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Quantitative Structure-Activity Relationship (QSAR)

Conditions: Y observations (Dependent variable)
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Objective:  Correlate Y with Xy, X, ...
Y =f(aX;+ pX,+ )

Challenge: Variance is spread over X parameters

Find the QSAR signal ... in a huge field of variance
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Molecular Descriptors
for Chemoinformatics

X parameters (Independent variable) ko vach
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Quantitative Nanostructure-Toxicity Relationship

Bioactive
nanomaterial

Relevant
descriptors

Todrchogy 313 {2013) 1523

Contants lists svallable at Scisncalirect "
- TONIGOL0GY
Toxicology eee
®
journal hamepage: www,s Isavier.camilocate/ ftaxicel
Se[ected Selected Applying quantitative structure-activity relationship approaches to
in vitro data in vivo data

nanotoxicology: Current status and future potential

David A, Winkler*", Enrica Mombelli*, Antonio Pietroiusti?, Lang Tran®, Andrew Worth',
Bengt Fadeel®, Maxine |. McCall"

= Assess predictivity
* Link to mechanisms
» Refine the model

(uonipaad oa u)
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Hidden
layer

Robust QSAR modelling methods
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Methodology

» Tox Dataset |: Neutro Ball Cells

» Descriptors
> Experimental setup
>NMs Phys-Chem properties
> Computed

» Set of 44 NMs
» ML models (GFA, NNs, etc.)

> Tox Dataset Il: Inflammation

> Descriptors
> NMs Phys-Chem properties
» Computed Eads

> Set of 35 NMs
> ML models (GFA, NNs, etc.)
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Bill of Materials...

Nanomaterials

Mitsui-7; MWCNT; lot # 061220-24
Cheaptubes MWCNT

TiO2-Rutile, 99% purity, stock#5485MR
Ti02 Pure, Pro.no:Tip-02-30

Pristine

Functionalized -OH

Functionalized -COOH

Pristine

Functionalized -OH

Functionalized -COOH

Pristine

Functionalized -OH

Functionalized -COOH

Functionalized -NH2

Pristine =95 %. ultrapure

Pristine =90%, pure

Functionalized -OH, 3.96wt%, pure:>90%
Functionalized -COOH.2.73wt%. pure:>90%
Pristine =90%, pure; short

Functionalized -OH, 3.96wt%, pure:»90%, short
Functionalized -COOH.2.73wt%, pure:>90%, short

Graphene Oxide (4mg/mL, water dispension 250 ml) GO-4-250

reduced Graphene Oxide GO-4-250
reduced Graphene Oxide GO-4-250
Functionalized -NH2, 0.45wt%, purity:>95%
Pristine purity: =95 %, ultrapure
Functionalized -OH. 5.58wt%. pure:>95%
Functionalized -COOH, 3.86wt%, pure:>95%
Anatase

Anatase

Anatase

hydrophobic rutile

Tio2

TiO2, Rutile NaBond 80 nm (ENPRA)

Silica

Silica

MWCNT

MWCNT

difficult to disperse - SWCNT

difficult to disperse - SWCNT

Ti02, anatase, BET specific surface area 152 m*/g

Registration NM 1D CODE

HWA
HWA

NRCWE-006
NRCWE-007
NRCWE-024
NRCWE-025
NRCWE-040
NRCWE-041
NRCWE-042
NRCWE-043
NRCWE-044
NRCWE-045
NRCWE-D46
NRCWE-047
NRCWE-048
NRCWE-049
NRCWE-051
NRCWE-052
NRCWE-053
NRCWE-054
NRCWE-055
NRCWE-056
NRCWE-057
NRCWE-058
NRCWE-059
NRCWE-060
NRCWE-061
NRCWE-062
NRCWE-063
NRCWE-064
KM-100

NM-101

NM-102

NM-103

NRCWE-001
NRCWE-004
NM-200

NM-203

KM-400

NM-401

NM-410

KM-411

anatase

5 um long powder
15 nm long powder
50 nm powder
80 nm powder
8-15 nm powder
8-15 nm powder
8-15 nm powder
=50 nm powder
=50 nm powder
=50 nm powder
13-18 nm powder
13-18 nm powder
13-18 nm powder O n O e G
13-18 nm powder
0D: 1-2nm; length- 5-30pm powder
0D: 1-2nm; length: 5-30pm powder
0OD: 1-2nm; length: 5-30pm powder
0D: 1-2nm; length: 5-30pm powder Nano
0D: 1-2nm; length: 1-3pm powder
OD: 1-2nm; length: 1-3pm powder NanOTOXCIaSS
0D: 1-2nm; length: 1-3pm powder A
4mg/mL Liquid Tox Class
50-100 micr powder
125-500 micr powder
0D: 8-15nm; length: »50pm powder
0OD: <8nm; length: 10-30pm powder
0D: <8nm; length: 10-30pm powder
0OD: <8nm; length: 10-30pm powder
Ok m?lk (hvid)
Ok M 21k hwvid)
M 21k(hwvid)
Sediments
powder
80 nm powder
Transparent
Transparent

length = 200-500 nm, diameter =8 nm  powder
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Real materials...

