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Basic chemical terms |

« Atom: basic building block from
which substances are formed

e Structure of an atom:

« Atom core: protons (positive
charge), neutrons (no charge)

 Electron shell: electrons
(negative charge)

Bohr atomic model of a nitrogen atom




Basic chemical terms |l

» All systems tend to occupy the state with the lowest
possible total energy.




Basic chemical terms |l

* The space of the electron shell can
be divided into so-called layers.

 All electrons in a layer have the
same energy value (this energy is
characteristic of that layer).

* The further the layer is from the
nucleus, the higher the energy of the
electrons in it.

* The electrons in the electron shell
therefore fill first the layer closest to
the nucleus (the most energetically
favorable), then the second closest,
and so on.

Bohr atomic model of a nitrogen atom




Basic chemical terms |V

* The non-empty layer that is farthest from
the core is called the valence layer.

* In this layer are the so-called valence
electrons.

These valence electrons are the subject
of the study of chemistry because they can
participate in chemical bonding.

Bohr atomic model of a nitrogen atom




Basic chemical terms V

Chemical bond:

Two atoms come together at a sufficiently small distance
(bonding distance) => overlapping of their electron shells.

The valence electrons of both atoms change their trajectories.

If the resulting system has a lower energy than the original, the
atoms remain at bonding distance => chemical bonding is
formed.

Unpaired Sharing of Available
Valence Electrons Valence Electrons
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Basic chemical terms VI

 Bond order:

single bond: two valence
electrons are involved (binding
electron pair)

double bond: two bonding
electron pairs are involved

Triple bond: analogous

higher multiplicities do not
occur in real chemical
environments

Aromatic bond: when single
and double bonds alternate, the
electrons are delocalised
among them. These bonds
have properties between single
and double bonds.
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Basic chemical terms VI

« Molecule: A system of atoms joined together by bonds
to form a single unit. The basic structural unit of a
substance. The carrier of the chemical properties of a
substance.
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Basic chemical terms VI

* Molecular system: A system containing one or more
molecules.

Example:

10



Basic chemical terms IX

« Organic molecules:

* Their main component is carbon, the only element that is able to form longer chains of the
(-C-)n type, n > 10.

 This property of carbon allows the formation of complex molecules - the building blocks of
living systems.

« Organic molecules also contain elements: H, O, S, N, F, CI, Br, |

Organic vs Inorganic Compounds

H
H, it
: H
(9]
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NH

2

 Inorganic molecules:
« All molecules, that are not organic.




How to describe a molecule in a computer?

* Find out which information describes the molecule

* Write them into the computer

12
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Which information describes the molecule?

Number of atoms?

Ethanol C,Hg0

Dimethyl C,Hg0
ether
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Which information describes the molecule?

Number of atoms? Not enough

Number of atoms and positions of bonds?

Ethanol C,Hg0 CH3CH,0H H H

Dimethyl C,H 0 CH,0CH, H H
ether | |
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Which information describes the molecule?

Number of atoms? Not enough
Number of atoms and positions of bonds? Better
Number of atoms, positions of bonds and positions of atoms in 3D space? Yes

Ethanol C,H40 CH4CH,0H H H

Dimethyl C,He0 CH30CH,4 H H
ether | ‘
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Model of molecule for computer processing

Atoms:
« Points in space

« Chemical symbol of the element listed for each

Bonds:
* Pairs of atoms that are bonded

« Bond order




Description of a molecule in a computer
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Challenge:

Draw this molecule.
What is the name of
the molecule?



Databases of small organic molecules

> 1 M structures of small molecules
Small molecule: < 100 atoms

Small molecules = “drug-like” molecules
Experimental structures

Predicted (computed) structures

Pub@hem ZINC
& ChEMBL @RUGBANK
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DrugBank — database of drugs

@ DrugBank X + B = X

&« (& 8 https;//www.drugbank.ca o

@RUGBANK

WHAT ARE YOU LOOKING FOR?

