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Toxicology Databases

SupeTaic
F p—— [+l
A | & Donf-senices charite ot o | (M- swpermonic LRUE AN -1
& wem epagow
A uperToxic
SEPA. e =
Teain search
Structure search
You ant here: EF kame = Restach & Develspnest « ComaTax =ACTaR
Propery seanch .
ACToR z development of new patential drugs the risk
[T —— estimate of heaRth hazards is @ main chalienge. To face
ACToR i one of mary EPA isls availabie for this chalienge, the careful and extencive investigation of
R HewlTs keowm toxing is the basis tn sssess the groperties of
wricnown substances.
Tomsology Fag In order to ackieve this aim, we have collected toxic
A compousads from literature and web sources i the
chemicals stabase SuperTowie
cicl structur, Comtact
R ik i i T The current version of this database comgiles approx
5 60,000 campounds with about 100,000 synonyms.
a0, Mg A i . Trese molecules are classitied acconding 1o their teaciy
uf charmicaly, paitiides Gacthve and it RS Moo for Towiity e Add 8 e exmpound based on mare than 2,500,000 measurements.
J St sl
21 e commercial availabiity is documented for sbout
5,000 toxic compounds
sy, mutei- mikion dailar gaen that ups Tha SuperTaxic database provides o warety of searcy
toetn ptions ike name, CA ver, molecular weght o
smpacted by chamitil that miny bad 10 acvaria haakh measured values of towicity,
tion of this data tagether w i
@ rigies of pewly designed
of biokgical Interactions with
the sid of similarity searches. Furthermore, & connection
Version: 1.0 {August 08) to the KEGG database is avalsble to slow the
idgntification of thase pathways the searched
compousds are invalved in .

Chasité Berlin :- Snctund Bioixfoomatics Group

www.epa.gov/actor/ http://bioinf-services.charite.de/supertoxic

Toa Conpwat Tomoaesomicy Baratae | 10 ——
e

<)@ tox

TOXNET
1@ Thx Compurate Tasicogosseri.. | o+ |

A | & cxbaveory o

Ll

A DO-

m _,v,.»_a:b:,.w_‘.,,_vu - TOXNET
- f Medicine

ology Data Metwork

Connect. Compare.

7O lluminates how environmental chemicals affect humen healtn.
Bore

16,886,193 TOTITOCEADMIC ATLATICNSMIFS!

Kayword Seaech
- ]

TOXNET - Databases on 3

Parrn 1, an

Search | ¥ Advercod soorchey Select Database Search All Databases

Iseases are associsted with 8 pere/prAEin?

= & Upeated Chemsieals === Fortal to
g R & CRSMICAI? (Expmsie)
£ What PUTIEN ClseEsas are ASSOSMEC With 8 CHEMICAI? Easmcis) Enter term{s) to search ail databases. = envirenmental
3. What genes/anateins ntersct with @ shemgal Eansk) P health and
4, What chemnica's interact with a gene!'protein? (Eareisl ety oy deenethyl ey loberylaroasstt sd p— toxicology
5. What references repoct a chemical-pene/crotein interaction? (ares) Acetaminophen Afstocn BL AZMS551246 (8.9, asthma air pollution, ibuprofan faver, T
. What celiuiar functions (GO terms] are sffected by 8 Chemical? |Suemis) Benzo{a)pyTrene caimum Criorits woames owiis winyl chioride)
AT S ferar Support Pages
gy 4w o Loparmseminees. MAGREULE NanSpRrIsies Search| Clear | _Heip |
* Sectenber 11, 2612 e P Mkt A2 » Help
2 £ » TOXNET FAQ
methylenedionyamoheteming mowmsam: s
v Aty 2, 2002 ! i » TOXNET Update Status
You £BY now Ereate Ut ¥ nelyses for o8 and SeSyltishey Soed Bcohnes TOXNET Ssarch Optiomns » Fact Sheet
R Tetrachlorodibenzodioxn trgissoes - fparch all databasas: Eraer termie) in bos abon b Databess Description
Use our pew G St Brricher toot £ ind GO funtions) annotations o peays et s eviches e e » Training Manual & Schedule
for & set of gares. + T Updated Disanses { |» Databans Soscripion: Click on tha (7] e
* ey 3, 2012 + H Updated Gara

Use ou” new Myyenn too! £ view relsticrsRips among pouT Cem data sets.
+ Novamber 7, 211
We have & new URLY PiLe: L Somaee.om.

tdbase.org http://toxnet.nim.nih.gov/



ACToR Database

Maintained by the EPA
Computational
Toxicology Program

 Aggregate of 500
public resources

« >500,000 compounds

 Data includes chemical
structure, physico-
chemical values, in
T vitro assay data and in
i vivo toxicology data

----- OO DEEO@E a0 o _
o pE @ OO  Limited target, action
or mechanistic data




SuperToxic Database

 Maintained by Charite

Berlin (Structural
Bioinformatics)
e >60,000 compounds,
2,500,000 toxicity
measurements
R R — e Data includes chemical
== structure, physico-

chemical values and
L C50 data

 No target, no action or
mechanistic (MOA) data

 Not updated since 2008
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 Maintained by Mount
Desert Island
Biological Lab

« 11,755 compounds,
599,000 chemical-gene
associations, 176,000
chemical-disease
associations, 23,000
gene-disease assoc.

 Data mostly from

automated text mining

 No target or MOA data,

No context
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Human Health Effects:

Evidence for Carcinogenicity:

CLASSIFICATION: C; possible human carcinogen. BASIS FOR CLASSIFICATION:
Paraquat produced squamous cell carcinoma, an uncommon tumor, in the head
region in both sexes of Fischer 344 rats. HUMAN CARCINOGENICITY DATA:

Nene. ANIMAL CARCINOGENICITY DATA: Limited. /Based on former

classification system/

[U.S. Environmental Protection Agency's Integrated Risk Information System (IRIS) on

i
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 Maintained by NIH and

NLM

« Amalgamation of 15+

different databases on
toxicology, hazardous
chemicals,
environmental health,
and toxic releases

e Structure, toxicity,
case reports, signs an
symptoms

 No target, action or
mechanistic data



Toxicology Databases

General preference for breadth (lots of
compounds) over depth (lots of information)

Most focus on toxicity, not toxicology or
molecular mechanisms

Information content is fragmented, appears
In multiple formats, difficult to read, limited
search utilities, not linked to other
resources and sometimes lightly referenced

Emerging resources (ToxcastDB, ToxBank
Wiki, T3DB) are starting to change this



ToxCastDB
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The Human Metabolome Project h mp

 $7.5 million Genome Canada Project launched in Jan.
2005 - Based at the University of Alberta

Key objective was to create a comprehensive
database of all human metabolites that included
compound data, source data, concentration data and a
wide range (NMR, GC-MS, MS/MS) of spectral data

Special focus on metabolites in biofluids such as
urine, CSF and blood as well as tissues using HT
experiments and text analysis (~40,000 cmpds to date)

Associate metabolite concentrations to ~600 diseases
or conditions

Make all data freely and electronically accessible



Human Metabolomes

2900 (T3DB) Toxins/Env. Chemicals

2720 (ECMDB) Micr-lites
28500 (FooDB) Food ad-emicals

19700 (HMDB) Endogenous metabolites

M mM uM nM pM fM



Meet the Metabolomes...
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The Human Metabolome
Database (HMDB)
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http://www.hmdb.ca

