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ToxCast & Tox21 Inventories:
Chemicals, Data & Timelines

Set Chemicals | Assays | Endpoints | Completion Available
ToxCast Phase | _| 293 | ~600 ~700 2011 Now
ToxCast Phase II | 767 | -~600 ~700 03/2013 Now
ToxCast E1K L 800 ~50 ~120 03/2013 Now
Tox21 | { ~9000 ~80 ~150 Ongoing Ongoing
ToxCast Phase |l .| ~900| =~300 ~300 Just starting 2014-2015

A
>600

Assays

Pesticides , antimicrobials, food additives, green alternatives, HPV, MPV,
endocrine reference cmpds, tox reference cmpds, NTP in vivo, FDA GRAS,

FDA PAFA, EDSP, water contaminants, exposure data, industrial, failed drugs,
marketed drugs, fragrances, flame retardants, ...

Chemicals




SEPA Toxicity Prediction Challenge:

United States

envionmental Protecion —— BINQING all knowledge & data to bear on problem

Agency

Data-mining
Biologically-based QSAR _ :
& Chgmim}(l)rmatics Aggregation A;dF\)/srrsviyg)utcomes.
s s . > Genes
Reactivity & toxicity- Mechanistically > Assays
informed well-defined + Statistical
features & toxicity endpoint associations

classes

Structures ™
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PA - Chemical “probes” of biological activity

gency

>mC

« Use existing knowledge & SAR to mine HTS data
« Use HTS data to inform & refine SAR models & approaches

« Use all of these data to improve ability to model toxicity

ToxCast -~
Tox21 %

ToxRef
COSMOS

e

= HTS-Invitro.

ast Phase | HTS
(467 assays)

To
g
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wEPA Chemical Elements to Data Integration:

United States
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Chemical representations - Uses

Chemotypes, fingerprints,
phys-chem properties, ...

Vz SMILES  Structure searching
InChl - & modeling

OH OH

Structure

Chemical Name
CASRN

Supplier, Lot/Batch,
physical description



SEPA Structure vs. Bioactivity Similarity
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cl H3C\
Agency s 9
P / >/NH
I = 1 HC %
o Cl Ll/ NH
- N K %
< 7\
. o

Structure similarity: R

@ implies biological similarity
@ limited to local chemistry ,
@ subject to “activity cliffs” ' L T

= :
o - N
HTS bioactivity similarity: 2 i f,lsaflf ,zeflgﬂ-ahamg”n
o o 2 \ = o34 DRS
@ implies mechanistic similarity | £ - ' X BemeEt | RARS
@ can Iin.k diverse local 5 z « 'S TQ o L. fﬂ | 2:2
chemistries to common | e oo il () P |
biological activities I 3
@ noisy data, difficult to extract = — -
clear signal 1; — 3
- Office of Research and Development AssayS
National Center for Computational Toxicology



SER Similarity — in the “eye” of the beholder

Environmental Protection
Agency

CHICH3

Chemical Similarity

OH 0H

\ 4

Structural
fingerprint

100011010100000110
(all parts considered equal)

l

[ Tanimoto Coeff ]

1=exact match
0.9 = pretty good match
0.5 = who knows, depends

5 o

] CH3™CH3

\ 4

/ Chemotypes \

Pre-defined features or scaffolds
informed by SAR, public
inventories, and FDA safety
assessment workflows

- phenol 7
SSRGS

biphenyl

Rules for judging similarity are
clearly defined, interpretable,
computable, and transferable.



SEPA Public Resources:
e poesion - CNEMOtYpPeEr & ToxPrint Chemotypes

Agency

Enables visualization of chemotype
set in any imported structure
inventory (e.g., ToxCast, Tox21)

792 Public ToxPrint chemotypes
~ o capture important structural features

_ Sr— s+ [ 7|5 across inventories of toxicological &
i g @m 4 f”‘;“f’:’“ et regulatory interest to EPA, FDA. (incl.
- cnmﬂ'ﬁ’ up
e e 5 ”wm;:;:.-?;:: . Ashby & TTC Carc Alerts)
o 23‘2 2 e e =t
| " J “wzmmﬂ‘-"“""m“ ridazoreT
v . “ﬂZIcM‘—”‘”“M,.. r."l.:
_5( J e T ¢ I T

