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ZEPA Who am 1?

Environmental Protection
Agency

« Name: Christopher M. Grulke

- Undergraduate Education: ™
—BSE Chemical Engineering

« Job 1: Research Informatics at Pfizer

« Graduate Education
—PhD, Pharmaceutical Sciences [—
—Focus: QSAR modeling |

« Current Position at EPA:

—Title: Computational Chemist
—Duties: Research (Chem)informatics so on¢

 Analytical Chemistry Background: O
e Interest in Formal Presentation Formats: O

_ Office of Research and Development 2
National Center for Computational Toxicology
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Onward to Evil

nvironmental Protection
gency

s

The evil that men do lives after
them; the good is oft interred
with their bones.

~ William Shakespeare

AZ QU OT E 1599 Antony. Julius Caesar.act.3,.sc.2,1.74-86 E%

From https://www.azguotes.com

Office of Research and Development
National Center for Computational Toxicology
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<EPA Lets Start the “Evil”

Environmental Protection
Agency

 Evil Act | (completed 2 years ago)
—Yes, | designed the mixtures
—Yes, there were some mistakes in the mixtures
—Yes, | wanted to make them even more complicated
—Yes, you can blame me for everything

e Evil Act Il (starting now)
—Yes, | am going to talk about databases
—Yes, It may get a bit boring
—Yes, | will have all of the data
—No, You can’'t take a nap

 Evil Act lll (only if I can convince Elin and Jon)
—Yes, | want to make new mixtures to really cause problems

_ Office of Research and Development
National Center for Computational Toxicology



Mo
"EPA Goals for “Evil Mixtures”

Environmental Protection
Agency

Question(s):

 What is the relationship between NTA identification (methods) and
chemical space detected?

- Are there chemicals that cannot be detected

- If mixtures are bigger, is detection frequency less?

o If I put the same chemical in a different mixture, can they find it?

o If | put the same chemical in a bigger mixture, can they find it?

- If I put the same chemical in a mixture with an isobaric chemical, can they find it?

o If I throw in some bad QC chemicals, can they find them?

- What if | toss an ill-defined chemical in the mixture?

« Hmmm, polymers are fun...

- Maybe | should vary concentration...

_ Office of Research and Development
National Center for Computational Toxicology



SEPA  ToxCast Goals

Agency

Problem: Too many chemicals to test with
standard animal-based methods

— Cost, time, animal welfare

» Use high-throughput screening (HTS) assays to probe
possible target & pathways linked to toxicity

» Use large chemical library to probe molecular initiating
events, modes of action, adverse outcome pathways

» Develop models to predict in vivo toxicity outcomes

T Ty AL Mot




< EPA

United States
Environmental Protection
Agency

ToxCast & Tox21 Inventories:
Chemicals, Data & Timelines

Set Chemicals | Assays | Endpoints | Completion Available
ToxCast Phase | \_J 293 | ~600 ~700 2011 Now
ToxCast Phase II | 767| -~600 ~700 03/2013 Now
ToxCast E1K |_{ 800 ~50 ~120 03/2013 Now
Tox21 | { ~9000 ~80 ~150 Ongoing Ongoing
ToxCast Phase Il |_| ~900 | ~300 ~300 Ongoing Ongoing

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

~9000
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EPA
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1: EPA Orders
New Chemical

v

2: CC Procures
Chemicals

3: CC Sends EPA
<«——a. COA/MSDS
b. Inventory Report

Chemical
Contractor

[— (CO)

4: EPA Submits
Order

———»

5a: EVOTEC
Sends Plate Map

Organizing Our Chemical Library Processes

9 ChemTrack 1nventory -

Partnerships ~

Bottle Inventory
COA Summaries
MSDS and COA Files

€ There are 20,299 samples in the chemical inventory with 5,895 distinct chemicals.The inven

Inventory

Ordering ~ Data

Activity Stream

Hi Chris ! ~

tory was last updated 08/13/2018 1:08PM

]

View Options ©

Orders and
Partnerships

View Options ©

Browse

Inventory History

be

MOSAIC_Report_08122018_cg.xlsx

08/13/2018 12:08PM MOSAL

be

MOSAIC_Report_08132018.xlsx

08/13/2018 1:08PM MOSAIC created by cgrulke using

C created by kcoutros using

5b: EVOTEC
Ships Plates

—»

7: Partner Sends
Data

6: EPA Sends

Screening
» Partner

Blinded Plate Map

8: EPA Sends
Unblinded Plate Map




<ZEPA

i ta,..., ChemTrack Simple Data Model
Agency
EAdobe n n n
CoA + MSDS Extracted CoA Mosaic Bottle Shipment
Documents Identifiers Inventory File
Shipments
% Many:1 % 1:Many 1:Many
M
PDF Store COA Summary Bottles Samples
(Plate-wells
or Vials)

_ Office of Research and Development 9
National Center for Computational Toxicology



<EFPA ChemTrack Bottles

Environmental Protection
Agency

g ChemTraCk Inventory ~ Partnerships ~ Ordering ~ Data Single Chemical Search Hi Chris !