A web-accessible resource
containing detailed information
on 40214 “quantified”,
“detected” and “expected”
metabolites

Normal/abnormal
concentrations

600+ disease links
1000’s of reference spectra
1000’s of reactions & pathways

Supports sequence, spectral,
structure and text searches as
well as compound browsing

Full data downloads



The Food Constituent
Database (FooDB)

Foofis. shaw

T — e 28,543 compounds, 24,579
e structures with 21,843

B — _ descriptions
e 131,867 synonyms

e 3000 flavour-compound
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|  >60,000 hyperlinks to 11

|Updated :2009-12-08 03:01:45 UTC

Catechin is a polyphenolic antioxidant plant metabolite. The term catechin is also -
commonly used to refer to the related family of flavonoids and the subgroup I e r e n t eX t e r n a S
flavan-3-ols (or simply flavanols). Catechins are differentiated from the ketone-
Description containing flavonawds such as quercitin and rutin, which are called flavono\s (spelled
flavonols with an o). The term bioflavonoid was first used to describe the flavonols,

but as an imprecise term has been loosely applied to the larger family of _

flavonoids, including alse the polymeric hydroxyl-only containing flavan-3-ols -[ 1 . S u O rtS S e u e n C e
€ y e |
- Beneficlal effects of natural antioxidants EGCG and alpha-lipolc acid on life p p q )

span and ag, daclings in C alegans,
Improves life expectancy Brown MK, Evans JL, Lua ¥. Pharmacal Bioch

Nov;E5(3):620-8. Epub 2006 Dec 5. [Pubmed: L

e structure & text searches

Shown to possess antibiotic cateching inhibit bacterial DNA gyrase by interaction with its ATP bindin
¥ 9
properties sita”, 1. Med. Chem. 50 (2): 264=71, dol:10,1021/im06081 7o, [Pubmed:
172268581

"
S « >100 data fields/cmpd
four of the major health problems: Scien " h
stroke, heart failure, cancer and Sclence Dally Harch 12, 2007.
- 1 - 7
 Not quite lve

diabetes



The E. coli Metabolome
Database (ECMDB)

b EC M.a;:-——. :?'m
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By

http://www.ecmdb.ca

2717 E. coll metabolites

1573 genes (1205 enzymes,
299 transporters)

3145 chemical reactions
4300 references
125 pathways

Supports sequence,
structure & text searches as
well as compound browsing

80 data fields per compound
4965 NMR and MS spectra

Corrects many errors and
erroneous entries in EcoCyc



The Drug Database
(DrugBan K)

DrugBank
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dundant o o \ e
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What's New? i sopraved

Description Abacavir jABC]is 8 innice 10 trmat HIV ) AIDS, [Wikipadia]

http://www.drugbank.ca

1447 small molecule drugs
85 nutraceuticals

>500 drug metabolites
>5200 experimental drugs
148 data fields/drug

>1000 food/drug interacts
1637 drug targets

>200 drug pathways

Supports sequence,
spectral, structure and text
searches as well as
compound browsing

Full data downloads



A Word About DrugBank..

-irst database to link drugs to drug targets

ntended to facilitate systems and
oredictive pharmacology and to accelerate
drug R&D pipeline

Receives ~7 million web hits/year, linked to

all major bioinformatic databases and used
by all major pharmaceutical companies

Has been used to discover, design and
repurpose a number of drugs

Our model for T3DB....
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Human Metabolomes
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The Toxin, Toxin-Target
Database (T3DB)

""" T3DB: Home
G = A | A |+ #htp//t3db.org/ ¢ | (ar
ArrayPipe: A._.ing Pipeline GenePattern DAVID 2008 ..ay Analysis Department o...ell Biology Login- Depar... of Alberta Audiobaba Music Search  Bioinformati... the U of Al »

Search: Search | [Advanced]

Toxin and Toxin Target Database (T3DB) is a unigue biocinformatics resource that combines detailed toxin data with
comprehensive toxin target information. The database currently houses over 2800 toxins described by over 34 200 synonyms,
including pollutants, pesticides, drugs, and food toxins, which are linked to over 1300 corresponding toxin target records.
Altogether there are over 33 B0O toxin, toxin target associations. Each toxin record (ToxCard) contains over 50 data fields and
helds information such as chemical properties and descriptors, toxicity values, molecular and cellular interactions, and medical
information. This information has been extracted from over 5600 sources, which include other databases, government documents,
books, and scientific literature. The focus of the T3DB is on providing mechanisms of toxicity and target proteins for each toxin.
This dual nature of the T3DB, in which toxin and toxin target records are interactively linked in both directions, makes it unique
from existing databases. It is also fully searchable and supperts extensive text, sequence, chemical structure, and relational
query searches. The T3DB is housed on an Apple XServe in the Wishart Lab on the University of Alberta campus, and consists of
a LIMS built using the Ruby On Rails framework aleng with a Perl-based HTML public interfface. It is both modelled after and
closely linked to the Human Metabolome Database (HMDB) and DrugBank. Potential applications of T3DB include toxin
metabolism prediction, toxin/drug interaction prediction, and general toxin hazard awareness by the public, making it applicable to
various fields. Overall, the variety and accessibility of the T3DB make it a valuable resource for both the casual user and the
advanced researcher. All of T3IDB's images, descriptive fields and tables may be downloaded here.

T3DB is supported by David Wishart, Departments of Computing Science & Biclogical Sciences, University of Alberta.

More about T3DB

What's New?

+ T3DB Version 1.0 has been released!

News archive

Loading “http:/ /t3db.org/", completed 14 of 15 items 4

Lim E, Pon A, Djoumbou Y, Knox C, Shrivastava S, Guo AC, Neveu V, Wishart DS. T3DB: a
comprehensively annotated database of common toxins and their targets. Nucleic Acids Res.

2010 Jan 38(Database issue):D781-6. http://www.t3db.org



The Toxin, Toxin-Target
Database (T3DB)

000 T3DB: Browse
< | |G B A | A || + #®hutp://www.t3db.org/toxins ¢ | (Q~ Google

Pipeline GenePattern DAVID 2008 ...ay Analysis Department o...ell Biology Login- Depar... of Alberta

Toxin, Toxin-Target Database

Search: [Advanced]
Browsing toxins
Per Page: 10| 25| 50 | 100

Showing 1-10 out of 2910

n2 3/4|5(67|[8]9]10]11].,290| 291 | next

=Eﬂm ]

T3DB: Showing [
A | A ||+ o hap: ) rewen i 3db.arg toxing TADEE 20 e | (o
Fige A kny Pipebing  GonePatlorn  DAVID 2008 sy Anslysis  Department ool Kislogy  Login- Depus  of Atherts  Asdiobabs Mutie Search

T3D0001

S0t | Pracicied LogP' 73667
(ToxinCard )

| Fioute of Expesiins | [rjestion o dermal contact. (Wais)

Dégeudn binds bo & wite on the axtracedlular aspect of tha alpha-subunit of the Nas/ie ATPass pump in tha
and decreases its function. This causes an incrase in the lovel of

rease in the length the canfias action polential, which

when combined with the efects of digox ragympathetic revous system, lead to a decroase in

| heart rabe. Increased amounts of calcium ane then stored in the sarcopiasmic reliculum and relessed by sach
T3D0002 | acticn potential, which i uncharged by digoxin. This laads to increased conbeactiity of tha heart. Digaxin

