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Uvod do chemoinformatiky

Radka Svobodova



Pro¢ nahrazovat nebo doplnovat experiment
vypocétem?

Vyhneme se praci s toxickymi, vybusnymi a radioaktivnimi latkami
MUzeme pracovat i s nestabilnimi latkami
USetfime naklady za chemikalie a za realizaci experimentu

USetfime Cas experimentalnim chemikum :-)
e 77 // f-"'-!.’ LI .“':ﬁ
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Chemoinformatika €

,LChemoinformatika vyuziva informatickych a
algoritmickych pristupt pro feSeni chemickych
problému. Pfevazné se zaméruje na ziskani
informaci z databazi malych nebo stfedne velkych
molekul (I€ku, organickych latek, ...)."

Vznika v devadesatych |Iétech dvacatého stoleti.

Rozvoj spojen s dostupnosti velkého mnozstvi dat o
molekulach |éku apod. a s potfebami
farmaceutického prumyslu
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Bioinformatika ‘e

,2Bloinformatika je aplikaci statistickych a vypocetnich
metod v oblasti molekulove biologie a genetiky.
Prevazne se specializuje na zpracovani dat z
databazi biomolekul (sekvence DNA, RNA a
proteinu).”

Vznika v osmdesatych Iétech dvacatého stoleti.

Rozvoj spojen s dostupnosti nadkritickeho mnozstvi
dat o biomolekulach.

Specializace:
e Strukturni bioinformatika
 Sekvencni bioinformatika, NGS
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Jak zapsat molekulu v pocitaci?

 Zjistit, které informace molekulu popisuji

« Zapsat je do pocitace
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Které informace popisuji molekulu?

Ethanol

Dimethyl C,He0
ether




Které informace popisuji molekulu?

Pocty atomu?

Pocty atomul a umisténi vazeb?

Ethanol C,H0 CH4CH,0H

Dimethyl C,Hg0 CH;0CH,
ether



Které informace popisuji molekulu?

Pocty atomu?
Pocty atomul a umisténi vazeb? LepsSi

Pocty atomu, umisténi vazeb a poloha atomu v prostoru?  Ano

Ethanol C,H0 CH4CH,0H H H

Dimethyl C,He0 CH;0CH, H H
ether ’
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Model molekuly pro pocitacové zpracovani Ve

Atomy:
Body v prostoru

U kazdého uveden chemicky symbol prvku

Vazby:
Dvojice atomu, které jsou vazany

Nasobnost vazby
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Zapis molekuly v pocitaci

Pocet
atomu
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Soucasné databaze molekul

Prozivame ,informacni boom® v oblasti dat o
molekulach

Davod: Vysoce vykonné techniky strukturni
analyzy

Duasledky:

= Mame k dispozici miliony struktur malych
molekul (organické molekuly, leky, ...)

= Zname struktury vice nez 190 000 proteinu a
vice nez 100 000 000 organickych molekul

» Jsme schopni zjistit informaci o genomu
jednoho ¢lovéka za par dnu

Vétsina téchto informaci je verejné
pristupna :-)
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DrugBank — ukazka databaze lékii

@& DrugBank x +

& (&; & httpsy//www.drugbank.ca o

@RUGBANK

WHAT ARE YOU LOOKING FOR?

Tylenol

@ RUGBANK

The DrugBank database is a unique bioinformatics and
cheminformatics resource that combines detailed drug data
with comprehensive drug target information.

The latest release of DrugBank (version 5.1 4, released 2019-07-02) contains 13,369 drug entries including

ved biotech (protein/peptide) drugs, 130

iditionally, 5,158 non-redundant protein (i.e. drug

ach DrugCard

contains m han 2 fields with half of the information being devoted to drug/chemical data
and the other half devoted to drug target or protein data.