Uploaded MOSAIC Files €& Mapped & Available Bottles Unmapped Bottles ZE) External Bottles €E) Add New MOSAIC X | Create External Bottle

Mapped & Available Bottles

Show | 10 v entries Search:

Barcode Type |t Barcode COA Summary Compound Name CAS QTY Available Units Vendor SAM CPD Can Plate? Comment
Aluminium EnE- Sigma
INVALID_SUPTX0013222_INVALID | ALID_SUPTX0013222 INVALID i= 2660 i= phthalocyanine 42-8 1000 mg Chemical SAMO004888816 CPDO003650672 Yes
chloride Company
Nickle(III) carbonate 12607- sigma
INVALID_SUPTX0013294_INVALID | ALID_SUPTX0013294_INVALID i= | | 2735 i= - 250000 mg Chemical SAM004888887 CPD003650704 Yes
basic hydrate 70-4
Company
Sigma
EPA_Vial_Source_Storage BFO0OD79587 i= 18768 i= Pentabromophenol 608719 178 mg Chemical SAMO006061824 CPD001224527 Yes
Company
Sigma
. — — . . 85-44- . =
EPA_Vial_Source_Storage BFOD079581 i= 1877415 Phthalic anhydride 193 mg Chemical SAM006061820 CPD001252223 Yes
Company
Sigma
q — — 7631- . =
EPA_Vial_Source_Storage BFO00O79583 i= 18772:= TRIPOLI 86-9 196 mg Chemical SAMO006061823 CPD001252283 Yes
Company
4,4'-Methylenebis(2- Sigma
EPA_Vial_Source_Storage BFO0O0D79582 i= 18773 := N Y 101144 188 mg Chemical SAMO06061819 CPDO01307314 Yes
chloroaniling)
Company
4-sec-Butyl-2,6-di-  17540- Sigma
EPA_Vial_Source_Storage BFO0O0D79585 i= 18770:= el i8s mg Chemical SAMO006061825 CPDO004560455 Yes
tert-butylphencl 75-9
Company
Sigma
. = — 8001- B =
EPA_Vial_Source_Storage BFO00D79584 i= 18771:= Creosote ss-o 178 mg Chemical SAMO06061821 CPDO04757028 Yes
Company
tert-Amyl methyl 994- Sigma
EPA_Vial_Source_Storage BFOOD79586 i= 18769 = v Y 194 mg Chemical SAMO06061822 CPDO04757029 Yes
ether 05-8
Company
Sigma
— = -
EDA Vial Qanrra Ctarana RENNNTASAN i= 1R7IR = 3"3 91-94 109 mn Chamiral CAMNNANARTIRZ2A CDNNNATS7NIN  Vac m

[N
o

_ Office of Research and Development
National Center for Computational Toxicology
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Agencvy

ChemTrack Search

Ordering ~ Data

Slle WOl gllLI R S] © ChemTrack 1ventory ~  partnerships -
Info! Find by multiple bottles
Show 10 v  entries
aspirin
bpa Searched By Found By [F
50-00-0
tylenaol © tylenol Syrllonym from
tce Valid Source
Expert
© bpa Validated
Synonym
Expert
Q@ tce Validated
Synonym
Y Additional Filters Barcode
) TX009583
All | Soluticn | Neat
TX009584
Concentration Minimum Tox21_201196_legacy
Minimum Amount Amount Q@ 50-00-0 CAS-RN
- Approved
@ aspirin Name
Barcode
———] 00891165
TX0032515
TX003516

Office of Research and Development
National Center for Computational Toxicology

Multiple Chemical Search

DTXSID Name CASRN
DTXSID2020006 Acetaminophen 103-20-2
DTXSID7020182 Bisphenol A 80-05-7

DTXSID20213189 Tetrachloroethylene 127-18-4

Supplier QTY
LightBiologicals -
LightBiclogicals -

DTXSID7020637 Formaldehyde 50-00-0
DTXSID5020108 Aspirin 50-78-2
Supplier
Enamine

Sigma Chemical Company

Sigma Chemical Company

Neat(mg)

HIGH

HIGH

NOME

Units
mg

mg

NOME

HIGH

QTY

17831

19

Search:
0-24mM Stock(ul) 24-100mM Stock(ul) Number of Bottles
HIGH HIGH 15
HIGH HIGH 39
NONE NOME 3

Concentration (mM)

NONE NOME
HIGH HIGH
Units Concentration (mM)
mg -
ul 20
mg -

Solubility Solvent

14

Solubility Solvent

DMSO

: .

11



EPA ChemTrack Shipments

Environmental Protection

Agency
g ChemTraCk Inventory - Partnerships ~ Ordering ~ Data Single Chemical Search
All Shipment Files External Shi Unload Shinment File £
@ ChemTraCk Inventory ~ Partnerships « Ordering ~ Single Chemical Search Hi Chris
Raw Ship Shipment File
Show | 10 v p
UToronto-Peng | Vial Details
Created at|?
2018-08-06 ) ) )
13:59 Shipment File Details
2018-07-321 File name File Size Comment Vendor Name Order ID EPA Internal Order ID Evotec Order ID Evotec Shipment ID Shipped Date
15:05
EPA_Mosaic14753.csv 40303 UToronto-Peng 298 147532 11292 20180806
2018-07-31
14:52
@ Back to index page
13:04
2018-07-31
10:30
2018-05-18 Export XLS Plate Maps
14:28 & Unblinded | & Blinded
2018-05-18 Vial Details
13:14
Show | 10 v  entries Search:
2018-05-11
16:47 Barcode |i Vial_Barcode |: ISM Blinded Sample ID = Sample ID Structure ID Amount(mg) CAS_REGNO Supplier_Sample_ID = More
2018-05-11 0194733407 1502666 OC(=0)C(F)(F)C(F) @ 1502666 SAMD07001824 CPD004576314  100.0 375-22-4
16:40 (FYC(F)(F)F
2018-05-11 1141925960 1502704 OCC(F)(F)C(F) 1502704 SAM0O07001851 CPDOO7000659  100.0 423-65-4
16:36 (FIC(F)(F)C(F)
(FIC(F)(F)C(F)
C(F)(FIC(F)

