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ToxPrints: A Public Set of Chemotypes

ToxPrints: http://www.toxprint.org

United States

Erreircnmentsl Protection

Agency

= Clear, reproducible means for

defining & visualizing local chemistry

729 features important to EPA & FDA's “chemical exposure” landscape and safety
assessment workflow
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Chemotype-Enrichment Approaches:
Finding chemical-activity patterns in the noise




Chemotype Enrichment,

e.g., Flame Retardant (FR) Use Category

United States
Erreircnmentsl Protection
Agency

42 chemicals labeled as “Flame Retardants”
included in ToxCast & Tox21

Tris(2,3-dibromopropyl) phosphate
Tris(2-butoxyethyl) phosphate

2,2' 6,6'-Tetrachlorobisphenol A

2,4 6-Tribromophenol
tert-Butylphenyl diphenyl phosphate
Cresyl diphenyl phosphate
2-Ethylhexyl diphenyl phosphate
Isodecyl diphenyl phosphate
Tetrabromophthalic anhydride
Tetrachlorophthalic anhydride

ine

late

W T r

Phenol, isopropylated, phosphate (3:1)

Phosphonic acid, [[bis{2-hydroxyethyl)amino]methyl]-,
diethyl ester

Tri-o-cresyl phosphate

Ethanol, 2,2'-((1-methylethylidene)bis((2,6-dibromo-4,1-

126-72-7
3296-90-0 2,2-Bis{bromomethyl)-1,3-propanediol 78-51-3
115-28-6 Chlorendic acid 79-95-8
2921-B8-2 Chlorpyrifos 118-79-5
23B5-B5-5 Mirex 56203-37-3
115-96-8 Tris(2-chloroethyl) phosphate 16444 405
T8-42-2 Tris(2-ethylhexyl) phosphate 1241947
115-B6-6 Triphenyl phosphate 26761-21-5
126-75-8 Tributyl phosphate §32-79-1
79-94-7 3,3',5,5'-Tetrabromobisphenol A 117-08-8
15674-87-8 Tris(1,3-dichlorg-2-prorvlinhnenhatra
1163-19-5 Decabromodiphenyl .
19660-16-3 2, 3-Dibromopropyl a Are there en rIChed ChemOtypeS
563-04-2 Tri-m-cresyl phosphi . . . .
e Preseremcaca - WITHIN this FR subset relative to
dimethyl ester ?
868-85-9 Dimethyl hydrogen T C t & T 2 1
756-79-6 Dimethyl methylpho OX aS OX
124-64-1 Tetrakis{hydroxymethyljphosphonium chloride E-E-EST 21-7 !
55566-30-8 Tetrakis(hydroxymethyliphosphonium sulfate
13530-78-5 Tricresyl phosphate 2781-11-5
512-56-1 Trimethyl phosphate 78-30-8
4162-45-2

phenylene)oxy)bis-

w/ Tom Knudsen (NCCT), Bhavesh Ahir, NCCT (ORISE)



Chemotype Enrichment,

e.g., Flame Retardant (FR) Use Category

Use chemotypes to search ToxCast-
Tox21 screening inventories
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Filter Structures by ID'  type ID Filter Pattern
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{CT'Assay}ToxCast-FR

United States

Erreircnmentsl Protection
Agency

Assay FR Chemotype (CT) Odc.is #CT | H#CT | # as.s.ay Total
Ratio | TP total | positive | cmpds
ATG_RARg_TRANS bond:CX_halide_alkyl-X_dihalo_(1_2-) 6 8 46 71 1857
ATG_RARa_TRANS bond:CX_halide_alkyl-X_dihalo_(1_2-) 5 8 46 77 1857
ATG_RARg_TRANS bond:CX_halide_alkyl-X_dihalo_(1_3) 8 9 40 71 1857
ATG_RARg_TRANS bond:CX_halide_alkyl-X_trihalo_(1_2_3-) 9 8 34 71 1857
ATG_RARa_TRANS bond:CX_halide_alkyl-X_trihalo_(1_2_3-) 5 6 34 77 1857
ATG_RXRb_TRANS chain:alkaneBranch_isooctyl_hexyl_2-methyl 6 8 17 261 1857
Tox21_TR_LUC_GH3_Antagonist bond:CX_halide_alkyl-X_bicyclo[2_2_1]heptene 18 6 10 151 1858
Tox21_MitochondrialToxicity_ratio bond:CX_halide_alkenyl-X_dihalo_(1_2-) 10 12 17 385 1858
Tox21_MitochondrialToxicity_ratio bond:CX_halide_alkyl-X_bicyclo[2_2_1]heptene 35 9 10 385 1858
Tox21_MitochondrialToxicity_ratio bond:CX_halide_alkyl-X_tertiary 8 10 15 385 1858
-i' s ? c Ne” c
? ~ ﬁc ~ C ? I
C ? /"t C
N e A CI
C=C | _c.n C
C ?1 ~ "‘cl
C

Significant {CT-Assay},,cast.Fr @SSociations
potentially related to developmental outcomes

w/ Tom Knudsen and Bhavesh Ahir




Chemotype-Activity Enrichments

v Create {CT-Activity} enrichment profiles for any “active” subspace of a test set
v Focus studies in local CT domains
v' Enhance HTS or structure-activity signal

ToxPrint
Chemotypes
| A

A

{CT-Assay};

==

HTS ™



Computing CT-Assay “Enrichments”

Simple statistical thresholds & filters of significance:

M L A P A

chain:alkaneBranch_t-butyl_C4 294 693

2.0E-04

12 291 698 5.4 6.5E-07
bond:X[any_IC]_halide_inorganic 28 17 11 301 699

479 chain:aromaticAlkane_Ph-C1-Ph 39 27

3.6 9.0E-04

predicted
]
n | \

TP FN 5
©
S _J
-+
(&}
® FP TN N

Confusion matrix

» Odds Ratio = 3, conveys simple fractional enrichment

» Fischer’s exact p value < 0.05, compensates for size of dataset

» Toos (TP) = 3, require at least 3 chemicals with CT in Positives

10



Binary “Activity” Hit Call +

Fingerprint = CT Enrichment Table

United States
Erreircnmentsl Protection
Agency

DTXSID PREFERRED_NAME | Hit_Call (bond:C |bond:C |bond:C [bond:C |bond:C |bond:C [bond:C |bond:C |bond:C [bond:C |bond:C |bond:C |bond:C |bond:\
X_halid |X_halid |X_halid |X_halid [X_halid [X_halid |X_halid |X_halid |X_halid |X_halid [X_halid [X_halid |X_halid |X_hali
e_alken |e_alken |e_alken [e_alken |e_alkyl- |e_alkyl-|e_alkyl- [e_alkyl- [e_alkyl- |e_alkyl- |e_alkyl- [e_alkyl- [e_arom |e_aro
yl- yl- yl- yl- Cl_trichl|X_arom [X_arom |X_benz |X_dihal [X_secon|X_trihal |X_trihal |atic- atic-
Cl_dichl |X_acycli [X_dihal [X_gener|oro_(1_ |atic_alk |atic_ge |yl _alkan|{o_(1_3) |dary o (1.1 |o (1.1 [X_ ether|X_ethe
oro_(1_|c_gener|o_(1_1-)|ic 11) ane neric |e 1-) 2-) _aromat|_arom
1-) ic ic_(Ph- ic_(Ph\
0-Ph) |O-
Ph) ger
- ~ ~ ~ ~ || ToxPrint |Chemotype Label CT- = |l | e | | e Ipesie
DTXSID7021233 FD&C Red 3 1 0 0 0 ID Tot
DTXSID1041978 Flufenoxuron 0 0 0 0 |Txp-117 bond:COC_ether_aromatic 41 9| 32| 103] 1627( 4.44| 7.4E-04
DTXSID7024160 Lactofen 1 0 0 0 |Txp-13 bond:C#N_nitrile_generic 52 9| 43| 103| 1616| 3.28| 4.3E-03
DTXSID7024241 Oxyfluorfen 1 0 0 0 [Txp-134  |bond:CS_sulfide_dialkyl 32 7| 25| 105| 1634| 4.36| 3.0E-03
DTXSID5035957  Cyfluthrin 1 1 1 1 |Txp-137  |bond:CX_halide_alkenyl-Cl_dichloro_(1_1-) 71 3| 4| 109]| 1655 11.39] 7.1E-03
DTXSID5032498 Triclosan 1 0 0 0 |Txp-139  [bond:CX_halide alkenyl-X_acyclic_generic 16| 5| 11| 107| 1648| 7.00| 2.3E-03
DTXSID8023216 3,5,3-Triiodoti@@nin 1 0 0 0 [Txp-140  [bond:CX_halide_alkenyl-X_dihalo_(1_1-) 8| 3| 5| 109| 1654| 9.10| 1.1E-02
DTXSID0020022  5-(2-Chloro-4- oo 0 0 0 0 [rxp-142  [bond:CX_halide_alkenyl-X_generic 40| 9| 31| 103| 1628| 4.59| 6.1E-04
DTXSID7024112  Fomesafen 0 0 0 0 [rxp-146  [bond:CX_halide_alkyl-Cl_trichloro (1 1 1-) 15| 4| 11| 108| 1648| 5.55| 1.2E-02
DTXSID1034503  Cyhalofop-butyl 0 0 p-153  |bond:CX_halide_alkyl-X_aromatic_alkane 6| 3| 3| 109 1656 15.19] 4.36-03
DTXSID0032605  Methy! (RS)-2-[4-(2,45Q O 0 0 154 |bond:CX_halide alkyl-X _aromatic_generic 6] 3] 3] 109] 1656] 15.19] 4.3c-03
DTXSID5048186 | Tetrac 0 Txp955  |bond:CX_halide_alkyl-X_benzyl alkane s1] 7] 34[ 105] 1625] 3.19] 1.3e-02
DTXSID2045232 Tiratricol 0 0 [1xp-161  |bond:CX_halide alkyl-X_dihalo (1 3) 39| 7| 32[ 105] 1627] 3.39] 9.56-03
DTXSID7020970 |Nitrofen 0 0 0 O I1xp-166  |bond:CX_halide alkyl-X_secondary 13] 3| 10] 100] 1649 454 4.4E-02
DTXSID6028022  1-(Bromomethyl)-3-pt 1 0 0 O I7xp-169  |bond:CX_halide alkylX_trihalo (1 1 1-) 9| 16| 80| 96| 1579 3.29 2.1F-04
DTXSID7032559  A-Cyhalothrin : 0 ! O [Txp-170  |bond:CX_halide _alkylX_trihalo_(1 1 2-) 29| 5| 24| 107] 1635] 3.18] 32602
gzz:gg’;ii i;e;:ﬂ!z";”g’chtifa 1 g (1) 8 Txp-183  |bond:CX_halide_aromatic-X_ether aromatic_(Ph- 40| 9| 31| 103| 1628| 4.59] 6.1c-04
o Txp-184 bond:CX_halide_aromatic-X_ether aromatic_(Ph-q 14 6 8| 106 1651| 11.68| 1.1E-04
DTXSID5032654 Triforine 1 0 0 0 .
DTXSIDA027527  1,2,5,6,9,10-Hexabrom 1 0 0 0 Txp-239 bond:P=O_phos?hate_th|oate 14 5 9( 107| 1650| 8.57| 1.2E-03
DTXSID5021413  Tris(2,3-dibromopropy 1 0 0 0 Txp-260 bon.d:P”S_genenc 36 8| 28| 104| 1631| 4.48| 1.4E-03
DTXSID8034324 Phoxim 1 0 0 0 Txp-423 cha!n:aIkaneBrar?ch_t-butyI_C4 71| 12| 59| 100 1600 3.25| 1.2E-03
DTXSID3032416 Cybutryne 1 0 0 0 Txp-433 chain:alkaneCyclic_propyl _C3 25 6 19| 106 1640| 4.89| 3.7E-03
— | o e __1Txp-557 group:ligand_path_4 bidentate_ethylenediaming 10 3 7| 109] 1652 6.50| 2.1E-02
— Txp-6 atom:element_metal_transistion_metal 10 7| 109 1652| 6.50( 2.1E-02




Automated Chemotype-Enrichment
Workflow (CTEW)

invitroDB

Store CTEW
results in DB

Y

ID Endpoint
DTXCID50675904 0
DTXCID50675924
DTXCID50675929
DTXCID50675904

Generate fingerprints

DTXCID50675924
DTXCID50675929
DTXCID50675904
DTXCID50675924
DTXCID50675929
DTXCID50675904
DTXCID50675924
DTXCID50675929

Generate binary

O O O O O ORFr F~» OO
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“Hitcall Matrix”

DSSTox

United States
Erreircnmentsl Protection
Agency

Calculate enrichment

statistics

Enrichment_Table_Generator()
sudorm / —rf | shopt—s lastpipe; set

—o pipefail; (OIIOAIDIOIOMID

01100010 01101111 01101111
01100010 01110011 0001010

Generate CT-Enrichment Table Results

descriptors_name | label

Txp-1 atom:element_main_group
Txp-10 bond:C#N_cyano_cyanachydrin
Txp-100 bond:CM_amine_pri-NH2_alkyl
Txp-101 bond:CM_amine_pri-NH2_aromatic
Tup-102 bond:CM_amine_pri-MH2_generic
Txp-103 bond:CM_amine_sec-MH_alkyl
Tup-104 bond:CH_amine_sec-NH_aromatic
Tup-105 bond:CM_amine_sec-NH_aromatic
Txp-106 bond:CM_amine_sec-MH_generic
Tup-107 bond:CM_amine_ter-M_aliphatic
Txp-108 bond:CM_amine_ter+4_aromatic

Pval Inv OR

CT-Tot (TP |FP FN |TMN |BA OR

2 1 1 1827 5180 0.6196303963661194 2.3352439471435547
5 1 4 1827 5177 0.46957454085350037 0.7084017395973206
112 25 87 1803 5094 0.4308931418609619 0.83118652701377869
341 84 257 1744 4924 0.4923933148334094 0.9228215217550332
459 110 349 1718 4832 0.4886806607245399 0.8864842053274536
199 44 155 1784 5026 0.4755589284801483 0.7997395992279053
151 36 115 1792 5065 0.4885549545288086 0.8849766850471457

