoring (partials)                 Scoring (partials) 
Free Energy Set Free Energy Set 1

Affinity Rankings for Cocrystalized Ligands
Cathepsin Stage 1             Cathepsin Stage 2      
Scoring (partials)                      Scoring (partials) 
Free Energy Set Free Energy Set

D3R Grand Challenge 2 (2016-2017)
Stage 1                                Stage 2
Pose Predictions (partials)            Scoring (partials)
Scoring (partials)                        Free Energy Set 1 (partials)  
Free Energy Set 1 (partials)         Free Energy Set 2 (partials)        
Free Energy Set 2 (partials)                   

Pose Predictions

BACE Stage 1A
Pose Predictions (Partials)

BACE Stage 1B
Pose Prediction (Partials)

Affinity Predictions

Cathepsin Stage 1
Combined Ligand and Structure Based Scoring

Ligand Based Scoring (No participation)

Structure Based Scoring

Free Energy Set

1/2 3/3 2 /2 1/2

BACE Stage 1
Combined Ligand and Structure (No participation)

Ligand Based Scoring (Partials) (No participation)

Structure Based Scoring (Partials)(No participation)

Free Energy Set (No participation)

BACE Stage 2
Combined Ligand and Structure 

Ligand Based Scoring (No participation)

Structure Based Scoring (Partials)

Free Energy Set
3/4 1/4

D3R Grand Challenge 4 (2018-2019)

1/7 1/7 2/5

2/4 3/3 3/3

2/5 2/3 2/4

Conclusion

I Chemical and biological data have been successfully encoded in low-dimensional
representations by our advanced mathematical approaches.
I Integration of deep learning and mathematics yields a winning pose and affinity

prediction model in D3R Grand Challenges 2, 3 and 4.
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