Tylenol
@ Drugs we Target:.;.:_ @ Pathway;:l |° Indication;:]

@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
2,612 approved small molecule drugs, 1,300 approved biotech (protein/peptide) drugs, 130
nutraceuticals and over 6,317 experimental drugs. Additicnally, 5,158 non-redundant protein (i.e. drug
target/enzyme/transporter/carrier) sequences are linked to these drug entries. Each DrugCard entry
contains more than 200 data fields with half of the information being devoted to drug/chemical data
and the other half devoted to drug target or protein data.

.'/ - 7.\'. .'/ g . 7.\'. .'/ - 7.\'.
| About DrugBank > | | Cite DrugBank (D | DrugBank for Commercial Use > |
e VRN AN

A




DrugBank — database of drugs

&’ DrugBank &) New Tab & 30 structure for Remdesivir (0 X [RENTTRA

= c @ © & hitps//oo drugbank.com/structures/small_molecule o +++ o N @O & =

@RUGBANK @RUGBANK

D D

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

Remdesivir et 3D structure for Remdesivir (DB14761)

Identification

Pharmacology IDENTIFICATION

Interactions
Name Remdesivir

Accession Number DB14761
Products
Categories Description 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
Chemical Identifiers . . . 2 .
against the coronavirus family of viruses was also demonstrated.” Remndesivir is
References also being researched as a potential treatment to SARS-CoV-2, the coronavirus

Clinical Trials responsible for COvID-19.%%

Pharmacoeconomics Remdesivir was granted an FDA Emergency Use Authorization on 1 May 2020."

. This is not the same as an FDA approval
Properties

Spectra Type small Molecule Download ‘ 3 ‘ Download ~ | © Similar Structures

Targets (2)

Groups Investigational
Enzymes (3)

Transporters (6) Structure

prgss

| (o | D ‘ Download ~ & Similar Structures




PubChem — database of organic molecules

&« = 0O @ 4 | https://pubchem.nebi.nim.nih.gov/ 3¢ = 1 e

m U.S. National Library of Medicine

Mational Center fo echnology Information

P b h X PubChem presents at the American Chemical Society National Meeting in San Diego (August 25-29,
u em About  Blog  Submit  Contact 2019) Read More >

Explore Chemistry

Quickly find chemical information from authoritative sourc

Try aspinin EGFR COHE04 57-27-2 =C(C=C1)C=0 InChl=15/C3H60/c1-3(2)4/h1-2H3

D e Entrez

% L Es

Draw Structure Upload ID List Browse Data Periodic Table

96 M Compounds 2 3 6 M Substances 2 68 M Bioactivities 3 0 M Literature 3 M Patents 693 Data Sources

See More Statistics » Explore Data Sources )

What is PubChem?
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PubChem — database of organic molecules

(GRS  EH Ligan B Ligan B Ligan B Ligan BA Ligan B Ligan B suc B suct £ New’ +

<« ¢ o © & https;/pubchem.ncbinim.nih.gov/compound/5288826 - U W In @ & =

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

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

m) National Library of Medicine

National Center for Biotechnology Information

PUb @ hem About Blog Submit Contact Q Search PubChem

COMPOUND SUMMARY

* Share , Tweet Email

Morphine mor | (S

CONTENTS "
. Ll
PubChem CID: 5288826 Title and Summary
1 Structures >
*ﬁt 2 Mames and ldentifiers v
- M 3 Chemical and Physical v
Structure: ,ﬁ"’ Properties
2D D Crystal 4 Spectral Information v
Find Similar Structures 5 Related Records v
6 Chemical Vendors
7 Drug and Medication v
Information
Chemical Safety: 8 Pharmacology and .
Irritant Biochemistry
[ U (i NP I B o P S o S ———— o 5 5 T T S Y [ W I PR B N P S —
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Ligand Expo — database of ligands
Ligand = molecule bound in a protein

%, Ligand - X [l NEREREN B Ligand D BA Ligand D BA Ligand Ds B Ligand D B suc paL B suc paL

