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Chemoinformatics
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Representation of chemical compounds
File formats in chemoinformatics

Chemical databases

Numerical representation

°

°

°

® Bioassay databases
°

® Molecular fingerprints
°

Hadoop/Spark Programming



Curriculum Vitae

Speaker Name: Minho Lee, Ph.D.

» Personal Info

Name Minho Lee
Title Assistant professor
Affiliation Dongguk University

» Contact Information

Department of Life Science, Dongguk University-Seoul, llsandong-gu,
Goyang-si, Gyeonggi-do 10326, Republic of Korea

Email MinhoLee@dgu.edu

Research interest : Precision medicine

Educational Experience
2005 B.S. Dept. of BioSystems, KAIST
2013 Ph.D. Dept. of Bio and Brain Engineering, KAIST

Professional Experience

2013-2014 Post Doc, Information & Electronics Research Institute, KAIST
2014-2016 Assistant professor, Dept. of Biological Sciences, Sangji University
2016-2020 Research assistant professor, Catholic Precision Medicine Research Center, College

of Medicine, Catholic University of Korea

2020- Assistant Professor, Dept. of Life Science, Dongguk University

Selected Publications (5 maximum)

1.

Lee K. et al, Utilizing random Forest QSAR models with optimized parameters for target
identification and its application to target-fishing server, BMC Bioinformatics, 2017

Lee M. et al., Genomic structures of dysplastic nodule and concurrent hepatocellular carcinoma,
Human pathology, 2018

Lee M. et al., Whole-exome sequencing reveals differences between nail apparatus melanoma
and acral melanoma, Journal of the American Academy of Dermatology, 2018

Lee M. et al., Circulating microRNA expression levels associated with Internet gaming disorder,
Frontiers in psychiatry, 2018

Lee M. et al., A novel loci of the HR gene in Marie-Unna hereditary hypotrichosis using whole-

exome sequencing, Indian Journal of Dermatology, Venereology, and Leprology, 2020
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Topics

» Representation of chemical compounds
File formats

» Chemical databases
Bioassay databases

» Numerical representation

Molecular fingerprints

How to represent chemical information

» How can a molecular structure be stored on a computer?
Figure?
Coordinates?




SMILES

» Simplified Molecular Input Line Entry System
Weininger, ] Chem Inf Comput Sci, 1988, 28, 3|
More recently,a community developed description: http://opensmiles.org

Linear format (“line notation”) that describes the connection table and
stereochemistry of a molecule (i.e. 0D)

Convenient to enter as a query on-line, store in a database
» Basic guidelines:

Hydrogens are implicit

Parentheses indicate branches

Each atom is connected to the preceding atom to its left (excluding branches in-
between)

Single bonds are implicit, = for double, # for triple

SMILES examples

| sSMILES | Name | SMILES | Name

lcc lethane [[oH3+) |hydronium ion
lo=c=0 |[carbon dioxide |[[2H]O[2H] |deuterium oxide
|C-'.f M |hydr0gen cyanide || 235U] |uranium—235
lcen(co)cc||triethylamine [Fre=c/F |E-difluoroethene
lcc(=0)0 ||acetic acid [Frc=c\F |Z-difluoroethene
lcicccect |eyclohexane [nice@@H](c)c(=0)0||L-alanine
|c1ccccc1 |benzene |NIC@H J(CHYC(=0)0 |D—a|anine

| Reaction SMILES | Name

||I—|.|Na+ ].C=CCBr>>[Na+ |.|Br—|.C=CCI|disp|acement reaction
|{C{=CI}C]}.{CJCC}::— =(C{(=0)OCC).{O) |intermo|ecular esterification




Canonical SMILES

» In general, many different SMILES strings can be written for the same molecule
Not a unique identifier (one-to-many)

» Algorithms for producing “canonical SMILES” have been developed
The same unique SMILES string is always created for a particular molecule
One-to-one relationship between structure and representation

Note however, that different software implement different canonicalization algorithms

InChl

» International Chemical ldentifier
Line notation developed by NIST and I[UPAC
Goal:An index for uniquely identifying a molecule

R

TnChI=1/CEHNO 2/ 1-4-6(8)9-5(2)7(4)3/m1 303

Example




InChl

» Features
Derived from the structure
One-to-one relationship between InChl and structure
Layers (of specificity)
Can distinguish between stereoisomers, isotopes, or can leave out those layers