» CNTs

» NPs - TiO, - Fe,0,

A
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Building molecular models
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Model Size  Model Final
NPs Exp. Diameter (hm) Model size ~ Model Radius (nm) Surface Chemistry Eq. Radius (nm)

L181-3 Tio2 Kemira Pigments 20 10 15 APS Sphere  0-10 1
NM-110 Zn0 JRC 158 80 3 None Sphere  11-20 1.5
NM-111 Zn0 JRC 152 80 3*-2 TriEthoxy CaprylylSilane  Sphere  21-30 2
NRCWE-001 Tio2 NanoAmor 10 10 1 None Sphere  31-40 25
NRCWE-002 Tio2 NanoAmor 10 10 1 APTES (I, IV) Sphere 41+ 3
NRCWE-018 Fe203 NanoAmor 40 20 2.5 None Sphere

o NRCWE-019 Fe203 NanoAmor 95 50 3 None Cylinder

S NRCWE-020 NiZnFe408 NanoAmor 20 10 1.5 None Sphere

g NRCWE-021 ZnFe204 NanoAmor 22.5 10 2 None Sphere

g NRCWE-022 NiFe204 NanoAmor 25 10 2 None Sphere

2 NRCWE-025 Tio2 NaBond Tech. 38 20 25 None Sphere

b NRCWE-030 Tio2 NanoAmor 12 10 1.5 None Sphere

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

g  PUnTox2t Ti02 Janez 20 10 15 None Cube

:  APTES

= Type 111

2 o Type IV Tri Ethoxy Caprylyl Silane en on

8 1 Lt

g E1O OEt |

g Typel Si NH; (CH3l7CHa LS’_

E § Type 11 —Sie (CHz)7CH 5

{ _NH; 1 CHACH D $i~0CH CH3 — s|I o Ll b

S / . ‘ OCHCH / | ~. | | | |

» . B0 ' OH OH RN o 0o O C Pigment surface )
i ® s NH; NH: Si | |
% il ; | Pgmen suics’/// 7 ponent sutacs
0o 0 OH 00 o0 s g et
—— T Silane coated Pigment
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TOXICITY DATA - Part I:
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German R

HelmholtzZentrum miinchen

arch Center for Environmental Healtk

NATIONAL RESEARCH CENTRE

B C D E F G H | J K L M Q P Q R 5 T
BAL CELLSDead
NM 1D CODE Route Dispersant  Jose (ug/anima Sacrifice day # Total BAL CELLS (not counted for cro BALL CEmpho BALCELL  Neutro BAL CELLS Eosino BALCELLS  hel BAL CELLS TLBALCOMET  %T-DNA BAL COMET TLlung COMET ~ %T-DNA lung COMET  TL liver COMET %T-DNA live
total)
L181-3 Instillation BALF 18 1 66866.66667 544863 2006 1671666667 o 86927 254 9.4 16.22 96 1256 3
L181-3 Instillation BALF 18 1 85000 71825 o 7225 o 5950 18.1 457 19.63 10 17.02 3.8
L181-3 Instillation BALF 18 1 64600 58786 646 969 323 3876 17 4.96 19.86 10.1 1279 3
L181-3 Instillation BALF 18 1 71400 53907 357 7140 1428 8568 274 B.55 2173 10.2 1329 73
1181-3 BALF 18 1 117866.6667 94882.7 3536 10018.66667 o 9429.3 328 823 12.61 66 1422 34
L181-3 BALF 18 1 60066.66667 50756.3 600.6666567 2102333333 o 6607.3 263 9.68 18.04 8.1 13.11 35
L181-3 Instillation BALF 54 1 9406666667 41859.7 1881.33333 4D448.66667 4703333333 94067 215 487 1851 86 2153 8
L181-3 Instillation BALF 54 1 164333.3333 71485  821.666657 80523.33333 821.6666667 10682 233 791 19.28 10.8 1127 23
L181-3 Instillstion BALF 54 1 151866.6667 750333  750.333333 68340 o 5834 298 7.16 2308 136 29.05 127
L181-3 Instillation BALF 54 1 83866.66667 41772 0 32708 4512.666667 3774 226 6.12 1795 8 1442 37
L181-3 Instillation BALF 54 1 124666.5667 536067 1870 62333.33333 o 6856.7 231 466 2258 113 13.64 38
L181-3 Instillation BALF 54 1 117866.6667 53040  589.333333 56576 1768 58933 195 6.16 13.74 75 1435 33
L181-3 BALF 162 1 346800 38148 3468 293046 o 12138 206 458 2288 133 19.4 56
L181-3 BALF 162 1 215333.3333 398367 1076.566567 157183.3333 1076.666667 16150 164 3.61 21.22 113 1615 a2
L181-3 Instillation BALF 162 1 228933.3333 503653 5723.33333 164832 3434 45787 275 271 18.83 93 1497 33
L181-3 Instillation BALF 162 1 159800 49538 o 101473 1598 7191 252 7.16 19.08 g 13.49 6.3
L181-3 Instillation BALF 162 1 333200 56644 o 258230 3332 14994 25.8 7.08 17.23 67 1737 44
1181-3 Instillation BALF 162 1 194933.3333 136453 3898.66667 164718.6667 2928 9746.7 324 9.43 21.06 88 1687 a5
1181-3 Instillation BALF 18 3 51000 44370 510 510 255 5355 292 10 198 81 1575 39
L181-3 Instillation BALF 18 ] 104266.6667 95404 0 5213333333 1042.666667 72987 263 124 18.86 9 2563 98
L181-3 BALF 18 ] 49866.66667 38397.3 997.333333 3241333333 1496 57347 268 122 19.41 66 18.04 46
L181-3 BALF 18 ] 53266.66667 468747 266.333333 532.66666567 o 5593 325 126 15.18 5 1481 34
L181-3 Instillation BALF 18 3 66E66.66667 57171 1003 3343333333 334.3333333 8024 317 168 192 95 20.86 6.6
L181-3 Instillation BALF 18 3 75933.33333 66062  1898.33333 379.6666657 0 75933 28.1 114 1959 97 14.45 36
L181-3 Instillation BALF 54 3 102000 84150 510 9180 1020 7140 31 136 19.78 83 1282 36
L181-3 Instillation BALF 54 3 58933.33333 480307 884 6188 1178.666667 2652 37 178 2191 118 19.03 57
L181-3 Instillation BALF 54 3 61200 51714 0 5508 306 3672 a2 254 2242 129 17.47 23
L181-3 Instillation BALF 54 3 82733.33333 616363 1654.66657 9928 2068.333333 7445 43 27 2288 10.3 16.08 3.8
L181-3 Instillation BALF 54 3 45333.33333 344533 630 3626666667 o 65733 205 491 2288 1] 1455 25
L181-3 Instillation BALF 54 3 8046666667 635687 BO4.666667 4425 6666567 804.6666667 10863 436 197 17.59 a1 1675 33
1181-3 Instillation BALF 162 3 213066.6667 109729 3196 76704 10653.33333 12784 39 158 19.78 10 2002 97
1181-3 Instillation BALF 162 ] 205133.3333 102567 0 91284.33333 1025.666667 10257 232 112 16.75 61 14.67 4
L181-3 Instillation BALF 162 ] 206266.6667 56723.3 10313.3333 87663.33333 41253.33333 10313 311 146 15.16 53 1558 a5
L181-3 BALF 162 ] 201733.3333 69598  10086.6657 113979.3333 3026 5043.3 363 162 21.09 103 146 23
L181-3 BALF 162 ] 128066.6667 76840 1921 42262 o 70437 403 152 19.89 108 1356 23
L181-3 Instillation BALF 162 3 157533.3333 89794 2363 56712 2363 63013 285 12 1931 78 144 22
L181-3 Instillation BALF 18 28 9633333333 78030 3853.33333 2408.333333 2890 91517 428 161 197 123 1461 3.1
L181-3 Instillation BALF pt:} 28 62333.33333 57035 1870 835 o 24933 272 714 19.49 95 17.34 5.6
L181-3 Instillation BALF 18 28 107666.6667 96800 | 1076.56667 10766666567 o 86133 26.6 6.82 17.42 85 1214 28
. . 7
After Curation -> 2174 Data point X passauir
D SYSTEMES