(Toxincard) Alne inemanst vagal Retivity vin 8 Astien o0 tha anirsl NARSUS Ay, us Seermaning tha condustion of
N electrical impuises theough the AV node. (5805)

e — Hepatic (but nol dependent upon the cytochrome P50 system). The end metabolites, which include 3 t-
Loading “http:/ fwww t3db.orc | Metabolism digesigenin, Heulo-digorigenin, and their ghucurcride and sullabe conjugstis, ane polar in nature and sw
Ppedtulated to ba farmed via fydrelyais, cxidation, and conjugation

| Tewigity Vaoos

Lothad Doas

 Carcineganicity

T — Digeuin is a1 piant taxin found i the fouglowe plant (Digitals Lanata). it is ddnag to treat warious heart

| conditions, namely atrial fibrillation, atrial flutter snd scmotimes heart failure. (5

Minimirn Fiak Lavel

| Hoalth ERects Digeain mainly affects the hoart. (SRS

| Acverse affecta of digooin include less of Bppetie, nauses, vemiting, diamhea, blumed visicn, visual

| Symptoms dighrbancas (yallow-graan halca), confusion, Swainsas, dazinass, nighimana, agitation, andior
depression, a5 well a5 3 highar acute senes of seraual Activites, (SROS

rimatmant Treatment of dioxin cvendose includes supportive measure snd acministration of the artidole, antidigamn
(DIGIBIND}. Tonicity can alsc be reated with higher than normal doses of potassium, (SBO0S)
- smxs W Dhgaain, Updated & July 20089

IR K \Weiriwurmin o Trnar M. Genchis 3 Wirsnamil aed dinnin inteslioes in the st

A3 i TIDRETT, comptkoed 12

http://www.t3db.org

>2900 common toxins
(drugs, pesticides,
herbicides, cosmetic
compounds, cleaners,
solvents, PCBs, furans, etc.)

1550 toxin targets — now
Including ToxCast targets

406 toxin “classes”

Describes MOA, toxic
effects, treatment, lethal or
harmful dose

80 data fields per compound
iIncluding data on protein
targets (if known)



A Word About T3DB..

First database to link common
toxins/poisons to specific human targets

Intended to help with systems toxicology

Intended to facilitate in silico toxicity or
mechanism of action testing

Intended to enable predictive toxicology
(via sequence/structure/QSAR mapping)

Largely unknown in the tox community

Hoping to find out ways of making it more
useful/appealing to the community



Inside T3DB — Browsing
Options

ano T3DB: Browse T3DB: Type Browse
J o T3DB: Browse | T3DB: Type Browse +
@) www.t3db.org/toxins?page=1;per_page=10;sort_by=title;sort_order=desc [« ] (_-'_l' T3DB Q) @ 4 www.t3db.org/type_browse ¢ ‘." T3DB Q)& B~
| 1302862 Tizanidine
Parasympathomimetic (5 toxins)
m
Search; scarch T30B (Aduanced : 308 1D Comman Name
) T3D2958 Bethanechol
Browsing toxins | T13D2910 Donepezil
| T3D2857 Galantamine
Per Page: 10| 25| 50| 100 : T3D2820 Pyridostigmine
| T3D2772 Tacrine
Showing 1-10 out of 3023 |
Bl 2)3]4] 5] 6] 7[8][¢] 10][11]..[302] 303 ] next I P )
: 1308 ID Comman Name
Name | T13D1914 Ammonium perchlorate
EOEIDTE ASNember Compouri Type | Meckaniam of Astion | 1301916 Lithium perchiorate
_ l T3D1912 Magnesium perchlorate
) Arsenic and its metabolites disrupt T3D1913 Petassium perchlorate
T300001 Arsenic [As]s+ Arsenic Compound ATP production through several T3D1915 Sodium perchlorate
(Toxincard) AS Inorganic Compound mechanisms. At the level of the citric
— 7440-38-2 74.921600 Metaloid acid cycle, arsenic inhibits pyruvate Peripheral Adrenergic Inhibitor (1 toxin)
dehydrogenase and by competing ... -/
1308 ID Commen Name
. . T3D2713 Reserpine
Lead mimics other biologically
Inarganic Cempound important metals, such as zinc, Pesticide (295 toxins)
/M\ Lead [Pz P Lead Compound calcium, and iron, competing as
[ ToxinCard ) 7436921 207.976654 b " cofactors for many of their respective Tapa D Comman Name
-92- . Metal ! ’
- enzymatic 'e:(‘;’;:- For example, 1301078 (11E)-11-(Nitromethylidene)-[1]benzofuro|3,2-b]chromene
13D1062 (2E)-1-Methyl-2-(nitromethylidene)pyrrolidine
High-afinity binding of the divalent T3D10565 (2E)-2-(Nitromethylidene)-1,3-thiazinane
Cosmetc Taxin - . . .
T3D0003 Mereury [Hgla+ rerganic Compound mereuric ion o thiol or sulfhydryl T3D1059 (2E)-2-{Nitromethylidene)-1-prop-2-enylpyrrolidine
(Toxincard) Hg M o . groups of proteins is believed to be T3D1051 (2E)-3-Benzyl-2-(nitromethylidene)-1,3-thiazolidine
bl fercury Compour . : !
7435976 201.970642 o Beme the major mechanism for the activity 1301082 (2E)-3-Methyl-2-(nitromethylidene)imidazole-1-carboximidamide. ..
Metal of mercury. Through alterat... . . s
T3D1060 (22)-1-Benzyl-2-(nitromethylidene)pyrrolidine
Viny| chloride porsani hbi T3D1058 (22)-1-Ethyl-2-(nitromethylidene)pyrrolidine
) ) i et ginz o the i D'{ts T3D1047 (22)-1-Methyl-2-(nitromethylidene)pyrrolidine
T3D0004 Vinyl chloride C2HaCl CI\\%CHp Precur immune diseases. This is < TaD1083 (22)-2-(Mitromethylidene)-3-[4-{trifluoromethoxy)phenyl]-1, ...
(Toxincard) " " . a
ToxinCard 76.014 1.962330 Organic Compound b'e"Tv?\f tgdhg the res;\t of a reabctl‘\‘fe 3 T3D10567 (22)-2-(Nitromethylidene)-1,3-thiazolidine v
Organocriorids vinyl chloride intermediate metabolite Yy 13D1068 (22)-2-{Nitromethylidene}-3-phenyl-1,3-thiazolidin-4-one y.

Browse by Compound

Browse by Toxin Type



Inside T3DB — Search
Options

T3DB: ChemQuery ) O ¢ T3DB: Sequence Query
T3DB: ChemQuery + _J - T3DB: Sequence Query +
www.t3db.org/search /chemquery | (-~ 1308 Q) & B- 4 www.13db.org/search/seqquery & | (*§~ T3DB Q) | # B~
. .
wah — £\ _—
v - g1 ' g N -~ J1) ’ p
( \ Toxin, Toxin-Target Database ( \ Toxin, Toxin-Target Database
Search: search T3DB [Advanced! Search: Search T3DB (Advanced!