Different tautomeric forms give rise to the same InChl (unlike SMILES)

» InChlKey
a fixed length (25 character) condensed digital representation of the InChl

Example (Caffeine)

» SMILES
[l ([n+]([CH3][c]([c]2([c]([n+] I [CH3])[n][cH][n+]2[CH3]))[O-])[O-]
CNIC(=0)N(C)C(=0)C(N(C)C=N2)=C12
Cnlene2n(C)c(=O0)n(C)c(=0O)cl2 0 CHy
Cnlcnc2clc(=0)n(C)c(=0)n2C HC~ N
N1 (C)C(=0)N(C)C2=C(CI=0)N(C)C=N2 )\Jth%
O=CI1C2=C(N=CN2C)N(C(=O)NIC)C ° EH
CNIC=NC2=CIC(=0)N(C)C(=O)N2C ’

» InChl
InChl=1S/C8HI0N402/cl-10-4-9-6-5(10)7(13)12(3)8(14) 1 1(6)2/h4H,1-3H3




Mol file

3
0
- 1
Number of bonds = 3 Me 2
Number of atoms = 4 H
—ISIS— .~ 03120006432D 4
4 300 0 0 0 0 0 0999 V2000
04375 09958 00000 C. 0 O O 0 O O O 0O O O O ©
03875 09958 00000 C\ 0 © 0 0 0 0 0 0 0 0 0 o} Atem
08000 17103 00000 O\ 0 0 0 0 0 0 0 0 0 0 o0 of block
08000 02814 00000 O \O O 0 0 O 0 O O 0 0 © O
2 31 0 0 0 0
1 2100 0 0)Bondblock A';“:::r";z:”
242000 0
M END
Bond between atoms
2 and 3 is single

12.3: MDL mol file for acetic acid, in the hydrogen-suppressed form.

Other formats

» CML
» MOL2
» SDF

» PDB
> ...




Open babel
» http://openbabel.org

» a chemical expert system mainly used for converting chemical file formats
» Offers CUI & GUI

OpenBabelGU] PER

Ele View Hep
- INPUT FORMAT -~ - OUTPUT FORMAT -
i~ Chemical Merkup Language ~ mol - MDL MOL format. v
Cuse this format for allinput files (ignore file extensions)
Fipy output fle

min warring level displayed

Start import at molecule # specified
[1nput below Cgnore input fie) & a Qutput below only (no output fie)

End import at molecule # specfied
] Continue with next abject after error, if possidle

TS 1 molecule converted
<molecule xmins="http: fwrw. xrmi-crl.org/schema”™
id="chlorobenzene"> [] Delete hycragens (make implict)
<abwnArrav>" ety [ Add hydragens (make explicit)

[ Add Hydragens apropriate for pH model

2" elementTyps
3" elementTyps [ Convert dative bonds .9, N+1([0-)=0 toN(-0)=0 7 7 D0 0 0 0 0 0 D338 V2000

chiorobenzene
Opengabel 110106225120

4 elementType 0.0000 0.0000 0.0000C 00000
5 elementType="C; [ Center Coordinates 0.0000 0.0000 0.0000C 00000
6" clementType="C/> [ oin allinput molecules inta a single output molecule 0.0000 0.0000 0.0000C 00000
7" clementType="Cl"/> T Combne mol n st fle with others having same name 0000 0.0000 00000¢ 9.9.8 0 9
<[atomArray> ! . .
<émwmv> Convert only molecules matching SMARTS: o B oy e note
<bond atonRefs2="a1 22" order="1"/> 0.0000 0.0000 0.0000CI 00 0 0 0

<bond atomRefs: Convert only molecules NOT matching SMARTS: 121000
<bond atomRefs: 162000
<bond atomRefs: 232000
<bond atomRefs: add or replace a property (sDF) 331000
<bond atomRefs: r="2"> 452000
Shond atonRefad—"a6 a7 erdr =" 177> Add or replece moleale fitle sei000
</bondArray > Append to title §71000
<fmolecule> M END

[ Append formula to tite
[ input 20 rather than 3D coordinatesif both provided

[ outpuit 43000 not V2000 {used for 333 atoms/bonds)
[ write o properties

Chemical Databases

Database Content Size (no. of URL

compounds)

Bioactivity data

ChEMBL Bioactivity data from the medicinal chemistry literature 1 360 000 https://www.ebi.ac.uk/chembldb
PubChem Biological screening results on small molecules 49 000 000 https://pubchem.nebi.nlm.nih.gov/
Patents