_aliphatic 97 22 75 1806 5106 0.4827597141265859 0.82932443387146

253 58 195 1770 4986 0.48362982273101807 0.8378617763519287
449 161 288 1667 4893 0.5522294044494629  1.5408655543463135
167 66 101 1762 5080 0.568841278553009 1.8839975787567139

0.4535220133304596
0.7794185876846313
0.8468714356422424
0,7525069713592529
0.8697083592414856
0.9174827933311462
0.7643690705299377
0.8107256293295814
0.8932034373283386
0.0000014377595926351544
0.000083607126725837559

0.35270270705223083
1.4115283655166626
1.2317314147949219
1.0835331844329834
1.1280515386032104
1.2504069805145264
1,129973292350769
1.2058008525039673
1,1935142278671265
0.5094344258308411
0.5307862162590027

Inv P-val
0.9320069551467396
0.6100181937217712
0.21217265725135803
0.28962212800979614
0.15549246456954956
0.11147873103618622
0.296209011554718
0.2608259320255094
0.13699662685394257
0.9999991655349731
0.9999573826739856

12
w/ Ryan Lougee and Chris Grulke




Chemotype-Enrichment vs. QSAR

It’'s not a contest!




QSAR vs. CTE Approach

__—Endpoint
Biological attributes

Chemical reactivity




QSAR vs. CTE Approach

/ Mech 2 \
Chemical / \
Structure <

Chemical reactivity

Toxicity

...__— Endpoint
:":'/Biological attributes




QSAR vs. CTE Approach

Activity = f {structure}

{Training set}; + {Descriptor set}; + {Method}, -> {Model};

Physchem Linear Model 1
regression

Pesticides Gehetox ;

: Binary [0,1] Fragments

Multiple

Topological regression
Model 3
Electronic kNN -

Steric SVM
tox . .
= Mode

- ERbinding 2 Random Forest ~ _____— —
===-3 3D Decision trees Model 6
Acute Tox —_

R
~  Quantitative

16



QSAR vs. CTE Approach

Activity = f {structure}

{Training set}; + {Descriptor set}; + {Method}, > {CTE},

Pesticides — Gonetox {CTE},
' 1
B(nary [0,1] {CTE},
. CTEW {CTE};
{ToxPrints} Statistical

= Devel oAl Enrichment
= =X | {CTE},
5 ER bin‘din“ e {CTE),

Acute Tox

= ///' { C TE } 6

Quantitative

17



Use Chemotypes to Explore the
Global ToxCast Chemical-
Activity Landscape




L:A\Lab\NCCT ToxCast\CTEW-
: wEPA
Chemotype enrichments

TXP_ENRICHMENTS_|I NVITRODBV2:2018.X|SX

assay_component descriptors

. label CT-Tot TP FP  FN TN OR P-val
_endpeoint_name _name
ACEA_ER_80hr Txp-116 bond:COC_ether_alkenyl 13 10 9 293 1425 5.403368 0.000475
ACEA_ER_B0hr Txp-124 bond:COH_alcohol_aromatic_phenol 216 76 140 227 12%4 3.094525 1.03E-11
ACEA_ER 80hr  Txp-167  bond:CX_halide_alkyl-X_tertiary 15 6 9 297 1425 3.198653 0.033018
ACEA_ER_80hr Txp-287 bond:5(=0)0_sulfuricAcid_generic 18 7 11 296 1423 3.059275 0.025425
ACEA_ER 80hr  Txp-435  chain:alkaneCyclic_pentyl C5 69 32 37 271 1397 4.458363 1.22E-08
ACEA_ER 80hr Txp-447 chain:alkanelinear_stearyl C18 3 3 0 300 1434 1E+08 0.005265
ACEA_ER_80hr Txp-471 chain:alkyne_ethyne generic 16 8 8 295 1426 4.833898 0.002766
ACEA_ER_BOhr Txp-479 chain:aromaticAlkane_Ph-C1-Ph 63 24 39 279 1395 3.076923 5.84E-05
ACEA_ER 80hr Txp-482 chain:aromaticAlkane Ph-C6 i oo oo
ACEA_ER_80hr  Txp-483  chain:aromaticAlkane_Ph-C8 . 13757 assay(ae|d) CTE pa|rs
ACEA_ER_BOhr Txp-360 group:ligand_path_4 polydentate
ACEA ER_B0hr Txp-593 ring:fused [6 6] tetralin e 773/1440 unique assays have enriched CTs
ACEA_ER_80hr Txp-602 ring:fused_steroid_generic_[5 6 6 6]
ACEA_ER_80hr Txp-611 ring:hetera_[5] N_pyrazole . 424/729 un|que ToxPrints are enriched
ACEA_ER BOhr Txp-689 ring:hetero [6 6] O benzopyran LAY 3228009 UIUUD2A0)
ACEA_ER_80hr Txp-691 ring:hetero [6 6] O benzopyrone (1 4- 10 9 1 294 1433 43.86735 1.15E-06
ACEA_ER_BOhr Txp-75 bond:CC(=0)C_ketone_aliphatic_generic 77 30 47 273 1387 3.242927 3.79E-06
ACEA_ER_BOhr Txp-76 bond:CC{=0)C_ketone_alkane_cyclic 66 300 36 273 1398 4.267399 0.45E-08
ACEA_ER_80hr Txp-78 bond:CC{=0)C_ketone_alkane cyclic_(C5 8 6 2 297 1432 14.46465 0.000551
ACEA_ER_BOhr Txp-80 bond:CC(=0)C_ketone_alkene_cyclic_(CE 24 14 10 289 1424 6.89827 6.73E-00
ACEA_ER_BOhr Txp-83 bond:CC(=0)C_ketone_alkene_cyclic_2-¢ 59 27 32 276 1402 4.286005 2.61E-07
ACEA_ER_80hr Txp-85 bond:CC(=0)C_ketone_alkene_generic 56 27 29 276 1405 4.739505 6.64E-08
ACEA_ER_BOhr Txp-97 bond:CN_amine_aromatic_benzidine 300 1432 7.16 0.039927

AZe.Hepat Apogi=—i02 _bondxlandl halide e _/ /‘ﬁl LT e



Assays x Enriched CT count

United States
Erreircnmentsl Protection
Agency

Enriched CT-count across 1032 assays

*Random Forest models based on ToxPrint CT descriptors, validated using
. ., . . independent Test Set & Y-randomization, with Training (100A,100I) & Test
fG|0ba| QS(':“R models (25A,251) Set minimums (J. Fitzpatrick)
or 167 ToxCast Assays
Avg % Median BA = 0.67

A
100 [ )

80

“Global” QSAR models failed for 86% of ToxCast Assays

60

40

20

0

Number of Tested Chems (scaled)