Experimental toxicity measurement:

Neutro BAL CELLS_Mean
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TOXICITY DATA Il - Inflammation

<

4 A c D £

1 INAME inflammation Organic ENM type Subtype
2 11813 0.141 0 Ti02 Autile
3 NM-400 0.062 1CNT MWCNT
4 NM-401 1744 1 CNT MWCNT
5 NM-a02 0.313 1 CNT MWCNT
6 NM-203 0.528 1 Nt MWCNT
7 NM-a11 0,037 1 CNT SWONT
8 NROWE-001 0.165 0 T02 Rutile
9 NRCWE-002 026 0 T2 Autile
10 NROWE-006 1676 1 CNT MWCNT
11 NRCWE-025 0.345 0 102 Rutile
12 NRCWE-026 0233 1ONT MWCNT
13 NRCWE-030 0.15¢ 0 T2 Autile
14 NRCWE.040 01727 1 ONT MWONT
15 NRCWE-041 01 1 CNT MWCNT
16 NRCWE-042 0.226 1 ONT MWCONT
17 NRCWE-043 0.25 1 CNT MWCNT
18 NRCWE-044 0.182 1CNT MWCNT
19 NRCWE-045 0.157 1 CNT MWCNT
20 NRCWE-046 0.252 1 CNT MWCNT
21 NROWE-047 0,308 1 CNT MWCNT
22 NRCWE 043 0.229 1 CNT MWCNT
23 NRCWE.039 0.313 1 CNT MWCNT
24 NRCWE-051 0.254 1 CNT SWONT
25 NRCWE-052 0101 1 ENT SWCNT
26 NRCWE-053 0.069 1ONT SWONT
27 NRCWE-054 0,126 1 CNT SWCNT
28 NRCWE-055 0.067 1 ENT SWCNT
29 NRCWE-056 0,058 1 CNT SWONT
30 NRCWE-057 0.09 1 CNT SWCNT
31 NRCWE-061 0.303 1 CNT MWCNT
32 NRCWE-062 0.099 1 CNT MWCNT
33 NRCWE-063 0.041 1 CNT MWCNT
34 NRCWE-064 0.053 1CNT MWCNT
35 |PU-nTox-03 0.346 0 TiD2 anatase
36 PlaTos-21 0.031 o TiD2 anataswe