IBM Chemicals from full text patents 2 500 000 http://www-935.ibm.com/services/us/gbs/bao/siip/
SureChEMBL Chemicals from full text patents 12 400 000 https://www.surechembl.org
Drugs

DRUGBANK Drug data and drug target information 7700 http://www.drugbank.ca
FDA/USP SRS Substances present in FDA regulated products 34000 http://fdasis.nim.nih.gov/srs/srs.jsp
Availability

ZINC Commercially available compounds 22 700 000 http://zinc.docking.org
emolecules Commercially available compounds 5900 000 htep://www.emolecules.com
Other

ChEBI Database and ontology of Chemical Entities of 27 000 https:/iwww.ebi.ac.uk/chebi/

Biological Interest

PDB Data on biological macromolecular structures 16 000 https://www.ebi.ac.uk/pdbe/

Note: All numbers from Apr 2014.

http://dx.doi.org/10.1016/j.ddtec.2015.01.005




PubChem

» https://pubchem.ncbi.nlm.nih.gov/

Databases » Upload Senices » Help  more » Today's Statistics »

]
«
&
0

PubChem

BioAssay Tools

Structure Search

O g
@ BioAssay =) Compound 2] Substance D Conformer Tools
Limits. Structure Clustering

£ Advanced E

Classification |

Try the PubChem Search Beta Upload g;

Download &

New The PubChem Data Sources page is now updated. It helps you to find who PubChem FTP @

provided what informatien in PubChem. Read more...

New PubChem Widgets 2.0fis released. It substantially updates all table-based
widgets and classification widgets, while adding new capabilities and features. Read
more.

mare 3]
‘Write to Helpdesk | Disclaimer | Privacy Statement | | Data Citation
MNational Center for Biotechnology Information
NLW | NIH | HHS

PubChem is organized in 3 separate databases

JPubQhem  cmmmmp OyPubChem

Substance Standardization Compound
* Depositor-provided * Unique chemical structures
* Unigue Identifier: SID * Unique Identifier: CID

Activity of
tested
“substances” 7" Activity of “compounds”
d derived from associated
“substances”

] PubQOhem

BioAssay

+ Biological activity test results
+ Depositor-provided
* Unique Identifier: AID




ChEMBL

» Open access database for drug discovery
» Freely available (searchable and downloadable)

» Content:
» 2D structures & calculated properties (logP, MWV, Lipinski, etc.)

» Associated bioactivity data extracted from the primary medicinal chemistry journals
such as J. Med. Chem.

» Deposited data from neglected disease screening (e.g. malaria)
» Subset of data from PubChem

» Covers ~30 years of compound synthesis and testing
» Annotated FDA-approved drugs

ChEMBL Data generation

IInhibition of
human Thrombin

PTT (partial
thromboplastin
time)




ChEMBL Assays — Binding, Functional, ADMET

» Binding Assays
» Assays which directly measure the binding of a compound to a particular target

0 E.g., competition binding assays with a radioligand

» Various endpoints measured, but most commonly reported are:
» 1C50 (half maximal inhibitory concentration)
» Ki (binding affinity)
» MIC (minimum inhibitory concentration)
» % Inhibition (of activity)

Functional Assays

Whole organism assays

Disease-derived cell-line

-

Tissue or cell-based disease model
(e.g., glucose uptake by adipocytes)

uonedosse 398.4e]

UO[IBIDOSSE 3SEISI(]

-10-




ADMET Assays

» Assays measuring:
Absorption, Distribution, Metabolism, Excretion, Toxicity properties of compounds

Opiimizaion problem

[Poor systemic exposure | [Poor oral bioavailability |
Distribution [ci ] |Firstpass | [Absorption
Volume: of distribulion  pepoy prasma Hepatic  Gut stability
Blood-brai Pl tei [ : 1 P
lood-brain lasma proiein . ) properties permeation
barrier binding  Metatplic Biliary
Transporters
Cytochrome P450 Others  PKa Solubility LogP/D
1
Which
P-gp MRP OATP OCTP Which

F‘4‘50?
1A2, 2C9, 2C19, 2D6, 3A4 Glucuronide Sulphate Amino acids

T T T T ]
Regiospecifcty  Labilly Affinty  Induction Inhibition
!