.-/.. ..\-. .-/.. . .\-. .-/.. N\
| About DrugBank > | | Cite DrugBank (+) ] | DrugBank for Commercial Use > )
A ey . A " /




DrugBank — ukazka databaze lékii

&’ DrugBank

@RUGBANK

Identification
Pharmacology

Interactions

Products
Categories
Chemical Identifiers
References

Clinical Trials
Pharmacoeconomics
Properties

Spectra

Targets (2)

Enzymes (3)

Transporters (6)

& New Tab

.drugbank.com/drugs/DB14761

Remdesivir

IDENTIFICATION

Name

Accession Number

Description

Type
Groups

Structure

Remdesivir
DB14761

Remdesivir, or GS-5734, is an adenosine triphosphate analog first described in
the literature in 2016 as a potential treatment for Ebola.’ In 2017, its activity
against the coronavirus family of viruses was also demonstrated.” Remdesivir is
also being researched as a potential treatment to SARS-Cov-2, the coronavirus
responsible for COVID-19.*

Remdesivir was granted an FDA Emergency Use Authorization on 1 May 2020."
This is not the same as an FDA approval

small Molecule

Investigational

U, ¥
N T
&)

= Similar Structures

ry | 3D ‘ Download ~ |
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@ 30 structure for Remdesivir (0 X LS NIRRT

c @ O & nup:

RUGBANK

n @ & =

//go.drugbank.com/structures/small_molecule ¢ ==+ w

D G

Are you a drug manufacturer or company looking to submit data directly to DrugBank?

3D structure for Remdesivir (DB1476

© Similar Structures

Download: | < | Download ~




PubChem - ukazka databaze organickych molekul

(= Eli © PubChem X [+ w = mp )

< = O @ & httpsy//pubchem.ncbinim.nih.gov/ ¥ 3= éL =

technology Informa:

X PubChem presents at the American Chemical Society National Meeting in San Diego (August 25-20,
Pub hem About  Blog  Submit  Contact 2019) Read More >

Fxplore Chemistry

Quickly find chemical information from authoritative sources

Try aspinn EGFR C9H804 57-27-2 =0 InChi=15/C3H60/c1-3(2)4/h1-2H3

[ Use Entrez

ye? 2% LS Ex

Draw Structure Upload ID List Browse Data Periodic Table

96M Compounds 236[\/] Substances 268M Bioactivities ?)OM Literature _D)M Patents 693 Data Sources

See More Statistics ) Explore Data Sources

What is PubChem?




PubChem - ukazka databaze organickych molekul

© Mo X [l NERE B Ligan A Ligan B Ligan A Ligan B Ligan B suce B suc &) New T
&« C © & httpsy/pubchem.ncbi.nim.nih.gov/compound,/5 v @ 1 I @ & =

Get the latest public health information from CDC: https://fwww.coronavirus.gov. X

o COVID-19 is an emerging, rapidly evolving situation.
Get the latest research from NIH: https://www.nih.gov/coronavirus.

) National Library of Medicine

National Center for Biotechnology Information

PUb © hem About Blog Submit Contact Q Search PubChem

COMPOUND SUMMARY

f Share ’ Tweet Email

M O rp h i n e 99 Cite ¥ Download

CONTENTS .
. ~
PubChem CID: 5288826 Title and Summary
1 Structures -
""{ 2 MNames and ldentifiers -
~ M 3 Chemical and Physical -
Structure: ,ﬁ"' Properties
b D Crystal 4 Spectral Information -
Find Similar Structures 5 Related Records -
6 Chemical Vendors
7 Drug and Medication -
Information
Chemical Safety: 8 Pharmacology and N
Irritant Biochemistry
[P i S e PP U o P PSP o PR | Il s S . W S IS o T PO B W PR



Ligand Expo — ukazka databaze ligandu

%, Ligand - X [l NEGEUEIE BA Ligand D BA Ligand D BR Ligand D BA Ligand D B suc paL B suc paL * New Tab +

«— > C ‘Q‘ (0" ligand-expo.resb.org/ld-search.html E - @ 1:? In @.