ChemQuery Sequence Search

Structure SMILES Molecular Weight

Paste query sequence(s) in FASTA Format below

File Edit View Insert Atom Bond Structure Tools Help >queryl
Search Type: e : : a : .
(*) Tanimoto Similarity wk & H O Q e Lf : "% :
Similarity thresheld: 0.7
A higher similanity threshold resuits in | LJ - ol
less hits that are more similar to the
query structure. N - N
- hi L
(U Substructure CHy |
O Exact 2l | | 3 )
= L | [€ y
Molecular Weight Filter: - ‘ == | @ BLAST Parameters:
between and L e =
- | P /S T blastp (protein seq % |
Maximum Results Returned: | T | O rogram/Sequence Type [_blastp (protein seq ¥ |
100 B 3. =N ) - Scoring Matrix BLOSUME2 =)
( search ) L ‘ > = Alignment View Pairwise B
L[]: 'i“ LF1 Perfom gapped alignment 4
ChemAzon web CHy . Lower case filtering of FASTA sequence o
» 7 r- -] el r' » 4 Filter query sequence (DUST & SEG) ™ .
b _ _ 3 - +
] 01 ¢y (1 ™ A Expectation value 0.00001 y.

Search by Structure Search by Sequence



Inside T3DB — Toxin Cards
or ToxCards

T3DB: Showing Lead tetroxide (T3D0332)

#® T3DB: Showing Lead tetroxide (... | + |

(4 ) @ www.t3db.org/toxins/T3D0332

Showing toxin card for Lead tetroxide (T3D0332)

Legend: [icxinfield| |targetfield Show Similar Structures

A

[GreaiionBate 1 2009.03.06 18:58:33

_| 2010-03-18 21:52:42

et | 20002

L [T

= Inorganic Compound
e Lead Compound

Lead tetroxide is an oxide of lead the occurs naturally as the mineral minium. [tis most often used in the
preduction of batteries, pigments and lead glass. Lead is a heavy metal and stable element with the symbol
Pb and the atomic number 82, existing in metallic, organic, and inorganic forms. It is mainly found in nature as
the mineral galena (PbS), cerussite (PbCO3) or anglesite (PbSO4), usually in ore with zinc, silver, or copper.

(RO56, R702)

. Bleimonoxid
Bleioxyd

C.1. Pigment Yellow 46
C.I. Pigment red 105
Cl Pigment Red 105
CI Pigment Yellow 46
. Gold satinobre
Heuconin 5

Lead monooxide

10. Lead monoxide

11. Lead orthoplumbate
12. Lead oxide

SEpNOO RGN

13. Lead oxide (Pb304) e
14. Lead oxide (pbo) +
15. Lead oxide (van)

481 ood cride sad 4

T3DB: Showing Lead tetroxide (T3D0332)

#® T3DB: Showing Lead tetroxide (... “ + {

() @ www.t3db.org/toxins /T3D0332

Lead is absorbed following inhalation, oral, and dermal exposure. It is then distributed mainly to the bones
and red blocd cells. In the blood lead may be found bound to serum albumin or the metal-binding protein
metallothionein. Organic lead is metabolized by cytochrome P-450 enzymes, whereas inorganic lead forms
complexes with delta-aminolevulinic acid dehydratase. Lead is excreted mainly in the urine and faeces.
(R266)

_| LD50: 830 mg/kg (Intraperitoneal, Rat) (R263)

_| 10 to 30 grams for and adult human (lead salts). (R273)

2B, possibly carcinogenic to humans. (R264)

_| Lead tetroxide is used the production of batteries, pigments, and lead glass. (R702)

[Vinimtim Risk LoVl | Chronic Inhalation: 0.05 mgim3 (R250)

Lead is a neurotoxin and has been known to cause brain damage and reduced cognitive capacity, especially
in children. Lead exposure can result in nephropathy, as well as bloed disorders such as high blood pressure
and anemia. Lead also exhibits reproductive texicity and can results in miscarriages and reduced sperm

production. (R056)

Symptlons of chronic lead poisoning include reduced cognitive abilities, nausea, abdominal pam irritability,
insomnia, metal taste in the mouth, excess lethargy or hyperactivity, chest pain, headache and, in extreme
cases, seizures, comas, and death. There are also associated gastrointestinal problems, such as
constipation, diarrhea, vomiting, poor appetite, weight loss, which are common in acute poisoning. (R007,

ROG6)

Lead pecisoning is usually treated with chelation therapy using DMSA, EDTA, or dimercaprol. (R056)

* R264 - International Agency for Research on Cancer (2009). IARC Monographs on the Evaluation of
Carcinogenic Risks to Humans.

+ RO08 - Ellenhorn MJ and Barceloux DG (1988). Diagnosis and treatment of human peisening. Medical
Toxicolegy. New York, New York: Elsevier Science Publishing Company, Inc.

* RO61 - Gill KD, Gupta V, Sandhir R: Ca2+/calmedulin-mediated neurctransmitter release and
neurobehavioural deficits following lead exposure. Cell Biochem Funct. 2003 Dec;21(4):345-63. [PubMed

]

R702 - Wikipedia. Lead tetroxide. Last Updated 27 April 2009.

R266 - ATSDR - Agency for Toxic Substances and Disease Registry (2007). Toxicological profile for lead.
U.S. Public Health Service in collaboration with U.S. Environmental Protection Agency (EPA).
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Inside T3DB — Protein
(Target) Cards

T3DB: Showing Tacrine (T3D2772) T3DB: Showing Tacrine (T3D2772)
| #® T3DB: Showing Tacrine (T3D27... | #® T3DB: Showing Tacrine (T3D27...
L] www.13db.org/toxins /T3D2772 e | (*§~ 1308 Q) & B- < www.t3db.org/toxins [T3D2772 a Q) |al B~
Function
catalytic activity
hydrolase activity
jiamcii n2 hydrolase activity, acting on ester bonds
Target 1 Name Acetylcholinesterase carboxylic ester hydrolase activity
i ks gmmﬁ:'_o cholinesterase activity
Target 1 Mechanism | Tacrine acts by elevating acetylcholine concentrations in the cerebral cortex by slowing the degradation of SIS Process
of Action acetylcholine released by still intact cholinergic neurons. It does so by ibly binding acetylcholi .
Not Available
Target 1 Description _Termmateﬁ swgrja\ lransducl!on atthe neuromuseular junction by rapid hydrolysis of the acetylcholine released Component
into the synaptic cleft. Role in neuronal apoptosis. .
Not Available
Target 1 Synonyms 1. AChE Tar
rget 1 General . .
Aoy Lipid transport and metabolism
Target 1 Gene ACHE Target 1 Pathways | Not Available
>Acetylohoiinesterase Target 1 Reactions | Not Available
MRPPQCLLHTPSLASPLLLLLLWLLGGGVGAEGREDAELLVTVRGGRLRGIRLKTRGGEY Target 1 Signals . 181
SAFLGIPFAEPPMGPRRFLPPEPKQPWSGVVDATTFQSVCYQYVDTLYPGFEGTEMWNEN
RELSEDCLYLNVWTPYPRPTSPTPVLVWIYGGGFYSCASSLDVYDGRFLVOAERTVLVSM Target 1
NYRVGAFGFLALPGSREAPGNVGLLDQRLALQWVOENVAAFGGDPTSVTLFGESAGAASY Transmembrane « None
Target 1 Protein GMHLLSPPSRGLFHRAVLOSGAPNGPWAT RRRATQLAHLVGC! L B
Sequence VACLRTRPAQVLVNEEWHVLPQESVFRFSFVPVVDGDFLSDIPEALINAGDFHGLOVLYG ey
VVEDEGSYFLVYGAPGF SKDNESLISRAEFLAGVRVGVPQVSDLAAEAVVLEYTDWLERE | ——
DEARLREALSDVVGDENVVCPVAQLAGRLAAQGARVYAYVFEERASTLSWPLWMGVPEGY by ssentiality | Non Essentia
EIEFIFGIPLDPSRNYTAEEKIFAQRLMRYWANFARTGDPNEPRDPKAPQWPPYTAGAQQ T 1 Domai
YVSLDLRPLEVRRGLRAQACAFWNRFLPELLSATDTLDEAERQWKAEFHRWSSYMVEWRN F“"!a? T PF08674:AChE_tetra PF00135:COesterase
QFDHY¥SKQDRCSDL unction
Target 1 Number of Target 1 GenBank o
Re:?idues 614 1D Protsin Not Available
Target 1 Molecular | 5770: o ;FS'QM1 UniProtkB | o005 5
Weight -
A
Target 1 Theoretical % s Bl :
p]’g 6.24 £ o Isoform H:Cell membrane v
Y )

