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masaee  ToXCast Phase Il Data Release
Agency http://www.epa.gov/ncct/toxcast/

« ToxCast Assay Summary Activity Files

« ToxCast Assay Annotation Files

« ToxCast Chemical Library & Structure Files (DSSTox)
« ToxCast Concentration Response Data Files

- ToxRefDB Effect & Endpoint Data Files

- Office of Research and Development
National Center for Computational Toxicology
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EPA ToxCast Inventories

Environmental Protection
Agency

293 o ToxCast Phase | (293 unique cmpds)

> EPA pesticidal actives w/ rich in vivo data

> PFOAs, BPA, approx 12 metabolite/parent pairs
1060 @ ToxCast Phase Il (767 unigue new cmpds)

> EPA pesticides, high interest EPA and stakeholder inventories, data rich chemicals
(EDSP, OPPT, antimicrobials, inerts, green alternatives, fragrances, water ...)

> FDA CFSAN data rich, NCTR LTKB Priority 1 drugs
> Toxicity reference chemicals, data-rich chemicals, NTP immunotox
¥ > 135 Donated pharma cmpds -- failed drugs w/ pre-clinical or clinical tox data

1860 @ ToxCast E1K (800 unigue new cmpds)
$ > Endocrine active reference cmpds, SAR predicted ER-active/inactives, EDSP cmpds
3727 ¢ EPA's Tox21 library (3727 unique cmpds out of current 8599 total)

> Complete on-hand EPA sample library used to build ToxCast inventories

- Office of Research and Development
National Center for Computational Toxicology
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ACTOR — overlapping high-interest EPA inventories (XCAS) 17K >
Phys-chem filters (Mw, LogP, VP, BP) oK

Commercially procurable 4.4K <-)
DMSO soluble (not reactive or volatile) ‘ Donateq ‘green”
alternatives
ToxCast Phasel 767 |2}z Donated failed pharma
(mostly pesticides) 800 ) (Merck, Pfizer, GSK, Astellas,

Sanofi, Roche)

ToxCast Phase I

U
E1K

EPA’s “ToxCast” inventory
consists of all cmpds tested in
ToxCast and/or Tox21
TOX21S Inventory
(8599 unique substances)
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ToxCast & Tox21:
Chemicals, Data and Release Timelines

Set Chemicals | Assays | Endpoints | Completion Available
ToxCast Phase | 293 | ~600 ~700 2011 Now
ToxCast Phase Il 767 | ~600 ~700 03/2013 Now
ToxCast Phase Il ~900 | ~100 ~100 Just starting 2014
E1K (endocrine) ] 800| -~50 ~120 03/2013 Now
Tox21 8,599 ~25 ~50 Ongoing Ongoing

~600
A

Assays

Pesticides , antimicrobials, food additives, green alternatives, HPV, MPV,
endocrine reference cmpds, tox reference cmpds, NTP in vivo, FDA GRAS,
EDSP, water contaminants, exposure data, industrial, failed drugs, marketed
drugs, fragrances, etc.

0

Chemicals —> ~9000

- Office of Research and Development
National Center for Computational Toxicology



wEPA ToxCast PhI&Phll 1060:

United States

w1 # Compounds per Inventory

AIR

‘;Egz @ Excellent coverage of
RIS multiple high-interest inventories
TRI @ Broad diversity of chemical-
MPV use categories
HPV

@ Large overlap with data-rich
in vivo inventories

Green Chemistry
Antimicrobials

Consumer
Water
Pesticidelnerts

PesticideActives | | $329

Donated Pharmaceuticals | |
NTP In Vivo
jogq

FDA CFSAN
Total In vivo — 80

- Office of Research and Development
National Center for Computational Toxicology




ToxCast Phase |l

Pharmaceuticals:
Multipurposing

@ 275 Phll cmpds classified as
drugs based on presence on
FDAMDD, NCGC, NCTR LKB,
Donated pharma lists

@ 150 drugs appear on
additional lists (i.e.,
multipurposing)

