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Malé molekuly

* Malé molekuly — nizkomolekularni latky: latky o relativné nizké molekulové hmotnosti
(konkrétni ¢isla se i dle zdrojii ©, < 900, < 1000, < 3000).

* Farmakologicka definice: latky s M, mensi nez 900, mohou difundovat pres membrany.

. l\(kairodnich vedach nas vétsSinou zajimaji biomolekuly a organické nizkomolekularni
atky.

Malé molekuly:

. Fo_d'e)dnotky makromolekul a stavebni prvky buriky (aminokyseliny, nukleotidy, sacharidy,
piay

Vitaminy, hormony, neurotransmitery

Kofaktory, koenzymy

Metabolity

Sekundarni metabolity



Malé molekuly

* Malé molekuly — nizkomolekularni latky: latky o relativné nizké molekulové hmotnosti
(konkrétm’ Cisla se lisi dle zdroja ©, < 900, < 1000, < 3000).

 V prirodnich védach nas vétsinou zajimaji biomolekuly a organicke nizkomolekularni latky.

) "Vsechny slouceniny jsou jedy. Neexistuje sloucenina, ktera by jedem
Malé molekuly: nebyla. Rozdil mezi lékem a jedem tvofi ddvka."

, v, . v . vive , 1, 1 v v , Paracelsus
° Lecwa/toxmy (COZ je vetsinou ta sama Iatka, zalezi Jen na mnozstV|...)

Casto nas ale zajimaji také:

* lonty kovd, soli, molekuly rozpoustédla (voda), plyny (CO,, NO) a jejich vliv na a interakce
s biomakromolekulami.



Malé molekuly a chemoinformatika

* Chemoinformatika: Védni odvétvi vzniklé z poZzadavkl farmaceutického primyslu v kombinaci
s obrovskym narlstem informaci o (nejen) strukturach organickych molekul. V soucasnosti
hraje vyznamnou roli také v chemii, biologii a biochemii.

* Chemoinformatika je kombinace ,,of all the information resources that a scientist needs to
optimize the properties of a ligand to become a drug®. ranksrown, 1995

* Chemoinformatika: Védni disciplina, ktera vyuziva vypocetni techniku pro shromazdovani,
uchovavani, analyzu a vyuziti chemickych dat. Tato chemicka data zahrnuji informace
o vzorcich, strukturach, vlastnostech, spektrech a aktivitach malych molekul.

. o , . Introduction to Cheminformatics
,Cheminformatics” — severni Amerika

,Chemoinformatics” — viude jinde David S. Wishart

'Departments of Computing Science and Biological Sciences, University of Alberta,
Edmonton, Alberta, Canada



Malé molekuly a chemoinformatika

* Chemoinformatika: Védni odvétvi vzniklé z poZzadavkl farmaceutického primyslu v kombinaci
s obrovskym narlstem informaci o (nejen) strukturach organickych molekul. V soucasnosti
hraje vyznamnou roli také v chemii, biologii a biochemii.

* Chemoinformatika: Chcete védét vic?

C2133 Uvod do chemoinformatiky, podzim 2022

o Cile pfedmétu
Kurs je zamé&fen na ziskani ivodnich znalosti v oblasti chemoinformatiky. Zakladni ideou predmétu je vysvétlit nejddlezitdjsi chemoinformatické metadiky pro praci s informacemi
o malych organickych molekulach.

MNa konci tohoto kurzu bude student schopen:

Porozumét a reprezentovat 10, 2D a 3D struktury malych organickych molekul v poéitadi;

Porozumét metodikam pro predikci activity a vlastnosti molekuly a pro charakterizaci podobnosti molekuly.
Porozumét zakladnim pFistupdm pFedpovédi vztahu struktura - aktivita - biologicka funkce

o 0snova

* 1. Co je chemoinformatika - popis oboru, jeho historie a vyuZiti 2. Databaze malych organickych melekul 3. Zapis molekuly pomaoci Fetézce (SMILES, InChi, InChikey), probém unikatniho
zapisu 4. Reprezentace a manipulace s dvoudimenzionalnimi (2D) strukturami molekul 5. Zplsoby vyjadfeni 3D strukiury molekuly 2 molekularniho system 6. Molekularni deskriptory
7. Fingerprinty - vektory popisujici struktury a vlastnosti molekul 8. Modely pro studium kvantitativnich vztah mezi strukturou a aktivitou latek - QSAR 9. Modely pro studium
kvantitativnich vztahd mezi strukturou a viastnostmi latek - QSPR 10. 3D QSAR a 3D QSPR modely 11. Metody pro méfeni molekuldrni podobnosti 12. Chemicky prostor a metodiky
prace s nim



Bioinformatika a chemoinformatika

* Bioinformatika: * Chemoinformatika:
* VétsSina zdrojli volné dostupna * Mnoho zdroju bylo (je) komerénich a volné
nedostupnych
* Databaze nevznikly pro farmakologické * Databaze nevznikly pro biologické ucely;
vyuziti; sekvencni zaznamy €asto nejsou chemicka data Casto nejsou propojena
propojeny s informacemi o souvisejicich s biologickymi daty.

léCivech nebo nemocich.