Acetylcholinesterase



Inside T3DB — Complex
Queries & Data Extraction

@ T3DB: Data Extractor
I T3DB: Data Extractor L+ |
( ‘i | @ www.t3db.org/search fextractor Ty v e | "<'. ~ T3DB Q:;‘ El |E|
(9 t (_r o
S N
S 3 J | Toxin, Toxin-Target Database

Search T3DB

Data Extractor

enter your guery. You can

The Data Extractor is a high level data search engine which allows users to construct complex or constrained queries and to select
or display search results from the T3DB databases. To use the Data Extractor, select the fields you want to search on the left and

» Use an asterix (*) to match any non-blank value for a field

* For text search, the query text can be either whole or partial words

* Leave a field blank to include it in the output, but omit it from the search

« We do not recommend opening complex CSV files with Microsoft Excel, as it does not handle newlines correctly. If you

experience any issues with the CSV format in Microsoft Excel, please try loading the data into OpenOffice or Numbers
before reporting any issues.

select to view the results in HTML, a printable list, or CSV (which you can open in Microsoft Excel).

Toxin Fields:

"] Appearance

[_] Boiling Point {*C)
] CAS Number

v Name

# Compound Type

("] Description

"] Mechanism of Action
# Melting Point (*C)
(] PubChem Compound ID
# Solubility

[_] Synonyms

YT

Legend: - target field

ERAL




ToxCard - Paraguat

T3DB: Showing Paraquat (T3D0808)

NN

J #® T3DB: Showing Paraguat (T3DO... u + l

| 4 | @ www.t3db.org/toxins /T3D0B0S e | I_g.‘ - T3DB Q) ._

» N
~ ' J w, Toxin, Toxin-Target Database

_ S

Showing toxin card for Paraquat (T3D0808)
Logond: [164A1H) | target el

N
_| 2009-06-03 21:56:02
_| 2012-09-23 16:41:26
et | oo

* Aromatic Hydrocarbon
« Herbicide
* Organic Compound

Paraquat is the trade name for N,N'-dimethyl-4,4"-bipyridinium dichloride, one of the most widely used
herbicides in the world. Paraguat, a viclogen, is quick-acting and non-selective, killing green plant tissue on
contact. It is also toxic to human beings when swallowed (R714).

.1, 1'-Dimethyl-4,4"-bipyridynium dichloride
1'-Dimethyl-4, 4'-dipyridylium chloride
"-Dimethyl-4,4"-bipyridinium dichloride
"-Dimethyl-4,4'"-bipyridinium dichloride hydrate
-Dimethyl-4,4'-bipyridynium dichloride
-Dimethyl-4,4'-dipyridinium-dichlorid [German)
-Dimethyl-4,4'-dipyridylium dichloride
-dimethyl-[4,4"-bipyridin]-1,1"-diium dichloride

. 1,1-Dimethyl-4 4-dipyridilium dichloride

. 4,4"-Bipyridinium, 1,1'-dimethyl-, dichloride

. 4,4'-Dimethyldipyridyl dichloride

1,
1,
1,
1,
1,
1,
1,

SoomNonswNS

TS T

o, e




ToxCard - Paraguat

eee

T3DB: Showing Paraquat (T3D0808)

J #® T3DB: Showing Paraguat (T3DO...

(3|

.
u/'u @ www.t3db.org/toxins/T3D0808

& | (%9 T308

QU (n B

. Para ish]
40. Paraguat chloride
41. Paraguat dichloride
42, Paraguat-dichloride
43. Pathclear

44, Pillarguat

45, Pillarxone

46. Toxer total

47. Viologen, methyl-

- 1-methyl-4-(1-methylpyridin-1-ium-4-yl)pyridin-1-ium dichloride

|Ghemical Formula | C2H1<ClN:

1910-42 5

JinChidentiier | InChi=1S/C12H14N2 2CIHIc1-13-7-3-11(4-8-13)12-5-9-14(2)10-6-12;/h3-10H,1-2H3,2*1 Hiq+2;p-2

| InChlKey=FIKAKWIAUPDISJ-UHFFFAQYSA-L

(nPatiD

BB 202

Mot Available

[an(
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ToxCard - Paraguat

OO0 T3DB: Showing Paraquat (T3D0808)
| #® T3DE: Showing Paraquat (T3DO... H + |
[ o | @ www.r3db.org/toxins /T3D0B08 > ] (%3~ T308

_| Inhalation (R502) ; oral (R502) ; eye contat (R502) ; dermal (R502)

. The mechanisms of the toxic effects of paraquat are largely the result of a metabolically catalyzed single

electron oxidation reduction reaction, resulting in depletion of cellular NADPH and the generation of potentially
Paraquat is poorly absorbed after oral exposure. Itis not metabolized but is reduced to an unstable free
radical which is then re-oxidized to reform the cation and produce a superoxide anion. It is excreted moslty in
the urine,and in small fraction also in the feces (5399, S401).

toxic forms of oxygen such as the superoxide radical (S400). Recent studies have demonstrated paraquat
_| LD50: 150 mg/kg (Oral, Rat) (S401) LD50: >480 mg/kg (Dermal, Rabbit) (S401)

cytotoxicity occurs in the mitochondria and particularly in mitochondrial-rich tissues. The mitochondrial
Cbitos 5o

NADH-dependent PQ reductase containing a voltage-dependent anion channel 1 (VDAC1) appears fo be
Not Available

largely responsible for paraguat cytotoxicity. When mitechondria are incubated with NADH and paraquat, the
Paraquat is used as a quaternary ammonium herbicide; one of the most widely used herbicides in the world. It
is also often used in science to catalyze the formation of reactive oxygen species (ROS). (R714).

superoxide anion is produced, and the mitochondria rupture. Ruptured mitochondria lead to rapid cell death

Evye or skin irritation; hypotension may develop after large ingestion; epistaxis and sore throat may develop
after inhalation. Nausea, vomiting, diarrhea, and abdominal pain are common (R383).

(W969).

It can cause temporary damage to nails and if swalloed, may cause nose bleeding. Long term exposures to
paraguat would most likely cause lung and eye damage. Some suspect a possible link to a greater incidence
of Parkinson's disease. Pancreatitis may develop in some cases of acute. Paraquat is caustic to the oral,
esophageal, and gastric mucosa (R383, R1010, R714).

the skin, including hair and nails, vigorously; do repeated soap washings. Discard contaminated clothing.