» Examples include:

Half'llfe Of Compound |n ratS F'}‘(R (}AI\F! Ar‘lH Typelllbmdmg Msl:h‘anislm
Tissue distribution of compound e
Levels of metabolites
ChEMBL Targets
Protein Protein complex Protein family Nucleic Acid

g R
e

e.g., PDE5 e.g., Nicotinic acetylcholine receptor  €.9., Muscarinic receptors e.g., DNA

Cell Line Tissue Sub-cellular Fraction Organism

e.g., HEK293 cells e.g., Nervous e.g., Mitochondria e.g., Drosophila

-11-




Protein Targets

» Each protein target linked to a sequence in UniProt
» Information from UniProt used in ChEMBL to allow searching:
Protein name/description

Synonyms and gene names
Organism (and NCBI Tax ID)

» Proteins in ChEMBL also classified according to family (e.g., Receptor, Kinase,
Protease, Transporter etc).

Used for searching by target tree (Browse Targets)

DrugBank example: Acetylsalicylic acid

( Enzymes (4) )

Aspirin

IDENTIFICATION

Name Acetylsalicylic acid Accession DB00945
Commonly known or available as Aspirin Number
Description Also known as Aspirin, acetylsalicylic acid (ASA) is a commonly used drug for the treatment of

pain and fever due to various causes. Acetylsalicylic acid has both anti-inflammatory and
antipyretic effects. This drug also inhibits platelet aggregation and is used in the prevention of
blood clots stroke, and myocardial infarction (MI) Label

Interestingly, the results of various studies have demonstrated that long-term use of
acetylsalicylic acid may decrease the risk of various cancers, including colorectal, esophageal,
breast, lung, prostate, liver and skin cancer '°. Aspirin is classified as a non-selective
cyclooxygenase (COX) inhibitor "'* and is available in many doses and forms, including chewable

PRI " I S (Y E

-12-




DrugBank: ASA targets

TARGETS

1. Prostaglandin G/H synthase 1 - Binding Properties ‘ ‘ (4 Details ‘

Kind Protein General Function Prostaglandin-endoperoxide synthase activity

organism Humans Specific Function Converts arachidonate to prostaglandin H2 (PGH2),
a committed step in prostanoid synthesis. Involved

Pharmacological action ([¥&8)
9 in the constitutive production of prostanoids in

Actions amD particular in the stomach and platelets. In gas...
Gene Name PTGS1
Uniprot ID P23219
Uniprot Name Prostaglandin G/H synthase 1
Molecular Weight 68685.82 Da
References

Flipo RM: [Are the NSAIDs able to compromising the cardio-preventive efficacy of aspirin?]. Presse Med. 2006 Sep;35(9 Spec No 1):1S53-60. [PubMed:17078596]

. Schwartz KA: Aspirin resistance: a review of diagnostic methodology, mechanisms, and clinical utility. Adv Clin Chem. 2006;42:81-110. [PubMed:17131625]

Birnbaum Y, Ye Y, Lin Y, Freeberg SY, Huang MH, Perez-Polo JR, Uretsky BF: Aspirin augments 15-epi-lipoxin A4 production by lipopolysaccharide, but blocks the pioglitazone
and atorvastatin induction of 15-epi-lipoxin A4 in the rat heart. Prostaglandins Other Lipid Mediat. 2007 Feb;83(1-2):89-98. Epub 2006 Nov 7. [PubMed:17259075]

. Guthikonda S, Lev El, Patel R, DeLao T, Bergeron AL, Dong JF, Kleiman NS: Reticulated platelets and uninhibited COX-1 and COX-2 decrease the antiplatelet effects of aspirin. J

w N

IS

ChEBI

4

» Chemical Entities of Biological Interest

» A freely available, manually curated chemistry database
» High quality, manually annotated

» Provides chemical ontology

-13-




e : Documen

Chemical Entities of Biological Interest (ChEBI) is a freely available dictionary of malecular entities focused on *small’ chemical compounds.

Documentation
Tutorial An introduction to the ChEBI
database and ontology, showing
users how to search and browse the
web/programmatic interface.

Statistics Graphs showing the growth
of ChEBI, the numbers of curated,
submitted and unchecked entries, the
numbers of links to other resources
and the sources of the information
present in ChEBI

User Manual Learn more about the
data fields in the ChEBI and data
sources for ChEBIL.

