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DATA AND MORE DATA

=Over the years, regulations, standards, and other systems (incl. MSDSs, L-
CSSs) have been developed to educate and protect people at risk

"Large amount of data being stored /displayed in repositories, Books (incl.
PubChem, T3DB, Bretherick’s), Electronic Laboratory Notebooks

=> More known knows

*Great divide between # of available entities and # annotated entities

"How can | synthesize my next blockbuster drug without burning the building down 2

*"What would compound X be transformed into, when interacting with Compound Y
or Protein P.

=> More known unknows

HOW CAN | RAPIDLY IDENTIFY SIGNIFICANT HAZARD RISKS?



ORGANIZING THE DATA

O Kingdom | Organic compounds Kingdom Organic compounds

Superciass | Organooxygen compounds I Superclass  Organooxygen compounds

Class Carbonyl d
Woonyleompounee II Class | Alcohols and polyols

Subclass Ketones S
Subclass Tertiary alcohols

Level 5 Cyclic ketones —~

Kingdom: Animalia
Phylum: Chordata
Class: Mammalia
Order: Artiodactyla
Family: Giraffidae
Genus: Giraffa
Species: G. camelopardalis

Kingdom: Animalia
Phylum: Chordata
Class: Aves
Order: Sphenisciformes

Family: Spheniscidae

Genus: Aptenodytes

Species: A. patagonicus

ChemOnt (ClassyFire) and The Linnean Taxonomy



CLASSYFIRE & CHEMONT

Ontology Tree Editor 2 P0G 2 _0Ox

4+— B Azahomoaporphines
4— H Benzophenanthridine alkaloids Text Editor
[ 4— B Betalains ID

4+— B Camptothecins

4— B Cephalotaxus alkaloids Namespace
i Cinchona alkaloids Name
i Colchicines °
i Condylocarpan alkaloids
i Correantan alkaloids
i Corynanthean-type alkaloids
a
1]
1]

Graph Editor | Text Edi é

C  @®|classyfire.wishartlab.com/gueries/new#text-query

~

About ClassyFire Contact Advanced Search

agify
]8::\:-[. Y

ClassyFire

Chemical
Definition Protein/DNA/RNA

IUPAC Name

Fungal metabolites s
presence of an isoinc¢
ring, which can eithel
carbonate, as in cyto
cytochalasin D, H, a1

Cularin alkaloids and derivatives
Curan alkaloids

Cytochalasans

B Alachalasins

i Aspochalasins

B Chaetoglobosins

B Cytochalasins

B Pyrichalasins
Daphniphylline-type alkaloids
Eburnan-type alkaloids
Ellipticine alkaloids

Emetine alkaloids Input

Epibatidine analogues s

Tt

m

Chemical Input Draw Structure Upload A SDF/TSV File

=

=

Ergoline and derivatives
Ervatamia alkaloids
Erythrina alkaloids
Gelsemium alkaloids

LI ey

Harmala alkaloids
Hacihanan alkalnide

Extended Info
Total terms = 4823

G _OX

Chemical entities (CHEMONTID:9999999) has 4822 de...

terms with 0 parents: 1 ( < 1%)
terms with 1 parent: 4822 (99%)

100% of terms have definitions (4823 of 4823)

Reasoner: OFF
Memory: 40% of memory free

cytochalasan alkaloi
Scope: Related Syn
Type: ChEBI TERM

Cytochalasins
Scope: Related Syn
Type: LIPIDMAPS T

Alkaloids
Scope: Broad Synor

Trimethylsilyl chloride
2-(chloromethyl)oxirane

InChl=1S/C3H9CISi/c1-5(2,3)4/h1-3H3 [€

CICC1CO1 |€

Provide one entry per line containing a SMILES or an InChl string, optionally preceded by an identifier. The

line must be tab-separated.

Label

Dangerous combination

InChl or SMILES

Provide a name for the data sample (optional). You can provide multiple tags separated by *|'.