. N (F)
_ Off|ce Of Research and L/CVCIUpMIHITHIL T e
National Center for Computational Toxicology
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<ZEPA

omeasaes B Ottles and Samples Need Chemistry
- Bottle Information AX f RN

—Barcode: TX013642
—CAS-RN: 28553-12-0
—Name: DIISONONYL PHTHALATE

« CoA Information
—CAS-RN: 68515-48-0

Bis(3,5,5-trimethylhexyl) phthalate
DTXSID: DTXSID0057889

Rat

CASRN: 14103-61-8

TOXCA

ST: 0

R VaAVa e
|

CH;

Diisononyl phthalate

DTXSID: DTXSID4022521

CASRN: 28553-12-0
TOXCAST: 10/450

—Name: Bis(3,5,5-trimethylhexyl) phthalate

_ Office of Research and Development
National Center for Computational Toxicology

1 related chemical
structure with this
substance

DINP branched
DTXSID: DTXSID5028665
CASRN: 68515-48-0

TOXCAST: 5/296

14



SEPA DSSTox Ancient History

Environmental Protection
Agency

Goal: Linking chemical structures to data enabling SAR Eherical Toxicity Data
. First release of data files in 2004 :@fig;ﬂ et
- Focused on high impact sets of data e ¥ &
—Carcinogenic Potency Database %}D % = '
—Drinking water disinfection by-products -uJ%
—EPA's Integrated Risk Information System T
—FDA's Maximum Daily Dose dataset DSSTox SOF Files E_‘
—EPA’s Fat Head Minnow Toxicity dataset e e
—etc... Documented
: : : Struclure-Searchable
- Managed all chemical registration for ToxCast and Tox21 | o 0 @ oden E

chemicals ifes

« By 2014, roughly 20K manually curated substance records

_ Office of Research and Development 15
National Center for Computational Toxicology



<EPA

DSSTox Current History

Environmental Protection
Agency

« 762K substance records (28.5K manually curated)
« Central database for the Comptox Chemical Dashboard

« More Goals:
—Become a hub for all chemical data relevant to an environmental scientist
—Provide batch extraction of chemical data for our user community
—Offer chemical list based views of our data
—Provide list specific search capabilities

» Check out: https://comptox.epa.gov/dashboard

Office of Research and Development
National Center for Computational Toxicology

16


https://comptox.epa.gov/dashboard

SEPA Generalized DSSTox Storage Architecture

Environmental Protection
Agency

Source Substance Generic Substance Structures
DTXRIDs DTXSIDs DTXCIDs

_ Office of Research and Development
National Center for Computational Toxicology
17



e
EPA Chemical Registration

Environmental Protection
Agency

ACToR-DSSTox Chemical Registration

Structure Browse/Curate  Export DSSTox  Chemotypes Manage Manage Add Deleted
Search Records Chemical Lists Property Data Casrns
CAS-RN matched (=20 =i B B Klﬁjlfl@)uﬂé%@ﬁ o
<b>null</b> ot L.
You are viewing the | B
record associated with o H
DTXSID5028665
CASRN: 63515-48-0 7 y T ¢
o N
Q[ 68515-48-0 ] + o o
- o s
0
tin (0] F
O
R ALk .
B, cl
(o}
_—»+_ Br
d
2, '
. =
d
O A
a a
;N DODOO00 o 3
Substance_ID: DTXSID5028665 Compound_ID:
CAS: |68515—48—D | Chemical Shown: | Markush Query v
Name: |DINI3I branched
Substance Type: | Mixture/Formulation v Private Notes:
QC Level: 'DSSTox_High 7| 2
Data Source: STN(DSSTox) Source of CAS-Compound:
mixture of dinonyl phthalated Double Stereo:

Chiral Stereo: Unspecified v

QC Notes: Chemical Form: | Organic v




EPA Chemical List Registration

Environmental Protection
Agency

SSCAS-RN ssName Hit Desc Hit Substance_ID Hit Casrn

Norgestrel Structure matched SMILES DTXSID10859541 NOCAS_859541

Mapped Identifier matched

Hit Name

13-Ethyl-17-ethynyl-17-hydroxy-
1,2,6,7,8,9,10,11,12,13,14,15,16,1
tetradecahydro-3H-
cyclepenta[a]phenanthren-3-one
(non-preferred name)

Norgestrel NAME1 DTXSID3036496 797-63-7 Levonorgestrel
o Norgestrel miﬁsg Identifier matched DTXSID3047477 6533-00-2 di-Norgestrel
Map hit Cancel
DEAEASCXxOA® 2L 0 o DEE@YC X8, P8O O
E-P.J i :":‘ gt
& H & H
/ c
4 Absolute N /J c
! ey N
+ o N o
- 5
— s
Tl F
itln F
iR P
iR "
P cl
. . p 3 a
- +
:}J ! -l o
.J * 3}1 |
o A ®J ’
4 4 D 4
- [e 3_ POOCOO0 o2 P 4
‘uEvoooo o

Substance_ID: DTXSID3036496 Compound_ID:

cas: 797-63-7 | Chemical Shown: Substance_ID: DTXSID3047477 Compound_ID:
Name: |Levonorgestrel CAS: ‘6533—00—2 | Chemical Shown:
Substance Type: | Single Compound v TS | IR Name: dI-Norgestrel

QC Level: DSSTox_High v Private Notes:

Substance Type: Mixture of Stereoisomers v |
Data Source: STN(DSSTox) v Source of CAS-Compound:

: e e QC Level: DSSTox_High v




<EPA

United States
Environmental Protection
Agency

DSSTox Chemistry Schema

¢ NI
@ fe_rompecnd_id_pracacesane INT|11)
@ Ie_eompecnes i_sucossior INT(11)