In case of oral exposure, administer charcoal as a slurry. Consider after ingestion of a potentially
life-threatening amount of poison if it can be performed soen after ingestion. The treatment is symptomatic
and suppeortive. In case of eye exposure, irigate exposed eyes with copious amounts of room temperature
water for at least 15 minutes. In case of dermal exposure, remove contaminated clothing and jewellery. Wash
(R383)

» R383 - Rumack BH (2009). POISINDEX(R) Information System. Englewood, CO: Micromedex, Inc. CCIS
Volume 141, edition expires Aug, 2009.

« R1010 - Worthing, CR and SB Walker (1987). The Pesticide Manual - A World Compendium. 8th ed.
Thornton Heath, UK: The British Crop Protection Council.
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Paraquat via ACToR

Generic Chemical | ACToR | US EPA

Generic Chemical | ACToR | US ... | + |

( « ) @ actor.epa.gov/actor/GenericChemical7casrn=4685-14-7 ¢ | ‘\.r'" Actor toxicology Q:‘ \?| |ﬂ |

o)

<
s EPA United States Environmental Protection Agency @ALLEPA QTHIS AREA  Advanced Search
LEARN THE ISSUES | SCIENCE & TECHNOLOGY | LAWS & REGULATIONS | ABOUT EPA [ T

ACToR [ Contact Us @share

You are here: EPA Home » National Center for Computational Toxicology » ACToR » Generic Chemical

ACToR | ToxRefDB ‘ ‘ ToxCastDB ‘ ‘ ExpoCastDB | | DSSTax ‘

Home | Basic Info | Data Collections | Structure Search | Assays By Toxicity | Assays By Category | External Links | Download | Help

Chemical: Paraquat
PDF Version

Email link to this page: http:/ /actor.epa.gov/actor/GenericChemical?casrn=4685-14-7

I

() @ actor.epa.gov/actor/faces/ACToRHome.jsp

Home | ACToR | US EPA

Home | ACToR | US EPA L+

- Actor toxicology

A - / \ N Chemical Name Parameters Match by
Hye— N\ / N*=CH, (®Search on Chemical Names Cexact
(CSearch on CAS Numbers @any
Enter Chemical Name:
paraquat
Search
lSearch Results
Chronic Developmental Reproductive Food
Synonyms Details Image CASRN  Preferred Name Hazard Toxicity ~CarcinogenicityGenotoxicityToxieity Toxicity Safety  Exposure

"1,1"Dimethyi-4 4'-bipyridinium ion"

*1,1"-Dimethyi-4,4'. "

o= e
| i DEEOoE on
o el 3 S,
details " @—Q \ 4685147  Paraquat H ﬂ n n n E
2074-50-2 1,1'-Dimethyl-4 4'-bipyridinium bis(methyl Ha
sulfate)

details

NE




Paraguat via SuperToxic

SuperToxic

SuperToxic u + l

[ 4 ) @ bioinf-services.charite.de/supertoxic/index.php?site=detail_view&ids=(27233)&path= v | "g." Supertoxic Q_ )

Home

Information

Toxin search y L C|:H3

Structure search Synonyms: Bipyridinium, 1,1'-dimethyl-4 4", dichloride
Dextrone-X
Property search Gramixel I

Gramoxone
Browse database Gramoxone dichloride
Gramoxone S
Gramoxone W
HowTo Methyl viclogen
Methyl viologen (reduced)
FAQ Methyl viologen dichloride
M,N'-Dimethyl-4 4"-bipyridinium dichloride
M,N'-Dimethyl-4 4"-bipyridylium dichloride
N,N'-Dimethyl-4, 4*-dipyridylium dichloride ./
Paraquat N*
Paraquat chloride
Paraquat cl |
Paraquat dichloride CH
Paraquat, dichloride
‘Viologen, methyl-
1,1-Dimethyl-4 4-dipyridilium dichloride
1,1-Dimethyl-4 4'-bipyridinium dichloride
1, 1-Dimethyl-4 4'-bipyridynium dichloride
1,1-Dimethyl-4, 4'-dipyridylium chloride
1,1-Dimethyl-4 4'-dipyridylium dichloride
4 4'-Bipyridinium, 1,1"-dimethyl-, dichloride
4, 4-Dimethyldipyridyl dichloride

Cl”

Statistics

Contact

Links

Add a new compound

Smile: [n+]1{cce{ce1)cee[n+]{cc1)C)C.[CH]

Cas: 1910-42-5

NSC: 263500

Formula: C12H14CINZ

Rings: 2

Atoms: 29 —
Weight: 221.706 v

CHARITE Charité Berlin :: Structural Bioinformatics Group




Paraquat via CTD

Paraquat | CTD
JG Paraquat | CTD " + |

ctdbase.org/detail.go?type=chem&acc= =4~ Coogle -
4 db: detail.go?type=chem&acc=D010269 & | (¥~ Googl Q)& B

YOUR QUERIES | ContacT us [7)

[ Chemicals 3 ) |Name, CAS RN, ID @ ?

Giving insight into how chemicals affect our health.

Comparative Toxicogenomics Database
[ one | e~ s~ | oonoms |t —
O Paraquat

| aaﬁiu‘lf Interactions \|'/ Genes \|'/ Diseases \|” ChemComps \|/ Pathways \|” GO \|'/ References \|” Links \|

Name ? paraquat
CAS Type 1 Name ° 4 4'-Bipyridinium, 1,1'-dimethyl-
Equivalent Terms * Gramoxone - Methyl Viologen - Paragreen A - Viologen, Methyl
CAS Registry Number > 4685-14-7
Definition ? A poisonous dipyridilium compound used as contact herbicide. Contact with concentrated solutions causes irritation of the skin, cracking and
shedding of the nails, and delayed healing of cuts and wounds.
Chemical Drawing =

JG Paraquat - Enriched Pathways |... u + |

Paraquat - Enriched Pathways | CTD

| ctdbase.org/detail.go?type=chem&acc=D010269&view=pathway

@ | (%~ Google

Q) B-

Giving insight into how chemicals affect our health.

MeSH” ID = D010269

Top Interacting car " Comparative Toxicogenomics Database
Genes * <o m Se:
5002 O Paraquat
CASP3 —— —— S ~ e ~N
epx1 Basics || Interactions | Genes | Diseases | Chemc I ys | Go | | Links |
HMOX1
PARK?
TGFB1
stedzal 1-100 of 124 results.
cTer . "‘-’rs: < previous 1|2"Next|HLast‘
2 E 16 23 30
Interactions Pathway Pathway ID P-value
1. pathways in cancer KEGG:05200 1.94e-48
Ancestors 2 2. Signal Transduction REACT:111102 1.55e-40
| 3. Metabolism REACT:111217 1.61e-37
Chemicals « Heterocyclic Compounds 8 ¥ « Heterocyclic Compounds, 1-Ring 8 4. Chagas disease (American trypanosomiasis) KEGG:05142 2.64e-35
| 5. MAPK signaling pathway KEGG:04010 6.02e-33
6. Amyotrophic lateral sclerosis (ALS) KEGG:05014 7.18e-31
7. Tuberculosis KEGG:05152 8.17e-30
8. Immune System REACT:6900 8.99e-30
8. Osteoclast differentiation KEGG:04380 5.74e-29
10. Toxoplasmosis KEGG:05145 1.16e-28
11. prostate cancer KEGG:05215 8.39e-28
12. Colorectal cancer KEGG:05210 4.43e-27
13. pancreatic cancer KEGG:05212 4.45e-26
14. Disease REACT:116125 2.95e-25
15. Focal adhesion KEGG:04510 3.05e-25
16. Hemostasis REACT:604 1.98e-24
17. Cytokine-cytokine receptor interaction KEGG:04060 8.15e-24
18. Glutathione metabolism KEGG:00480 8.76e-24
19. Apoptosis KEGG:04210 1.72e-23
20