@ Caffeine appears on 18 lists

Phthalates
phthalate_metabolite
Green Plasticizers_Nisha
EPA_DfE
Exposure_Summit
IRIS+Nomin
Superfund_PPRTV
v-Embryo
v-Liver_22+14ref
OPPT_Categories
EPA_OPPT-RAD_AII
EPA_Antimicrobials
EPA_DNT
EPA_OW_Priority2
EPA_PCCL
EPA_Fooduse_Inerts
FAR_EDSP_173
ECHA_organic_CMR_2010
LTKB_Priority1,2_Phasell
NTP_Immunotox

OECD

PFCs

fragrance

FDA_GRAS
FDA_CFSAN_carc
FDA_CFSAN_chronic_subchronic
FDA_CFSAN_repro_dev
Nongenotoxic_hepatocarcinogens
OPPIN_DER

NTP_DevTox
NTP_ImmunoTox
NTP_Phthalates_IUR
NTP_ReproTox
NTP_ToxCarcLong_Substance
EPAFHM_276
CPDBAS_677

HPVCSI_1081 |8

60

80

100

120

140

160



ToxCastPhl_293

ToxCastPhll_767

Tox21-EPA_2659

Phthalates
phthalate_metabolite
Green Plasticizers_Misha
EPA_DHE
Exposure_Summit
IRIS+MNaomin
Superfund_PPRTY
v-Embryo
v-Liver_22+14ref
OPPT_Categories
EPA_CPPT-RAD_AI

EPA_Antimicrobials |

EPA_DMNT

EPA_OW _Priority2
EPA_PCCL
EPA_Fooduse_Inerts
FAR_EDSP_173
ECHA_organic_CMR_2010
LTKE_Priorityl,2_Phasell
MTP_Immunotox

OECD

PFCs

fragrance

FDA_GRAS
FOA_CFSAM_carc

EDA_CFSAN_chronic_subch...|

FOA_CFSAM_repro_dev

Mongenotoxic_hepatocarci...

OPPIN_DER
NTP_DevTox
NTP_lmmunoTox
MTP_Phthalates_|UR
NTP_ReproTox

MTP_ToxCarcLong_Substan...

ERPAFHM_276
CPDBAS_B7Y
HPWVCSI_1081

DRUGS..

a

50 100 150 200 250 3

]

100 200

300
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b EPA Integrated Chemical-Assay Data Management

Environmental Protection
Agency

..?{:'&":;i‘\..-
o+
ey
DSSTox Rl
Chemical structure - CID ,x;[fr ujf Inrnnnm“"r

an ¥

Substance details - SID e W, ' Assay name
Projectinventory record - RID D= lox gy -"“ Assay details
5 Assay outcome

W solution D

Plate 1D
Plate Address 1D

DSSTox RID
Bottle ID (> COA D)
Solution ID (2 QC ID)

| Tox21 Sample Tracking Database



“EPA Chemical & Data Quality Issues

Environmental Protection
Agency

\V/a llx.l.,).r,wu [ES
SUDS : T . t..,AC urate substance annotation:
nnotations|of testdata @<= CAS — Name - Structure

ToxCast & Tox21

Supplier-provided info (or
Sample Database bplier-p (

lack thereof)

Reported (actual) purity
Solutions

Limited DMSO solubility
Bottles

Volatility

Supplier/Lot/Batch (missing sample, stench)

Reactivity, explosive ...

- Office of Research and Development
National Center for Computational Toxicology
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Tox21 Analytical QC

g L

WS 51 A copy of each parent Tox21 assay plate is subjected to
r 'J j

| stability

analytical QC for assessing purity, identity, concentration,

PASS = Confirm parent ion
peak and >90% purity

|

/

-/

Fail, inconclusive or analytical
method inappropriate

TRM— N
s [ e _____.--"'
~amae b " Sl X
\ %
S

Retest at later time point under ¥ il
assay conditions for stability

/

Pl bl

Publish QC summary results in
I e Copier, @SSOCIAtion with assay data

15

JA

Tox)]
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Tox21 Analytical QC

JA

Tox)]