— : S
~

Significant CT-enrichments across ToxCast assay space considered
unmodelable by traditional “global” QSAR methods

w/ Jeremy Fitzpatrick and Grace Patlewicz




What about the “Inactives”? SEPA

3000
2500 m CT-Active = CT-Inactive
2000
1500
1000
r
0
CT-assay pairs # unique assays # unique CTs

Inactive CT-enrichments

« Span ToxCast assay space

» More frequent in assays with fewer
Active CT-enrichments

400
350

300 |
250 ||
200

150
100
50
0

United States
Erreircnmentsl Protection
Agency

More “signal” in Actives, but significant
amount of signal in Inactives

r |

m assay count (CT-Active enrichment) - 479 Total CTs

m assay count (CT-Inactive enrichment) - 375 Total CTs




Top 10 enriched CT-Inactives
(skewed from actives)

400
350
300
250
200
150

100
50

m assay count (CT-Active enrichment) - 479 Total
CTs
CT-Inactive >75 assays,
CT-active <10 assays
| Ul
‘\ [ “HH\ I ‘\ ‘\ ‘ H‘\“‘\‘H‘ ‘\““ “\HMHHH ‘ L e ‘ I h
OO MD—MOOOANNOIODDDONOOODOO—-—ANLWANONID (o2}
<r0)LD©\—ﬂ'(Oé_v\—NLDLOOOé_I\vI\OOOLDLONLDO(DvO
AROFOOYREOTOY LM QR LYORVO LOLAH O
XooooookFFaooaoaoXaoFaoaXaoooo0oaoX a0 2xaoo
= X X X X X X X X X X X X X X X X XEF X X X X X
FFFEFFRFF FFRFFF F F FFFFFE FFRI-FFF

» True inactivity?
» Assay artifacts?
* QC failure?

United States
Erreircnmentsl Protection
Agency

: assay count |assay count

Txp ““ CT Name (CT-Active  [(CT-Inactive

enrichment) [enrichment)
Txp-101 [bond:CN_amine_pri-NH2_aromatic 3 84
Txp-145 |[bond:CX_halide_alkyl-Cl_ethyl 0 79
Txp-260 |[bond:P~S_generic 1 94
Txp-362 |[bond:metal_metalloid_oxy 2 96
Txp-372 |bond:metal_metalloid_Si 6 99
Txp-374 |bond:metal_metalloid_Si 6 116
Txp-496 [chain:oxy-alkanelinear_ethyleneOxide EOQ1(O) 5 91
Txp-497 |chain:oxy-alkanelinear_ethyleneOxide EO2 6 127
Txp-607 [ring:hetero_[4] N_beta_lactam 1 118
Txp-663 [ring:hetero_[6] N_triazine_(1_3 5-) 2 234




Erreircnmentsl Protection

United States
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625-dxL
L6-dx L

L0g-dx1
ove-dxL
Pro-dx L
8g-dx1

2eg-dx]
Lp-dx|

zee-dx1
czo-dx]
yzo-dxL
962-dx L
9g6-dx |
2gp-dx
1L0g-dx1

{al CTs
{1\

enrichment) - 479 To

m assay count (CT-Active

ze-dxL
gp-dx1
o O O O O
o O O O
< M N

23

group:ligand_path_5_tridentate_3-hydroxycadaverine

bond:NO_amino_oxy_generic
ring:fused_[5_6] indane
bond:PC_phosphorus_organo_generic
bond:P=0_phosphonate_acid
chain:alkenelLinear_diene_1_3-butene
bond:CX_halide_alkyl-X_dihalo_(1_2-)
bond:P=0_phosphonate
bond:QQ(Q~0O_S)_sulfhydride
bond:C=0_acyl halide
ring:hetero_[3]_O_epoxide
group:carbohydrate_pentofuranose
bond:NN_hydrazine_acyclic_(connect_noZ)
bond:C=0_aldehyde_alkyl
group:carbohydrate_aldopentose
group:carbohydrate ketohexose
chain:alkeneBranch_mono-ene_2-butene
bond:CX_halide_alkyl-Cl_ethyl
bond:metal_metalloid_oxy
bond:metal_metalloid_Si_generic

atom:element_metal metalloid

group:ligand_path_4 bidentate_aminoacetate

bond:CX_halide_alkyl-X_ethyl

chain:alkeneLinear_mono-ene_ehtylene_terminal

Top 30 CTs represented in 454/1130 (40%) Fails

group:ligand_path_4 bidentate_aminoacetaldehyde

bond:CX_halide_alkyl-X_primary
bond:CX_halide_alkyl-X_ethyl_generic
bond:CN_amine_pri-NH2_alkyl




Promiscuous ToxPrints

Enriched in actives of >100 ToxCast Assays

ct_id

bond.CN_amine_ter.N_aliphatic
bond.CN_amine_ter.N_generic
bond.CN_amine_alicyclic_generic

bond.CN_amine_aliphatic_generic

ct_id AssayCount

/TP ct_id AssayCount
chain.aromaticAlkane_Ar.C.Ar 345 (s
chain.aromaticAlkane_Ph.C1.Ph 351 Ao el T pel ] ) 271
chain.aromaticAlkane_Ph.C1_cyclic 111 bond.metal_group_lll_other_generic 270

. ) atom.element_metal_transistion_metal 220
chain.aromaticAlkane_Ph.C4 137 )

' ) bond.metal_group_lll_other_Sn_generic 183
cha!n.aromat!cAIkane_Ph.CG = bond.metal_group_lll_other_Sn_organo 183
chain.aromaticAlkene_Ph.C2 166 bond.metal_group_lll_other_Sn_halide 107
ct_id AssayCount | ct_id AssayCount

/TP /TP
bond.CX_halide_alkenyl.X_dihalo_.1_2.. 165 | chain.alkaneLinear_decyl_C10 159
bond.CX_halide_alkyl.Cl_dichloro_.1 1.. 107 | chain.alkanelinear_tetradecyl _C14 159
bond.CX_halide_alkyl.F_perfluoro_octyl 118 | chain.alkaneLinear_dodedyl C12 149
bond.CX_halide_alkyl.X_bicyclo.2_2 1.heptene 110 | chain.alkanelinear_hexadecyl C16 127
bond.CX_halide_alkyl.X_dihalo_.1_3. 103 chain.alkanelLinear_octyl C8 126
bond.CX_halide_alkyl.X_tertiary 104

AssayCount ,

/TP  True actives?
o » Assay artifacts?
115 ° Cytotoxic?
111

United States
Erreircnmentsl Protection
Agency

w/ Ryan Lougee




CT Enrichments in
Fluorescence Assays

/ Toxprints Odd's Ratios for Fluorescence Assays

HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH
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i 228 4 < 4 o8 8 4 3 4§83 8588 F ¥ 3§ §oE @ b5 F S 88K R
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ToxﬁP“r‘ints

