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Chemical “probes” of biological activity

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
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Toxicity Prediction Challenge:

Bringing all knowledge & data to bear on problem

Data-mining
Biologically-based QSAR _ :
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Chemotyper & CSRML “EPA

Menul=

Welcome

Erreircnmientsl Protection
Agancy

ChemoTyper Altam’ra,

J

Actions

» Open ToxPrint Chemotypes
) Open Structure File (Subset of Tox2l)
» Open Chemotype File

> Cpen Structure File
) Show ChemoTyper Tutorial (PDF)

J Send Feedback to ChemoTyper
) Send Feedback to ToxPrint

Recently Used Files
| subset toxzLdr www.chemotyper.org

CA\Program Files (x86)\Mol...per\share\subset_tox?1.sdf
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C\Program Files (x86)\Mol..are\toxprint_V2.0_r711.xml

> DSSTox_TOXCST_MAIN_02Apr2015.sdf
‘\Aa.ad.epa.goviord\RTP..XCST_MAIN_02Apr2015.5df

JOuURMAL OF
CHEMICAL INFORMATION
AND MODELING pubs.acs.org/jcm

J. Chem. Inf. Model. 2015, 55, 510-528

New Publicly Available Chemical Query Language, CSRML, To
Support Chemotype Representations for Application to Data Mining
and Modeling

Chihae Yang,*#! Alek%). Tarkhov, _[org Marusczyk, " Bmm} Bienfait," _[ohann Gasteiger,”
Thomas Klemoeder Tomasz Magdziarz, Olwer Qaaher C hrlqtof H. Se¢ hwab Johannes S'Lhwoebel
Lothar Terfloth,” Kirk Arvidson, Ann Richard," Andrew Worth,* and James Raﬂu‘nat'fr§

The ChemoTyper application was developed by Molecular Networks GmbH, Erlangen, Germany (http://www.molecular-
networks.com) under a contract from the U.S. FDA, Center for Food Safety and Applied Nutrition (CFSAN), Office of Food
Additive Safety. The XML-based substructure (or chemotype) definition language CSRML was co-developed in collaboration
with Altamira LLC, Columbus, OH, USA (http://www.altamira-llc.com).



http://www.molecular-networks.com/
http://www.altamira-llc.com/

Publicly Available Resources:

Chemotyper & 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

e Contains three subsets:
» generic structural fragments (729 total)

» Ashby-Tennant genotoxic carcinogen alerts (Ashby, J; Tennant, RW, 1988)

« cancer TTC categories (Kroes, R. et. al. 2004)
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ToxPrints: Capturing Chemistry
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Groups & Scaffolds - Defining local chemical domains
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ToxPrints: Capturing Chemistry

United States

Agency

Bonding — e.g. CX_halide alkyl-X (15 types)

bond type, order, frequency, context
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ToxPrints: Capturing Chemistry

Ly
ol

bond:PO_phosphite 2

xompxox

|
0

C C

-

C

bond:P~MN_generic 259

bond:P~5_generic 260

bond:0Q{O~0_S)_sulfi 262
de_di-

bond:00(Q~0_S)_sulfu 263
r_oxide

O
5

bond:guatN_alkyl_acycli 264
L=
£
Cu, /
g
i

Generic bond type

Alkane [C]

attachment

Quaternary N

United States
Erreircnmientsl Protection
Agancy

chain:alkanelinear_octyl 442
Ca

chainalkanelinear_decy 443
L C10

chaimalkanelinear_hexa 446
decyl C16

P A AR O I ool W
e S e i e o o

Varying chain lengths

chainalkanelinear_stea 447
ryl_C18

i e e e s

—

bond:CX_halide_alkyl-F 149
_perﬂl'.:mm_hexyl
F
Y Y.
chx A, I F
F %F % |

'aund:CH_halide_aik'_.rl-F 150
_perfluoro_octyl

F F

F
| R SRR .
F.-P‘CME.J' L KC‘\. o
F" \FF‘ I~\-..F F..- \F Fr

bond:CX_halide_alkyl-X 153
_aromatic_alkane

7

t

|

C

bond:CX_halide_alkyl-X 154
_aromatic_generic

7

B

|

|

| S

Gen

i

eric: any atom

Aromatic [C]
attachment




Erreircnmientsl Protection

United States

)
e
-
T
o
S
()]
(@)
=
LL
D
Q.
=
e
@)
=
D
L
O
e
c
T
al
nvm
_I

\

)