[ID Toxz1_110896

Plate FDA-plate1  Well P14-03  File __00024246-05.0 Inj Date: 30 Jan 10 7:37 am -

MF CZTHZS3NO10 MW 5272 Expected Conc: 3.00 mM |

qm__;ELsg BT Found ELS® UV & ELS[mg/mL] AdJ[ELS] [N mM]  AdjICLN] un|
oo ﬁ o= |« Analytical QC performed
e 1 ws w00 w7 1s zesaama 11 0N entire Tox21 chemical
s N - library at soln-well-level
| VSRR | G | (i.e., test plate copy x time)
g S ===~ « Generate summary calls at
Bl T I N ' soln and cmpd level
o . 2 ) - Open discussion on how
o e o g best to release and
it PESESET — communicate QC results
— e 4 - Recommend using to
i i inform interpretation of
g F g oo assay results
. ___|
6 oo WAE Ve A0 5.3 —



SEPA Tox21/ToxCast Analytical QC A

Environmental Protection
Agency

Tox)]

Mixture, 58_ pecompasition, Tox21 Lib rary
Isomers found, <50%, 487 (8288 cm pdS)

64

Purity >90%,
4417

(53%)

<50%, 81
=50%, 43

=75%, 72

* “inconclusives” require additional follow-
up & method development

« EPA'’s library contains higher proportion
of inconclusives (e.g., low MW cmpds,
dyes, metals)

« Overall very low “fail” rate

- Office of Research and Development
National Center for Computational Toxicology

% Inconclusive

100

80

60

40 -

20

|somers

found, 13 Fail, 14

Purity>90%,

1433

(48%)
EPA Tox21/ ToxCast
purity<sos, 30| | =0t (3019 cmpds)
=50%, 17

30 90 150 210 270 330 390 450 510 570 630 ... 1000

MW 17



wEPA Chemical Elements to Data Integration:

United States
Environmental Protection

Chemical representations - Uses

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

V SMILES  Structure searching
InChl - & modeling

OH OH

Structure

Chemical Name
CASRN

Supplier, Lot/Batch,
physical description
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DSSTox TOXCST (Phl,lI,E1K) Structure File

Agency
DSSTox_RID
DSSTOX_GSID 1 (D& [m] (o} -§(.:1 &2 (o:g00 (ID:283) O &7 ap:189 o [m]
0 F F cl cl N, H
DSSTOX_C'D I—L/” FlF o o / \ \K '\|/\‘OH
DSSTox_FilelD ERER S . o | @S
cl Cl1

TestSubstance_ChemicalName

NH,

TestSubstance_CASRN

21nne1e

TestSubstance_Description

ChemicalNote

STRUCTURE_Shown

STRUCTURE_Formula

7 S

STRUCTURE_MolecularWeight

STRUCTURE_ChemicalType

STRUCTURE_TestedForm_DefinedOrganic

STRUCTURE_ChemicalName_IUPAC
STRUCTURE_SMILES
STRUCTURE_Parent_SMILES
STRUCTURE_InChlIS
STRUCTURE_InChlKey
Substance_modify yyyymmdd

ToxCast_TestingStatus
ToxCast_Phl_v1
ToxCast_Phl_v2
ToxCast_Phll

D71
Cl
Cl C1
C1
0-1
[m]
0H
g _/©;_,0'
. .
Il Il
] ]

| 101 (D:82

51-28-5

Total 1860 cmpds:
10 macromolecule
96 mixture or formulation

107 (ID:121

C1

{108 (D:186 ]

Alkylbenzenes
Chlorobenzenes

17 inorganics

43 organometallics
84 complexes

136 salts

ToxCast_Phll_DonatedPharma

ToxCast_elk

ToxCast_Tox21

MW ranges from 30

AnalyticalQC_Problems

(Formalin) to 1700 (Tannic

Note_TOXCST

acid)

Methyl phenols
Nitrobenzenes
Aromatic amines
Phthalates
Perfluorinates...