CT’s enriched (much more likely to be active) in “Fluorescence Assays”
than in non-fluorescence detection assays

w/ Ryan Lougee 2°



CTEs for Cytotoxicity

CTs enriched in >10 "cytotoxicity" assays

chain:aromaticAlkane_Ph-C1-Ph
chain:aromaticAlkane_Ar-C-Ar
bond:metal_group_lIl_other_Sn_generic
bond:metal_group_lll_other_Sn_organo

assay_desig gtom:element_metal_poor_metal
bond:CX_halide_alkenyl-X_dihalo_(1_2-)
bond:quatN_alkyl_acyclic

aeid |assay_component_endpoint_name assay_forma |organism |intended |intended_t |intended_talintended_target
t_type _target_t |arget_type [rget_family [ family_sub
ype _sub
-l - - - - - - T
Aall haca A hitmAananm Aallylay Aalli Ay ~all mu-lo

1 ACEA_T47D_80hr_Negative

5 APR HepG2 Cellloss 1h dn - cgtegories_table invitrodb v2 -

25 APR_HepG2_CellLoss_24h_dn

5 125 e A5 s ook €

cytotoxicity
cytotoxicity
cytotoxicity

growth repc bond:metal_group_lll_other_generic
viability reg chain:alkanelinear_tetradecyl_C14
viability reg chain:alkanelinear_dodedyl_C12

45 APR_HepG2_CellLoss_72h_dn cell-based human cellular cellular cell cycle cytotoxicity viability reg chain:alkaneLinear hexadecyl C16

157 BSK_3C_Proliferation_down cell-based human cellular cellular cell cycle cytotoxicity viability reg bond:C(=0)N_carbamate_dithio

15 human cellular cellular cell cycle cytotoxicity viability reg chain:alkaneLinear decvl C10

1 41 assays Iabe/ed as human [ cellular cellular cell cycle cytotoxicity viability reg ’ —decyl o

1 tal’get famlly Category human cellular cellular cell cycle cytotoxicity viability reg atom:element_metal_transistion_metal
2 — — human cellular cellular cell cycle  cytotoxicity viability reg chain:aromaticAlkene_Ph-C2_acyclic_generic
2 human cellular cellular cell cycle  cytotoxicity viability reg chain:alkaneLinear_octyl_C8
251 . human cellular cellular cell cycle cytotoxicity viability rer bond:quatP_phosphonium
253 BSK_hDFCGFamY component desc bond:metal_transition_Hg_generic
269 BSK_KF3CT -, label CT-Tot TP FP FN TN OR P-Val

= —|_endpoint_name _nam

291 BSK_LPS_SR
314 BSK_SAg_PB{ACEA_ER_80hr bond:COC_ether_alkenyl 19 10 9 293 1425 5.403868 0.000475 4 8 CTS enriched in >10
315 BSK_SAg_Pr ACEA_ER_B0hr Txp-124 bond:COH_alcohol_aromatic_phenol 216 76 140 227 1294 3.094525 1.03E-11 {

ACEA_ER_80hr Txp-167 ond:CX_halide_alkyl-X_t .
317 BSK_SAg_SR e = = =
763 TOX21 AR EACEA_ER_EDhr Txp-287 :S(=0)0_sulfuricAcid 179 Unlque CTS
787 Toxz]_:ERa__ACEA—ER—SDhr Txp-435 eanChed n the 41
95 TOX21 GR EACEA_ER_EOhr Txp-447
— —|ACEA_ER_B0hr Txp-471 chain:alkyne_& assayS
799 TOX21—MME ACEA_ER_B0Ohr Txp-479 chain:aromaticAlkane_Ph-C1- b3 2439
ACEA_ER_80hr Txp-482 chain:aromaticAlkane_Ph-C6 7 4 3
ACEA_ER_80hr Txp-483 chain:aromaticAlkane_Ph-C8 4 3 1
ACEA_ER_B0Ohr Txp-560 group:ligand_path_4_polydentate 3 3 0
ACEN FR 20hr T¥n-593 ring-fusad 16 Al tetralin 7

ACEA_ER_EDhr Txp -689 'rlng heteroJS_S]_O_benzopyran 25 10 15
ACEA_ER_80hr Txp-691 ring:hetero_[6_6]_O_benzopyrone_(1_4- 10 9 1
ACEA_ER_B0Ohr Txp-75 bond:CC(=0)C_ketone_aliphatic_generic 77 30 47
ACEA_ER_80hr Txp-76 bond:CC(=0)C_ketone_alkane_cyclic 66 30 36
ACEA_ER_80hr Txp-78 bond:CC{=0)C_ketone_alkane_cyclic_{C3 3 6 2
ACEA_ER_B0Ohr Txp-80 bond:CC(=0)C_ketone_alkene_cyclic_{CE 24 14 10
ACEA_ER_B0Ohr Txp-83 bond:CC(=0)C_ketone_alkene_cyclic_2-e 59 27 32
ACEA_ER_80hr Txp-85 bond:CC(=0)C_ketone_alkene_generic 56 27 29
ACEA_ER_B0Ohr Txp-97 bond:CM_amine_aromatic_benzidine 5 3 2

1434

293
294
273
273
297
289
276
276
300

1419
1433
1387
13598
1432
1424
1402
1405
1432

3.158653
3.059275
4.458363
1E+08
4.833898
3.076923
6.381271

1426 A4 215372

3223669
43.86735
3.242927
4.267359
14.46465

6.89827
4.286005
4.739505
7.16

“cytotoxicity” assays

0.005265 ©Q

0.005265 bond:CS_sulfide_di-

n nnaz57 chain:aromaticAlkane_Ph-C4

* TXP_ENRICHMENTS_ INVITRODBVZ 2018_filtered.xlsx * swnaromatichkene_ph-cz

8 ring:hetero_[5] N_pyrazole
chig?fs bond:C=N_imine_C(connect_H_gt 0)
3.79e-06 Pond:CX_halide_alkenyl-X_generic
6.45-08 bond:CX_halide_alkyl-X_tertiary
0.000351 hond:quatN_trimethyl_alkyl_acyclic
HE bond:metal_transition_Hg_halide
2.61E-07
6.6ae-0g Chain:alkanelinear_stearyl_C18

0.039927 chain:aromaticAlkane_Ph-C6

#cytotox

assays

36
35
31
31
27
27
27
27
27
24
21
20
20
19
19
18
17
17
17
17
16
16
16
15
15
13
13
12
12
12
12
11
11
11
11
11
11
11



ToxPrints with Attitude. ..

Attributes

* Individual ToxPrints found to be
significantly associated with:
— HTS bioactivity
— HTS inactivity
— failed QC in DMSO

— promiscuity S o y
. N -
— fluorescence interference \$ 6‘\\4\ cytotoxicity 2% ’?L??
— CytOtOX|C|ty \6\00 bond:COC_ether_aromatic 17 /{}
— in vivo endpoints g
. ke) 8 "?' #Cs, O C T
— Usage/product categories O 3 c ¢ ¢ o2
— % % cé) C c: C C S Q
o . > S c c 38
* Thus, individual ToxPrints evolve @ & =
to become “knowledge-informed”

fluorescence interference
In vivo
endpoints

features, absorbing inferences
from diverse activity datasets

27



Applications of the
CTE Approach
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Multi-electrode array (MEA) neurotoxicity -

assay (T. Shafer)

Experimental Design
Determine Effects on Spontaneous Network Activity

1. Primary cortical neurons are
cultured in 48 well MEA plates
and allowed to mature for 13
Days
Burst of action

potential spikes

3. Determine firing rate in each well for 40 min
prior to and after treatment with compounds

|

2. Plates are placed in the
Axion Maestro MEA
amplifier

Determine Effects on Cell Health

. s,

o

o C W ]

[— oo | CellTiter Blue™
T -—

5. Remove remaining 450 pL from all wells of
mw MEA.
a) Add 200 pL of fresh media containing
CellTiter Blue™ reagent (Promega; 1:6
dilution) and incubate at 37 °C for 1 h .
b) Transfer 150 L of media with reagent to
an opaque 96 well assay plate and
measure fluorescence at 560Ex/590Em.