ATGCTGGTGATTGTGGATGCCGTTACCCTGCTGAGCGCCTA
TCCGGAAGCCAGCCGTGATCCGGCCGCCCCGACCGTGATTG
ATGGTCGCCACCTGTATGTTGTTAGCCCGGGCGATGCCGC

MLVIVDAVTLLSAYPEASRDPAAPTVIDGRHLYVVSPGDA

Informace uloZené v sekvenci monomerd Vlastnosti podminéné strukturou



Bioinformatika a chemoinformatika

* Bioinformatika: * Chemoinformatika:
* VétsSina zdrojli volné dostupna * Mnoho zdroju bylo (je) komerénich a volné
nedostupnych
* Databaze nevznikly pro farmakologické * Databaze nevznikly pro biologické ucely;
vyuziti; sekvencni zaznamy €asto nejsou chemicka data Casto nejsou propojena
propojeny s informacemi o souvisejicich s biologickymi daty.

léCivech nebo nemocich.

S

Makromolekuly jsou sloZzené z malych molekul (aminokyseliny, nukleotidy).
Makromolekuly a malé molekuly souviseji i funkcné.
Léciva cili na makromolekuly (proteiny, DNA).
Proteiny ridi syntézu a degradaci malych molekul (metabolity).



Bioinformatika a chemoinformatika

. , , , Bioinformatika: linearni reprezentace
Bioinformatics Cheminformatics

sekvence makromolekul.
Type Name Type Name Chemoinformatika: linearni reprezentace

struktur.
Sequence string format M‘Tj‘.?, Pearson, Chemical string format @
20047, FASTQ

ATGCTGGTGATTGTGGATGCCGTTACCCTGCTGAGCGCCTA
TCCGGAAGCCAGCCGTGATCCGGCCGCCCCGACCGTGATTG
ATGGTCGCCACCTGTATGTTGTTAGCCCGGGCGATGCCGC

MLVIVDAVTLLSAYPEASRDPAAPTVIDGRHLYVVSPGDA

FASTA format

>nazev(_popis dle vlastni volby)d

SEKVENCESEKVENCESEKVENCESEKVENCESEKVENCESEKVENCE.!
POVINNE VOLITELNE

InChl=1S/C30H3008/c1-11(2)19-15-7-13(5)21(27(35)23(15)17(9-
31)25(33)29(19)37)22-14(6)8-16-20(12(3)4)30(38)26(34)18(10-
32)24(16)28(22)36/h7-12,33-38H,1-6H3

C12C=C(C(C3C(C)=Cc4c(c(Cc)C)=C(Cc(0)=C(C=0)Cc=4C=30)0)=C(0)C=1C
(C=0)=C(C(0)=C2C(C)C)0)C



Bioinformatika a chemoinformatika

Bioinformatics Cheminformatics

Type Name Type Name

Sequence string format MT_?_Q. Pearson, Chemical string format
0T, FASTQ

¢ SMILES (Simplified Molecular Input Line Entry System/Specification)
2. SMILES

Bonds are denoted as shown below: Some examples:
Nazev formatu SMILES je zkratkou pro Simplified
- Single bond cc CHaCHz  Ethane Molecular Input Line Entry Specification’. Format samaot-
=  Double bond c=C CHaCHz - Ethene ny byl navrZzen pro pouZiti lidmi, zipis slouéeniny se po-
#  Triple bond CBr CH3Br Bromomethane doba ,normalnimu® zipisu chemickych struktur. Byl vy-
*  Aromatic bond C#N C=N Hydrocyanic acid tvofen v 80, letech 20. stoleti, pfesto nejevi Zadné znamky
Disconnected structures Na.Cl Macl Sodium chloride

zastaravani a je stile velmi populamni a vyuZivany. Nové je
dostupna 1 aktualizovana formalni specifikace, dostupna

pod svobodnou licenci'. Umozfuje - ale nevyZaduje -
A branch from a chain is specified by placing the SMILES symbol(s) for the branch between parenthesis. The g

string in parentheses is placed directly after the symbol for the atom to which it is connected. If it is connected by tzv. kanonickou formu’.
a double or triple bond, the bond symbal immediately follows the left parenthesis. Some examples:

CC(o)C 2-Propanol Chem. Listy 771, 710-715 (2017)

CC(=0)C 2-Propanone . . i

CC(CC)C 2-Methylbutane LINEARNI REPREZENTACE CHEMICKYCH STRUKTUR
CC(C)CCi(=0) 2-Methylbutanal

clec{N{=0)}=0)ccccl Nitrobenzenea

CC(Cy(C)cc 2,2-Dimethylbutane

JIRi JIRAT*® a DANIEL SvozIL™®

https://archive.epa.gov/med/med_archive_03/web/html/smiles.html



Bioinformatika a chemoinformatika

Bioinformatics Cheminformatics

Type Name Type Name
Sequence string format 'MT.E‘.!J~ Pearson, Chemical string format
0T, FASTQ