TR % Open access
__\/ Transparent & interpretable
=21 v Can be integrated into computational

J;W' Workﬂow

'ﬂsm 30‘3 _ cjsw'ﬂ 035 - j ::E: 1'
< 7 N=0 l:‘ _1::." 10 s 5 ¢ I
] A e RO EEO AR Chemotyper flngerprlnt files for

g 3L " e o o e e :

__,__-_f-f-.f-:* weswws | zeocobboobereErEEe computational processing
rasmere® e EEER e
r.nerhﬂ"""ﬂ'f__ oy Selected® ET-* — 3z E gEE

_,-[mmﬂ fotal Covermd®= 7 — §§=

st — - : S

Office of Research and Development =D / I

National Center for Computational Toxicology e

Developed by Altamira & Molecular Networks, Funded by US FDA
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Chemotype (CT) inventory profiling
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CT fingerprint provide a
common structural basis for
Inventory profiling &
comparison

- Office of Research and Development
National Center for Computational Toxicology

ToxPrint Inventory
Chemotypes

T

oxRef

{CT}T0_>_<_Ref

{CT} profile is a
property of the

A

\ {CT}COSI\/IOS




SEPA Chemotype inventory profiling

Environmental Protection
Agency

Inventory comparisons can provide

3.5

3.0
2.5
2.0

15
1.0
0.5

bond:C(=O)N_carbarfidle

| | ToxRef DEV (all species)

| COSMOS (5528)
) B Tox21 (w/o ToxRef)
bond:CX_halide_alkyl-X_generic

bond:N=N_azo_generic. :

bond:quatN_alkyl_acyclic :
bond:metal_group_IIl_other_Sn_organo
chain:alkaneLinear_octyl_C8

Log (Chemical count) relative indication of data coverage,
bond:CC(=0)C_ketone_generic

and enrichments & data gaps
“ ||\||
bond:CN_amine_sec-NH_generic

bond:COC _ether_aliphatic __aromatic
bond:COH_alcohol_aromatic_phenol
bond:COH_alcohol_generic

chain:alkaneLinear_tetradecyl C14

ring:hetero_[5]_Z 1 2 3-Z ™. {CT}TOX21

ring:hetero_[5] Z 1 _3-Z CT}CO SMOS

- Office of Research and Development
National Center for Computational Toxicology {CT}ToxRef



Concept of Enrichment

<EPA

Focus & Amplify to See

Environmental Protection

United States
Agency

11

National Center for Computational Toxicology

B Ahir, NCCT (ORISE)

Office of Research and Development
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Chemotype Enrichment, e.q.
Flame Retardant (FR) Use Category

e 42 FRs amenable to HTS included in ToxCast Ph3 & Tox21

3296-90-0
115-28-6
2921-88-2
2385-B5-5
115-96-8
78-42-2
115-86-6
126-73-8
79-94-7
13674-8B7-8
1163-19-5
19660-16-3
363-04-2

20120-35-6

868-85-9
756-79-6
124-64-1
55566-30-8
1330-78-5
512-56-1

2,2-Bis{bromomethyl)-1,3-propanediol
Chlorendic acid

Chlorpyrifos 126-72-7
Mirex 78-31-3
Tris(2-chloroethyl) phosphate 73-95-8
o 118-79-6
Tris(2-ethylhexyl) phosphate
56805-37-3

Triphenyl phosphate
Tributyl phosph:

{CT}er

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

2,2' 6,6'-Tetrachlorobisphenol A

2,4 6-Tribromophenol
tert-Butylphenyl diphenyl phosphate

assmeaoe Al there enriched chemotypes =

Tris(1,3-dichloro

seceomesien \WIEHIN thiS FR subset relative to

rmeeree ToxCast & Tox21?

dimethyl ester P —

Dimethyl hydrogen phosphite 25155-23-1
Dimethyl methylphosphonate 508-72-1
Tetrakis(hydroxymethyl)phosphonium chloride 3184-55-6
Tetrakis{hydroxymethyl)phosphonium sulfate 6145-73-3
Tricresyl phosphate 26040-51-7
Trimethyl phosphate £8937-41-7
2781-11-5
TB-30-8
4162-45-2