& > C ‘@» classyfire.wishartlab.com/entitie%/lJOOHPMOJXWVHK—UHFFFAOYSA-N{(—|nCh|Key

y =

Taxonomy Tree
i CH,
| Kingdom | Chernical entities |
1 | Cl—Si—CHj,
—{_Superclass |Inorganic compounds |
—‘\ Class | Mixed metal/non-metal compounds

This approach was applied to classify
........................................ i,he PUbChem ddfdbase, qnd a

.................................................... number of other repositories.

Alternative Parents

Molecular Framework
Not available

Substituents

Metalloid chloride - Trialkylchlorosilane - Trialkylheterosilane - Silyl monohalide - Organoheterosilane - Organochlorosilane - Alkylhalosilane - Hydrocarbon derivative - Organosilicon

compound - Organic metalloid moeity

This compound belongs to the class of chemical entities known as metalloid chlorides. These are inorganic compounds in which the largest halogen atom is Chlorine, and the heaviest

metal atom is a metalloid. &




Epoxides mixed with
Chlorosilanes

Trialkylchlorosilanes
(CHEMONTID:0004480) Hazard Predictions

Cl
Trimethylsilyl chloride

Flammable: Reaction products may be flammable

Generates gas: Reaction liberates gaseous products and may cause pressurization
Generates heat: Exothermic reaction at ambient temperatures (releases heat)
Intense or explosive reaction: Reaction may be particularly intense, violent, or
explosive T

» Toxic: Reaction products may be toxic

_||_

Chlorosilanes may react with epoxides to liberate toxic halocarbon and HX gases (J. Org. Chem.,
1998, 63 (8), pp 2428-2429).

Epoxides Vinyl trichlorosilane is incompatible with alkylene oxides and epichlorohydrin (Pohanish, Richard
(CHEMONTID:0000159) P. (2004). HazMat Data - For First Response, Transportation, Storage, and Security (2nd
Edition). John Wiley & Sons).

2-(chloromethyl)oxirane

ClassyFire CAMEO/Bretherick’s
Prediction is often a bit more complex than this Organic peroxides Peroxides, Organic
Carboxylic acids Acids, Carboxylic
Epoxides Carbamates
« 70 classes from the Enhanced NOAA Worksheet |
and the Bretherick’s Handbook were mapped to | THiclkylchlorosilanes Chlorosilanes
ClassyFire Metal p-nitrophenoxides Metal nitrophenoxides




CHEMONT FOR DATA INFERENCE

GO Function, Location,

Process
UniProt Human Phenotype
1) Aryl hydrocarbon receptor (P35869) Vomiting (HP_0002013)
2) Transient receptor potential cation channel Diarrhea (HP_0002014)
subfamily A member 1 (O75762) Anemia (HP_0001803)

Cl O Role
—> c?g’;g‘;‘g:.ﬁm%‘:g';g)"s Insecticide (CHEMONTID:XXXW)
' (CHEBI:24852)

3-Chlorodibenzofuran

l Exposure
. i Dermal (CHEMONTID:2OCOKXX)
CHEMINF: Chemical
Descriptors Ingestion (CHEMONTID:2XXXY)

Inhalation (CHEMONTID:XXXZ)

* Compounds targeting AhR that might induce vomiting upon inhalation



BIOTRANSFORMER

Given a compound, predict
its metabolic fate

Accept SMILES, INCHls,
MOL, or SDF format

Combine Machine Learning
& Rule-based approaches

Make use of ClassyFire
fingerprints to predict
metabolism

NO

E.g.: CYP3A4

NO

Phase 1

C

N

Cl

Hy

\,

~

H
N CH,
\/”\ )\
N
H

YES

N CH,

Atrazine

CH,

NH
NI)§N
)\ /)\
Cl N NH,
1) N-Desiopropylation

2) Hydrolytic dehalogenation of aryl halide

Phase 2

Human gut microbial
Environmental
Promiscuous

N-Deisopropylation:

(H3:X4:A)
C

1(X3)N (H1X4) ———————— N
1;(X3)

C
(H3:X4:A)