3. InChlI (a InChIKey)

* InChl (IUPAC International Chemical Identifier)

Jedna se o relativne velice mlady format (vznik kolem
. . . . 1. 2005). je produktem spoluprace organizaci IUPAC
* |UPAC - International Union of Pure and Applied Chemistry) aNIST (IUPAC International Chemical Identifier)!™ ",
Jednou z hlavnich idei bylo vytvoreni neutralniho stan-
dardniho 1dentifikatoru chemickych struktur zalozeného na
struktuie slouc¢eniny — napi. CAS RN je vazane na piidele-
ni sluzbou Chemical Abstracts Service, a neni dostupné
pro latky. které jsou napi. jen hypoteticky piedpovezené
pii generovani chemického prostoru’. Standardy InChI se
stale intenzivné vyvijeji a jsou piidavana nova rozsireni
a vlastosti. napi. standard RInChl pro zaznamenavani
chemickych reakei',

InChI=18/CIHHISNOZ/e1-8(12-2)5-9-34-10-1 1(6-9)14-7-13-10/h3-4,6,8,1 2H,5,7H2, [-2ZH3/t8-/m /51 )
| Il I Il | Chem. Listy 771, 710-715 (2017)

. LINEARNI REPREZENTACE CHEMICKYCH STRUKTUR
verze sumarmni vzorec konektivita vodiky stereochemie

Obr. 3. Struktura identifikatoru InChl, hlavni vrstvy identifikatoru

JIRi JIRAT*® a DANIEL SvozIL™®



Bioinformatika a chemoinformatika

Bioinformatics

Cheminformatics P u b @ h e m

Type Name Type Name ) )
— — https://pubchem.ncbi.nim.nih.gov/

Archival sequence databases @ Archival compound databases ( PubChem

Curated databases UniProt (UNIT 1.27, Pundir  Curated databases ChEBI (UniIT 14.9,

etal., 2015), RefSeq.
FlyBase, SGD (uwiT 1.20,
Skrzypek and Hirschman,
2011), HPRD

Explore Chemistry

Quickly find chemical information from authoritative sources

Degtyarenko et al., 2000),
KEGG (vniT 1,12, Tanabe
and Kanehisa, 2012),
DrugBank, PharmGKB
(UNIT 14.7, Gong et al.,
2008), HMDB

PubChem is an open chemistry database at the National Institutes of Health
(NIH). "Open” means that you can put your scientific data in PubChem and

that others may use it. Since the launch in 2004, PubChem has become a key
chemical information resource for scientists, students, and the general public.

Each month our website and programmatic services provide data to several

Try

covid-19  aspirin EGFR

I:I Use Entrez

of,

Draw Structure

C9H804 57-27-2

Upload ID List

C1=CC=C(C=C1)C=0

E=

Browse Data

InChI=15/C3H60/c1-3(2)4/h1-2H3

Periodic Table

PubChem mostly contains small molecules, but also larger molecules such as nucleotides, carbohydrates,
lipids, peptides, and chemically-modified macromolecules. We collect information on chemical structures,
identifiers, chemical and physical properties, biological activities, patents, health, safety, toxicity data, and

many others.

Where does the data in PubChem come from? PubChem records are contributed by hundreds of data

sources. Examples include: government agencies, chemical vendors, journal publishers, and more.



Bioinformatika a chemoinformatika

Bioinformatics Cheminformatics P u b @ h e m

Type Name Type
P

Name
— https://pubchem.ncbi.nim.nih.gov/

Archival sequence databases @ Archival compound databases ( PubChem
Curated databases UniProt (UNIT 1.27, Pundir  Curated databases ChEBI (UniIT 14.9,

etal., 2015), RefSeq.
FlyBase, SGD (uwiT 1.20,
Skrzypek and Hirschman,
2011), HPRD

Explore Chemistry

Quickly find chemical information from autheritative sources

Try  covid-19 aspirin EGFR C9H804 57-27-2 C1=CC=C(C=C1)C=0 InChI=15/C3H60/c1-3(2)4/h1-2H3

I:I Use Entrez

QQ} [=

Draw Structure Upload ID List Browse Data Periodic Table

Degtyarenko et al., 2000),
KEGG (vniT 1,12, Tanabe
and Kanehisa, 2012),
DrugBank, PharmGKB
(UNIT 14.7, Gong et al.,
2008), HMDB

COMPOUND BEST MATCH

2-(Acetyloxy)Benzoic Acid; O-Acetylsalicylic Acid; O-

: Aspirin; ACETYLSALICYLIC ACID; 50-78-2; 2-Acetoxybenzoic Acid;
Acetoxybenzoic Acid; Acylpyrin; ...

Compound CID: 2244

MF: CHg0, MW: 180.16g/mol

InChiKey: BSYNRYMUTXBXSQ-UHFFFAOYSA-N
IUPAC Name: 2-acetyloxybenzoic acid

Create Date: 2004-09-16

Tagged by PubChem: COVID-19; COVID19; Coronavirus; Corona-virus; SARS; SARSZ;
SARS-CoV; SARS-CoV-2 [as per clinicaltrial; clinicaltrials; clinical trial; clinical trials;
COVID-19 Disease Map]

Summary Similar Structures Search Related Records PubMed (MeSH Keyword)




Acetylsalicylic Acid; ...