Read more...

ion | Download | Tools | About ChEBI

Search for

conly O Allin ChEBI
:

.
N T S DI S eSS L2 et T

Advanced Search | About ChEBI

Downloads
SDF files ChEBI provides its chemical T " _
structures and additional data in | WESLS by @chent
structure-data file (SDF) format.
ChEBI

2

Release 137 is live with 43020 fully
annotated entities. See our entity of the
month: WLL-vs

Ontology files ChEBI ontology is
provided in the W3C standard Web
Ontology Language (OWL) and OBO
formats.

Database files ChEEI is stored in a
relational database and we currently
provide the ChEBI tables in flatfile

tab_delimited format, as an Oracde &
binary dumps and a generic_ SQL

Christoph Steinbeck

dumps for MySQL and PostgreSQL
database.

Archived Ney

European Bisinformatics Insfitute looking for a

-4 Submit

Entity of the month

1st March 2016
WLL-vs

the and

for
treatment of malaria has increased
more than 10-fold since the year
2000, with dramatic results. Increased

Funding prevention

prevention and control measures,
including the provision and use of bed
nets impregnated with long-lasting
(2-3 vyears) insecticides to protect
people from mosquito bites at night,
together with indoor spraying with
insecticides, has resulted in a 37%
reduction in new malaria cases and a
60% reduction in malaria mortality
rates [1].

Read mer:

The ChEBI ontology

Molecular structure
ontology

Role
ontology

Subatomic particle
ontology

-14-




Molecular structure ontology

[ molecular structure ]

[ molecular entity |

/_/\

inorganic ‘ organic ’
molecular entity

molecular entlty

@ o

sodium chloride

carboxy group

aldehydes

carboxylic
acid

‘ organophosphorus
compounds

acetylsalicylic acid pyridoxal
(aspirin) chlorfenvinfos (vitamin Be)

Role ontology — o) —— is.a

——— has_role

[ Biological role ] Chemical role ] [ Application ]

V|tam|n a0|d

analgesic insecticide

pyridoxal
(vitamin Bg)

sulfuric acid -
chlorfenvinfos

-15-




ChEBI ontology: aspirin

endoperoxides, precursors of prostaglandins.

A drug that has principally analgesic, antipyretic and anti-inflammatory actions. Non-narcotic analgesics do not bind to opioid receptors.

View more_via ChEBI Ontology

ChEBI Ontology

acetylsalicylic acid (CHE 5) has functional parent salicylic acid (CHE
acetylsalicylic acid (CHE 5) has role anticoagulant (CHEBI:50240)
acetylsalicylic acid (CHEBI: 15365) has role antipyretic (CHEBI:35493)

630)

acetylsalicylic acid (CHEBI:15365) has role cyclooxygenase 2 inhibitor (CHEBI:50629)

acetylsalicylic acid (CHEBI:15365) has role drug allergen (CHEBI:88188)

365) has role EC 1.1.1.188 (prostaglandin-F synthase) inhibitor (CHEBI: 77425)
acetylsalicylic acid (CHEBI:15265) has role non-narcotic analgesic (CHEBI:25481)

Outgoing acetylsalicylic acid (CHEBI:15365) has role non-steroidal anti-inflammatory drug (CHEBI:25475)

acetylsalicylic acid (CHEBI:15365) has role platelet aggregation inhibitor {CHEBI;50427)
acetylsalicylic acid (CHEBI: 15365) has role prostaglandin antagenist (CHEBI:49023)
365) has role teratogenic agent (CHEBI:50905)

acetylsalicylic acid (CHEBI:15365) is a acetate ester (CHEBI:47622)
acetylsalicylic acid (CHEBI: 15365) is a benzoic acids (CHEBI:22723)

Incoming acetylsalicylate (CHEBI:13719) is conjugate base of acetylsalicylic acid (CHEBI: 15365)

IUPAC Name

2-(acetyloxy)benzoic acid

INNs Sources
acide acétylsalicylique L1 ChemIDplus
Scido acetilsalicilico =3 NIST Chemistry WebBook

ZINC

» http://zinc.docking.org/
» ZINC was originally designed for target based virtual screening (docking)

» also useful for many other things
finding a compound to purchase
downloading a library in SMILES format for ligand based virtual screening
find compounds by similarity to a starting
find compound ANNOTATED for a particular target (via ChEMBL)
find compounds PREDICTED for a particular target (via ChEMBL or docking)