& mourss VARGHAR[ZSS)
& realiomde VARCHAR[255)
arusind_by VARCHAR| 355)
& uptated_by VARCHAR(255)
< ualind_al BATETIME
~ updated_al CATETIME

I
N

famT

s dsgion_compound K VARCHARRSS)
2 chiral gtereo VARCHARRZES)

= doukle. siome VARCHARRES )
Jehemical tyee VARCHAR|2SS)

5 eepanic_Iorm VARCHAR(255)

& mey_file TENT

» mel_fin TEXT

Jmel_fia_30 TEXT

s smios TEXT

sinhi TEAT

» o _inchi_iy VARGHAR|2SS)
2 el _inehi_key VARGHAR[ZSE)
» mest_pae_nama VARCHAR|S0O0)
3 medd_iredu_nuune VARGHARISOON)
 prabchann_ivgues_riarras VARCHAR{S000)
ol _furmala VARCHAR|258)

<ol _weight DOUBLE

& menoisatopi_mass DOUBLE

& bagmen_ocurt INT{11]

o has_deflined_motope TINYINTIN
afical_oount INT[11)

< puabchem_cid INT{11)

¢ INTIT)
= namu VARCHAR{S)

» bl VARCHAR) 255]

oy descrpsion TEXT

& nud_cuntact VARCHAR(25S )

= ury_gorkal VARCHAR[2SS)

& soume_cortact_email VARCHAR25S)
- s _wobsdy VARCHAR( 1024)

> chemapider_d INT[10)
Grtieta i N1 1)

& crwalny_Rry VAHCHAR(258]

& updated_by VARGHARIZSS)

& created_at DATETIME
#updated a1 DATETIME

s mol_image png BLOY
has_stercochemstny TINYINT{Y)
Jpubcham sources INTIT |

-+ muron_shemcal_ud_preta
< sur_rurency VAKCHARI1024)
- Boue_ G0 VARCHARESL)

3 put_wegting VARCHARI2SS] ik
U1 types VARTHAR 2S5}

43t updale mechanism VAHCHAR 2SS
At access ety VAHCHARI 2SS}

> caration complate TRNYINT(T}

»soue data updated al DATE

& Croalnd by VARCHAR{ZS)

 updaled by VAHCHAR|ZSS)

soreated at DATETIME

 updated a1 DATETIME

+ block_updates TINYINT{1
»5hon_ceseription VARCHARISON)

Office of Research and Development
National Center for Computational Toxicology
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) i T
» 30_ganaric_sibstnnca_i INT|11)
# I _comnpound_id INT|11)

» ankationship VARCHAR355)
st VARCHARYI56]

< cmaled_try VARCHAR(255)

» wpxdatund_try VARCHAR(258)

+ awatwsd_al DATETIME

+ updatd_at DATETIME

ouess >

i g

Bl =

! i BIGINTIED
S gonenc substance g INT(11)
2 dentfier VAHCHAR2000]

2 Sponym. Type VARCHAR(SS)
Fank INT{11)

]
I
I
]
|
I
I
I
|

e

TR

o+ ramg VARCHARY 285}

» bl VARGHAR|2S8)

» dageriprion VARCHARI2GS)
& creatna_iny VARGHAR(SS)
& upciarnd_bry VARGHAR(255)
J craated_m DATETIME
 wpciaton_s DATETIME

C i INTIH)
» B0_pramicnl_list_ed INT{11)
» s _raoord_id VARGHARSS |

RN
W1 _gonerc suasance id INT11]

# cagn VAHCHAHZES)
| o cas type VARCHAR(2YS]
| b source VAHCHAHIZSY)
0o notes VARCHAR 1024)
s cruming by VARGHAR|ZSS)
& updntea by VARCHAR|2S5)
| s rronind at DATETIME

1 i INT)

31 spurce substance i INT(11)
O IK_genonc_guostance id INTTT1)

—_— - HE s phemal_id Jconnecrion reason YARCHARZSS)
: ' wariegye VARCHAR, 355) » imkage score FLOAT
+ d INTI) & cwalned_by VARCHAR(355) b 2 UMDY vlicaned TINYINT(1)
ARG, INT(1) = wpdaled_by VARCHAR(255) s notes VARGHAR 1024)
M YARCHARE ) - o clud_al DATETIME o rrnainel_by VARGHAR(Z5S)
— S ertion_typs VAHEHAR| 255} i & upaled_at DATETIME & upaated_by VARGHAR[ZSS)
: 4 cenaing_at DATETIME

J updated by VAHCHARIESS)
=g >oreated al DATETINE
Jupaatod al DATETIME
+abo! VAHCHAR(2S5)

]
]
]
: s ereated by VAHCHARZSS)
]
L

3 f_source_substance_ denslier_parect NT(11}

_notus VARCHAR(255)

upaiated_ar DATETIME

i INTIA) & upanten_ar DATETIME
= e_ge_ bl sl INTTTE) ™ D L
- dssdox_sutstance o fi+ & S8 ganare subsance | predecosser BT
R T — % genarc_substance I successor INT(11)
o pretermd_nama VAHCHAR[2LS] 2 relationship VARCHAR 255)
% substance_type VARCHARZGE, i - 4 O souree
6 ok VARIGHAFY 1024} S retes VARCHAR1024]
== M e notes povala VAHGHARIIDZ4) J mivien_parcanmge DECIMAL (10,0)
2 soue VARCHARIZSS) [  paecaminge_type VARGHARIZSS)
Crouea_by VARCHAR255) \ +is_noaensn_srucaen TIHYINT(1)
» updsted by VARCHARIZSS) 1 el B neacoat_enarn TINVINTI1)
»ereaied al DATETIME & craad_by VARGHAR|265)
» upriatod_oy VARGHAR|255)
» ereatnd_m DATETIME
1 INTi11) » upesated_m DATETIME
& e _gymic_pminsarco_i INT1) | (T >

o
|
|
|
I
|
|
|
|
|
|
I
I

2 dunifior VARCHAR] 1024)

 myrnym,_guaity VARCHARZSS)
| = yronym_iyos VARCHAR(2SS)

e - i _noos VARCHAR 1024}

woaled_by VARCHAR(255)

| & uptated_by VARCHAR(25S)

| & cwatud_at DATETIME

| & updated_at DATETIME

wouse VARCHARIZSS)
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<EPA — Link ChemTrack CoA Summaries to DSSTox