Compound CID: 2244

MF: CgHgO4 MW: 180.16g/mol
@SYN RYMUTXBXSQ-UHF@

IUPAC Mame: 2-acetyloxybenzoic acid

Create Date: 2004-09-16

3

Aspirin; ACETYLSALICYLIC ACID; 50-78-2; 2-Acetoxybenzoic Acid; 2-(Acetyloxy)Benzoic Acid; O-Acetoxybenzoic Acid; Acylpyrin; O-

Links from PubChem Compound

Items: 1 to 20 of 44549 Page 1 | 0f2228 MNext-  Last=>

[0 Essential Thrombocythemia. Reply.

Tefferi A, Pardanani A

N Engl J Med. 2020 Mar 19:382(12):821. doi 10.1056/NEJMC1917586. No abstract available.
PMID: 32187488

Similar articles

Essential Thrombocythemia.

Rumi E, Cazzola M.

N Engl J Med. 2020 Mar 19:382(12)e21_doi 10.1056/NEJMc1917586. No abstract available.
v PMID: 32187487

Similar articles

[N

Summary Similar Structures Search Related Records PubMed (MeSH Keywaoird

Essential Thrombocythemia.
Fleischman RA
N Engl J Med. 2020 Mar 19:382(12)e21.doi 10.1056/NEJMC1917586. No abstract available.

w [

>spirin\

2244

PubChem CID:

Structure:

Find Similar Structures

Chemical Safety:

Irritant

Laboratory Chemical Safety Summary (LCSS) Datasheet

Molecular Formula: CgHg04 or CH3COOCgH4COOH or HCgH7O4

aspirin

ACETYLSALICYLIC ACID
50-78-2
2-Acetoxybenzoic acid
2-(Acetyloxy)benzoic acid

Synonyms:

More...

Molecular Weight: 180.76 g/mol

Maodify: Create:
2020-04-25 2004-09-16

Dates:

Aspirin is an orally administered non-steroidal antiinflammatory agent. Acetylsalicylic acid binds to and acetylates serine
residues in cyclooxygenases, resulting in decreased synthesis of prostaglandin, platelet aggregation, and inflammation. This

agent exhibits analgesic, antipyretic, and anticoagulant properties.

PMID: 32187486
Similar articles

Ticagrelor with or without Aspirin after PCI. Reply.

Baber U, Dangas G, Mehran R.

N Engl J Med. 2020 Mar 12,382(11):1076-1077. doi- 10.1056/NEJMc1817041. No abstract available.
PMID: 32160679

Similar articles

a0

Summary

G-@

Summary

S

3

>

Methyl Salicylate; Methyl 2-Hydroxybenzoate; 119-36-8; Wintergreen Oil; Gaultheria Oil; ...

Compound CID: 4133

MF: CgHgO3 MW: 152.15g/mol

InChiKey: OSWPMRLSEDHDFF-UHFFFAOYSA-N
IUPAC Name: methyl 2-hydroxybenzoate
Create Date: 2005-03-25

Similar Structures Search Related Records

Salsalate; Sasapyrine; 552-94-3; Salicylsalicylic Acid; Disalicylic Acid; ...

Compound CID: 5161

MF: Ci4H1005 MW: 258.23g/mol

InChiKey: WVYADZUPLLSGPU-UHFFFAOYSA-N
IUPAC Mame: 2-(2-hydroxybenzoyl)oxybenzoic acid
Create Date: 2005-03-25

Similar Structures Search Related Records

Phenyl Salicylate; 118-55-8; PHENYL 2-HYDROXYBENZOATE; Salol; Phenol Salicylate; ...

Compound CID: 8361

MF: Cy3H1 pO3 MW: 214.22g/mol

InChlKey: ZQBAKBUEIOMQEX-UHFFFADYSA-N
IUPAC Name: phenyl 2-hydroxybenzoate
Create Date: 2005-03-26




Bioinformatika a chemoinformatika

Bioinformatics

Cheminformatics

Type Name
P

Type

— Pub@hem

— https://pubchem.ncbi.nim.nih.gov/

Archival sequence databases @
Curated databases UniProt (UNIT 1.27, Pundir

etal., 2015), RefSeq.
FlyBase, SGD (uwiT 1.20,
Skrzypek and Hirschman,
2011), HPRD

Explore Chemistry

Quickly find chemical information from authoritative sources

‘ C12C=C(C(C3C(C)=CCAC(C(C)C)=C(C(0)=C(C=0)C=4C=30)0)=C(0)C=1C(C=0)=C(C(0)=C2

c(c)c)o)c
Try covid-19 aspirin EGFR C9H804 57-27-2 C1=CC=C({C=CT1)C=0 InChl=15/C3H60/c1-3(2)4/h1-2H3

I:I Use Entrez

QQ} [=

Draw Structure Upload ID List Browse Data Periodic Table

Archival compound databases ( PubChem

Curated databases

ChEBI (nIT 14.9,
Degtyarenko et al., 2000),
KEGG (vniT 1,12, Tanabe
and Kanehisa, 2012),
DrugBank, PharmGKB
(UNIT 14.7, Gong et al.,
2008), HMDB

1 result

Summary

Gossypol; 303-45-7; (-)-Gossypol; 90141-22-3; Pogosin; ...

