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AGENDA

Q N T R

 Introduction:

 Dassault Systèmes & BIOVIA

 QNTR

 Toxicity Data sets

 Nanomaterials and Atomistic models

 Types and Classes of Descriptors

 Predictive Models

 Conclusion
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Combining Art, Science & Technology

for a more sustainable world

20,000 passionate people

140 nationalities

195 sites

One global R&D / 69 labs 

270,000 customers

11 industries in 140 countries

25 million users

Game-changing

3DEXPERIENCE platform

Long-term driven

Majority shareholder control

Revenue: €4,056 millions*

Operating margin: 32%*

*Figures as of FY 2019 / Non-IFRS

12,600 partners

Software, Technology & Architecture

Content & Online services

Sales

Consulting & System Integrators (C&SI)

Education

Research
Virtual worlds extend and improve the 

Real world



©
 D

as
sa

ul
t S

ys
tè

m
es

 | 
C

on
fid

en
tia

l I
nf

or
m

at
io

n 
| 

6/
19

/2
02

0
| r

ef
.: 

3D
S

_D
oc

um
en

t_
20

19

4

Dassault Systèmes BIOVIA
• Focused on Supporting Science-Driven Companies

• Providing integrated, enterprise software experiences 

• Delivering the breath and depth to cover the entire product life cycle

Scientific Informatics

Laboratory Informatics

Manufacturing Analytics

Formulation Design

Data Science

Molecular Modeling & Simulation

Quality & Compliance

Empower Production Operations in Process Industries

Accelerate Product Launches

Drive Knowledge-based Decisions

Foster Innovation with In Silico Design

Drive Data-centric Quality Excellence in BioPharma

Transform Scientific Data into Knowledge

Optimize Lab Productivity and Compliance
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Quantitative Structure-Activity Relationship (QSAR)

Conditions: Y observations (Dependent variable)

X parameters (Independent variable)

Objective: Correlate Y with X1, X2 ...

𝑌 = 𝑓(𝛼𝑋1+ 𝛽𝑋2+⋯)

Challenge: Variance is spread over X parameters

Find the QSAR signal ... in a huge field of variance
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Quantitative Nanostructure-Toxicity Relationship
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Methodology

 Tox Dataset I: Neutro Ball Cells

 Descriptors

Experimental setup

NMs Phys-Chem properties

Computed

 Set of 44 NMs

ML models (GFA, NNs, etc.)

 Tox Dataset II: Inflammation

 Descriptors

 NMs Phys-Chem properties

 Computed Eads

 Set of 35 NMs

 ML models (GFA, NNs, etc.)
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Bill of Materials…
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Real materials…

 CNTs

 NPs  - TiO2 – Fe2O3
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Building molecular models

L-181 NM-111 NRCWE-020

NM-411 NRCWE-047 NRCWE-058
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NPs Exp. Diameter (nm) Model size Model Radius (nm) Surface Chemistry

Model Size 

Eq.

Model Final 

Radius (nm)