Environmental Protection
Agency

Llsts

Many:1 % 1:1 %
—

Source Substance Generic Substance Structures

DTXRIDs DTXSIDs DTXCIDs %
Shipments
% Many:1 % 1:Many 1:Many %
M M

PDF Store COA Summary Bottles Samples
(Plate-wells

Office of Research and Development i )
_ National Center for Computational Toxicology or VI aIS 21
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EPA Wait, weren’t we making mixtures...
Sronmenial Protsction “EVIL MIXTURES”

Question(s):

 What is the relationship between NTA identification (methods) and
chemical space detected?

- Are there chemicals that cannot be detected

- If mixtures are bigger, is detection frequency less?

o If I put the same chemical in a different mixture, can they find it?

o If | put the same chemical in a bigger mixture, can they find it?

- If I put the same chemical in a mixture with an isobaric chemical, can they find it?

o If I throw in some bad QC chemicals, can they find them?

- What if | toss an ill-defined chemical in the mixture?

« Hmmm, polymers are fun...

- Maybe | should vary concentration...

Office of Research and Development
National Center for Computational Toxicology
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<EPA

General Mixture Plan...

Environmental Protection
Agency

400
¥ 5 NTA method “controls”
[ 350 "' Grade A replicate 90 set
8 Grade A test substances
% 300 ¥ Grade A isomers & isobaric compounds
c . Challenge set of isobaric & <80% purity
QO 250
e
@)
E 200
E
> 150
Z
100
50

o — — — —
2 3 4 5 6
Mixture Number

_ Office of Research and Development
National Center for Computational Toxicology

10 Prepared Mixtures:
1,939 total spiked substances
1,269 unique substances:

1 - spiked 11 times
4 -> spiked 10 times
57 - spiked 4 times
33 - spiked 3 times
388 - spiked 2 times
786 - spiked 1 time

23



SEPA Limiting My “Evil”

Environmental Protection
Agency

Comments from Confluence Page on Mixture Creation
September 2015

 Jon Sobus: How loose do you want to get with
respect to QC levels for the "messy
mixtures"? I'm a little worried that a messy
mixture with 384 might be too difficult.

 Chris Grulke: I think it might be difficult, but not
more difficult than dealing with a real media
sample.... Muhuhahahahaha!

_ Office of Research and Development
National Center for Computational Toxicology



iod States _ “Easy” Mixtures

General Easy Mixtures (2,3,4,6,8) Embedded Set Mixtures (1,5,7)

1. Sample available in the 1. Obey rule 1-4 of General
ToxCast Library Easy Mixtures

2. Samples Passed Analytical QC 2. Mixtures of 95,185,365 all

3. No isobaric conflicts (based on embedding a common 95
5 ppm resolution) chemicals

4. Span the logP and
monoisotopic mass range

5. Only controls duplicated

_ Office of Research and Development . 25
National Center for Computational Toxicology




S EPA Selecting the “Control” Chemicals - Mixture

United States

Eggi;g:mental Protection PI I Ot Su ccesses

« 947 chemicals identifier in  EEESEN pssTox_name  “C-2"9-C ¢ score  LC_mode e
priority - C - concentrations
dust
1 1085-12-7 Heptylparaben yes A neg and pos yes
° 100 Selected and placed 2 120-32-1 Clorophene yes A neg and pos yes
. . . 3 13674-87-8 | TDCPP yes A neg and pos yes
In a blinded mixture r—
4 84-61-7 | Dicyclohexyl phthalate yes A neg and pos yes
° 58 were |dent|f|ed When 5 94-13-3 |  Propylparaben yes A neg yes
. 6 105-99-7 Dibutyl hexanedioate yes A pos yes
performing NTA on the _
. 7 63-05-8 |4-Androstene-3,17-dione yes A pos yes
m |Xtu re 8 63-25-2 | Carbaryl yes A pos yes
. 9 77-93-0 Triethyl citrate yes A pos yes
- Jon pleed 13 Tris(2-ethylhexyl)
. 10 78-42-2 phosphate yes A pos yes
° I pICked 5 | 11 | 84-66-2 | Diethyl phthalate yes A pos yes
12 125-33-7 Primidone yes A neg and pos yes
13 4559-86-8 | 1,1,3,3-Tetrabutylurea yes A pos yes
_ Office of Research and Development 26
National Center for Computational Toxicology

Rager, J.E., et al., 2016. Environ. Int. 88, 269-280



‘?’FPmA . Making Hard Mixtures
Isobar Mixture (9) Isobar and QC Falil Mixture (10)
1. Sample available in the 1. Dump in the rest of the
ToxCast Library Isobars from the library
2. Samples Passed Analytical QC 2. Add some things which we
3. All isobaric conflicts (based on detected during QC, but with
5 ppm reso|uti0n) with concentration Issues.

conflicted chemicals run
iIndividually in Easy Mixtures

_ Office of Research and Development . 57
National Center for Computational Toxicology




< EPA

United States
Environmental Protection

Agency
Al

+

.