jmﬁ f‘\l../ l\? St

eiv13]_Z_geneiiv

(

o:m_:.m_x<:m|m5<:mlcm:m:o

ring:hetero_[7]_generic_1-Z

bond:C=N_carboxamidine_generic

bond:S(=0)O_sulfuricAcid_generic

bond:C=S_carbonyl_thio_generic

bond:quatN_generic

bond:metal_metalloid_Si_generic

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

0 O 1 O O O O O O O 0 0 O 0 0 0

0 OO O O O O O O Of O O 1f 0 O C

00O O O O O Of O O of O O 0 0 0
0 0O O O O O O 0 O 0 O O 0 0 0
0 O 1 O O O O O 0O O 0 O O 0 0O 0
00O O O O O O 0 O 0 O O 0 O 0
00O O O O O O 0 O 0 O O 0 0 0
ol o 1] o o o o o o o o o o o o ¢

ol o of o of of of of o of of of of of o ¢
0 OO O O O O Of O O of 0 O Of O 0
0 OO O O O O Of O O 0f 0f 1] 0f O 0
0 OO O O O O Of O O of 0 O Of O 0
0 O 1 O O O O O O O O O O 0 0 O
0 OO O O O O Of O O of 0O O 0 O 0
0 OO O O O O Of O O of 00 O 0 0 0
0 O 1 O O O O O O O 0 0 O 0 0O 0O
0 0O O O O O O 0 O 0 O O 0 0 0
O 10 O O O O O 0 O 0 O O 0 0O 0
00O O O O O O 0 O 0 O 1 0 O 0
0 0 1 O O O O O 0 O 0 0 O 0 0O 0

O O O O O O 1 O O O O 0 O O 1 ¢

Ol O O O O O O O O O O 0 0 0f 0

O OO O O O O O O O O 0O 0O 0 0 ¢

O 1O O O O O O O O O 0 O 0 0 0
0 OO O O O O Of O O of 0f O Of O 0
0 O 1 O O O O O O O O 0 O 0 0O 0

1 0 O O O O O O O O O 0 O 1] 0 O

0 OO O O O O Of O O o O O 0 O 0
00O O O O O O 0 O 0 O O 0 0 0

chain:aromaticAlkene_Ph-
C2 acyclic_generic

ring:hetero_[6]_N_triazine_generic

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-)_generic

ring:hetero_[6]_O_pyran_generic

O O O O 0 1 0f O

O O 1 Of 0 Of 0 O

O O O O 0 O 0 O

O O 1 O 0 O 0 O
O O 1 0O O 1] 1 0

1 O O 1] o 0O 0of 0
1 O O O 0O 0O 0of 0
O O 1] O O 0 0 0
1 0 O 1 o Of 0 0
1 0 O 1] o Of 0 0
O O 1 Of O 0 0O 0
O O O O O 1] O 0

O O O Of 0o O 0f 0

O O 1 Of 0 Of 0 O
O O 1 O 0 0O 0 O
O O 1 O 0 O 0 O
1 O O 1] o 0O 0of 0
1 1 O 1] 0O 0O 0of 0

O O 1 O 1] Of O 0

O O 1 O O 0Of Q 0
1 0 O 1] o Of 0 0
1 0 O 1] o Of 0 0
1 0 O 1] o Of 0 0
1 1) O 1] o Of O 0
1 O O 1] o 0O 0of 0

O O O Of 0o O 0 0

O O O O 0o O 0 1

O O O Of 1 of 0 O

1 0 O 0 O 0 0 0

nl
g

bond:CC(=0)C_ketone_alkene_cyclic_2-en-

1-ane_generic

bond:S(=0)O_sulfonicAcid_generic

0

bond:S~N_generic

0 1

10
11
0 0
0 0
0 0
0 0
0 0
0 0
0 0
10
10
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
[9)