- p53 signaling pathwa KEGG:04115 5.15e-23

Corrected P-value -
5.30e-46
4.23e-38
4.39e-35
7.22e-33
1.64e-30
1.96e-28
2.23e-27
2.45e-27
1.57e-26
3.16e-26
2.29e-25
1.21e-24
1.22e-23
8.05e-23
8.33e-23
S0et02)
2.22e-21
2.39e-21
4.69e-21
1.41e-20

Annctated Genes
56
94
83
31
41
23
33
63
29
29
25
22
22
49
31
42
33
19
22
20

Name, CAS RN, ID

YOUR QUERIES | CONTACT US

[Cseare |7
R

These pathways are enriched significantly among genes that interact with Paraquat or its descendants. We show only terms with a corrected p-value less than 0.01.

Genome Frequency

332/34620 genes.
1606/34620 genes.
1334/34620 genes:

105/34620 genes

281/34620 genes

54/34620 genes

183/34620 genes

954/34620 genes.

132/34620 genes

135/34620 genes:

91/34620 genes
64/34620 genes.
70/34620 genes

667/34620 genes

211/34620 genes

487/34620 genes:

277/34620 genes

54/34620 genes
89/34620 genes
69/34620 gene:

0.96%
1 4.64%
: 3.85%
: 0.30%
1 0.81%
: 0.16%
1 0.53%
1 2.76%
: 0.38%
: 0.39%

0.26%
: 0.18%
: 0.20%
: 1.93%
1 0.61%
1 1.41%
: 0.80%
: 0.16%
: 0.26%
: 0.20%



Toxicology Databases

Other DBs T3DB

 General preference ¢ General reference
for breadth over for depth over
depth breadth

 Focus on toxicity, « Focus on toxicity
not molecular AND molecular
mechanisms mechanisms

« Contentis e Content is uniform,
fragmented, limited extensive search
search, not linked offerings, linked to
to other resources, 15 other DBs,

lightly referenced heavily referenced



Outline

Brief review of toxicology databases
Metabolomics and toxicology

Introducing the toxin, toxin-target
database — T3DB

Systems biology, pathway databases
and the small molecule database -
SMPDB

Conclusions & Future Directions
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From Lists to Pathways

Retention | Conc.in Retention [ Conc. in
Time Urine Time Urine
Compound (min) (1M) Compound (min) (LM)
Dns-o-phospho -L-serine 0.92 <D.L.* Dns-lle 6.35 25
Dns-o-phospho -L-tyrosine 0.95 <D.L Dns-3-aminosalicylic acid 6.44 05
Dns -adnosine monophosphate 0.99 <D.L. Dns-pipecolic acid 6.50 05
Dns-o-phosphoethanolamine 1.06 16 Dns-Leu 6.54 54
Dns-glucosamine 1.06 22 Dns-cystathionine 6.54 03
Dns-o-phospho -L-threonine 1.09 <D.L. Dns-Leu-Pro 6.60 04
Dns-6-dimet hylamine purine 120 <D.L. Dns-5-hydroxylysine 6.65 16
Dns-3-methyl -histidine 1.22 80 Dns-Cystine 6.73 160
Dns-taurine 125 834 Dns-N-norleucine 6.81 0.1
Dns-carnosine 134 28 Dns -5-hydroxydopamine 7.17 <D.L
Dns-Arg 153 36 Dns-dimethylamine 7.33 293
Dns-Asn 155 133 Dns-5-HIAA 7.46 18
Dns-hypotaurine 1.58 10 Dns-umbelliferone 747 19
Dns-homocarnosine 161 39 Dns-2,3 -diaminoproprionic acid 7.63 <D.L.
Dns -guanidine 1.62 <D.L. Dns-L-ornithine 7.70 15
Dns-GIn 1.72 633 Dns-4-acetyamidophenol 773 51
Dns-allantoin 1.83 38 Dns-procaine 773 89
Dns-L-citrulline 187 29 Dns-homocystine 7.76 33
Dns-1 (or 3 -}methylhistamine 194 19 Dns-acetaminophen 7.97 82
Dns-adenosine 2.06 26 Dns-Phe-Phe 8.03 04
Dns -methylguanidine 2.20 <D.L. Dns-5-methyo xysalicylic acid 8.04 21
Dns-Ser 224 511 Dns-Lys 8.16 184
Dns-aspartic acid amide 244 26 Dns-aniine 8.17 <D.L.
Dns-4-hydroxy -proline 2.56 23 Dns-leu-Phe 822 0.3
Dns-Glu 257 21 Dns-His 8.35 1550
Dns-Asp 260 20 Dns-4-thialysine 8.37 <D.L.
Dns-Thr 3.03 157 Dns-benzylamine 8.38 <D.L.
Dns-epinephrine 3.05 <D.L Dns-1-ephedrine 8.50 0.6
Dns-ethanolamine 311 471 Dns-tryptamine 8.63 04
Dns-aminoadipic acid 317 70 Dns-pyrydoxamine 894 <D.L.
Dns-Gly 343 2510 Dns-2-methyl -benzylamine 9.24 <D.L
Dns-Ala 3.88 593 Dns-5-hydroxytrptophan 9.25 012
Dns-aminolevulinic acid 397 30 Dns-1,3 diaminopropane 9.44 0.23
Dns-r-amino -butyric acid 3.98 46 Dns-putrescine 9.60 05
Dns-p-amino-hippuric acid 3.98 29 Dns-1,2 diaminopropane 9.66 0.1
Dns-5-hydro xymethyluricil 458 1.9 Dns-tyrosinamide 9.79 29
Dns-tryptophanamide 4.70 55 Dns-dopamine 10.08 140
Dns-isoguanine 475 <D.L. Dns-cadaverine 10.08 0.08
Dns-5-aminopentanoic acid 479 16 Dns-histamine 10.19 04
Dns-sarcosine 481 7.2 Dns-3-methoxy -tyramine 10.19 9.2
Dns-3-amino -isobutyrate 481 85 Dns-Tyr 10.28 321
Dns-2-aminobutyric acid 491 17 Dns-cysteamine 10.44 <D.L.