2
y

-
«

-

_..l

(¢ UG OO

ALK

Calculate from Structure

Substance_ID:
CAS:

Name:

Substance Type:
QC Level:
Data Source:

QC Notes:

DTXSID30892536
NOCAS_892536

NTSMIX_Mix1

Mixture/Formulation v
Incomplete v
Public v

A mixture of chemicals sent
to collaborators as part of a
study to evaluate the
capabilities and limitations
of various NTA methods in
identify chemicals

Mixture Sample Documentation

Compound_ID:
Chemical Shown:

Private Notes:

Source of CAS-Compound:
Double Stereo:
Chiral Stereo:

Chaemiral Farm-

No Structure v

Substance registered to
enable loading of EVOTEC
shipment files for
daughter platings.
Additional mapping of
successor substances
(mixture components) is
needed



EPA Lets Start the “Evil”

Environmental Protection
Agency

e Evil Act Il (starting now)
—Yes, | am going to talk about databases
—Yes, It may get a bit boring
—Yes, | will have all of the data
—No, You can’'t take a nap

« Evil Act lll (only if I can convince Elin and Jon)
—Yes, | want to make new mixtures to really cause problems

_ Office of Research and Development
National Center for Computational Toxicology



<EPA _ Covered Generalized Data Model

Environmental Protection
Agency

DSSTOX CHEMISTRY

Many:1 % 1:1
M

Source Substance Generic Substance Structures
DTXRIDs DTXSIDs DTXCIDs
CHEMTRACK
% — % — — % %
M M
PDF Store COA Summary Bottles Samples Shipments
(Plate-wells

Office of Research and Development i )
_ National Center for Computational Toxicology or VI als =



< EPA

Office of Research and Development
National Center for Computational Toxicology

The “Evil” Dashboard Taskmaster

Environmental Protection
Agency

| Need
PhysChem Data

| Need
QSAR Predictions

| Need
ToxCast Results

| Need
In Vivo Toxicity
Data

| Need
Analytical QC Data

31



EPA | Need PhysChem Data...

Environmental Protection
Agency

DSSTOX CHEMISTRY

Many:1 % 1:1
M

Source Substance Generic Substance Structures
DTXRIDs DTXSIDs DTXCIDs
CHEMTRACK
% — % — — % %
M M
PDF Store COA Summary Bottles Samples Shipments
(Plate-wells

Office of Research and Development i )
_ National Center for Computational Toxicology or VI als -



SEPA | Need PhysChem Data...

Environmental Protection
Agency

1:Many DSSTOX PROPERTIES

Source

Details Many:1

Measured Data Properties/
Endpoints

DSSTOX CHEMISTRY

e

Source Substance Generic Substance Structures
DTXRIDs DTXSIDs DTXCIDs

_ Office of Research and Development
National Center for Computational Toxicology m

CHEMTRACK



SEPA | Need In Vivo Toxicity Data...

Environmental Protection
Agency

DSSTOX PROPERTIES

— %

Measured Data Properties/
Endpoints

1:Many

Source
Details

DSSTOX CHEMISTRY

e

Source Substance Generic Substance Structures
DTXRIDs DTXSIDs DTXCIDs

_ Office of Research and Development
National Center for Computational Toxicology m

CHEMTRACK



<ZEPA

omeasaes | Need In Vivo Toxicity Data...
Agency
1:Many TOXREF
§ Source
S Details
Endpoints Effects <
H
% Lty Many:1 Measured Date
Guideline Study Chemical DSSTOX CHEMISTRY
Details
TOXVAL
1:Many % Many:1
Source —————
Details
Toxicity Toxicity Fherleale Source Substance

DTXRIDs

Types Values
_ Office of Research and Development 35
National Center for Computational Toxicology

CHEMTRACK



<EPA | Need CPDat...

Environmental Protection
Agency

% e @ TOXREF

Source

<
o .
S Details
Endpoints Effects <
H
L Many Many:1 Measured Date
Guideline Study Chemical DSSTOX CHEMISTRY
Details
TOXVAL
1:Many Many:1
Source —————
Details
Toxicity Toxicity Fherleale Source Substance

DTXRIDs

Types Values
_ Office of Research and Development
National Center for Computational Toxicology

CHEMTRACK



Measut

1:Many Many:1 @
<EPA Deed CPDat@...

United States

Agonoymental Fretecgsn iqaline Study Chemical
Details

DSSTOX CHEMIS

TOXVAL

1:Many Many:1
Source ——
Details
Toxicity Toxicity Clarieals Sourg(_erig
Types Values
CPDat CHEMTRACK
1:Many
% — E
ﬁ
Product Products
Categories % Chemicals Ll siene COA Su
I e Functional

Uses



1:Man :
e EPA - y | —_ Many:1 {m‘ / Measur
\ Y 4 - :
omeasaes LA | need Predicted Properties...
Agency Guidenne Swuuy Chemical — <~ .OX CHEMIST
Details %
TOXVAL )
Lists
1:Many @ Many:1
Source ———
Details
Toxicity Toxicity Ereriiesls Sourg?rilg
Types Values

CHEMTRACK

CPDat

% Many:1 &
A ——

x>
Product Products Source
Categories % W Chemicals PDF Store COA Sul
_ (Njgtii(c:)(rela?lfCRe(?IStgr"'jl ;grhcaé)nn?pzfavt?clgglmrgzitcoIogy Fu n Ctl on al 38
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SEPA | need Predicted Properties...