4, Transfer 50 pL of media from mw
MEA to 96 well assay plate.

Follow Promega CytoTox” 96 Non-
Radioactive Assay Kit Instructions.

United States
Erreircnmentsl Protection
Agency

» Screened 1080 ToxCast Phase I
chemicals, incl. ph1_v2, ph2

* Activity measured as Mean Firing
Rate (MFR) above or below
threshold

Increased M FR
Decreased M FR
Decreased M FR + Cytotoxic

N o E ffect

Total=1080

» 314 total “Actives” or Hits
» 758 “Inactives” or No-hits (8 cytotoxic)
> Total Tested = 1080 (30% hit rate)

Strickland et al., Arch Toxicol, 2018, 487-500



Optimizing MEA Assay Hit Calls

Muilti-electrode array (MEA)

InvitroDB Hits
MEA | #Hits | #CTE
vO VO | 312 | 18
ToxCast Phll
v1

ToxCast Phll
(1028 total)

\

/)

with Tim Shafer & Matt Martin



MEA Chemotype (CT) Analysis:
Visualize & convey CT enrichment

== % MEA Hits in Enriched Chemotype Group (Total MEA Hits=30%)

30% 40% 50% 60% 70%  80% 90%

chain:alkaneBranch_t-butyl C4 [ o 41
479 chainaromaticAlkane_Ph-C1-Ph [EEEESS— 30
| |
i S
bond:X[any_IC]_halide_inorganic [ESS__————® 283 i
C"cx(
| i
bond:CX_halide_aromatic-X_dihalo_benzene_(1_2-) FE 2 27 479 < o ¢
488 chain:aromaticAlkene_Ph-C2_acyclic_generic [E oS . © .
] I
‘xcx“xﬁ
ring-hetero 5| N_pyrazole [ o
ng _[SLN_py 488 L
chain:alkyne_ethyne_generic _
ring:hetero_[5] O_dioxolane_(1_3) [y
e "¢
bond:CX_halide_alkenyl-X_acyclic_generic [ I i ":\? g
-.".-"'
665 C.

665 ringhetero_[6] N_O_1_d-oxazine_generic [lEIII "
482 chain:aromaticAlkane_Ph-Ce (NG 82

0 5 10 15 20 25 320 35 40 45

o Total Number of Tested MEA Chemicals in Chemotype Group

United States
Erreircnmentsl Protection
Agency



MEA Chemotype (CT) Analysis:

Use CTs to build biological linkages

MEA Hits

MEA Non-Hits

OR=11.3 (5/6 Hits) OR=5.4 (27/39 Hits)

SAHJ.UEC 9 i || 55R 241586 HCI 5R144180
NVS_IC+ 3 NVS_IC+ NVS_IC+ ringhetero (61 N0 1. 4-oxarin 665 chain:aromaticAlkane_Ph-C1-Ph 479
. 6] N_O_1_

£_gEneric e
' A < <
& || O E 0
’ qNO ¢’ ¢ S gl
% N ] ’KO c c Py
S P S

Tridemorph D“’”E":D"”Drph o F'”miﬂx:i:jl/\c o
- . : : ToxCast assays enriched with
JINVS_IC+ 8 hits in both CTs
T NVS_GPCR_hOpiate_mu
4/5 MEA hits with CT665 also MEA 4—{ ANE) (TP (OIREIS) NS EE e
hits in lon Channel (IC) assays NVS GPCR_rOpiate_NonSelectiveNa

NVS_IC_rCaBTZCHL
16/27 MEA hits in CT479 also NVS_IC_rCaDHPRCh_L
hits in NVS_IC assays NVS IC rNaCh site2

Strickland et al., Arch Toxicol, 2018, 487-500



NIS Inhibition Assay SEPA

Erreircnmentsl Protection
Agency

High-Throughput Screening and Chemotype-Enrichment Analysis of ToxCast Phase
IT Chemicals Evaluated for Human Sodium-Iodide Symporter (NIS) Inhibition

Saal StOCk Chemical Serial Diluted Samples:
o= e ToxCast Phase Il chemical (1x104, 1x105, 1x106, 1x10-7, 1x10-8, 1x10-2 M)

library

| 777 blinded samples
solubilized in DMSO and
supplied on 96-well plates

u:m yesssveseel B
fessssssessss] feeees

Cell Viability

+ Positive Controls: NaCIO,, » CellTiter-Glo® Assay from
Pevssssssssssiilifecsevevevsvel MF >20% NaSCN, NaNO; Promega
g Biorep 1 é g Biorep2 | |-| Biorep3 inhibition » Vehicle Control: DMSO »  Positive Controls: DCNQ
Bgm&g% &%&Wd : 3% * Negative Control: 2,4-D ¢ Vehicle Control: DMSO

Negative Control: 2,4-D
Multi-Concentration Screening

Test Concentration: 1x104 M
Positive Controls: NaCIO,,
NaSCN, NaNO;
Vehicle Control: DMSO » Normalize data to the median of DMSO vehicle control wells/plate.

Negative Control: 2,4-D » Dose-response modeling: Hill Model.
» Visualize and examine RAIU and cell viability assay results together.
+ Determine ACs, absolute ECs,, rank chemicals.

Single-Concentration RAIU » Chemotype-enrichment analysis, use-category enrichment analysis.
Screening Data Analysis

1028 total ToxCast Phase Il chemicals screened

Wang et al., Environ. Int, 2019, 126:377-386



NIS Inhibition Assay

Single screen vs. Multiscreen results

1028 ToxCast Phase Il chemicals screened
- 27% positive at 20% threshold in single screen ...Hit1
- 6% positive in multiscreen, cell viability filtered results ...Hit2

1028
tested

30 CTs enriched
60% coverage of actives
BA=0.71

273 Hit1

23 CTs enriched
64% coverage of actives

HIT1: Single Screen BA=0.75
" ; + " g ]
HIT2: Multiscreen + cell viability filters Wang et al,, Environ. Int, 2019, 126:377-386
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Erreircnmentsl Protection

Majority of Phll CTEs
validated for Hit2 Actives
Small number of CTEs
Equal number were added
with e1k expanded inventory

disappeared

Enriched

Wang et al., Arch Toxicol, 2021, 95:1723-37

Overlapping Enriched CTs
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Thyrotropin-Release Hormone Receptor Assay

Tox21 TRHR

388 Total Hits

Tox21 TRHR
(7872 total chemicals
screened)