0 0
0 0
0 0
0 0
0 0

bond:C=0_carbonyl_ab-
unsaturated generic

0
0
0
0
0
1
0
0
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1

bond:CN _amine_alicyclic _generic

bond:CC(=0)C_ketone_aliphatic_generic

ring:hetero_[6_6]_Z_generic

bond:CN_amine_sec-NH_generic

»bond:CX_halide_generic-X_dihalo_(1_2-)

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-
ene_ethylene_generic

O 1 1] 1f O 1 o o O 1] o1
O 1 1] 1f O 1 o 0o O 1] o1
O 1 1] 1f o 1 o 0o O 1| o1

0 O O O O 1 1f o 1 0 01

O O 1] 1f O O O 0o 1] 0o 0Of1
O O 1] 1f 1f O O 0O 1] 1 0[O
O O O 1f 1f 1) O 0O O 0f 0]

Of O O O Of O O O 1] 1] 0]0]

O O 1] 1) 1f O O O O 0O 1/1
Of Of 1] O 1f o O O 1] 1] 00
O 1f 1] 1) O 1] O O O 0O 01
O 1 1] 1f Of 1 O 0o O 0f 0]
O O 1| 1f o 1 o o O 1] o1

O O 1/ O O O Of o 1 1] 00

O O 1/ 1 o O O o 1 0o 01

0 O O 1 O O 1f o 0Of 1] 00

O O O 1f 1f O O 0O O Oof 1j1]

O O O O 1f O O 0 O 1 1/0]

0 O O O O O O 0 0O 1 00

O O O O O O 1/ o 1] 1f 0[O

Of O O 1 1f O O O 0O 0 1/0
Of O O 1 1f o O O O 0O 1/1
Of O O 1 1f O O O O 0O 1/1

Of O O O 1f 0o O O O 1 1/0

0 O O 1 1] o O 0 0o 0o 1)1
O O 1] 1 O O Of 0o 0o 0o 01
1 0 O 1 o O O o 0 0o 01
O O 1] 1 O O Of 1 o 0o 01
0 O O 1 1 o O 0O 1 1] 00

chain:alkeneCyclic_ethene_generic

UDEEPE.WK_IK _gel eric

bond:C(=0)O_carboxylicAcid_generic

bond:CN_amine_aromatic_generic

0 Q0 1

0 Q0 1

1] 00 O
1 00 0O
1 0[1] O
1] 10 1
0l 00 1

1 10| 0
0o 0[1 1

1 00 1
1] 00 0
0] 00 O
1 00 1
1 00 1
1 011 0
1 10 0O
0] 00 1

1] 0[O O
1] 10| O
1 00 1]
0o 0[O0 1

O 0[O0 1

0 00 1

0 10 0
0] Q[0 O
0] Q[0 O
1 00 0O

bond:CN_amine_aliphatic_generic

bond:COH_alcohol_aliphatic_generic

bond:CX_halide_aromatic-X_generic

ring:hetero_[6]_Z_generic

bond:C(=0O)N_carboxamide_generic

bond:NC=0_aminocarbonyl_generic

bond:COH_alcohol_generic

1 O O O 1/ 1f 0 O oOf 10 1

1 1) 1f 14 1) o 1] 1

1 0 1] 1 of 1 o 1
1 0 1f 1] 1f 1 0of 1
1 0 1] 1 1f 0o O 1

chain:aromaticAlkane_Ph-
C1_acyclic_generic

o 1] 1] 1f 1f 1 11

1 o 1f 1 1) o O 1
1 o 1f 14 1) o O 1

1 1 1) 1) 1 1 1 1

O O 1] 1f 1f O 0O 1

1 O O O 1 1 0 0

1 1 1f 1] 1) O 1] 1

1 O 1] 1] 1] O O 1

1 O O O 1 O 0 1

1 O 1f 1] 1] O 0 O
O O 1] 1) 1f 0 O 1
1 o 1f 1 1) 1] 0 1

O O 1| 1f 1f 1 0o 1

o 1] 1] 1f 1f 1 11

1 o 1f 1 1) o O 1
1 o 1f 1 1) o O 1]
O 1 1] 1f o O 1] 1

1 O O O 1) 1 0o O Of 10 1
1 1) 1) 1 1) o 1] 0
1 0o 1f 1 1) o O 1

O 1] 0 O O O 11

O 1f 1) 1) O O 11
O 1] 1) 1) O O 11

o 1 1] 1f o O 1] 1

bond:C=0_carbonyl_generic

1]