- Office of Research and Development
National Center for Computational Toxicology

TUTES ] E-LI IO O S U O TS ate

TXP

2-Bromopropionic acid
1,2,5,6,%,10-Hexabromocyclododecane
Tris(2-chloropropyl) phosphate

Bis{2-ethylhexyl) tetrabromophthalate

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-
phenylene)oxy)bis-

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



<EPA

United States
Environmental Protection

Agency

Chemotype Enrichment, e.q.
Flame Retardant (FR) Use Category

Ratio of percentages

60

50

40

30

20

10

Explore ToxCast-Tox21
inventories around this
chemotype

{CT}T0X21-FR

_ FRs (42)

St Tox21 (8600)

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

Browse

www.chemotyper.org
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cl
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-0
cl a Cl :
0" ™o \
a H ’
18 17 19
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Filter Structures by ID'  type ID Filter Pattern

1

Chemotype present in 9 Chlorendic
Acid analogs in ToxCast

bond:C{=0)0_carbo 42 || bond:C{=0)0_carbo 44

sylicAcid_alkyl

CN'C'}O
Il
0]

Chlorendic Acid —

wylicAcid_generic

Ox

i
o

bond:C=0_carbonyl_ 71
generic

954

-

bond:C¥_halide_alk 141
enyl-¥_dihalo_{1_2-

17

bond:Cx_halide_alk 158

bond:C¥_halide_alk 159

used as an yl-X_hjcyclgf2 2 1] yl-¥_dihalo_(1_1-)
heptengC” .
intermediate in FR o 1 »
0 I _C_l
production e, ™\
|- ﬁ 10 138 |
bond:CX_halide_alk 160 || bond:Cx_halide_alk 161 ||bond:Cx_halide_alk 1064 ||bond:Cx_halde_alk 167
yl-X_dihalo_{1_2-) yl-¥_dihalo_(1_3) yl-¥_generic yl-X_tertiary
C
5 C._/
?/C\c/? ?/C‘-\.C/C‘-\? _I’ "‘(I:-C
' ?
46 40 134 16
= L f—
bond:CX_halide_alk 171 |[bond:CX_halide ge 192 || - 2
yl-X trihalo(12.3-) || neric-X_dihalo_(1_2 bond:CX_halide_alk 153
X .- =
2 Coer O, 02 ],rl-}{_l:g cycl Ffl_l_l]
| c--C s
? hepteheC
o
7
34 98 P il S
: : : : : C C -
chain:alkaneCyclic_ 435 || chaimnialkeneCyclic_ 454 1 l: I
pentyl_C5 diene_cyclohexene C -""F T O
C ~C ] e
=7 < § d '
A ! - A
C—C C“"C/C i
74 84 4 e
K 4 « < 19719 > 3 B 3 /
4
-~ -
—

MNao Fil EEI’

ted: 1 (710 hidden) Matched: 19 1D: Auto
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14 Tox21 Chemoty

\

Cl

pe Analogs of Chlorendic Acid

e )

Chlordane
7-74-9

Chlorendic acid

115-28-6

Cl
Cl

Cl

CI}/ -

Endrin Heptachlor Heptachlor epoxio Chlorendic anhydride Endosulfan |
72-20-8 76-44-8 1024-57-3 115-27-5 959-98-8
O |
Cl
" @ Cl cl a )
Cl gk «d
i In ToxCast
0 Cl cl cl
l:"""-hs-|ll C].
D/ \0 cl FRS
Br\/ a1 Cl » Cl cl Cl )
1 H O Potential DevTox
Endosulfan i te Bromaociclen Isodrin Chlordane, technical grade
1031-07-8 1715-40-8 465-73-6 12789-03-6

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



SEPA Chemotype-Assay Enrichments

ey JCT-Assay}: Mining the data

Use FR-chemotypes to explore
possible ToxCast assay associations
relevant to this dataset