= |dentification of putative metabolites upon
absorption of chemicals by humans (e.g. in the

lab)

‘o m Chemicals absorbed /produced by humans are

deposited into the environment, and possibly

Metolachlor CYP2B6ICYP3IAY/ CYPZB6/CYP3A4
CYP2A6

transformed by plants, other (micro-)organisms

J/”uc, l w—X / .. ® BioTransformer could be helpful in the
o o K /" —{"":u, k assessment environmental Toxicify
\©/\ \©A : / _\>_\ j_ ‘-
CYP3A4" CYP2AGIEN - \ o )

\

O
| | %

Examples of predicted Metolachlor metabolites



- CFMID: MS SPECTRA PREDICTION

« Competitive Fragmentation Modeling (CFM):

« In-silico mass spectrum prediction

Cl
R
S m—
/
Cl
dichlorodisulfane

1 r

« ClassyFire: Grouped test compounds by chemical class

« Looked for systematic errors in CFM output

WeightedR, WeightedpP,

100.00000, 100.00000, Halogen organides, 1, [NIST2011_1512]
94,99930, 98.77140, Isocyanates, L5 [NIST2011_21462)
99,77530, 88.36015, Propargyl-type 1,3-dipolar organic compounds, 2, [NIST2011 103606,NIST2011_6342)
98,75780, 78.89390, Organic oxides, 1, [NIST2011_20873)
99.36208, 86.06613, Thiocarboxylic acids and derivatives, 11, [NIST2011_10834 ,NIST2011_11702,NIST2011_22¢
87.85070, 99,.34819, Trithianes, 1, [NIST2011_110785)
97.95420, 78.24545, Dihydrothiophenes, 2, [NIST2811_17386,NIST2011_30186)
96.03668, 81.92703, Acyclic alkanes, 38, [NIST2811 22415,NIST2011 22420,NIST2011 22538,NIST2011 225:
99,5479, 96.39170, Imidothioic acids and derivatives, 1, [NIST2011_22908]
97.982516, 85.31649, Cycloalkenes, 29, [NIST2011_105571,NIST2011_122015,NIST2011_134728,NIST2011_17471,NI¢
97.57768, 86.49059, ()i.‘llk','l.]"im‘-‘., 24, [.‘Jl%f?ﬂl1_191')*!40,“[‘»T7911_]06i,.‘”%f?ﬁ]l_ll‘)')iB,NIST?()]I_I?SBSH,NIS'

- e.g. Halogenated compounds were initially poorly predicted

due to lack of isotope modeling.....so fixed it!

Courtesy of Felicity Allen et al., Metabolomics, 11:1, pp. 98-110, 2015

Spectra-based search can enhance
compound identification

Only. ~20,000 experimentally determined
MS spectra

Prediction of MS spectra can be improved
by chemical classification

Newly synthesized compounds can be
searched within a reference spectra
database

This could assist in hazard assessment

10
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EXPOSE OR/AND BE EXPOSED

= Through or daily routines, we expose ourselves or the environment to
chemicals (from lab experiments, dust, pollutants, cleaning products, etc.)

=Several types of hazards can associated with these interactions

=Explosions, skin corrosion, aquatic toxicity, etc.

\
&

HOW TOKI U- ‘
\ /,}{){,‘ POISON
__:‘ I :"."




CHEMOSUMMARIZER

Goal: To provide detailed
summaries of compounds

* Get properties info from DBs, pathways/
pharmacology from DBs (DrugBank,
HMDB, ChEBI, etc.)

ClassyFire input serves to provide:
* Structural description

* Hazard information

* Class-generic metabolism
biotransformation profile

Could we describe all PubChem
compounds?

Industrial
Uses

Hazards

Non-Druglike
Compounds
lop | Summa
Ontology | il

Classification

Pharmacology

Drug, Metabolite, etc.

Proteins,
Pathways, etc.

Introduction

M

Basic Properties

Evaluate Compound

Courtesy of Zachary Budinski, Wishart Lab, 2016