DSSTox_GSID

20197] 1

47368| 1

47271| 1

47305| 1

47346| 1

47375] 1

21244( 1

22519 1

24107| 1

47254( 1

47289 1

47311 1

47355| 1

48507| 1

48511| 1

20822| 1

21097| 1

21233] 1

21777 1

22588| 1

23322] 1

23412| 1

23645| 1

25234 1

34260| 1

47316| 1

47325| 1

47339| 1

47347| 1

47351




Similarity — in the “eye” of the

beholder

Pre-defined, standardized,

Chemical Similarity _ _ _ HEs
invariant chemical moieties

Similarity, clustering results are

database-dependent, no clear,
extractable chemical basis for

provide communicable basis
for similarity assessment

similarity provided |

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

/ Chem‘(')types \

Pre-defined features or scaffolds designed
for toxicity database coverage and
informed by SAR, public inventories, and
FDA safety assessment workflows

2H

= phenol
SACHNNS

biphenyl

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

1
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Chemotype (CT) Applications

o Chemical Inventory Profiling Comparisons
= Assess coverage and diversity of inventories
= Assess local chemistry data gaps or enrichments

o {CT-Activity} enrichments:
= Use-categories (e.g., Flame retardants)
= HTS assays (e.g., ToxCast HTS assays)
* |n vivo activity subsets (e.g., Rat Carc w and w/o metabolism)

o “Chemo-across”

= use chemotype layer to mine data and identify HTS assay
associations through {CT-Activity} enrichments

12
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Chemotype-Activity Enrichments

Create {CT-Activity} profiles for any biological activity subset to identify CT
enrichments, focus studies in local CT domains, and enhance HTS or structure-
activity signal

« HTS actives ToxPrint
o Pathway actives Chemotypes
« SAR predictions A A

e |n vivo results

H*’

= In NHO-HTS {CT'Assay}ToxCast.Tox21




Multi-electrode array (MEA) neurotoxicity S

assay (T.Shafer et al, 2017)

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

!

Determine Effects on Cell Health

2. Plates are placed in the
Axion Maestro MEA
amplifier

[ ——
R ——— !

o e CellTiter Blue™ l
T —

. 5. Remove remaining 450 pL from all wells of
4. Transfer 50 plL of media from mw mw MEA.

::::::
S

Y h—.\:r-l-u:r

v
T

MEA to 96 well assay plate. a) Add 200 pL of fresh media containing

CellTiter Blue™ reagent (Promega; 1:6
dilution) and incubate at 37 °Cfor 1 h.

b) Transfer 150 pL of media with reagent to
an opaque 96 well assay plate and
measure fluorescence at 560Ex/S90Em.

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

United States
Erreircnmientsl Protection
Agancy

» Screened 1080 ToxCast Phase lI

chemicals, incl. phl_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)



MEA Chemotype (CT) Analysis:

1) Process Fingerprint file

United States
Erreircnmientsl Protection
Agancy

Top 11 statistically enriched ToxPrint CTs for the MEA hits vs total test set
(top 11 in 34% actives; top 5 in 26% of hits)
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MEA Chemotype (CT) Analysis:
2) Visualize & convey CT enrichment
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MEA Chemotype (CT) Analysis:
3) Examine enriched CT subsets e
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MEA Chemotype (CT) Analysis:

3) Examine enriched CT subsets
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MEA Chemotype (CT) Analysis:

4) Examine overlapping CT subsets
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MEA Chemotype (CT) Analysis:

5) Modify rules for CT subsets
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MEA Chemotype (CT) Analysis:

6) Use CTs to build biological linkages
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Summarized QC Results

Tox21_All_CAS_8599

w Degrade

Pass = C (75%) or greater

Fail =D, F, Ac, Bc, Cc

Degrade = TO-Pass, T4-Fall

ND = Not Determined 23
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CT Use Case #1.
Compare 2 “inventories”
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CT Use Case #2:

Profile hew chemical
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CT Use Case #3:
CT-assay enrichment study i
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Building a public chemotype
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