2
PS BIoviA

Modification
SiNZrPolyakcohol
Pristine
Pristine
Pristing
Pristine
Pristine
Pristine
Positive
Pristine
Pristine
Pristine
Pristine
Pristine
o
COOH
Pristine
OH
COOH
Pristine
oH
COO0H
142
Pristine
Pristine
o
[Seel]
Pristine
oH
COOH
NH2
Pristine
OH_mare
COOH_more
Pristine
Dricting

G

Shape
Spherical
Tube

H

Ri-length R2-dameter Aspect ratio

384
847
4048
13n
443
1000
10
10
573
26
846
121
519
1005
ns
m
1330
1553

206
1
67

13

1642196296
8.518219643
1417828767
7.464317757
10
20

1.86
77.00
60.42
124.73
36.92
500.00
1.00
1.00
1.74
100
76.91
1.00
2348
37.36
23.94

40.67
5142
24.64
558
89,61
49.00

925.93
72917

1005.75
145.99
156.25
298.51
.51
53.07
24.33
2867
35.00

LS

M

Mean curvature  Physical surface area BET Surface area ROS Surface

0.0971
0.0909
0.0149
0.0000
00833
0.5000
0.2000
0.2000
00135
0.0769
0.0909
01653
0.0455
Q0370
0.0333
0.0370
0.0303
00333
0.0345
0.0435
Q0556
0.0067
0.0476
0.0526
o7
00588
00714
0.0769
01429

01134
0.0705
0.1340
0.1000
Q0000

1333.166258
20460.28511
859101.4978
47602.06268
1692690122
0289.468492
3141592654
314.159265¢
141811.4924
2123.716634
20425.72759
459.9605804
3630094621
86068 013052
70028.04804
65866 87175
138310.6429
1487752085
66378.55428
3864529672
9070345088
34506.64552
1160732.422
1039642874
1320373.693
957020.5373
86374 46147
80682.1312
4216785461
38136.72112
13087 56918
15682.89703
5105.785558
11152.65392
2400

1072.7
254
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NMs DESCRIPTORS - Classes and Types

Challenge = NMs are ‘substances’ not ‘small molecules’ (typically used
in QSAR studies)

nt_2019

» Experimental — Characterisation
> Shape
> ...

» Computed by Simulation (WP4)
> Redox Potentials
> Adsorption Energies on
> Band Gap
> ...

» Common descriptors (standard?)
> Log P

» Descriptors derived from Exp. Protocols
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Descriptors (Independent Variables)

» Two subsets of NMs
> Subset I: 44 NMs used in the TOX dataset (NRCWE)
> Subset Il: 35 NMs used in the Inflammation dataset (UCD)

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

» Computed Descriptors
> For Subset |l - add computed Adsorption energies on proteins, AAs and Lipids (DPPC)

D7S DASSAULT

SYSTEMES



Descriptors — Experimental (NanoReg 2 DB)

» Physico-chemical properties (before/after)

» Well defined characterization techniques are still a challenge

Document_2019
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Size and shape

Size distribution
Agglomeration state
Porosity

Electronic properties

Characterisation:
In what medium?

19

Structure-dependent elect.

NN N N N VRN RN

Surface area
Surface chemistry
Surface charge
Crystal structure
Composition
Configuration
Coating
Aggregation state
Metal content

Tieskankagy i1 Appltie WLt sty 193 | I8 100

Cantants liets avainbls =t GaenoeDirngt

Toxicology and Applied Pharmacology

fournsl hamepsge: www. alsn visr.cam/iazats /vtanp

eMeek:

Recent advances, and unresolved issues, in the application of @ i
computational modelling to the prediction of the binlbgical effects
of nanomaterials®

David A Winkler

Fartiuclogy 212015 1-19

Contents lists available at ScisnceDiract

A TR, G
Particuology kl-E
[ 1=L]
journal hamepage: wiww.slseviar. comilocataipartic s

Invited review
(Q)SAR modelling of nanomaterial toxicity: A critical review @::mnm
Ceyda Oksel?, Cai Y. Ma?, Jing J. Liu®b, Terry Wilkins®, Xue Z. Wang*"*
alnstitune of Portick Science end Engineering, School of Chemical and Frocess Engineering University of Leods, Leads LS2 9T, UK
iEr eering S Ci 0641, China.

®Schonl of Chemizry mid Chemica Engin i Ching Univer sity of Technalagy, Guang=hon 5

Chapter 5
Literature Review of (Q)SAR Modelling
of Nanomaterial Toxicity

Ceyda Oksel, Cai Y. Ma, Jing J. Liu, Terry Wilkins, and Xue Z. Wang

The pro-inflammatory effects of low-toxicity low-solubility particles,
nanoparticles and fine particles, on epithelial cells in vitro: the role of
surface area

Claire Monteiller, Lang Tran, William MacMee, Steve Faux, Alan Jones, Brian Miller, and Ken Donaldson
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Food and Chemical Toxicology

Volume 112, February 2018, Pages 478-494

Descriptors — Experimental - continued

ELSEVIER

Experimental Protocols: Perspectives from the NanoSafety Modelling
» DOSAGE, Environment, Spectral information Cluster on the validation criteria for (Q)SAR
(NMR, uv... ) models used in nanotechnology

[ ] Sacrifi Ce day’ Route’ Dispersant’ etC. Tomasz Puzyn 2 218, Nina Jeliazkova !, Haralambaos Sarimveis & Richard L. Marchese Robinson %12 Viadimir

Lobaskin ® Robert Ralle ¥, Andrea-N. Richarz 9, Agnieszka Gajewicz ®, Manthos G. Papadopulos & Janna Hastings ™
3 Mark T.0. Cronin 9, Emilio Benfenati |, Alberto Ferndndez]

5 Blocd coflection PBMC Isolation PBMC storage A Show more
‘Viable” sample stream
PEMC E‘ i PBMCs in serum
“Nonviable” sampls stream
Densny gradient % ﬂ’BMCs in RNAdater
cantrifugation ‘
Sample fractionation Top-down analysis

D;;@g%’cﬁ:o RPLC and nano-ES!