ToxPrint /
Ghamaapes 1. Identify all Tox21
'T chemicals containing
{CT}ox1 {CT ooLrr enriched CTs for
SAR follow-up

2. ldentify ToxCast
CT-Assay
enrichments

T

- In Vitro HTS {CT-Assay}roxcastFr

=
—_—

- Office of Research and Development
National Center for Computational Toxicology
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Preliminary Results: {CT-Assay}+tocast.rr

Office of Research and Development

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 ? SN c” c
P2 T, |
C ? /"t C
? P ¢
o= CI c. |l (I:
C=C o i - ~c
? ? ]
C

Significant {CT-Assay} oxcast.er 8SSOCIations
potentially related to developmental outcomes

National Center for Computational Toxicology

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




SEPA Chemotype-Activity Enrichments

Environmental Protection
Agency

Create {CT-Activity} profiles for any biological activity subset to focus
iInvestigations into local CT domains and enhance HTS or structure-activity signal

e« HTS actives ToxPrint /
 Pathway actives Ghamaspes

 SAR predictions 1
* Invivo results

{CT}Tox21

.

- . <. N Vitro HTS
- ﬁgt'if)ﬁifciﬁ?? ;grhc%nrgpate;%ggln%g?(itco|ogy S {CT'Assay}ToxCast,Tox21




SEPA Tox21 Mitochondrial Membrane Potential
eviomana oo (MIMP) Disruption Assay Study

Agency

OBJECTIVES: To identify individual chemicals and general structural features
associated with the decrease of mitochondrial membrane potential (MMP) in
HepG2 cells.

e 913/8300 MMP “actives”

* Precompute 651 structural similarity clusters for Tox21 Inventory using
ChemAXxon proprietary fingerprints

» 76 of 651 clusters significantly enriched for actives

> representative features extracted from active clusters by visual
iInspection

O R Cl
oyt oo™ oL CHe
cl OH ul R,

(http://www.ncbi.nlm.nih.gov/pcsubstance; search term “tox21").

Profiling of the Tox21 Chemical Collection for Mitochondrial Function I. Compounds that Decrease
- Mitochondrial Membrane Potential

Attene-Ramos MS, Huang R, Michael S, Witt KL, Richard A, Tice R, Simeonov A, Austin CP, Xia M,

(Submitted to EHP)


http://www.ncbi.nlm.nih.gov/pcsubstance
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Tox21 Mitochondrial Membrane Potential
(MMP) Disruption Assay

1. Compute {CT}ryx01-mmp

or | Most significantly enriched

chain:aromaticAlkane_Ph-C6 oo CTs in MMP active subset

bond:Cx_halide_alkenyl-X_dihalo {1 2-} 19.7

ring:thetero_[6_6]_O_benzopyrone_{1_4-} 15.0

ring:fused_PAH_phenanthrene 18.4 .

bond:metal_group Ill_other Sn_organo 17.5 Wh|Ch TOX21 & ToxcaSt assays are

bond:P=0_phosphate_thioate 16 | enriched w/ positives in these {CT}

bond:metal group Ill_other Sn_generic 13.1

bond:COH_alcohol_aromatic_phenol 10.0 SUbsetS? 2 Compute {CT_Assay}TOXCaSt-MMP
ToxCast/Tox21 Assays {CTIMMP OR :TP (cr #C]: . #AE_E?? fotal#

Assay) |Positive |positive [Cmpds
APR_CellLoss_72h_dn bond:C{=0)MN_carbamate_dithio 8 8 305 958
bond:C¥_halide_aromatic-
ATG_PXRE_CIS - N . 13 13 708 1857
- - ¥_ether _aromatic (Ph-0-Ph) generic