_I_PD @ ,B Ligand Expo

PROTEIN DATA BANK
RCSB PDB | Contact Us B< Home Search Browse Download Ligand Expo Help

Chemical Component Search Tools

Use the forms below to search for chemical components within the PDB Component Dictionary.

o Search for chemical components by 3-letter component identifier code, molecular name, molecular formuia, SMILES description, or
InChi/InChiKey chemical description.
You can also check to see if a 3-letter code is being held by a deposition in progress.
o Chemical substructure searches can also be conducted by starting from a chemical drawing created within the Marvinsketch tool.
Either start with a SMILES description or chemical data file (see drop-menu for acceptable formats), or draw a 2D chemical structure
from scratch (Launch without input). It can also generate chemical component definitions from your 2D structure.
o Search for instances of a chemical component throughout the PDB. The Display option allows you to simply see a list of PDB codes, or to
download these coordinates in PDB, MOL/SDF and mmCIF formats.
o You can also search for analogs to the standard amino acids, nucleotides, popular drugs, and common aromatic ring systems by using the
Browse feature in the top menu bar.

Your query results are also searchable! Each hit from your initial query will contain links to continue searching by similar name, chemical
formula, or structure (SMILES).

m MOLECULAR NAME, FORMULA, AND DESCRIPTOR SEARCH OPTIONS 2]

Search term |ch|orophyl| | Search type | Molecular name (exact sub-string) v|
m SKETCH INPUT AND/OR STRUCTURE SEARCH OPTIONS ﬂ
File name | Browse...  No file selected. | File format | MOL/SDF format v|
_ OR _
SMILES string | | Display size

B SEARCH FOR INSTANCES OF CHEMICAL COMPONENTS BY 3-LETTER 1D coDE JH

Component ID code | | Display [ PDB entry codes + coordinate files |




Ligand Expo — ukazka databaze ligandu

Ligand Ex Ligand De Ligand De Ligand De Ligand De suc_paL suc_paL &) New Tab +
c o © # ligand-expo.resh.org/reports/ dex.html B e ww m o €& =
Y ~
= . .,
- - -
LT L ) -] Ligand Expo

PROTEIN DATA BANK
RCSE PDB | Contact Us B4

Chemical Details ‘ | Geometry | | Atom Nomenclature | | Downloads | | Related Resources

PDB Chemical Component BCL

Ideal Model

Chemical Description

Name BACTERIO@IRe eI snal A
Formula C55 H74 Mg N4 06
Formal charge 0

Molecular weight 911.504 g/mol
Component type NON-POLYMER

Ambiguous Chemistry Warning The chemical description of this component is not well described in this definition. Descriptors and chemical
name= shnuld he nsed with caution w




Vizualizace malé molekuly v pocitaci Ve

Dratovy model: Ty€inkovy model:

Kalotovy model (CPK):
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Protein Data Bank — zdroje dat

89% Rentgenova 10% NMR 1% kr

krystalografie spektroskopie
3D struktura

ATOM 46 C GLY A 70 51.536 23.360 40.507

ATOM 47 O GLY A 70 50.947 22.279 40.325

ATOM 48 N ILEA 71 50.965 24.532 40.270

ATOM 49 CA ILE A 71 49.595 24.644 39.786

W O RL D WTIDE

SrDB

PROTEIN DATA BANK

ronova

yo-elekt
mikroskopie




Protein Data Bank

WORLDTVWIDE

SPDB

PROTEIN DATA BANK www.wwPDB.org * info@wwPDB.org

The worldwide Protein Data Bank

-PDB BSPDBe

PROTEIN DATA BANK Protein Data Bank in Europe ®

Research Collaboratory for
Structural Bioinformatics

Protein Data Bank in Europe

- PDB;j

www.pdb.org
Protein Data Bank Japan
BMRB Protein Data Bank Japan
www.pdbij.
BioMagResBank il
www.bmrb.wisc.edu

> 190 000 biomacromolecular structures



Protein Data Bank — ukazka databaze proteinu

(-] -—E|| ¢ PDBe home < EMBL-EB X |+ ~
< - O wm

EMBL-EBI

@ European Bioinformatics Institute [GB] | https://www.ebi.ac.uk/pdbe/

Protein Data Bank in Europe

Bringing Structure to Biology

| = |

Examples: hemoglotin, BRCAT_HUMAN

PDBe home [Dieposition | PDBeservicesi PDBe training | Documentation | About PDBe

PDBe is the European resource for the collection, organisation and dissemination of data on biological macromolecular structures.

