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EDCMET Scientific Results

WP1
In silico methods to identify endocrine
disrupting effects of chemicals
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WP1 Aim

(<
-

WP1 will develop and validate novel screening approaches that can
be used stand-alone or in a linked, hybrid approach.

These approaches will follow a traditional AOP paradigm, identifying
MIEs and predicting the emergent adverse biological phenotype
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Deliverable | Title |

(<
-

D1.1 A validated molecular modelling approach to identify interactions
between proteins and EDs

D1.2 Preliminary list of proteins most likely to interact with EDs

D1.3 A list of proteins most likely to interact with EDs

D1.4 A binding energy interaction map to explore the quantitative interaction
of EDs with proteins, as part of the overall risk assessment model

D1.5 A validated classification system linking ED exposure to adverse outcome

D1.6 Preliminary list of potential biomarkers of exposure and effect for EDs

D1.7 A list of potential biomarkers of exposure and effect for EDs

D1.8 A systems toxicology tool to predict emergent metabolic phenotype

from ED exposure
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D1.1: A validated molecular modelling approach to identify

interactions between proteins and EDs

NR PDB ID | Resolution | Docking RMSD PXR
(A) e PDB ID 1NRL 4XF1 4XHD 5A86
PXR 4X1F 1.44 -10.77 0.45 Resolution(A) | 2.0 1.55 2.40 2.25
INRL- | Docking 7.04 -6.86 -6.91 -7.491
CAR 1XVP 2.60 -11.46 0.85 ligand | score
RMSD 1.30 0.18 1.96 0.02
FXR BHL1 1.80 5.42 0.69 4XF1- | Docking £.89 -10.77 741 -7.93
ligand G
LXRa 3IPQ 2.00 -17.90 0.42 RMSD 1.2 0.05 0.20 0.02
4XHD- | Docking -9.63 -8.00 -10.06 -8.71
LXRB 2P54 2.30 14.07 1.46 ligand | score
RMSD 0.03 0.02 1.30 1.7
PPARa 4XLD 1.79 12.50 0.80 5A86- | Docking 7.97 -8.83 -8.99 -8.05
ligand Score
PPARy 4%LD 2.45 -8.93 0.21 RMSD 0.38 0.02 1.70 1.30
~
TRB 1XZX 2.50 -10.72 1.10
VDR 3Cs4 2.00 -12.83 1.09
AR 2AM9 1.64 -11.85 0.06
B
ER 1GWR 2.4 -11.22 0.40
GR 1M22 25 -12.44 0.20
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D1.4: A binding energy interaction map to explore the

quantitative interaction of EDs with proteins

Molecular
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« Receptor/ligand
interaction

- DNA binding
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A MM-GBSA calculation B Energy distribution « Protein oxidation
. L. 7,
— 25 =5
Py 2L cocrystal 1 2 3 4 5 6 7 8 9 10 M1 13 14 16 17
o+ 9Nt o : E% * | | | ! ! | ! | | | | ! 100
1G... e - sg PxR-| 59 | 80 | 35 71 45 44 | 40 [100] 39 | 44 M
olven omplex = 40
“ “ 88 ., <{> CAR1-{13 26 66 |65 | 74 47 39 | 34 39 | 42
Recepior Mean -35 -36 |-31 32 43 CAR2-124 20| 51 47 -4 80
1 1 Std. Dev. 0.17 0.37 0.38 027 0.20 CAR3-{ 53179 | 32 | 48 36 54 | 41 | 43
: i Control IBQE?;?:ET FXR1 15 | 74 | 23 | 56 | 70 | 65 47 36
“ — “ Lovestondrg gy LXRa | 29| 77 66 42 | 38 5145 49| 460
. : i t bindin init
e ST Lxro{ 85| 83 | 22| 60 | 59 | 58 | 28 41 | 37 50 | 30 | 44
Enargy minimizad Ligand 'Rﬂﬂﬁmnr PPARA_ 36 ?4 32 60 65 51 50 5’2 43 47 54
PPARG-| 37 71 56| |73 53|52 |61 56| [
ED Compound CAS TR- 20 15 | 52 | 52 | 57
1 Atrazine 1912-24-9
2 Bis(2-cthylhexyl) phthalate (DEHP) 117-81-7 VDR 85 73 |76 |73
| mans b w3679 s 768 3
5 30H-Carbofuran 16655-82-6 ER- 52 28 |59 |71 | 72 41 | B5 | 73
6  Cypermethrin 52315-07-8
7 Dichlorodiphenyldichloroethylene (DDE) 72559 GR-| 26 27 | 54 | 47 | 63 43 | 50 | 61
&  Diethylstilbestrol (DES) 56-53-1
9  Mono-(2-ethylhexyl) phthalate (MEHF) 4376-20-9
10 PCB11s8 31508-00-6
_ 11 PCB153 35065-27-1
12 Perfluorooctanoic acid (PFOA) 335-67-1 *
13 Perfluorooctanesulfonic acid (PFOS) 1763-23-1 s o
14  Propiconazole 60207-20-1 ( f *
15 Tobutyltin chlonde (TBT) 1461-22-9 - e C m e » R I N
16 Triphenyl phosphate (TPP/TPHP) 115-86-6
17 Trisp{1_j?di}zhlofm-l-pmpy],\ phosphate (TDCPP) 13674-87-8 ‘ *
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D1.5: A validated classification system linking ED exposur
to adverse outcome

EDC-class
probabilities
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Sakhteman et al (2021) Env. Int.. 156: 106751.