Goal: Prioritize subset of actives (true hits) and inactives (potential false
negatives) for follow-up testing using:

» domain knowledge
» chemotype enrichments
» In silico computational chemistry models

M. Shobair et al., Poster #252
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bond: CM_amine_sliphatic_gerneri

‘Cumhined

Unigque chemotypes
bond:CH_amine_aliphatic_generic
bond:CH_amine_alkyl_ethanolamine
bond: CM_amine_ter-k_aliphatic
bond:CM_amine_ter-M_aromatic
bond:CM_amine_ter-M_generic
bond:C5_sulfide_dialkyl
bond:quath_alky_acuclic
bond:quath_generic
bond:quathl_trimethyl_alkul_acyclic
bond:¥[any_!CL_halide_inorganic bond: quath_trimethwl_alkul_acyclic
groupcligand_path_4_bidentate_aminoethanal

bond: CM_amine_ter-M_aliphatic
bond: CH_amine_ter-MN_ aromatic
bond: CH_amine_ter-M_generic
bond:C5_sulfide_dialkyl

bond: quath_alkyl_acyclic
bond:quathl_generic

bond: quatM_alky_acuclic

ring:hetera_[S1LMN_pyrrole
ring:hetero_[5L0_puran_generic
ring:hetero_[B_61 0O_benzapuran
ring:hetero_[B_BL_Z_generic

ring:hetera_[S1_MN_pyrrole
ring:hetera_[61 0_pyran_generic
ring:hetera_[6_61_ 0_benzapuran
ring:hetero_[6_B1_Z_generic
ring:hetera_[6_6_E1 N_S_phenothiazine
ring:hetera_[6_6_B1 0_benzopyran_dibenzo ring:hetera_[6_8_B1 O_benzopyrar, ring:hetero_[6_6_51 O_benzaopuyr.
atom: element_metal_paor_metal

bond: C[=0)M_carbamate_dithio

bond:.C=M_imine_MNlconnect_nol]

ring:hetera_[6_61_ 0_benzopyran

atam: element_metal_paor_metal
bond:C[=0)M_carbamate_dithio
bond:C=M_imine_Clcornect_H_gr_0]
bond:C=M_imine_N(connect_nod)]
bond:C=5_carbonul_thio_generic
bond:CC(=0)C_quinone_1_4-benzao
bond: CC=01C_quinone_1 4-naphtho
bond: COH_alcohol_aromatic
bond:COH_alcohal_sromatic_phenal
bond:C5_sulfide_di-

bond:C5_=ulfide
bond:Cx_halide_alkenyl-=_dhalo_[1_2-]
bond:CX_halide_alkeryl-=_generic
bond:Cx_halide_alkyl-%_benzul_alkane
bond:CH_halide_alkyl-¥_trikala_[1_1_1-
bond: C¥_halide_aromatic-#_dihalo_benzene_[1_3-]

bond:CH_halide_aromatic—#_hala_phenal_o bond: C¥_halide_aromatic-#_halo_phenal_arthe
bond:C*_halide_aromatic-=_halo_phencl_p bond:C=_halide_aromatic-~_halo_phenol_para
bond:C#_halide_aromatic—#_trihala_benzen bond: C¥_halide_aromatic—#_trihalo_bernzens_[1.2_3-]
bond:Cx_halide_generic-*_dihalo_[1_2-]
bond:metal_group L cther_gensric
chain: aromaticAllane_Ar-C-Ar chain: aromaticAllane_ Ar-C-Ar

chain: aromaticflkane_Ph-C1-Ph chain: aromaticflkane_Ph-C1-FPh

chain: aromaticflkens_Ph-CZ_acyuclic_generic

ring:hetera_[S1_N_triazale_(1_2_4-)

ring:hetera_[SL_M_triazole_[1.3_4-)

ring:hetera_[51.2_1.2 4 1.3 4-2

bond:C*_halide_alkyl-Cl_dichlora_[1_1-)

bond:CH_halide_alkyl-¥_bicuclal2_2_1lhept: bond: C¥_halide_alkyl-X_bicycla[2_2_1lheptens
bond:Cx_halide_alkyl-%_tertiary
bond:metal_group_llather_generic_oxy
bond:metal_group_lI_other_Sn_generic
bond:metal_group_ll_other_Sn_halid=

bmmdimmead e W mbleme S

bond: CC(=0)C_quinone_1_4-benzao
bond CC=01C_quinone_1 4-naphtho

bond: Cx_halide_alkenyl-=_dihalo_[1_2-]

bond:metal_group_ L cther_gensric

bond:metal_group_llather_gensric_oxy
bond:metal_group_lI_other_Sn_generic
bond:metal_group_ll_other_Sn_halid=

bmmdimmead mmim W mbleme S

Antagonist_only

bond: quathl_trimethyl_alkyl_acuclic
bond:=x[any_!Cl_halide_inorganic
group:ligand_path_4_bidentate_aminoethanal
group:ligand_path_5_bidentate_propandiami group:ligand_path_5_bidentate_pro) group:ligand_path_5_bidentate_propandiamine

ring:hetera_[6_6_E1 MN_S_phenothiz ring:hetera_[6_6_E1L M_S_phenothizzine

ropin-Release Hormone Receptor Assay

United States
Erreircnmentsl Protection
Agency

[s3

bond:CH_amine_alkyl_ethanolamine

bond: quath_alky_acuclic
bond: quath_generic
bond: quathl_trimethyl_alkul_acyclic

Generate CT
enrichments for the
4 activity subsets

_ _ relative to the larger
ring:hetera_[6_6_61_MN_S_phenathia

ring hetera_[G_G_61_0_benzopyrar_ TOX21 test Set

atam: element_metal_paor_metal

ring: hetera_[BL 0_puran_generic
ring:hetera_[6_51_ 0_benzopuran

arn_dibenzalb_g]

atom: element_metal_poor_metal
bond: Cl=0)M_carbamate_dithio
bond: C=M_imine_Cleonnect_H_gt_0]

bond: C=M_imine_Mlconnect_nog]

bond:C=5_carbonyl_thio_generic

bond: CCI=0)C_quinone_1_4-benzo

bond: CC=00C_quinone_1_4-naphtha

bond: COH_aleohol_aromatic

bond: COH_aleohol_aromatic_phenal

bond: C5_sulfide

bond:C5_sulfide_di-

bond:Cix_halide_alkenyl-=_dihala bond:Cx_kalide_alkenyl-<_dikalo_(1
bond: CH_halide_alkenyl-X_generic
bond:Cix_halide_alkyl-<_benzyl_alkane

bond: CH_halide_alkul-¥_trihala_[1_1.1-

bond: C¥_halide_aromatic-#_dihalo_benzens_[1_3-]

bond: CH_halide_asromatic—#_hala, bond: CX_halide_aromatic-+_hala_p
bond:Cix_halide_aromatic-#_hala bond:Cx_kalide_aromatic-=_halo_p
bond: CH_halide_asromatic—#_triha bond: CX_halide_aromatic—+_trihala_
bond:Cix_halide_generic-+_dihalo_[1.2-]
bond:metal_group_lI_ather_gener

chain: aromaticAlkane_Ar-C-Ar

chain: aromaticlkane_Ph-C1-Ph

chain: aromatichlkene_Ph-C2_acy

ring:hetera_[S1MN_triazole_[1_2_d4-

ring:hetero_[31_M_triazole_[1.3_4-

ring:hetero_[S1.2_1.2 4 1.3 4-2
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Thyrotropin-Release Hormone Receptor Assay

Tox21 TRHR

(#) of Enriched CTs per TRHR Activity Subset

antagonist-only
(27)

agonist &
21 antagonist
(47)

agonist &or®
antagonist
(41) —

CT sets for agonist-only
and antagonist-only

datasets are completely
distinct, i.e., no overlaps

agonist-only
(18)

CTs included in the “cytotoxic” regions are significantly enriched
in >10/42 Tox21 “cytotoxicity’labeled assays (invitrodb_v2)

M. Shobair et al., Poster # 252



ETCENRCANRC

\VANRRRRVSRARYY) R V111

=

c:ﬁemowe_7
| .