ATG_MNRF2_ARE_CIS bond:metal_group_lll_other_Sn_generic o 8 8 635 1857
MNVS GPCR_hORL1 bond:C{=0)N_carbamate_dithio 94.5 7 45 1067
Tox21 ERa BLA Agonist_ratio ring:hetero [6 6] O benzopyrone (1 4-) 67.7 9 10 227 1858
ACEA TA7D 80hr_ Positive ring:hetero [6 6] O benzopyrone (1_4-) 61.7 9 10 240 1815
NVS ENZ rCOMT bond:COH_alcohol_aromatic_phenol 50.4 11 115 13 1059
Tox21 PPARg BLA Agonist ratio bond:metal group Ill_other Sn_generic 50.0 ] 8 111 1858
OT _ER_ERaERb_ 1440 chain:aromaticAlkane Ph-C6 43.7 9 11 181 1846
Tox21 AhR bond:P=0_phosphate_thioate 435 12 14 237 1858
Tox21 MitochondrialToxicity viability |bond:metal group Ill_other Sn_generic 43.4 6 8 126 1858
APR_p53Act 24h up bond:C{=0)N_carbamate_dithio 36.8 7 8 160 958
Tox21 MitochondrialToxicity ratio ring:hetero [6 6] O benzopyrone (1 4-) 354 9 10 385 1858
OT _ER_ERaERb 0480 chain:aromatichAlkane Ph-Co 35.4 9 11 218 1853
Tox21 AhR ring:hetero [6 6] O benzopyrone (1 4-) 284 8 10 237 1858




wEPA Chemotype Activity Profiling:

United States

evronmena Poecion @ (), Modeling in vivo activity subsets

S1: Metabolically Activated (134 cmpds) Significantly

different {CT}
profiles in S1 vs
S2 subsets

4

Use S1 {CT} set to
predict chemical
space likely to
require metabolic
activation for Rat
Carcinogenicity

——

*Altamira beta version of . ToxCast Phase | (291 total) Rat Carcinogenicity Study
ToxPrint Chemotypes using ToxRefDB & Meteor:Derek workflow, Volarath et al.
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aHamtra cleft palate &4, s:lf +* @ E_f_l
“ ||| crs-3552¢ 231 ||CRS-2556* 233 || CRS-36708 =l
9f f “"
R Y
1

| cRs 3715 274 ||CRS-3721° c&s;.-ar-gﬁ -
I
CRS-6740° |lcrs-6780° '

imidazole NC=A_pi-c '.|. i
ha
: —~N
? YN\‘
7

ph |[|2 2

1. Data Mining:

Tox21 rat cleft palate actives (ToxRef, public,
CEREYS) significantly enriched within
triazole/imidazole chemotype groups

Chemotype Activity Profiling:
e. g Data mining & QSAR models

2. QSAR model:
Further differentiation of cleft palate
actives by HTS assay results (TGFb) &

| CRS-37RG" 290
H
T
1 Cl
CRS-Giaa° 4 Ilcrsepanzs
I i
F
)
i
¥ 4 |

0% U{;

LA 4 < f24 ¥ B3 M

partial pi- and sigma- charges yields

Fitter Structures by Mame | Marr

predictive model within chemotype

Filter Subgraphs | Mo Filter

subgroups

Structures Loaded: 644 Selected: 0 Matched: 24 Coverage 24

National Center for Computational Toxicology

C Yang et al., Altamira



SEPA Building a public chemotype {CT}

United States

crmaaresn “kKNOWledge- base”

3. Compute _

relative {CT} « Use categories (exposure), e.g. Flame Retardants
enrichments e Activity subsets

for chemical « Metabolically activated toxicants

sets of interest » Assay-assay associations to inform pathways

2. Precompute _

CT- Assayp {CT Ass ay}ToxCast,Tox21
enrichments lm

for data 'aalué.a.'-;. e - "_Ijﬂmammwmm
inventories of e ] " 5 |

Interest t gi i i_._..|_,n Vitro HTS -

1. Precompute CT

CT profiles for {CT}TOXCaSt | { }T0X21
chemical

inventories of -»--',---”ToxCaSt (1860) " = Tox21 (8300) /
interest — - = :



SEPA Building a public chemotype

United States

Eg\éirrlggmental Protection “kn OWledge- base”

Reactivity

Phys-chem
Biotransformation \ / properties

Biological e e L Use categories

iViti <—— Fate & Transport
activities \ 5 P
ADME
ToxCast Chemicals
Tox21 & | |
L1 L L. |4 ToxRef
g sEETETEY COSMOS

467 assays)

(

T(
;
B

Cast Phase | HTS
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