METABOLIC PATHWAYS

Metabolism of
ComplexCarbohwirates B
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Metabolism of
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. Metabolism
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Metabolism of
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Pathway DBs

KEGG

KECG COMPOUND

KEGG COMPOUND

KEGG2 DISEASE DRUG GLYCAN  COMPOUND  REACTION  PLANT  Organisms

Biosynthetic Codes

The strustures of DNA, ANA, and protein s
wymthian of

Lipids

IR DAITE containg o cassfication of Ipeds, and

Denetic code. In Contrast, the structures of ghycans,
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* Lipds
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boayethetic codes and
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genami information

» ity acis biaysiPasis
» Pubykntute bicwyniFas

KEGG COMPOUND Database
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database for metabofic COmpounds and other
chemical substances that ane reievant to bickopcsl
wystams. Each ariry & Khantiied by tha © rumber,
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Current Pathway DBs

Most are multi-organism in nature without
emphasis on humans

Most have very simple diagrams with no
visible indication of cellular compartments
or visible protein/chemical structure

Most focus on regular metabolism, not
diseases, drugs, toxins or poisons

Most focus on cellular processes, not
whole organisms or multi-organ processes



" [I] Audiobaba Music Search  Bioinfarmani_ the U of Al Collqun Basics 2 Pathgulde: 1._esou

The Small Molecule
Pathway Database (SMPDB)

EMPDA: Home
[ =+ ] '__ A A& ] o www.smpdb.cal oRa-

ree list  Dictlonary o on.ca: Books 2

Sipiis

iémau, Moleculs Pathway Batabase

Homa Browsa Search About Drownloads Contact Us

Search: ch SMPD [ search )
Welcome to the Small Molecule Pathway Database (SMPDEB)

SMPD8 (The Small Molecule Pathway Database) |s an interactive, visual detabase containing more than 200 small molecule
pathways found in humans. It is designed specifically to supoou pathway elucidation and Danway discavery in metawom c!
transcngtomics, proteomics and systems hicinou SAMBNE srides aveuicitals datailed bunadinikad Alasrame

metabobc pathways, disease palhways, s QI’\ - c - \.\‘.PI}F wie
on tha mlevant organs, subcallular rmpalt | + 1." ﬂ .'- A (‘, llr.p._mm:xnr A/ parhwaysTType.
ard protein g ch

DrugBisnk and sach pro
descriptions, providing an overview of the p
browsed and supports full text seanching. Us
names, SwizaProt 108, GenBank Ds, Affyr
pathways and highlight tha matching molect
data can also be visualized through SMPDE
ane gownloadabie.

SMPDB Is supported by David Wishart, Depa

What's New?

2Mestryl-hy

s
2 orny EL_ Audiobalia Music Search _ Bioinformasi...he U of Al Coilgun Basics 2 Pashguide: ¢ esource list _ Dicriomary o...0

“ra:

nca Books  Lipéd Anadys s Fiehn Lab

CoA f
dahydugtnase doficitncyBydvenyl. | I

http://www.smpdb.ca

>450 small molecule
pathways for Humans ONLY

223 drug/toxin pathways
116 disease pathways
13 signalling pathways
90 metabolic pathways

Depicts cell compartments,
organelles, protein
locations, 4° structures
Maps genechip &
metabolomic data
Converts gene, protein or

chemical lists to pathways
or disease diagnoses
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Inside SMPDB

Phenylketonuria

| <« »] |E_| |§| = [a A \E| @ hup: //129.128.246.213 /pathman / patnways /SMP00206 /pathway

[0 Audiobaba Music Search

Bioinformati... the U of A! Coilgun Basics 2

Pathguide: L. esource list

Q- G

Dictionary o...on.ca: Books Lipid Analys.._s Fiehn Lab

Metabolomic..n's Disease Statistical Tests

Phenylketonuria (Hyperphenylalaninemia ; HPA ; PKU) is an autosomal recessive genetic disorder characterized by a deficiency in the enzyme
hepatic phenylalanine hydroxylase (PAH). PAH is necessary to metabolize the amino acid phenylalanine to the amino acid tyrosine. When PAH
is deficient, phenylalanine accumulates and is converted into phenylpyruvate, which is detected in the urine. Left untreated, this condition can
cause problems with brain development, leading to progressive mental retardation and seizures.

Pathway Legend

Phenylketonuria In Homo sapiens

ar Space

Component Index

Hide Index
Metabolites:

| 4-Fumarylacetoacetic acld
4-Hydroxyphenylpyruvic acid
‘Acetoacetic acld

Ammaonia
| Fumaric acid
Homogentisic acld
Hydrogen perox/de
L-Phenylalanine
L-Tyrosine
Maleylacetoacetic acld
Oxygen

Phenylpyruvic acld
Water

Enzymes:

| 4-hydroxyphenylpyruvate
dioxygenase

| Aspartate aminotransferase,
cytoplasmic

| Fumarylacetoacetase

__' Homogentisate 1,2-
dioxygenase

| Kunitz chymotrypsin inhibitor
2

| L-amlinc-acld oxidase

1 Phenylalanine-4-hydroxylase
| Phenylalanyl-tRNA synthetase
alpha chain

1 Phenylalanyl-tRNA synthetase |
beta chain

| Tyrosine aminotransferase

1 Tyrosyl-tRNA synthetace,
cytoplasmic

(clear )

A



Mapping

T

] +Nollel A

SMPDE SMP-MAP
R ©

& | #Phitn:f e smpdb.casmpmap

[ Audiohaba Music Search  Bioinformati. the Uof Al Coilgun Basics 2 Pathguide: t asource list — Dictionary o._on.cic Sooks

ST

Sal olacdn Py Oalbass |

Abou Downivads

Metabolites with
SMPDB

Citrullinemia Type |

(" searen

SMP-MAP

Search by metabaolite name

nhemvalanine. ayruric acd; tyrosine; nhenvlacare. ohemacesne:

Ertar mataboits names, separated by *; * [sami-colon follwsd by
& wpace])

Exnmgte: L-Argiine; Geranylgeranyl-PP. Geranyl- PP

(Coearen ) Clwar

¢ Gaagme Aledy & Gargme Cangds

29.128.246.213 fpathman/pathways /SMP0000 1 fpathway

t...esource list Dictionary o...on.ca: Books Lipid Analys...s Fiehn Lab  Metabolomic...n's Disease Genome Albe...s Platform

! Coilgun Basics 2 Pathgui
s

SMP-Highlight

Metabalites:

B Adenosine monophosphate
@ Adenosine triphosphate
i ADP
T4 Ammonia
4 Argininosuccinic acld
&4 Carbamoylphosphate
| Citruliine
§ Fumaric acld
Hydrogen carbonate
§ L-Alanine
{ L-Arginine
L-Aspartic acld
L-Glutamlc acld
W L-Glutamine
i L-Lysine
4 Omithine
W Oxslacetic acd
W Oxoglutaric acld
B Pyruvic acld
| Uea
| Water

Prateing:

@ Alanine aminotransferase 1
@ Arginase-1
B Argininosuccinate lyase

@ Argininosuccinate synthase
@ Aspartate aminotransferase,
mitochondrial

@ Carbamoyl-phosphate synthase
[ammonia], mitochondrial

B Glutamate dehydrogenase 1,
mitochondrial

Loading “http://129.128.246.213/pathman / pathways/SMPO0001/ pathway”, completed 27 of 28 items



SMPDB

Original SMPDB images were hand-drawn
and not easily manipulated or updated,
pathways were non-computable and not
stored in ML compliant file structure

Now going through a major update to save
all files in BioPax format (which can be
converted to SBML)

Also creating a drawing widget that allows
everyone to quickly create nicely colored,
BioPax compatible SMPDB pathways

Still hundreds of pathways to add....



Conclusion

Current toxicology/toxicity databases are not yet
oriented to systems or predictive toxicology

Emerging resources (ToxcastDB, ToxBank Wiki,
T3DB) are starting to change this

T3DB is still awork in progress

Current pathway databases still not oriented to
toxicology, they are still missing key information

SMPDB is a step in the right direction, but not
yet “finished”

Still plenty of work to do and plenty of
opportunities to share/exchange data
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