.“~\

- m
GELFIEE to yield <30 kDa proteoma / HRAM on Orbitcap plattorm
Y Fit-lor-purpose TD informatics
Dazta files Proteoform identification

and characterization

A Sowers ErAA
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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

Use of Metal Oxide Nanoparticle Band Gap to Develop a
Predictive Paradigm for Oxidative Stress and Acute Pulmonary

Inflammation

Haiyuan Zhang'"", Zhaoxia Ji'", Tian XiaZ, Huan Meng?, Cecile Low-Kam?, Rong Liu*,
Suman Pokhrel5, Sijie Lin!, Xiang Wang’, Yu-Pei Liao?, Meiying Wang?, Linjiang Li",
Robert Rallo®, Robert Damoiseaux'’, Donatello Telesca®, Lutz Méadler®, Yoram Cohen?,

Jeffrey I. Zink®, and Andre E. Nel':23

California NanoSystems Institute, University of California, Los Angeles, California

Series Bt

" Statistical Modelling
of Molecular Descriptors
in QSAR/QSPR

Vethacs wod Pncpen o Wadiian Oves sty

Roberto Todaschiri, Viriams Comonn WWILEY-VCH

Molecular Descriptors
for Chemoinformatics

Sacond, Getsast and Erbared (dition
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BIOVIA Materials Studio

Solve key materials and chemical research problems with an integrated, multi-scale modeling
environment that delivers a complete range of simulation methods.
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Tox Dataset 1 - RP Forest Models

(=2} 1
é\
5
5 Read
WMerge on NAME  Remove if %'Exp. Write descr.ixt
Column2g Length (nm}' eq
"then
Read
NRCWE. xlsx

© Dassault Systemes | Confidential Information | 6/19/2020 | ref.: 3DS

Using RP Forest model
Y = Neutro BALL Cell (%, Log)

»-G-a-a-aam

Read %'Neutro BAL rename(’NM 1D Remove Join on HAME WMy RP Forest HTML Report
NRCWE xlzx CELLS =0 CODE", "MAME'); MOUSE Regression Viewer
ID,Column14.T...

Single Decision Tree

= Random Forest
o Class 2
® i ®
O 09

6o 600 ¢ >\

[Learn RP Forest Model — Split Method = Gini — Max. tree depth 100 — Cross-Validation = Random]

23
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Actual Response

Tox Dataset 1 QSAR model - Detalils

|_Summary % || Plots ' || Importance "‘|

Summary Statistics

Importance - Iteration 3 (test)

R-squared RMS lteration | Q-squared | RMS RMS Overall Overall
(training) | Error (test) Error Error Q-squared | RMS
(training) (test) {rull (test) Error
maodel) (test)
0.85071  0.35871 1 079663 041592 091993 0.79904  0.41349
2 0.80036  0.41209 0.91950
3 080013 041245 0.91937
Actual Resp vs, Predicted Resp (test) Residual vs. Predicted Response (test)
i 175 % )
% 150 .
55 1.25
1.00
50 0.75
0.50
45 _ 025
m
40 2 0.00
3 -0.25
x
315 -0.50
-0.75
44 -1.00
25 ~1.25
1.50
20 -1.75
-2.00
20 25 30 35 40 45 50 55 60 15 20 25 30 35 40 45 50 55 60 65
Predicted Response Predicted Response

Vanable \ariable Manable Vanable \ariable

Name Importance | Imporiance | Importance | Comelation
RMS ([RMSE R2 with
Prediction | Change) Change) | Response

Chanae)

Sacrifice day | 06713 0.386 D.47621 -0.22787

Dose 0.5196 0.2787 033684 023246

(ugfanimal)

TYPE 0284 0.08245 D.08218 A

C_Count 01745 0.03829 003034 | 0.07407

Dispersant 0.1882 0.03425 0.023138 A

Shadow 008328 | 0.01023 000582 | 0.26041

area fraction:

Z¥ plane

(Spatial

Descriptors)

Route 0.0851 0.005703 D.00825 A

Shadow D.08718 0.01068 D.0D5%6 027274

area fraction:

X plane

(Spatial

Drescriptors)

BET 008565 0009188 | DODS14 | 0.02512

Manufacturer  0.07306 0.006721 D.00483 NA

Exp. 006831 0008468 | DDD427 | -DA7582

Diameter

(nrm)

Ti_Count 0.066 0.007098 D.00500 0.00253

H_Count 005801  0.00474 000125 | 0.06471

Fe_Count 0.05483 0.004287 D.00254 -0.26133

O_Count 005212 0.00478 D.00230 -0.24779

Shadow ratio = 0.04309 0.00218 -0.00011 | -D.0S819

(Spatial

Descriptors)