&« > C Q [ON"1 ligand-expo.resb.org/ld-search.htmi E e @ ﬁ N 6 ®'

PDB Ligand Expo
PROTEIN DATA BANK

RCSB PDB | Contact Us <] 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 formula, 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 ﬂ

Search term |ch|orophyl| | Search type | Molecular name (exact sub-string) v|
m SKETCH INPUT AND/OR STRUCTURE SEARCH OPTIONS ﬂ

File name | Browse... Mo file selected. | File format | MOL/SDF format v|

f— OR f—

SMILES string | | Display size
B SEARCH FOR INSTANCES OF CHEMICAL COMPONENTS BY 3-LETTER ID CODE F

ComponentID code| | Display [PDB entry codes + coordinate files - |
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Ligand Expo — database of ligands
Ligand = molecule bound in a protein

ER Ligand Ex ENCENEAN e BN Ligand D A Ligand D ER Ligand De B Ligand D

c Q O & ligand-expo.resb.org/reports/B/BCL/index.html E - ﬁ N e @. =
oo
v -
< Ligand Expo

PROTEIN DATA BANK

RCSE PDB | Contact Us B4 Meme—torT o100

load  Ligand Expo Help

Chemical Details | ‘ Geometry | | Atom N lature ‘ | D load: | | Related Resources |

PDB Chemical Component BCL

Ideal Model

Chemical Description
Name BACTERIO®g[Nelelo (Rl 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: hould he nsed with cantinn o

~
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Databases of biomacromolecules

Mainly proteins
> 200 k experimental structures
> 200 M computed structures

ORLDWIDE

SPDB

PROTEIN DATA BANK

AlphaFold

Protein Structure Database
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Protein Data Bank — sources of data

89% X-raly 1% cryoelectron

10% NMR
crystallography spectroscopy microscopy
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
LDWI

wPDB

PROTEIN DATA BANK




Protein Data Bank

WORLDWIDE : )
@PD B The worldwide Protein Data Bank

PROTEIN DATA BANK IRt Rt

-PDB SPDBe

PROTEIN DATA BANK Protein Data Bank in Europe ®
Protein Data Bank in Europe

- PDBj

Research Collaboratory for
Structural Bioinformatics

www.pdb.org
Protein Data Bank Japan
BMRB Protein Data Bank Japan
bi
BioMagResBank e
www.bmrb.wisc.edu

> 225 000 biomacromolecular structures
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Protein Data Bank

= ._5‘ @ PDBe home < EMBL-EB | Gl o

EMBL-EBI

Bringing Structure to Biology

Read more about PDBe.

Featured structure

Pygmalion 5x2g

Read more...

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

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

Protein Data Bank in Europe

PDBe home [Deposition ' PDBe services ' PDBe training ' Documentation ' About PDBe

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

1st September 2019

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 bioinformatics 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

- B Biw

<. Share = Feedback

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

Seguence search

PDBe REST API

EM resources

NMR resources

EMPIAR

Coordinate Server

PDE Component Library

Latest archive statistics

As of 11 September 2019 the PDBE contains 155830 entries
(latest PDB entries, chemistry, biology) and EMDB contains
9016 entries (

rotein Data Bank Re

1 David Armstrong
i ci

Really looking forward to giving this @FPDBeurope
training course Medellin in Colombia. Thanks to
@raodd5, @unubiclac and @CabanaGerf for
supporting this.

https:/ftwitter com/raod85/status/117365762315515494
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 I agree, dismiss this banner

our Privacy Notice and Terms of Use.
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Protein Data Bank

W <1 I Searchthe PDB archive < PC | §3 PDB 3hyu structure sum | e

~ - 0O m @ European Bioinformatics Institute [GB] | https://www.ebi.ac.uk/pdbe/entry/pdb/3hyu ¥ = I o=

EMEL-EBI

Protein Data Bank in Europe

Bringing Structure to Biology

PDBe » 3hyu

Crystal structure of the altitude adapted hemoglobin of guinea pig.

Source organism: Cavia porcellus

Primary publication:
Ititude adapted hemoglobin of guinea pig in the R2-state.