Environmental Protection
Agency

DSSTOX MODELS

—

Learning
Methods

DSSTOX PROPERTIES

Predicted
Data

Measured Data Properties/

Endpoints
DSSTOX CHEMISTRY ,
Descriptors
Dataset
Many 1 1:1
Applicability
Domain
Source Substance Generic Substance Structures

O;ﬁé&f%ﬁ S%nrgpzteavtﬁ)lgglmrggfcology DTXSI DS DTXCI DS



SEPA | need ToxCast Results...

Environmental Protection
Agency

DSSTOX MODELS

—

Learning
Methods

DSSTOX PROPERTIES

Predicted
Data

Measured Data Properties/
Endpoints

DSSTOX CHEMISTRY ,
Descriptors

Dataset

Many 1 1:1 %
Applicability
Domain

Souor;ce SubstadrllceI t Generic Substance Structures
aﬁé&f%ﬁ é:)mputea\llt?oggl Tgxmology DTXS | DS DTXC' DS 40




et Lostance | need ToxCast Results..

Eg‘gmﬁlrbgo-tec;tion N N B R L/ 1 I\\VIL/JOD
M
COA Summary Bottles Samples Shipments
(Plate-wells
or Vials)
INVITRODB
EEEEEEI E;EEEEI ‘Eigigi
Raw Data Curve Fits Fit Quality Flags

_ Office of Research and Development
National Center for Computational Toxicology

Applicability

41



v EPA Its all too much! A path forward...

United States
Environmental Protection
Agency

Fit-for-purpose
technologies

Application/Analytics Layer

Virtual Databases (VDB's) — using Data
Virtualization technology and some may
be physical data especially high volume

s Data Object Layer
(Fit-for-Purpose)

Chemistry BioAssays Chemical

Fit-for-purpose
technologies (technology
ecosystem)

Exposure Risk GenRA LitDb

Persistent Layer

(0

- Data orchestration using

Pentaho (PDI) / or other

ChemTrack @

technologies

IUInstr ctured/ M

uctu Pubmed

structured - " Data Source Layer
 structured |

| Raw data processing

and data curation,

_ Office of Research and Development
National Center for Computational Toxicology

quality tools

Contribution: Jeff Edwards and Amar Singh



<EFPA Supporting Chemical Relationships

Environmental Protection

Agency
|____ ] { _ ] { :___l { ____l
HAZARD Searched Chemical T Predecessor. Component 1 Predecessor: Component Il Predecessor: Component 1 Predecessor: Component
» ADME - . . :
3 related chemical 3 related chemical 4 related chemical 2 related chemical
» EXPOSURE HO structures with this structures with this structures with this structures with this
» BIOACTIVITY substance substance substance substance
SIMILAR COMPOUNDS
Phenol Carbonic dichloride polymer with 4,4'-(1... Mixed esters of phosphoric acid with [1.... 1{or2)-Phenoxypropanol Phenol-formaldehyde resin
CENRABETA DTXSID: DTXSID5021124 DTXSID: DTXSID50872810 DTXSID: DTXSID608T2765 DTXSID: DTXSID6029759 DTXSID: DTXSID2049713
{ ) CASRN: 108-95-2 CASRN: 73080-30-4 CASRN: 1003300-73-2 CASRN: 41593-38-8 CASRN: 9003-35-4
TOXCAST: 3/539 TOXCAST: 0 TOXCAST: 0 TOXCAST: 0 TOXCAST: 0
RELATED SUBSTANCES
SYNONYMS O O O O
Predecessor. Component T Transformation Parent 1 Transformation Product Il Transformation Product 1 Transformation Product
» LITERATURE OH |0|'
3 related chemical ; 0—s5—0 0=—5—0H
LINKS
structures with this b OH HO
bst &
supstance
OH
Phenol-formaldehyde-ammonia polymer Benzene 4-Mitrophenol m-Phenolsulfonic acid o-Phenolsulfonic acid
DTXSID: DTXSID8049624 DTXSID: DTXSID3039242 DTXSID: DTXSID0021834 DTXSID: DTXSIDS060406 DTXSID: DTXSID902740356
CASRN: 35207-54-2 CASRN: 71-43-2 CASRN: 100-02-7 CASRN: 585-38-5 CASRN: 609-46-1
TOXCAST: 0 TOXCAST: 0 TOXCAST: 13/571 TOXCAST: 0 TOXCAST: 0
1 _:I
Transformation Product T
HO
HO

_ Office of Research and Development 43
National Center for Computational Toxicology
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EPA UVCB Chemicals

Environmental Protection
Agency

Environmental Topics Laws & Regulations About EPA Search EPA.gov Q

TSCA Chemical Substance Inventory conmwcrus - suee (5) @) @

TSCA Inventory Home

T —— Chemical Substances of Unknown

accessthenventory or Variable Composition, Complex

Poley and uidance Reaction Products and Biological
Materials (UVCB Substance) on
the TSCA Inventory

This paperis a compendium of information related to the broad class of chemical substances
referred to as UVCBs for the Toxic Substances Control Act (TSCA) Chemical Substance Inventory.
These chemical substances cannot be represented by unique structures and molecular formulas.