Compound CID: 3503
MEF: ngHggOg MW: 51869/”10'
InChiKey: QBKSWRVVCFFDOT-UHFFFAOYSA-N

IUPAC Name: 7-(8-formyl-1,6,7-trihydroxy-3-methyl-5-propan-2-ylnaphthalen-2-
y1)-2,3,8-trihydroxy-6-methyl-4-propan-2-ylnaphthalene-1-carbaldehyde

Create Date: 2005-03-25

Similar Structures Search Related Records PubMed (MeSH Keyword)




Bioinformatika a chemoinformatika

Cheminformatics

Bioinformatics

Type Name Type Name

Structural databases ( PDB IL'?.J'T 1.9, Dutta et al., Structural databases CSD(Ligand Expo
. PDBe

PDB ID: 2WR?7

»The structure of influenza
H2 human singapore
hemagglutinin with human

receptor”

Malé molekuly — ligandy makromolekul
Redeni 3D struktur komplex — spojuje chemo a bioinformatiku



Ligand Expo Bioinformatika a chemoinformatika

http://ligand-expo.rcsb.org/

Bioinformatics Cheminformatics

Type Name Type Name

Structural databases ( PDB fU?.J'T 1.9, Dutta et al., Structural databases CSD(Ligand Expo
. PDBe

Ligand Expo

Ligand Expe (formerly Ligand Depot) provides chemical and structural infermaticn about small molecules within the structure
entries of the Protein Data Bank. Tocls are provided to search the PDB dictionary for chemical components, to identify
structure entries containing particular small molecules, and to download the 3D structures of the small molecule components in
the PDB entry. A sketch tool is also provided for building new chemical definitions from reported PDB chemical components.

Getting Started:

The Ligand Expo Tutarial contains a summary of query, report and download features.
Select the Search menu to find a chemical compenent or build a new chemical component.
Select the Browse menu to view tabulations of modified amino acids and nucleotides.
Select the Download for links to chemical dictionaries and resource files.

Go here for a brief tutorial on the content of the Chemical Component Dictionary.

=y
L)
L
g—

PROTEIN DATA BANK



e MAN _ ) Name: alpha-d-mannose PDB Chemical Component MAN
: Chemical details

Coordinates files

alpha-d-mann e

(2s,3s,4s,55,6r)-6-(hydro

dmanpa

a-d-mannopyranose

a-d-manp

man \
SMILES:  C([C@@H]i[c@H]([Ce@H]([Ce@H]([c@H](01)0)0)0)0)0
Formula: C6 H12 06