19
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United States

Environmental Protection
Agency

ToxCast & Tox21 Property Space

@ LOGP=
Octanol/Water
partition coefficient

@ TPSA = log (Total
Polar Surface Area)

@ Complexity = log
(complexity based on
paths, branching,
atoms)

COMPLEXITY

/ ToxCast Phasel (293)

ToxCast Phasell (767)
Donated Pharma (135)

ToxCast elk (+800)
Tox21 (7324 unique)

Chemical properties computed using “Adrianna” software by
Molecular Networks (P. Volarath)



wEPA Estimating Toxicity Mechanism Coverage:
envionmenat roecion DEREK (LHASA) Predictions for ToxCast Phll (1060)

Agency

Aromatic nitro compound | ‘ ‘ l ‘
1,2-Ethyleneglycol or derivative @ 328/450 unique DEREK
Organophosphorus di- or tri-ester alerts fired across entire
HERG Pharmacophore | dataset

Di- to poly-halogenated alkane or cycloalkane

Simple aniline or precursor

Hydrazine or precursor

Alkylphenol

Alkyl aldehyde or precursor

Polyhalogenated benzene
beta-O/S-Substituted carboxylic acid or..

1,2-Dihalogenated hydrocarbon

. @ 128 alerts fired 5 or more
- times across dataset

T @ DEREK predicts 1 or
more toxicity endpoints for

Aromatic primary or secondary amine 80% of chemicals
Substituted pyrimidine or purine @ DEREK predicts 3 or
Alkyl ester of phosphoric or phosphonic acid | | | | more endpoints for 40%
Organophosphorus ester | | | | chemicals

Phenol or precursor | | | |

Alkylating agent | |

Polyhalogenated aromatic | |

Halogenated benzene . y y 2
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wEPA New Publicly Available Resources:

United States

sronmentatProection (G hemotyper & ToxPrint Chemotypes

Chemotyper: http://www.chemotyper.org

« MS Windows application allows for searching and highlighting of chemical
chemotypes (chemical substructures or subgraphs) in structure files.

« Developed by Molecular Networks GmbH (MN) under contract from FDA
CFSAN to house the “ToxPrint” chemotypes

ToxPrint Chemotypes: http://www.toxprint.org

« Developed by Altamira LLC for FDA CFSAN’s CERES project

 Designed to provide coverage of EPA & FDA inventories and capture chemical
features important for chemical safety assessment workflow

« Contains three subsets:
« generic structural fragments (729 total)
« Ashby-Tennant genotoxic carcinogen rules (Ashby, J; Tennant, RW, 1988)
« cancer TTC categories (Kroes, R. et. al. 2004)

- Office of Research and Development 29
National Center for Computational Toxicology
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chain:alkyne_ethyne_generic
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bond:C=N_carboxamidine_generic
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bond:N=N_azo_generic

™

ring:fused_steroid_generic_[5_6_6_6]

bond:C=0_aldehyde_generic

bond:P~S_generic

bond:CX_halide_alkyl-X_ethyl_generic

group:aminoAcid_aminoAcid_generic

bond:CX_halide_alkenyl-X_generic

chain:aromaticAlkene_Ph-

1:@”:mﬁmﬂ.olﬁm_lzw:_mu:mlom:mﬂ_n

bond:C#N_nitrile_generic

ring:hetero_[5]_N_pyrrole_generic

bond:NC=0_urea_generic

bond:CC(=0)C_ketone_alkene_generic

ring:hetero_[6]_N_diazine_(1_3-)_gene

ring:hetero_[6]_O_pyran_generic

bond:CC(=0)C_ketone_alkene_cyclic_4

bond:S(=0)O_sulfonicAcid_generic

bond:S~N_generic

bond:C=0_carbonyl_ab-

bond ”OZ|m3_:mlm_._o<o__n|©m:mzo

bond:CC(=0)C_ketone_aliphatic_gener|

ring:hetero_[6_6]_Z_generic

bond:CN_amine_sec-NH_generic

»bond:CX_halide_generic-X_dihalo_(1 |

bond:CN_amine_pri-NH2_generic

ring:hetero_[5_6]_Z_generic
bond:CC(=0)C_ketone_generic
bond:CN_amine_ter-N_generic