Featured structure

Pygmalion 5x2g

News

Links added to raw experimental data at
PDBe

12 August, 2019

Improve your previously released PDB
coordinates with OneDep

1 August, 2019

A celebration of the PDB Art project

26 July, 2019

Mandatory mmCIF format for
crystallographic depositions to the PDB

1 July, 2019

1st September 2019

The September image in our 2019 calendar is inspired by a molecular system that can

edit DMA and the story of a statue coming to life.

Events
Art Exhibition: Molecules of Life

Kendrew Foyer, EBI South Building Wellcome Genome
Campus
10 Sep 2019 to 27 Sep 2019

EBI Structural biocinformatics course

EMBL-EBI, Cambridge, UK
16 Sep 2019 to 20 Sep 2019

EBI Exploring Biological Sequence course

EMBL-EBI, Cambridge, UK
10 Oct 2019

More events

Popular
PDBe-KB News
EMsearch Events
PDBeFold Training
PDBePISA Contact us
PDBeChem

Sequence search

PDBe REST API

EM resources

NMR resources

EMPIAR

Coordinate Server

PDB Component Library

Latest archive statistics

As of 11 September 2019 the PDB contains 155830 entries
(latest PDB entries, chemistry, biology) and EMDE contains
3016 entries (

TWBBIS by @PDBeurope i ]

% David Armstrong

Really looking forward to giving this @PDBeurope
training course Medellin in Colombia. Thanks to
(@raodd5, @unubiolac and @CabanaGeri for
supporting this.

hitps:/ftwitter com/raod85/status/1173657623 15515404
4

This website requires cookies, and the limited processing of your personal data in order to function. By using the site you are agreeing to this as outlined in




Protein Data Bank — ukazka databaze proteinu

W < {0 Searchthe PDBarchive<PD | §3 PDB 3hyu structure sum X | 4
L

< -2 O nt & European Bioinformatics Institute [GB] | httpsy//www.ebi.ac.uk/pdbe/entry/pdb,/3hyu Ve = ﬂ\, &

EMBL-EBI -

Protein Data Bank in Europe |

Bringing Structure to Biology Examples: hemoglobin., BRCAT_HUMAN

- - Ay .
®. Feedback

X-ray diffraction

PDBe » 3hyu

Crystal structure of the altitude adapted hemoglobin of guinea pig. Released: 25 Jun 2010

Source organism: Caviz porcelius Model geometry [ .

_ I -
Fit model/data - — e Citations
& Structure analysis

4 3hyu overview

Primary publication:
[0 Structure of the altitude adapted hemoglobin of guinea pig i

Pairet B, Jaenicke E 4
0 S
PloS ONE 5 e12389 (2010)
PMID: 20811454 \‘M

& Function and Biclogy
& Ligands and Environments
& Experiments and Validation

e \liew
& Downloads
© 3D Visualisation

Function and Biology Ylpetails  Ligands and Environments
Biochemical function: = heme binding 2 bound ligands: PDB-REDO
Biological process: * oxygen transport o The sliders below show the change in model
Cellular component: = hemoglobin complex A quality between original PDB entry and the
—F PDB-REDO entry
Sequence domains: o N
: Haem:‘.\globin, alpha-type 2 Model Geometry o D a
= Haemoglobin, beta-type 3 % HEM 4% PO4 Fit model/data m | - |
. Globin E 4 PDB-REDO
= Globin/Protoglobin No modified residues
= Globin-like superfamily
Experiments and Validation & Details
Structure analysis 57 Details
Metric Percantile Ranks Value
Assembly composition: hetero tetramer (preferred) A i
& o Fifran I i 0.201
Entry contents: 2 distinct polypeptide molecules Clashsror: I ] .
Macromolecules (2 distinct): Ramzchendren outliers M 0
. N Sidechain outliers IS
= Hemoglobin subunit alpha —

TSRZ outliers NN [

This website requires cook and the limited processing of your personal data in order to function. By using the site you are agreeing to this as outlined in I agree, dismiss this banner

our Privacy Notice and Terms of Use.