oxane-2,3,4,5-tetrol

Search Result Summary

Target ID: MAN

Count in released entries e
Instances of MAN in Released Entries Chemical Description
PDB CC 5 ) Downloads & Name ALPHA-D-MANNOSE
1D D Method Title/Authors Resolution Views Eormu:ah ;;6 H12 06
‘ormal charge
3m5q MAN X-RAY 0.93 A Structure of Manganese-Bound Manganese 0.93 Component definition Molecular weight 180.156 g/mol
Peroxidase mmCIF Component type D-saccharide, alpha linking
Sundaramocrthy, M., Gold, M.H., Poulos, T.L. SDF
PDB Chemical features
2gud MAN X-RAY Crystal structure of a complex of griffithsin with mannose at 0.94 Component definition At " 24
0.94 A resolution mmCIF Ch'?mlmt”" . 5
Ziolkowska, N.E., Wlodawer, A. SDF fra’atom coun
PDB Chiral atoms ClCc2C3C4C5
} . ) Observed leaving atoms O1 HO1 HO2 HO3 HO4 HO&
2gud  MAN X-RAY Crystal structure of a complex of griffithsin with mannose at 0.94 Component definition Bond count 24
0.94 A resclution mmCIF Aromatic bond count 0
Ziolkowska, N.E., Wlodawer, A. SDF
FPDB
2gud  MAN X-RAY Crystal structure of a complex of griffithsin with mannose at 0.94 Component definition HET VAN B 123 12
. HETMNAM MAN ALPHA-D-MANNOSE
0.94 A resolution mmCIF FORMUL MAN €6 H12 06
Ziolkowska, N.E., Wlodawer, A. SDF HETATM 1961 C1 MaN B 123 9.974 30.489 -25.688 1.8 B8.82 c
PDB HETATM 1962 (€2 MAN B 123 7.914 31.374 -25.222 1l.e8 8.95 C
o i o HETATM 1963 C3 MAN B 123 8.478 32.575 -24.411 1.88 8.65 c
2gud MAN X-RAY Crystal structure of a complex of griffithsin with manncse at 0.94 Component definition HETATM 1964 €4 MAN B 123 9.390 32.053 -23.304 1.00 5.1 c
0.94 A resolution mmcIF HETATM 1965 €5 MAN B 123 10.459 31.160 -23.862 1.80 7.87 c
ZiOlkOWSKa N.E. Wlodawer A SDF HETATM 1966 (6 MAN B 123 11.385 3@.543 -22.759 1l.e98 7.83 C
’ 4 ' HETATM 1967 01 MAN B 123 9.775 31.154 -26.674 1l.0@ 8.90 o]
PDB HETATM 1968 02 MAN B 123 7.849 3@2.836 -24.385 1.0@ 10.83 o
2gud MAN X-RAY Crystal structure of a complex of griffithsin with mannose at 0.94 Component definition HETATH 1269 03 MAN B 123 7.415 33,345 -23.868 1.0 10.07 0
. HETATM 197@ 04 MAN B 123 9.924 33.229 -22.7@1 1l.e2 9.28 o
g-_gl‘:(‘q res:'%'gn Wiod A g‘[r;?:CIF HETATM 1971 05 MAN B 123 9.855 30.858 -24.584 1.80 7.08 o
I0IKoWsKa, N.E., odawer, A. HETATM 1972 06 MAM B 123 18.566 29.86@ -21.927 1.8 &3.21 o
FDB COMNECT 1961 1962 1867 1971
COMECT 1962 1961 1963 1968
2gud MAN X-RAY Crystal structure of a complex of griffithsin with manncse at 0.94 Component definition CONECT 1963 1962 1964 1969
0.94 A resoclution mmCcCIF COMECT 1964 1963 1965 1979
i CONECT 1965 1964 1966 1971
Ziolkowska, N.E., Wlodawer, A. ?gg CONECT 19te 1985 1972
COMECT 1967 1961
1bxc MAN X-RAY ACID PROTEINASE (PENICILLOPEPSIN) (E.C.3.4.23.20) 0.95 Component definition ng:g iggg ig:;
COMPLEX WITH PHOSPHONATE INHIBITOR: METHYL mmCIF CONECT 1070 1904
CYCLO[(25)-2-[[(1R)-1-(N-(L-N-(3- SDF CONECT 1971 1961 1965
METHYLBUTANOYL)VALYL-L-ASPARTYL)AMIND)-3- FDB CONECT 1972 1966
METHYLBUT YL] HYDROXYPHOSPHINYLOXY]-3-(3- ENR

AMINOMETHYL) PHENYLPROPANOATE
Khan, A.R., Parrish, 1.C., Fraser, M.E., Smith, W.W., Bartlett,
P.A., James, M.N.G.



https://webchem.ncbr.muni.cz/Platform/ValidatorDb

Ligandy — duveéruj ale provéruj!

ValidatorPE

Database of validation results for ligands and non-standard residues in the Protein Data Bank.

Database last updated 21/4/2022: 185541 entries from PDBe.org, 642694 molecules relevant for validation, 34715 models from wwPDE CCD.

The molecules deemed relevant for validation are all ligands and non-standard residues with reasonable size (more than six heavy atoms). Standard amino acids and nucleotides are not covered.
The validation iz performed against models from wwPDE Chemical Component Dictionary (wwPDB CCD). The database is updated weekly.

Quick Help Samples Search Overview Details by Molecule Details by PDB Entry

This is the Validator?® synopsis page. Access different tabs for overviews and statistical evaluation of the validation results, in graphical or tabular
form. Specific results can be examined in deeper detail by accessing the ValidatorP® specifics page.

Different sections of the web page offer interactive guides indicated by ﬁ which give a guick walk through all the main elements of the page. Further

help is provided by the info icons @ . Many tool tips are available by hovering over any graphical or textual element in the interface.

Refer to the Wiki Manual for any clarifications (especially Terminology and User Interface).

First Time User? Check out the First Time User PFES'WD

ValidatorDB: database of up-to-date validation results
for ligands and non-standard residues from the
Protein Data Bank

David Sehnal'2*!, Radka Svobodova Vafekova'-%!, Lukas Pravda'-2, Crina-Maria lonescu’,

Stanislav Geidl'2, Vladimir Horsky®, Deepti Jaiswal', Michaela Wimmerova'? and
Jaroslav Koéa':2"

@ Guide User Wik Ma

ABSTRACT

Following the discovery of serious errors in the struc-
ture of biomacromolecules, structure validation has
become a key topic of research, especially for lig-
ands and non-standard residues. ValidatorDB (freely
available at http://ncbr.muni.cz/ValidatorDB) offers a
new step in this direction, in the form of a database
of validation results for all ligands and non-standard
residues from the Protein Data Bank (all molecules
with seven or more heavy atoms). Model molecules
from the wwPDB Chemical Component Dictionary
are used as reference during validation. ValidatorDB
covers the main aspects of validation of annota-
tion, and additionally introduces several useful val-
idation analyses. The most significant is the classi-
fication of chirality errors, allowing the user to dis-
tinguish between serious issues and minor incon-
sistencies. Other such analyses are able to report,
for example, completely erroneous ligands, alternate
conformations or complete identity with the model
molecules. All results are systematically classified
into categories, and statistical evaluations are per-
formed. In addition to detailed validation reports for
each molecule, ValidatorDB provides summaries of
the validation results for the entire PDB, for sets of
molecules sharing the same annotation (three-letter
code) or the same PDB entry, and for user-defined
selections of annotations or PDB entries.