ring:hetero_[6]_N_pyridine_generic

bond:S=0_sulfonyl_generic

chain:alkeneLinear_mono-

o:m_:”m_xm:m0<o__nlmﬁsm:mlom:mzo

bond:CX_halide_alkyl-X_generic

bond:C(=0)O_carboxylicAcid_generic

bond:CN_amine_aromatic_generic

bond:CN_amine_aliphatic_generic

bond:COH_alcohol_aliphatic_generic

bond:CX_halide_aromatic-X_generic

ring:hetero_[6]_Z_generic

Tox21

Is X 729 chemotypes

ICa
> all 8454 structures have = 1 chemotype
» 95% have = 5 chemotypes each
» 65% have = 10 chemotypes each
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"’EPA Chemotyper Application: ToxCast x ToxPrint

Environmental Protection

Agency
o =] I
r ChemoTyper . El_lg
ToxCast Phll (1060) ToxPrint (729)
toxcast_ul.sdf V]'I' o oOaE x toxprint_v2.0_r212 xml V] f=3 O @« x
C6HTIN=06 10 || N3Ma 14 || CIH5Ma 191|C3 MNa209s 31| % Chemotype Sets nl ring:hetero_[4]_N_ 607 || ring:hetero_[4] O_ 603 i
Welcome H 3 4 ToxPrint Chemotypes Version 2.0 beta_lactam oxetane
H 4 atom = c—C
H H H —
H N=N=N Na 4 element (IZ—hl.I [
Bronet o atorm:elerment_main_group Df‘ —C
H H atom:element_metal_grou...
o g
13 Ma 3 7 73 £ atorm:elerment_metal_grou... I° 0
atom:element_metal_met...
CEHTH =06 106 || NMa02 170 || C12H11MZM203 190 || CINa02 17 atorm:element_metal_poor... ring:hetero_[4]_7_g 609 || ring:hetero_[5]_N_i 610
H atom:element_metal_trans... eneric midazole
(o) ] o 1 nt nohle nac
i ) A \""’ ‘[ Filter Chemotypes According te Chemotype Sets } ‘;_(I: C’N‘C
& 1 [
°© Ma Ma [> CEN T—=x cC N
b C(~Z)~C~Q
13 Nz 3 1 ¥ C(=0)N [o 2
[ C(=0)0
C16HIMN4 3095 244 CTHEN[ 2045 301 || C20H3TNa=0T75 357 [ C=N ring:hetero_[5]_N_ 611 || ring:hetero_[5]_N_ 612
2 H b B (o=4] pyrazole pyrrole
3 c=5S M M
H I CC(=0)C g’ “hI.I cI:’ “(I:
H @& H b CN L Ca==C
P y > @] CNO
H
17 11 H b Wl cac 15 1
[» COH
C18H1 2208 484 || C18H29Ma035 528 || CBHTMN=04 549 | | C12H25Ma045 550 4 Cs ring:hetero_[5]_N_ 613 || ring:hetero_[5]_N_ 614
52 o B X pyrrole_generic pyrrolidone_{2-) |
> ¥ N=0) N N0
Y - [¥] N[IC] c o c c o
b [Z] N=[N+]=[N-] e EomafE
" W b [¥] N=C=0
H
[ M=M
17 16 12 14 42 19
. - - > @ N=O =~ x
K & € < 1/41 > » 2 3 K & « < 607/729 > 3 3 3l
Filter Structures by I Ma Filter Chemotypes by ID  type ID Filter Pattern
Filter Chemotypes Ma Filter - Filter Structures Mo Filter -
Structures Loaded: 1060 Total Coverage: 1059 Selected: 0 ID: Formula Chemotypes Loaded: 729 Total Coverage: 467 Selected: 720 ID: Auto
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e.g. Tox21 Estradiol chemotype search

TOX215_vda_8599_11Dec2013.sdf ~ 1 +

o @ogda

TOX215 v4a_8599 11Dec2013 sdf ~ ] +

@k

(steroid backbone)
Find all chemicals containing
chemotype (238/8599 hits)