Exp. Length  0.04346 0.002424 D.00104 -0.02849

(nrm)

Shadow 003983 0002084 | DDOD6T | -D.0S569

length: Lx

(Spatial

Descriptors)

Dipole 0.03865 0.001658 D.00030 -0.01214

moment ¥

(Spatial

Descriptors)

Radius of 0.03862 0.001083 -0.00018 | -D.OSS1

gyration

(Spatial

Drescriptors)

Shadow 003674 | 0.00282 000181 | 000136

area fraction:

¥Z plans

(Spatial

Drescriptors)

Shadow D0.03646 0.001886 D.00072 -0.03070

area: YZ

5
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Tox Dataset 1 QSAR model 2 —adding Eads Descriptors

Importance - Iteration 3 (test)

Summary Statistics

Variable Mame Variable Variable Variable Variable
Importance | Importance |lmportance | Correlation
2 R-squared RMS lteration Q-squared RMS RMS Overall | Overall 2 1 EEE L e
g (training) | Error (test) Error Error Q-squared | RMS Change)
§ [training} [test} [null [test} Error Sacrifice day 0.7143 0.4371 056295 | -0.31994
2‘ m&del} [test} Dose (pgfanimal) 0522 02848 0.36485 0.29108
Q Dispersant 01765 004215 0.04490 MNA
® | 0.84274 034799 1 079155 039737 086846 079035 039849  Foue 00057 | 001138 _ | 0.01070 [NA __
o - - B =
§ 2 0.76304 0.33384 0.86773 Eads(SER) 0.04556  0.00385 0.00177  -0.26558
s 3 0.79048 0.39625 0.B6743 Eads(DPPC) 0.04481 | 0.00261 0.00087  -0.19775
E Eads(1YCK} 0.0428 0.003508  0.00162  -0.21929
E Actual Response ve. Predicted Response (test) Residual ws, Predicted Response (test) Eads(5WY3) 0.04242 0.003154 0.00143 -0.21308
= Eads(5MRF) 0.04228  0.00325 0.00165  -0.23806
g 5.0 Eads(LEU) 0.04098 0002922  0.00094  -025771
% ol Eads(6ENP} 0.0401 0.00345 0.00178  -0.22640
8 = Eads(CYS) 0.03918 0002022  0.00024  -0.27420
8 50 Eads(1NDX) 0.03688  0.002403  0.00097  -0.22541
g - Eads(4XAT) 0.03608  0.001857  0.00017  -0.21033
% & Eads(4GLP) 0.03495  0.00181 0.00017  -0.20396
% g 40 Eads(2PKT) 003472 0001483 -0 00025 -0 20304
g % " Eads(spd) 003339 0001195  -000013  -0.18147
< Eads(4MTH) 003287 0001307  -000019 -0 21758
30 H_Count 003216 0001487 000107  -0.00019
22 Eads(THR) 0.03127 0001303  -0.00023  -0.26404
' Eads(ASP) 0.03017  0.0007721 000029  0.12478
28 Eads(5E13) 0.02952  0.0006674 -0.00069  -0.22747
= = — = — Eads(ETA) 0.02727  0.0002576 -0.00016  0.17940
" T8l 05 EDIBS Eads(5LG8) 0.02647  0.0007715 0.00005  0.23246
Manufacturer 0.02484 000162 000136 A,

SYSTEMES
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Variables Correlation Matrix

A

Ul w|e|F 4 I\lLINlUI’ lll.l Vlﬂ)\l"
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eE

E

AS T

R14 RZ-d Aspt Mear Phys BET RODS mmmmmmmwwwmwmwmwmmwmwwmwuﬂ_uc mli._uﬂc-lu._l:i_o!i.

rato cury surfi Surk Surfi mom mom mom mom of  volur arsa area arce aroe ares erea jengt lengt lengt rato surfi surfy surfi surfi mom mom mom mom

Pt Eoml Fi
Al

-
Fel

0 ROS BEOO 1050 4200 2700 BOOO 7810 4 3040 2000 2250 4070 D830 1400 G810 2100 4430 BS00 7700 3200 T80 BUO0 1700 0180 D540 5300 9140 S400 4230 16710 BOLO 2000 1100 D500 2298 4600 0 3400 1900 o
] I; 'F;l'lﬂclbﬂl 5420 5170 B140 7400 BOD BS50 040 1 0700 BEO0O BEOO 2600 BT00 BS00 9620 7300 0100 0470 5200 TBOOD 2220 1440 2700 S200 0300 S600 0500 5600 1100 3000 D500 0400 5200 5600 3020 O T7BO 4980 o
| Q-Principsl 7030 B300 5800 0900 7740 3800 2900 0700 117670 E830 5340 5800 5000 §8000200 5300 7000 5700 5330 2600 7000 5200 2600 20007900 530’5180 6470 1560 ¢770 SIONEAWDT240 004 0BT 22 O
R Pmcpur B410 T840 5380 BTSO 5250 2750 2250 m«m % 1 5300 3200 5200 5480 1700 2580 5340 9680 4200 SE50 7710 4100 1000 5700 5600 B300 5606 2700 2700 4000 2700 5700 2400 TE20 O SBBO 3140 o
S.PH'ICWF 9640 D170 5280 D260 8220 TUN0 AUT0 MM o 1 3600 2700 4500 TT90 1200 0640 2950 3140 2400 630 1650 1200 1500 5500 9400 B200 7700 2000 1200 5600 2700 5300 2700 5600 0 5630 3440 ']