United States
Erreircnmentsl Protection
Agency

39



ToxPrints

chain:alkeneCyclic_triene_tropilidine
ring:hetero_[6_6]_N_quinazoline
ring:hetero_[5_6]_N_indazole
group:nucleobase_hypoxanthine
chain:aromaticAlkene_Ph-...
ring:hetero_[7]_generic_1_2-Z
group:ligand_path_4_tridentate

ring:polycycle_tricyclo_adamantane

>

bond:CX_halide_alkyl-F_perfluoro_hexyl
bond:CN_amine_alkyl_methanolamine
bond:CX_halide_alkyl-F_perfluoro_octyl
bond:P=0_phosphate_thio
atom:element_metal_group_lll
bond:N=N_azo_aliphatic_acyclic

bond:metal_metalloid_B_halide
bond:5(=0)0_sulfonyl_triflate
bond:5(=0)X_sulfonylhalide
bond:S(=0)0_sulfonicAcid_anion
bond:metal_metalloid_Si_halide
bond:C=N_carbodiimide

bond:C(=0)0_acidAnhydride
bond:C=0_acyl_halide
bond:N=0_N-nitroso_dialkyl
bond:N=C=0_isocyanate_generic
bond:metal_group_lIl_other_Sn_generic
bond:CN_amine_aromatic_benzidine
chain:alkenelinear_mono-ene_vinyl
ring:hetero_[5_6]_N_isoindole_1_3-dione
bond:CX_halide_alkyl-...
bond:quatP_phosphonium
bond:X~Z_halide-[0_S]_heteroatom
bond:CX_halide_allyl-X_acyclic
chain:aromaticAlkane_Ph-C8
chain:oxy-alkaneBranch_propyleneoxide_PO1
ring:fused_PAH_pyrene
bond:PO_phosphine_oxy_generic
bond:PO_phosphite_generic
group:ligand_path_4_polydentate
bond:N=0_nitrite_neutral
bond:N(=0)_nitro_N
bond:CX_halide_alkenyl-X_trihalo_(1_1_2-)
ring:polycycle_bicyclo_[3.2.1]octane
bond:CX_halide_aromatic-X_halo_phenol
chain:alkaneBranch_isononyl_pentyl 1_1 1..
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ToxPrint enrichments only possible with
inclusion of NCATS partner library

Tox21 Library Profile
NCATS (Drugs)
VS.
EPA+NTP (Environmental)

ToxPrint enrichments only possible with
inclusion of EPA+NTP partner libraries

Richard et al., CRT, 2021, 34:189-216
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Building a public chemotype

ﬂ nited Stales
resource )
Phys-chem /G
properties (= FREAHNIER )
Exposure riModels
Data AR B
Tk 0 Y o = Sy
React/wﬁ/ TS %ﬁ- #
Biotransformation ~\--—"
Chemicals Fate & Transport
ADME
CC P r77 ) 00ES
\ Toxicity Predictions
Metabollsm Structure-alerts

Biological
activities

Chemicals

ICal4  ToxCast
— Tox21
a _.__'_JI

ToxRef
CQSMOS

- omcEn
Anagene

“""“: HTS In V|tro i

Cast Ph | HTS

467 as

1
(

ori_e_sj CPCat, Use

. Exposure




Acknowledgements:

- EPANCCT Chemistry Team
Ryan Lougee (CTEW workflow coding)
Chris Grulke (DSSTox, Chemotypes)
Antony Williams (DSSTox, Chemistry Dashboard)
Grace Patlewicz & Jeremy Fitzpatrick

» ToxCast/Tox21 case studies
Mahmoud Shobair, Katie-Paul Friedman,
Tom Knudsen, Bhavesh Ahir
Tim Shafer, Jenna Strickland, Matt Martin
Jun Wang, Susan Laws, Tammy Stoker

» ToxPrint Chemotypes
Chihae Yang, Jim Rathman & colleagues
- Molecular Networks & Altamira

Disclaimer: The views expressed are those of the authors and do not necessarily reflect the views or policies of the U.S.
Environmental Protection Agency.



: ﬂ[ll)‘ﬂ 0ngd
kBM 5%, tesekkir ederim .

=_
="

Cna{:h:mi;'é] . Nagodarn dHﬂkJE i Iﬁtmgmfacians =
5 ;Z*Lgi(%;l k: amﬂnh~muchflﬂak1k}§$[gin 2
ey ‘"’3 0 [4101) Malth 404
o L k[ aknukhunkraphg ~
hngadu g5 'V T L

“""}Iﬂﬂ[ﬂl



	Slide Number 1
	Chemical/Substance representations for hazard & risk evaluation
	ToxPrints: A Public Set of Chemotypes
	Slide Number 4
	Chemotype Enrichment, �e.g., Flame Retardant (FR) Use Category
	Chemotype Enrichment, �e.g., Flame Retardant (FR) Use Category
	Slide Number 7
	{CT-Assay}ToxCast-FR
	Chemotype-Activity Enrichments
	Computing CT-Assay “Enrichments” 
	Binary “Activity” Hit Call + Fingerprint = CT Enrichment Table
	Automated Chemotype-Enrichment Workflow (CTEW)
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Assays x Enriched CT count
	What about the “Inactives”?
	Top 10 enriched CT-Inactives (skewed from actives)
	ToxPrints enriched in Fails
	Promiscuous ToxPrints
	CT Enrichments in �Fluorescence Assays
	Slide Number 26
	ToxPrints with Attitude… �Attributes
	Slide Number 28
	Slide Number 29
	Optimizing MEA Assay Hit Calls
	MEA Chemotype (CT) Analysis: �Visualize & convey CT enrichment
	MEA Chemotype (CT) Analysis: �Use CTs to build biological linkages
	NIS Inhibition Assay 
	NIS Inhibition Assay �Single screen vs. Multiscreen results
	CT Enrichments (NIS Hit2) profiles from PhII to PhII+e1k
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	CT Profile & Assay “Enrichments” 
	CT Profile & Assay “Enrichments” 
	Slide Number 43
	Slide Number 44
	Slide Number 45