Ligandy

CPDBe > 3ib0

Structural basis of the prevention of NSAID-induced damage of the
gastrointestinal tract by C-terminal half (C-lobe) of bovine colostrum

protein lactofernin: Binding and structural studies of C-lobe complex with

diclofenac

Source organism: Sos faurus

Primiary publication:
M1 The structural basis for the prevention of nonsteroidal antiinflammatory drug-induced

gastrointestinal tract damage by the C-lobe of bovine colostrum lactoferrin.

Mir R, Singh M, ¥ikram G, Kumar RP, Sinha M, Bhushan A, Kaur P, Srinivasan A, Sharma 5, Singh TP

Biophys. J. 97 3178-86 (2009)
PMID: 20006955

— PROVERUJ!

X-ray diffraction
1.4A resolution

Released: 11 Aug 2003

Model geometry e ] s
Fit model/data Cm o

Function and Biology =1Details  Ligands and Environments
Biochemical function: « not assigned 8 bound ligands:
Biological process: e« not assigned g
1] I:'
Cellular component: « not assigned O _,..:;} % N D
+3 -
Seguence domain: Fe W . . _ \
@ Transfarrin-like domain Z - o
Structure analysis &1 Details
Assembly composition: monomeric (preferrad) . HO
L _2|-|+2 . ’L% -\.\.‘\"/""—
Entry contents: 1 distinct polypeptide molecule - -0
Macromolecule:

E Lactotransferrin 2 x 7N

Cluick links

#& 3ib0 overview
e Citations

¢ Structure analysis

¢ Function and Biology

¢ Ligands and Environments
¢ Experiments and Validation

= Viaw
2 Downloads
@ 3D Visualisation

FDB-REDO

The sliders below show the change in model
quality between ariginal PDE entry and the
PODB-REDD entry

Model Geometry [ s
Fit madel/data [ —
PDE-REDO
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Modre je zndzornéna elektronova hustota
ziskand pfi rentgenostrukturni analyze.
Pomoci elektronové hustoty — dosazovanim
atom0 do ni — feSite strukturu molekuly.

Tam, kde autofi tvrdi, Ze se vaze ligand,
elektronova hustota zcela chybi. M(ze

se stat, Zze ligand do elektronové
hustoty nesedi — navaze se tam néco
jiného nez autori chtéji, rozliseni je
Spatné, ligand je Spatné orientovan.
Ale tady je prani otcem myslenky ©

&3 3ib0
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+ Type Ballsand Sticks

+ Coloring  Element Symbol

v  Carbohydrate - 3D Symbol

v On
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Coloring  Element Symbol
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RSCC = 0.93, LLDF 0.71
(a)

RQC(‘ 0’7 LLDF =16
(5)

Figure 2

Visualization of two ligands from the PDB together with electron-density
maps. The LiteMol viewer (Schnal er al.. 2017) on the PDBe website (Mir
et al.. 2018) has been used to visualize the ligands with EDS-style
(Kleywegt er al, 2004) clectron-density maps. In cach case, the
2mF, — DF_ map is shown as a blue mesh contoured at 039 ¢ A3,
whereas the mF, — DF,_ difference map is shown by solid green and red
surfaces contoured at +0.25 and —025 ¢ A7, respectively. (a) Model and
clectron density for the well placed ligand 468 from PDB entry 4tzt (He et
al., 2006). (b) The ligand DIF in PDB entry 3ib0 (Mir er al., 2009).

—— Validation of ligands in macromolecular structures
BIOLOGY determined by X-ray crystallography

RSk F050-7983
Oliver 5. Smart,” Vladimir Horskf,""" Swanand Gore,"$ Radka Svobodova
Varekovd,®* Veronika Bendova," Gerard ]. Kleywegt* and Sameer Velankar**

Aby Vase struktura byla vyuzita jako priklad hned ve dvou ¢lancich
o chybdach ve strukturach...to doufam nechcete...na své ligandy si
davejte pozor! ©

Detect, Correct, Retract: How to manage incorrect structural
models
Alexander Wiodawer?, Zbigniew Dauter”, Przemyslaw J. Porebski®, Wiadek Minor®, Robyn

Stanfield, Mariusz Jaskolski®!, Edwin Pozharskid, Christian X. Weichenberger", and
Bernhard Rupp™!”

Summary: The crystal structures of the C-lobe of bovine colostrum
lactoferrin do not support drug binding

In this series of structures, present in the PDB and the scientific literature, no evidence
exists from crystallography that the purported NSAIDs bind where stated. Significant
discrepancies exist between the electron density maps displayed in the original
publications versus maps that can be generated by accepted standard procedures. Caution
must be exercised when maps are constructed in unconventional ways. A possible
explanation for the absence of ligands in this entire series of models could be the
deposition of structure factor amplitudes corresponding to ligand-free (apo) structure. In
this case, the authors would need to produce the correct original data. Here and in any
similar cases, the journals where the original work was published should be informed of
the problem, and an erratum linked to the new PDB deposit (if any), should be published.