Molecular Adverse
Initiating Event Outcome

— * * X %
- Receptor/ligand - Gene activation - Altered tissue - Disease ( * X X
interaction = Protein production development « Impaired development ( o e C m e * E U R I o N : :
* DNA binding - Altered signaling 5 ?lter;a_d tissue - Impaired reproduction ‘ AN
* Protein oxidation -Cellcollinteractions " *




D1.5: A validated classification system linking ED exposur

to adverse outcome

\

Sakhteman et al (2021) Env. Int.. 156: 106751.

Test Set 1 Test Set 2 Test Set 3
Average Harmonic S Average Harmonic S Average Harmonic S
EDC score > 0.6 113 125 165 177 48 48
EDC score < 0.6 26 14 27 15 4 4
Tot. EDCs 139 139 192 192 52 52
Accuracy 81% 89% 86% 92% 92% 92%
B Classification of EDC/+AO .vs EDC/-AQ
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D1.8: A systems toxicology tool to predict emergent
metabolic phenotypne from ED exposure

Ligand activation
of Receptor

Hepatonet 1 External Lipid to TAG
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. 2 75-
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O for cell survival

Maldonado et al. 2018, npj Systems Biology & Applications 4:33
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D1.8: A systems toxicology tool to predict emergent
metabolic phenotype from ED exposure

ACTUAL EXPECTED ACTUAL EXPECTED
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130000 PPARy-PXR_lipid1 3uM PPARa-PPARY-PXR
1000 130000 15000 130000 430000 130000
1hose 1000
110000 2000 .. 110000 088 N0 19999 10000
E §= o BO00O E" tos BOCCO §= o B0000 i:' e 50000
§ 90000 g : 0000 g : o000 g 190 o000 g 1 0000
2 E E E ® BOOCO
(4 ) BOOOD 1 Booos 1 BOCOD 10
70000
E 1o 20000 10 anoes L . 20000
B . . .
3 0000 foooo
z 50000 IR R HEEEET e 403 1 F W M 1M M o a3 43 A M 1N
sasa-lu[nm 26548 (nM) 526548 (nM) 528848 {nM}
30000 PPARY-PXR 30
- M PPAR0-PPARY-PXR
130000 10064 130000 . 130000
1 110000 Noana o oo
0 003 03 3 30 300 3000 10900 10000
Chemical (nM) 3 e g o g™ woes F p—
- Moo E 70000 F H
2 ] 5 1= ooon & 1 70000
. . . & & ] =
High Lipid soceo o000 § o, wos B, socco
13 10000 0000 . 000
AR 0000
10000 o000 ' 10000 ' a0
CAR- 110000 0o ‘s“;!:m“ 1 v ooa ‘sz:s.u:m“ a0 a0 [ ] 151:5‘“;"'30 100 30 ¢ w3 1m:,q‘::|ma'n 100 300
§ SR 90000 0.3uM PPARa.-PPARY-PXR 300uM PPARG-PPARY-PXR
(5]
e FXR— 10000 e 130000 oo oo 130000
E LXR— 70000 115500 T 10030 110000
-_— 100
i - 0000 . toea 10040
5 H a0 = 000§ 90000
- 50000 £ z = £
Z PPARa g — é 188 0000 g 100 FOO00 g 100 0000
PPARY= 30000 % L I 50000 LI oo & w 50000
PXR- 0000 N L . 20000 . 0000
T T T T T T - 10000 10000 L .2 “no0n Aoo0o —r T T T T Toece
o 03 1 3 b 30 100 M0 ¢ 93 1 3 10 30 100 300
0 003 03 3 30 300 3000 o 03 ‘sz:s-sa;mn 1o w0 26848 nM) 26848 (nM) 526548 i)

Chemical (nM)

Molecular Adverse
Initiating Event Outcome

- Disease

- Altered tissue
development

« Altered tissue
function

- Gene activation
= Protein production

- Altered signaling

« Cell-cell interactions

- Receptor/ligand
interaction

» DNA binding
- Protein oxidation

« Impaired development
« Impaired reproduction

EURION

2
Cedcmet




WP1 Aim
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WP1 will develop and validate novel screening approaches that can
be used stand-alone or in a linked, hybrid approach.

These approaches will follow a traditional AOP paradigm, identifying
MIEs and predicting the emergent adverse biological phenotype
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