-16-




ZINC subsets

Lead-Like Fragment-Like Drug-Like All Shards
S Lead-Like Fragment-Like Drug-Like All Shards
U]fd]:?ed 6.052.287 847.900 17.000.742 Purchasable 635150
2014-09-29 2015-02-04 2014-11-24 20,7948 2014-05-16
2014-11-2
(Ilean Clean Leads Clean Clean Drug-Like All Clean Clean Shards
S’z‘:ed 4.501.276 Fragments 13,105,609 16,402,865 225,050
(Cizis 2014-09-25 1,611.889 2013-11-05 2013-12-18 2014-11-24.
2014-09-24
i Stoek Leads Now Frags Now Drugs Now All Now Shards Now
Usdﬁed 3,687,621 04,041 10,630,5 12,782 500 424,775
2014-06-25 2015-02-04 2014-11-24 2014-05-01 2014-00-24
Boutique Boutique Leads Boutique Frags Boutique Drugs All Boutique Bouti%ue
U]fdﬁed 16 2,755,555 10,292,210 12,217,845 M
2012-12-24 2013-11-08 2012-11-27 2012-11-27 80,608
2013-11-08
Teague, Davis, Leeson, Carr RA, Congreve M. Lipinski, J Pharmacol Purchasable chemieal Type I binding
Co ts/ Citati Oprea, Anfew Chem Int Murray CW, Rees DC, Toxicol Methods. 2000 space sites
mments/Litation Ed Engl. 1900 Dec Drug Discov Today. Jul-Aug;44(1):235-49.
16;38(24):3743-3748. 2005 Jul 15;10(14):087
p.mwt <= 350 ani pxlogp <=3.5 and o p-mwt <= 500 ang p.mwt < 190
St P MWt >= 250 an p.mwt <=250 and p.rl p.mwt >= 150 an
Filtering Critieria p.:ﬁugp <=3.5and p.rb <=3 p-xlogp <= 5and p.rb
<=7 <=7and p.psa < 150
and .nﬁhﬁ(ﬁ)nm’s <=5
and p.n_h_acceptors
=10

Protein Data Bank(PDB): structure database

RCSB PDB

Deposit v St Visualize v Analyze v Download » Leamn ~ More ~

An Information Portal to
S
= 123622 Biological

PROTEIN DATA BANK Macromolecular Structures

DB ID, author, macromol

Advanced Search | Browse by Annotations

3 PDB-101 ;‘é,ﬁ""" g v

EMDataBank I StructuralBiology
S .@Ujﬂ'.:‘-" Knowledgebase

A Structural View of Biology

This resource is powered by the Protein Data Bank archive-information about
the 3D shapes of proteins, nucleic acids, and complex assemblies that helps
students and researchers understand all aspects of biomedicine and

M Welcome

~ .
T Deposn agriculture, from protein synthesis to health and disease.
a /S a member of the wPDB, the RCSB PDB curates and annotates PDB data
Search
The RCSB PDB builds upon the data Dy C(ea!lﬂg tools and resources for
research and education in molecular biology, structural biology, computational
Ed Visualize biology. and beyond
Analyze Events and Activities
3 o ALSTRETICS
A Download ’ : PDB-101
) = gn‘; |;|FE SCIENCES . USELSURVEY
B October 21, 2016
& Leam Qfaﬁ‘ RUTGERS

ptidyl Peptidase 4

Latest Entries As of Tuesday Oct 18 Features & Highlights m Publications ~

Contact Us

-17-




PDB file (text format)

HERDER TRANSFERASE 17-JUN-02 1M17
TITLE EPIDERMAL GROWTH FACTOR RECEPTOR TYROSINE KINASE DOMRIN
TITLE 2 WITH 4-ANILINOQUINAZOLINE INHIBITOR ERLOTINIB

COMPND MOL_ID: 1;

COMPND 2 MOLECULE: EPIDERMAL GROWTH FACTOR RECEPTOR;

COMPND 3 CHRIN: B&;

COMPND 4 FRAGMENT: TYROSINE KINASE DOMAIN (RESIDUES €71-998);
COMPND 5 SYNONYM: RECEFTOR PROTEIN-TYROSINE KINASE ERBB-1;
COMPND 6 EC: 2.7.1.112;

COMPND 7 ENGINEERED: YES

SOURCE MOL ID: 1;