« UVCB chemical examples
— Surfactants with undefined composition
— Petroleum Distillates
— Gelatins, hydrozylates
—Formaldehyde, reaction products with diethanolamine
— Fatty acids, linseed-oil, compds. with triethylamine

_ Office of Research and Development
National Center for Computational Toxicology



<EPA

United States

Environmental Protection

Agency

= Successor Substances (209)
T T

___F

0000000000000 00

|323"?4-15-6 | is a Representative Isomer of thi: |Dmlma5: TV | Bl | ST
|2051-Eﬂ—? | is a Representative Isomear of thi: |
a
|2051-E~1—8 | is a Representative Isomer of thi: | l
|2051-E~2—9 | is a Representative Isomer of thi: |
2,4-Dichlorobiphenyl
34282437
|13DZEI-{IIE-B | is a Representative Isomer of thi: |
|15E~DE-91-? | is a Representative Isomer of thi: |
|255'EEI-BU-'E | is a Representative Isomer of thi: | -’
|33234-5CI-3 | is a Representative Isomer of thi: |
2.3 4.4 5-Pentachlorobipheny
31508-00-6
|34BBB-43-? | is a Representative Isomer of thi: |
|34BBB-39-1 | is a Representative Isomear of thi: | o o .
|3314E-45-1 | is a Representative Isomer of thi: | O O
|2CIED-E?—1. | is a Representative Isomer of thi: | oo
2,2 3,5 B-Pentachlorobipheny]
|25IJ"4-92—? | is a Representative Isomer of thi: | RS
|25IJ"-4- 90-5 | is a Representative Isomer of thi: | Public ¥ |
|34BBB-41-5 | is a Representative Isomer of thi: | Public ¥ |
|205D- 68-Z | is a Representative Isomer of thi: | Public ¥ |

Chemical Families (e.g. PCBSs)

2.2,4,4"Tetrschiorobiphenyl
2437708

3.2'.4.4 5-Pentachlorobiphenyl
ST465-25-8

2,2,3,5-tetrachlorobipheny!
41484-305

Related Chemicals
Found 209 chemicals

cl
ﬂﬂ
cl

3.2'4.4'-Tetrachlorobinphenyl
32508133

a

1
: O Q "
!

fal

5

2.Z.4.4 5 5" Hexachlorobiphenyl
28085-27-1

[a] C
: Q Q
i «

2,2,4,5,5-Pantochlorobipheny
3TEIO-TA2
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SEPA Data linkage breakdown

Environmental Protection

Agency

Lists

E——

Source Substance Generic Substance Structures
DTXRIDs DTXSIDs DTXCIDs

Measured Data Properties/ Predicted
Endpoints Data

Models

_ Office of Research and Development 46
National Center for Computational Toxicology
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"’EPA ChemAxon Markush Technology

Environmental Protection
Agency

é@’b C h em AX on Support Tickets Events Jobs Contact Us Search ChemAxon... n

Products w Download Support v Services v Aboutus v Web Store & tony27587@gmail.com v
Home > Products » Markush Technology
T:ln‘ Marku5h TEChnOIOgy Download in JChem Download the Editor

TOOLKIT FOR THE ANALYSIS OF VIRTUAL COMBINATORIAL s it i

LIBRARY AND PATENT MARKUSH STRUCTURES with virel methodologies.
Markush structures, or generic structures, are widely used in combinataria o ekl | T B~

.- il TR, !
libraries and chemical patents to define large chemical spaces. ChemAxon =— == = -
provides the most advanced Markush technology, including rapid R ﬁ 5o b U-:-:Tf BuoE
structure search in Markush space, enumeration, overlap analyses, and o T "_-(, " )
automatic Markush composition. All Markush analysis features are R O il
available as an add-on for ChemAxon’s IChem technology [JChem Base, H.oo . 9| 7R i P 5 g
TG G e S

IChem Cartridge and Instant JChem). mlRRirat Pl LI

_ Office of Research and Development
National Center for Computational Toxicology



SEPA Update Record

Environmental Protection

Agency a— -
DE@%°CXx0ar8e0

B3RP T 000

ALR_.

Calculate from Structure

Substance_ID: DTXSID4028331

CAS: 67762-41-8

MName: C10-16 Alcohols

Substance Type:|Mixture/Formulation Al
QC Level: DSSTox_High v

Data Source: STM({DSSTox) ¥

SDA (Soap and Detergent
Association) Reporting Number:
15-060-00. SDA Substance

QC Notes: Name: C10-C16 alkyl alcohol

___k
c i

Cl

Br

Compound_ID:
Chemical Shown:

Private Motes:

Source of CAS-Compound:
Double Stereo:

Chiral Stereo:

Chemical Form:

Organic Form:{Parent ¥ ]

Markush Enumerable ¥

Public v
Mone v
MNone v

Organic v
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<ZEPA

United States
Environmental Protection
Agency
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Measured Data Properties/ Predicted
Endpoints Data

Models

49

_ Office of Research and Development
National Center for Computational Toxicology



S EPA Collecting Property Distributions for Markush

United States

E;\éi;g‘?mental Protection I\/I e m b e r S

Melting Point

Boiling Point
Surface Tension
LogKoa: Octanol-Air
Henry's Law

Index of Refraction
Molar Refractivity
Molar Volume

Polarizability
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Source
PhysPropNCCT

Source
NICEATM
ACD/Labs
TEST
OPERA

2 52e-05 mmHg

5 23e-05 mmHg
1.24e-04 mmHg
1.24e-05 mmHg

1.33e-05 mmHg

Result

Result

Experimental

Predicted
Calcu
Not Available

Mot Available

TEST Report

I OPERA Model Reportl
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Metting Poin OPERA Predicted Vapor Pressure

LE-03 1E-01 10

e

1-Undecanol
112-42-5 112-30-1

QMRF

# CHEMICALS

1.E-04 1E-03 1.E-02
VAPOR PRESSURE (MMHG)
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e There is a lot of data
« We want to connect it all

 Please, share your priorities through the Comptox Dashboard!
https.//comptox.epa.gov/dashboard
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“Evil” Status

Environmental Protection
Agency

 Evil Act Il (only if I can convince Elin and Jon)
—Yes, | want to make new mixtures to really cause problems
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