T Radis of 000 3175 7800 2800 5700 5100 5230 2600 5340 5300 3500 | 415300 7000 5250 B400 B230 5920 2140 BE0013240 7450 4500 5200 0200 5200 B100 1100 B100 2000 5700 2500 0300 1900 5170 0 B400 2700 O

| U: Elipscidal 3000 0200 1600 B400 3930 8500 1400 B700 B800 3200 2700 5200 |1 411900 9500 2400 3200 5900 S500 4500 T00Q 5300 S700 2500 G900/S100 BA0 7600 5000 2100 2600 3500/0800/7200 5350 0 05607980 O
TV Shadow 3680 1500 5070 7500 5200 5420 DE10 B500 5000 5200 4300 7000 1900 | 42300 58004700 3800 2600 7100 BS00 5500 5200 4800'2000 B200/1700 3600 5800 B500 B100 0700 B500 2100 7155 0 DSO0 5330 O
W Sl;éﬁw 1600 B300 1700 1400 8910 2300 2|m9&2nm;5«|mmszsa 8500 2300 1 1900 5200 7900 2100 700D F100 8408 0200 700 mfﬁﬂﬂ BSDO 1440 2180 DEO0S 1050 2700 2400 1370 5800 0 BOSD 3100 o
_XLSHHDW 5910 5500 DOB0 0100 2100 7930 4430 7300 0200 1700 1200 5400 2400 580001900 1 4100 3300 5700 BS00 1000 2400 5700 wm 3100 1300 7500 3700 2100 09900 3300 5000 6500 2640 0 1700 2450 o
¥ Shadow 8500 300 5400 3630 5200 D800 6500 D100 6300 9960 DS40 B&30 3200 4700 5200 4100 [IFH0000 E908]5490 05O 4350 4850 DBN 2600 560D 2600 U380 BOSO BEZ0 2600 T300 5500 8900 9600 O 5500 6600 D
|z: SthDw 2700 4100 46500 7700 6700 4600 7700 D470 7000 5340 2950 5320 5300 2800 7500 3300 DOOO 1 Em E480 5400 5400 4000 3300 0300 5800 54060 2700 D320 1530 3500 5100 6300 BSTO 1100 0 3800 3200 o
_M Shﬂﬂw 1100 4100 4200 5220 2700 0400 3200 5200 5700 9660 3140 2140 5600 2600 2100 6700 BEOO 5260 1 4710 0260 5200 5350 5600 5700 7600 B200 2330 D00 5280 5500 9700 0000 2900 2700 02800 1500 o
| 4B - Shadow 2700 8580 4500 BS00 8300 8300 7560 7800 5330 4200 2600 B00/4500 7100 7500 BSOD 5490 450 4710 (700 4600 Z30O7100 3500 7700 4300 2600 7300 2100 BSA0 5000 2800 1300 3710 0 9500 4800 O
..N.'. Shlﬂﬂw 5000 3300 D200 8500 7960 BOD0 §300 2220 2600 5650 D630 3240 7000 Emmﬂ}l}ﬁ D500 5400 0280 E700 1“91“ 2300 5400 SB00 7000 B450 1812 1050 DO10 3200 B100 7186 3600 0 DOOT 4900 i)
1 AD : Shadow 0400 2700 3400 8000 E530 2200 1700 1440 7000 7710 1380 7460 6300 5800 100 2400 4350 8400 5200 4600 8200 44700 3300 BIOD 5600 BOBO BS0D 1857 2760 2240 4400 5200 5450 7900 0 6600 5700 D
| AE Shﬂdtlw 2000 5800 SO0 3550 5700 3000 (160 2700 5200 4100 1200 4900 5700 5200 DS00 6700 4850 4000 S350 m&‘lﬂﬂ 4700 13800 D650 7200 2000 BT00 5400 0500 1400 5400 4340 5000 7200 0 B000 TODO o
_J\F cmnnwmmmn!mﬁmxmsﬁw&mmwDU!swssoozsnummmmmmumnwmumm 1 BT00 D100 5200 3200 2700 TODO DOOO 9900 TODO 7300 4696 06000 5560 ]
| A6 connoly 5290 7300 7800 3200 8220 2600 5200 0300 3068700 2500 0200 68002900 EFEGIS200 2600 0900 5700 3500 5400 5800 650 6700 | 17000 45005500 9100 4120 B4 ASEOIAO00 2430 3080 0 45405460 O
.&H Solvent 5200 9900 5170 B00D0 5400 B300 5140 5600 7500 5600 5400 5200 8100 sawsannﬁﬁssmsann?wnnmssmmnmm?m 1lmn90nﬁms‘.'nnnﬁmz}'mssnn T300 0185 0 DETD 7281 o
B &th’inl 0250 1100 1300 4500 3200 0000 5400 D500 waswmmwwwm 55W13WZGWHUUEZW4BW 7000 G000 2000 SZ00 w«m 1 7700 3800 1570 ]'memﬁﬁw 1400 0 1260 5740 o
A1 Dq)ak 1500 5200 BE200 4600 5200 12M123055M51§u55mm!mo?éﬁn35%1un'.rsnnnm:?mz:znmmsnsmﬁ?ﬂi:méﬁoﬁmﬁm 1 2200 2270 5100 4500 5950 0200 2000 0 50840 3300 1]
AK:[H;”I& 5340 4770 2310 4200 2530 3870 1610 1100 5470 2700 2000 8100 5000 5B0C 2160 3700 BOSO 0320 0H00 7300 1812 1897 5400 2700 5100 4600 3900 2200 1 7800 2600 T100 5600 4300 1762 0 0160 2380 ]
| AL Dipole 8340 5650 5870 7700 2078 3330 6500 3000 1550 2700 1200 2000 2100 5300 5605 2100 BE20 1530 5250 2100 1050 2780 DSO0 7000 4130 5200 1570 B270 7800 JNAI0200 0390 4160 5500 4560 0 1630 3560 O
au Dl)uE D&T0 ETSO0 E4S0 D040 400 5200 2000 DSO0 4770 4000 5200 5T00 3300 B100 1050 0900 2600 3500 5500 ESOD D010 2240 1400 DOOO E240 DEOD 7910 D100 2600 0200 f' 2500 7700 2400 5200 0 D280 3600 o