SOURCE 2 ORGANISM SCIENTIFIC: HOMO SRPIENS;
SOURCE 3 ORGANISM COMMON: HUMAN;
SOURCE 4 GENE: EGFR;
SOURCE 5 EXPRESSION_SYSTEM: SPODOPTERA FRUGIPERDA;
S0URCE 6 EXPRESSION SYSTEM COMMON: FALL ARMYWORM;
SOURCE 7 EXPRESSION SYSTEM STRAIN: AUTOGRAPHICA
SOURCE 8 CALIFORNICA/T.NICOPLUSIA;
SOURCE 9 EXPRESSION SYSTEM CELL LINE: SF9;
SOURCE 10 EXPRESSION SYSTEM VECTOR TYPE: PLASMID;
SOURCE 11 EXPRESSION_SYSTEM PLASMID: PVL1392
KEYWDS TRANSFERASE, TYROSINE KINASE DOMAIN
EXPDTAE ¥X-RAY DIFFRACTION
LUTHOR J.STAMOS,M.X.SLIWKOWSKI, C.EIGENBROT
REVDAT 2 25-FEB-03 1M17 1 JRNL
REVDAT 1 04-SEP-02 1M17 0
JRNL LUTH J.STEMOS,M.X.SLIWKOWSKI, C.EIGENBROT
JRNL TITL STRUCTURE OF THE EFIDERMAL GROWTH FACTOR RECEFTOR
JRNL TITL 2 KINASE DOMARIN ALONE AND IN COMPLEX WITH A
JRNL TITL 3 4-ANILINOQUINAZOLINE INHIBITOR.
JRNL REF J.BIOL.CHEM. V. 277 46265 2002
JRNL REFN ASTM JBCHA3 UsS ISSN 0021-5238
REMARK 1
REMARK 2
2 RESOLUTION. 2.60 ANGSTROMS.

Molecular similarity

» Structurally similar molecules tend to have similar properties

» If we can measure similarity somehow
Can construct a distance matrix
Such matrices can be used to cluster compounds
Can use to find molecules in a database similar to a particular query
Can find unknown molecules with a similar property

Can use to see whether a particular property is correlated with molecular similarity
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..But how to measure similarity?

» How similar are aspirin (A) and salicylic acid (B)?

O 0.
\H/ H™ ™

Chemical fingerprint
» A molecular fingerprint is an encoding of the molecular structure onto a (long)

binary string
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Tanimoto coefficient

)J\ OH  OH
a

A= Number of bits set in both=3
B = Number of bits set in (1), but not in (2)= 2

C = Number of bits set in (2}, but notin {(1)=10

TANIMOTO COEFFICIENT =A/{A+B+C)
=3/(3+2+0})=056 or60%

Types of fingerprint .
» PubChem

» Daylight

» Extended Connectivity Fingerprint (ECFP)

b ...
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PubChem fingerprint

Bit Position Bit Substructure

0 >= 4 H
H 1 >= 8 H
2 >= 16 H
3 >= 32 H
4 >= 1 Li
5 >=2 Li
6 >=18B
7 >=2B
8 >= 4 B
Aspirin Structure Pubchem Molecular Fringerprint

ECFP

» Extended Connectivity Fingerprint

Diameter 0:
//’ £ N e =
7 :
/ Diameter 2:
N 0 a2 = 5 0 S 2 - AN
0 \f N 7o L O -
\\ \
1 N )
Diameter 4:
=N N
>

ot Vot s

» ECFP_2,ECFP_4, ECFP_6, ... : depending on diameter

https://docs.chemaxon.com/display/docs/Extended+Connectivity+Fingerprint+ECFP

Identifiers:

-1266712900
-1216914295
78421366
-887929888
-276894788

-744082560
-798098402
-690148606
1191819827
1687725933
1844215264

-252457408
132019747
-2036474688
-1979958858
-1104704513
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ECFP

Identifier list representation:

-1266712900 -1216914295 78421366 -887929888 -276894788 -744082560 -798098402 -690148606 1191819827

—

16877259 1844215264 -252457408

Hash function

0100000000100000110000100011000000000101000000000000000000000000 101001000000000 0000000000

Bit collisions

» Bit string length
Larger length decreases the likelihood of bit collision

tools for calculating molecular fingerprints

» Chemistry Development Kit (CDK)
JAVA
https://cdk.github.io/
» RDKit
C++, Python
https://www.rdkit.org/
» R packages
rcdk in CRAN
Rcpi in bioconductor
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