17beta-Estradicl 350 ||17alpha-Ethinylestr 352 ||17alpha-Estradicl 1248 | |Estradicl benzoate 1507 || Estradicl oy
adiol £
h: ! r ﬁ -
14 15 14 16 18
Estradicl dipropio 1509 || Estradicl enanthat 1510 ||Estradicl valerate 1511 || Estradicl phospha 5343 || Estradicl ac
nate € te
15 20 19 15 15
beta-Estradicl 17- 7855
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ring:fused_steroid_generic_
[5_6_6_6] .
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" I
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13 A "
. Search “estradiol
Identify common chemotype

Budesonide 114 || Chenodeoxycholic 153 || Chlormadinoge ace 162 | | Cygroterone acetat 226 || Deflazac 236
acid tate e
a =
)
i,
23 15 Fld . 2 ° 25 o
Dehydroepiandrost 237 | | Dehydroepiandrost 238 || Dexamethasone 241 | |17beta-Estradiol 350 [|17alpha-Ethinylestr 352
Erone erone acetate adiol
16 15 26 14 15
Ethynediol diacetat 374 || Hydrocortisone 437 | | Lithocholic acid 470 | | Mestranol 488 | | 3-Methylcholanthre 516

e

£

3
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r1eE %
12

12 15 1
Morethynodrel 611 || gammagOryzanol 616 | | Prednisolone 580 | | Prednisone 681 || Triamcinolone acet 799
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°
17 28 9 J; 22 22 29
Lynestrenol @58 || Epitestosterone 1234 | 5alpha-Dihydrotes 1242 | | Estriol 1243 | |Estrone 1244
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Fulvestrant 1245 || Progesterone 1246 | | Testosterone 1247 | |17alpha-Estradiol 1243 || Cholesterol 1257
32 17 18 14 16

K &

« 4 1/238 > »

» 0

Filter Structures by ID type [D Filter Pattern
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e.g. ToxCast (1860) “Bisphenol A” chemotype search (25 hits)

toxcast_ph1,2,elk.sdf ~ ] -

8 MO0@F & X

toxprint_v: ~ |4+ LA

Y

explore ToxCast HTS results

Clorophene 38 [ |Bisphenol A 44 | |[FD&C Green No, 3 173 || 2,2 -Methylenebis{4-methyl- 215 ||2,2',6,6' Tetral:hloruh]sphen 370 bond:COH_alcohol_aromatic 123 |-
H [ tert-buty_Fhenolj o ol &
3;0\:1 r;@g ) '* -
cl = ".
13 10 = % 14 c =
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o Cap
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e
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Diphenolic acid 502 Phepnlphﬂ'ualin 504 | |Bisphencl B 505 || Bisphenal F 506 | | 4-Cumylphenol 525
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11 11 H®
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ol A - : ‘m&‘ ethyl) phe&é riphenal
1
Can export list of chemotypes for 1 L
Selected Chemlcals oxyben 1460 5u||so|3en}:0ne1 1583 || 2-Hydroxybenzophenone 1301
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EPA Chemistry: What's needed

Environmental Protection

Agency
- Accurate chemical annotations of testing libraries (e.g., e A gl
ToxCast & Tox21), transparency, & reporting of error sources ;@
- Cheminformatics foundation to enable structure modeling 0" ;, ‘
,;msum“

Bottle ID (> COAID)
Solution ID (» QC ID)

Tox21Sample Tracking ﬂa[BIISQB

Public data release: ability of chemists & non-
chemists (biologists, statisticians) to access &
utilize chemical information

Public data e e
resources . Nt : SHUCIUNE-  — —
Simi|arity e ' L__,w 3
searching |-— .’ "7 5} Yo ?’*}
Use all available data (HTS+chemistry) to form TS
hypotheses, guide & inform analog selection, and T : TR
improve prediction models e 3 L K
Informed
feature-
grouping &

Incorporate chemical information into usable tools for  Dashboard linking~ ¥ highlighting

. o _.chemical'tools to-
chemical prioritization & safety assessments " assaydata I
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Questions?

- Office of Research and Development
National Center for Computational Toxicology
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