Vizualizace biomolekuly v pocitaci

Cartoon model:

14.10.2022



Chemoinformatika — hlavni oblasti

»
¢
« Podobnostni vyhledavani v databazich )/ -
: . . @
« Vypocty a aplikace deskriptoru "
‘ : HF, MPA, 6-31G* .
QSAR / QSPR o
« Vytvareni a aplikace virtualnich knihoven 3
molekul e
« Virtualni screening | ,.o
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Proces navrhu a vyvoje léku €

Uvedeni nového Iéku na trh stoji v pruméru 900 milionu dolart a trva
vice nez 10 let.

Farmaceuticke spoleCnosti Casto zkoumaji a testuji 10 000 — 30 000
rozlicnych latek predtim, nez je jedna z nich uspésSné uvedena na
trh.

Latky jsou nejdﬁvs@ny v zakladnim vyz@

Poté musi projit predklinickymi a klinickymi zkouSkami.

Veétsina nepostoupi dale, ale ty, které postoupi, mohou nabidnout

wvEw /s ws
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Proces navrhu a vyvoje léku

1 novy lék na trhu

nw /s o=

Cim sofistikovanéjsi je vybér
nejvhodnéjsich kandidatu, tim
efektivnéjsi a levnéjsi

je cely proces.

(miliardy dolart)

5-7let

~ 250 molekul

> 10 000 molekul > —

Chemoinformatika je kliCova
pfi vybéru nejvhodnéjsSich kandidati. Umoziuje totiz
predikci vlastnosti nové navrzenych molekul léku.

27 14.10.2022



Navrh léku (drug design)
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Mature Reviews | Drug Discovery

'Nové

navrzené
léky
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Navrh léku (drug design)

DB01406 Fit=2.76

DB03742 Fit=3.69 DB00947 Fit=3.57

DB0A4753 Fit=2.85 DBO0655 Fit=2.60

DB00286 Fit=2.85

DBO475 Fit=3.33

DBOO8YO Fit=3.74

29 14.10.2022



Navrh |éku (drug design)

Na zakladé nékolika znamych molekul
€k mUzZeme vytvorit (rucné nebo
automaticky) rozsahlé sady molekul.

Tyto sady se nazyvaji virtualni knihovny a
obsahuji desetiticice, staticice i miliony
molekul.

Nékolik z molekul ve virtualni knihovné
muze byt velmi u€innymi Iéky.

Ale které to jsou ?7??

30 14.10.2022




Jak zjistit, ktera z navrzenych molekul je lékem?

Navrzené molekuly existuji jen na papife nebo v pocitaCi a nebyly zatim
syntetizovany.

Nemame tedy naméreny jejich fyzikalni a chemické vlastnosti ani nevime nic
o jejich aktivite.

Jak tedy urcCit, ktera z nich bude vhodnym Iékem?

Mame dvé moznosti:

a) Molekuly synetizovat a jejich vlastnosti i aktivitu zméfit.

) Vlastnosti i aktivitu molekul odhadnout (predikovat) na zakladé jejich
struktury.

\Chemoinformatika
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Orgranizace vyuky €

Prednaska + prakticka cviceni
Prosim, noste si notebooky

Obcas nepovinné ukoly — moznost ziskat procenta navic

Ukonceni predmeétu:
Pisemka

« Teoretickeé otazky

» Priklady a cviCeni
Povoleny vSechny materialy

32 14.10.2022



Orgranizace vyuky 2

Klasifikace:

<100%, 90%>: A
(90%, 80%>:
(80%, 70%>:
(70%, 60%>:
(60%, 50%>:
(50%, 0%>: F

mo O W
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