L181-3 TiO2 Kemira Pigments 20 10 1.5 APS Sphere 0-10 1

NM-110 ZnO JRC 158 80 3 None Sphere 11-20 1.5

NM-111 ZnO JRC 152 80 3* - 2 TriEthoxy CaprylylSilane Sphere 21-30 2

NRCWE-001 TiO2 NanoAmor 10 10 1 None Sphere 31-40 2.5

NRCWE-002 TiO2 NanoAmor 10 10 1 APTES (I, IV) Sphere 41+ 3

NRCWE-018 Fe2O3 NanoAmor 40 20 2.5 None Sphere

NRCWE-019 Fe2O3 NanoAmor 95 50 3 None Cylinder

NRCWE-020 NiZnFe4O8 NanoAmor 20 10 1.5 None Sphere

NRCWE-021 ZnFe2O4 NanoAmor 22.5 10 2 None Sphere

NRCWE-022 NiFe2O4 NanoAmor 25 10 2 None Sphere

NRCWE-025 TiO2 NaBond Tech. 38 20 2.5 None Sphere

NRCWE-030 TiO2 NanoAmor 12 10 1.5 None Sphere

PU-nTox-03 TiO2 Janez 10 10 1 None Cylinder

PU-nTox-21 TiO2 Janez 20 10 1.5 None Cube

APTES

Tri Ethoxy Caprylyl Silane



3D
S

.C
O

M
/B

IO
V

IA
 ©

 D
as

sa
ul

tS
ys

tè
m

es
| C

on
fid

en
tia

l I
nf

or
m

at
io

n 
| 6

/1
9/

20
20

| r
ef

.: 
3D

S
_D

oc
um

en
t_

20
15

NRCWE-054



©
 D

as
sa

ul
t S

ys
tè

m
es

 | 
C

on
fid

en
tia

l I
nf

or
m

at
io

n 
| 

6/
19

/2
02

0
| r

ef
.: 

3D
S

_D
oc

um
en

t_
20

19

14

TOXICITY DATA – Part I:

Y

After Curation -> 2174 Data point
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Mean ‘Tox’ values of each NMs

Experimental toxicity measurement:
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TOXICITY DATA II - Inflammation

Y

Inflammation efficacy in units cm^2/g for the lung 

Using Log (Inflammation) as Y
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NMs DESCRIPTORS – Classes and Types

 Experimental – Characterisation

 Shape

 …

 Computed by Simulation (WP4)

 Redox Potentials

 Adsorption Energies on 

 Band Gap

 …

 Common descriptors (standard?)

 Log P

 Descriptors derived from Exp. Protocols

Challenge = NMs are ‘substances’ not ‘small molecules’ (typically used 

in QSAR studies)
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Descriptors (Independent Variables)

 Two subsets of NMs

Subset I: 44 NMs used in the TOX dataset (NRCWE)

Subset II: 35 NMs used in the Inflammation dataset (UCD)

 Experimental Descriptors for the NMs used are the same for both datasets

 Computed Descriptors

For Subset II – add computed Adsorption energies on proteins, AAs and Lipids (DPPC)
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 Physico-chemical properties (before/after)

 Well defined characterization techniques are still a challenge

Descriptors – Experimental (NanoReg 2 DB)
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Descriptors – Experimental - continued

Experimental Protocols:

• DOSAGE, Environment, Spectral information 

(NMR, UV,…)

• Sacrifice day, Route, Dispersant, etc.
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Descriptors (2) – Computed
See WP4

 Simulations:

Hydration energies

Bio-nano binding free energies (Eads)

 Others:

Surface area

Volume, Shape, Surface area…

Dipole Moment

Atom Count
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Tox Dataset 1 - RP Forest Models

Using RP Forest model

Y = Neutro BALL Cell (%, Log)

[Learn RP Forest Model – Split Method = Gini – Max. tree depth 100 – Cross-Validation = Random]
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Tox Dataset 1 QSAR model - Details
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Tox Dataset 1 QSAR model 2 –adding Eads Descriptors
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Variables Correlation Matrix

Highly correlated variables (>=0.7) are removed from the list

e.g. Spatial descriptors like Volume, Length, Moment Inertia or Atom counts (C&H, Ti&O)

For the Eads (Dataset II) only used 1 variable for Protein Adsorption, 2 for small mol. Ads (AA and Lipids)
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GFA Model on Tox II (Inflammation)
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RP Forest Regression Model on Tox

Dataset II (Inflammation)
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Conclusion
 From Dataset I

Experimental setup (dosage, sacrifice day) are key

 To compare different NMs the exp. procedures must be identical

Length of carbonaceous materials (as is the “Atom Count C”) is highly positively 

correlated to the Neutro Ball cell count

 Long CNTs (NRCWE 45-50) are like ‘asbestos’ particles

 From Dataset II

BET highly correlated (negatively)

Length and Diameter (Curvature)

Eads DPPC 
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