= OI'B H I"n}lﬂLﬂ.U.D_mJJﬁm 1RON 4570 RONN 1|I'Iﬂ|'|dl'|'|m7?l\ﬂ FTON 7S00 ISMENT 7700 BINN TIN 5100 7NN RN 1vmmwmmm77mm‘m TiOA NAeN m A3nnnCsenn sHnn N 2470 NN n

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 Il) only used 1 variable for Protein Adsorption, 2 for small mol. Ads (AA and Lipids)
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GFA Model on Tox |l (Inflammation)

L

Equation 1

.Er.mtinnz

Equat
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¥ = 0.000040113 * X1

+ 4746605621 * X3
- 0.004885155 " X4
+0.000041291 * X11
+0.000717498 = X16
- 0.0278535961 * X21
- 2430530061

X1 :E : Ri1-length

X3 : G : Mean curvature
X4 : H:BET Surface area
X11:0:C_Count

X16 : T: Ti_Count

X21 .Y : Eads(DPPC)

Friedman LOF
R-squared

[ | Adjusted R-sguared

|| Cross validated R-zguared

| Significant Regression

|| Significance-of-regression F-value

| | Critical SOR F-value (95%)

| Repiicate points

B Computed experimental error

| | Lack-of-fit points

| Min expt. error for non-zignificant LOF (95%)

1.26712000 1.28411500
0.73045200 0.72683600
0.67269200 0.66830100
0.49424200 0.53861400
Yes Yes

12.64626400 12.41707600
2.45854700 2.45854700

0 0
0.00000000 0.00000000

28 28
0.43483800 0.43774500

S possaur

2 2 8 =

Yes
12.
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RP Forest Regression Model on Tox

Importance - lteration 5 (test)

Variable Variable Variable Variable Variable

Name Importance |mportance ||lmportance | Correlation
. (RMS (RMSE (R2 with
Dataset | | |n |a| I ” I Iatlon Prediction Change) Change) Response
Change)
BET Surface = 0.3289 01202 012873 -0.61660
area

1 . Eads(DPPC) 0.2261 0.007104 0.00938 -0.17482

> : > R1-length 0.08208 0.008013 0.01807 -0.09415

Eads(TLR4) | 0.07881 -0.003571  -0.00461  -0.265691

© Dassault Systemes | Confidential Information | 6/19/2020 | ref.: 3DS

RZ2-diameter =~ 0.07203 0.0006697  0.00546 0.64120

Read My RP Forest HTML Report Eads(CYM) 006749 0001253 000075  0.23376
Inflammationd x| Regression Viewer ROS 005662 -0.02305 004676 0.13845
Surface
H_Count 0.04899  -0.006933 -0.01157  (0.55668
Summary */ | Pots * || mmportance * C_Count 0.04852  -0.001183  0.00005  0.55521
Subtype 0.04425  0.0008853 0.00101  NA
Summary Stafistics 0 _Count 004188 0006697 001231 015266

R-squared  RMS lteration | Q-squared | RMS RMS Cwerall Cwerall

Eads(ASP)  0.03727  -0.004945  -0.01022  0.32674

(training) | Error (test) Error Errar Q-squared | RMS
(training) (test) E;;:e” (test) E;’S‘}t’} Eads(1AX8)  0.03631 -0.001947  -0.00555  -0.05016
091194 037856 1 032352 0.75984 097979 021756  0.80756 Mean 0.03037 0.003655 0.00806 -0.32510
2 024827 079127 0.95651 curvature
3 0.31629  0.76659 0.93642
1 011774 | 0.86170 | 095838 Eads(CHL) 0.03007 -0.001938  -0.00308 0.20346
5 0.13042 | 0.85272 0.91788 Dipole 0.0238 0.003027 0.00560 -0.03599
moment Y
Dipole 0.020M 0.0008146  0.00158 0.09336
moment
Dipole 0.01747 -0.0001216  -0.00083  -0.11422

moment X
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Conclusion

» From Dataset |

> 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 I
>BET highly correlated (negatively)
> Length and Diameter (Curvature)
>Eads DPPC

5
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