Pairet B, Jaenicke E

3 PLoS ONE 5 e12389 (2010)
PMID: 20811454

Services U rch | Training | About us

Exampies: hemoglobin, BRCAT_HUMAN

X-ray diffraction
1.67A resolution

Quick links

Released: 23 Jun 2010 & 3hyu -

e mosd/asea’ L = Ctations

& Structure analysis

& Function and Biology

& Ligands and Environments

& Experiments and Validation

< \fiew
& Downloads
@ 3D Visualisation

Function and Biology SDetails  Ligands and Environments
Biochemical function: = heme binding 2 bound ligands: PDB-REDO
Biological process: = oxygen transport The sliders below show the change in model
Cellular component: = hemoglobin complex ~9 quality between original PDB entry and the

Sequence domains:

PDB-REDO entry

= Haemoglobin, alpha-type @ Model Geometry o -
- Haemoaglobin, beta-type 3 % HEM 4% PO4 Fit model/data ] R |
. Globin 2% HEM 4 PDE-REDD
- Globin/Protoglobin No modified residues
= Globin-like superfamily
Experiments and Validation %) Details
Structure analysis &1 Details
Percentile Fanks Value
Assembly composition: hetero tetramer (preferred) ) i
& e Rires I il 0.201
Entry contents: 2 distinct polypeptide molecules Clashszors NN ] .
Macromolecules (2 distinct): Famachendren oulizrs I 0
Sidachain outliers IS
= Hemoglobin subunit alpha = ——
— RERZ outliers I m

This website requires cooki and the limited processing of your personal data in order to function. By

our Privacy Notice and Terms of Use.

g the site you are agreeing to this as outlined in I agree, dismiss this banner
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a-helix

Protein Data Bank

Scabin
ovv4
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Prediction of protein structures by

AlphaFold

Structures generated by artificial intelligence

o) 8

o [o]

SN © o 6 @ 0% o % & o 0 o
NSNS o= 0% o o} c'% o0 O?D o
“*"":G ° o u% o] 2 OOO © &

N 5 > Structure

X “‘\ ~ prediction
NS challenge 2020:
AlphaFold2
wins

Best models
~
- CASP13 o CASP14
——CASP1 —— CASP2
——CASP3 CASP4
CASPS CASP6
——CASP7 ——CASP8
——CASPS ——CASP10
——CASP11 ——CASP12
——CASP13 ——CASP14
——— CASP14_serv —— CASP14_w/0427
Easy Target Difficulty Difficult

32
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Prediction of protein structures by
AlphaFold

Structures generated by artificial intelligence

0 | @ AlphaFold Protein Struc —+
<« C M 5] https://alphafold.ebi.ac.uk AW G s ® & 5= z o

# EMBL-EBI %, Services %2 Research & Training @ About us ‘ EMBL-EBI

AlphaFold Home About FAQs Downloads
Protein Structure Database

AlphaFold

Protein Structure Database

Developed by DeepMind and EMBL-EBI

Examples: Free fatty acid receptor 2 At1g58602 Q5VSL9 E. coli

Help: AlphaFold DB searc h help

> 200M protein structures
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Exercises

Search the PubChem database for a testosterone molecule:
« See its 2D structure. How many O's does it have?
* Look at its 3D structure. Is any of its cycles planar?
« Look at its SDF file. What are the x, y, and z coordinates of the first atom?

Search the DrugBank database for a penicillin molecule:
 How many S atoms does it have?

* Are any of its cycles planar?
* Look at its SDF file. What 2 atoms form the first bond?

Search the LigandExpo database for a fructose molecule:
* How many double bonds does it has?
* How many C's are off cycle?
* Look at its SDF file. What are the coordinates of the first hydrogen?

Look up the green mamba venom molecule in the Protein Data
Bank:

* How many beta-sheets does it have?
* Look at the PDB file. Which amino acid is the first?
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Bioinformatics

Thank you for your attention

Chemoinformatics

Tools
Databases
Al
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