Bioinformatika a chemoinformatika

Ab SO ]fp t 10n Bioinformatics Cheminformatics P — rozdélovaci (pa rtition)

' ' ] Type Name Type Nome koeficient, vyjadfuje rozdéleni
Distribytlen latky mezi vodnou a organickou

' Property prediction Hydrophobicity Property prediction fazi.
Metabolism

Property prediction pl Property prediction pKa Napf. voda /oktanol.
Excretion Property prediction Solubility Property prediction Solubility Jak hydrofilni/hydrofobni je dana
Property prediction Molecular weight Property prediction Molecular weight chemicka latka?

PrologP

Customer Benefits
CompuDrug - Your Expert in Chemical Informatics

The program provides an indispensable instrument for predicting logP values before synthesis. This
can be found in diversity calculations for combinatorial chemistry, in QSAR, and in situations when the
compound displays a logP value which is too low or too high. It is also useful if the compound
decomposes during measurement, or when the compound is toxic.

Brief Description

CompuDrug's PrologP  calculates  the
accurate logP values (negative logarithms

The company first in the world developed softwares for prediction of metabolic
fate, toxicity and true hydrophobicity of new drug candidates.

The major pharmaceutical, biotechnological and agrochemical research firms,
as well as a large number of universities and governmental institutes
throughout the world use CompuDrug's discovery softwares in their daily
research and developmental practices to accelerate their drug and
agrochemical discovery processes and to support regulatory or environmental
decisions.

https://www.compudrug.com/

of the n-octanoliwater partition coefficient)
for organic compounds, in most cases,
within an error range that is not
significantly higher than the measurement
error of the actual logP value. Three
calculation  algorithms  can  perform
calculations. Two of them are linear Y
models: one is based on the Rekker L

P
TR S

fragmental method, the other on the N
Ghose-Crippen atomic method, while the h
third one is a neural network model. A ;

further option of the program combines the
optimum results obtained by the different models.




Chemoinformatika — dalsi vlastnosti

v | AR D™ . ./ nvo-Decades under the Influence of the Rule of Five and the

* Kromé chemickych vlastnosti nas asto zajimaji mpe,ﬁes of Approved Oral Drugs
vlastnosti biologické napt. toxicita, permeabilita Miniperspective -
(propustnost, gastrointestinalni permeabilita, Michael D. Shuliz*

permeabilita mozku).

Reporting in the [ournal of Medicingl Chemistry. Shultz assessed the physicochemical

properties of the 409 small molecules that the FDA has approved since 1997. Molecular
mass in this cohort has increased considerably from the baseline, he found, and in both 2016
and 2017 the average molecular mass of FDA-approved drugs was greater than 500 daltons.
An up-to-date molecular mass cut-off based on the properties of orally available small
molecules approved in the past decade would now be more than 600 daltons, he found.

e Vyvoj léCiv

. [ ] [ ] ’ [ ] \'4 [ ] . L4 7 7 7 v
LIBI ns k,e hIOv .pra‘" dio petl defin ujici dobré oralne The threshold for hydrogen bond acceptors has also increased substantialby.
uzivane IECIVO: These data call into question the hypothesis that ‘drug-like” properties exist, he
concludes. "Repeating the [rule of 5] experiment today, with over twice as many oral drugs
Iog P<§5 approved than were available in 1997, gives different ‘rules’ than those hypothesized two
decades ago ... If our past future predictions have not been accurate with the [rule of 5]
molekulova hmotnost < 500 g/m ol parameters, we must call into question our current future predictions.”
With new modalities coming online — such as targeted protein degraders and
<5 d ono rc' H-vaze b (O H a NH Sku p | n) constrained peptides — he urges drug developers to reconsider how they use the rule

of 5. "We are in danger of repeating our past mistakes if we assume these new modalities
are not ‘drug-like’ and cannot be oral drugs because they are not [rule of 5] compliant,”
writes Shultz.

< 10 (2x5) akceptorl H-vazeb (atomd O a N)
Asher Mullard



Malé molekuly a metabolomika

* Metabolismus (latkova premeéna): Souhrn vsech reakci v bunce pri nichz dochazi k preméné latek.
Bunka tak ziskava energii, stavebni a zasobni latky. Reakce jsou usporadané do sérii —

metabolickych drah.

 Metabolit: Sloucenina zarazena do metabolismu.

* Sekundarni metabolit: SloucCenina, ktera neni nezbytna pro zakladni zivotni funkce. Biosyntéza
navazuje na primarni metabolismus, jeji funkce neni vzdy znama.

Chem. Listy 105, 745-751 (2011)

METABOLOMIKA — ZAKLADNI POJMY, STRATEGIE A METODOLOGIE

JINDRA MUSILOVA a ZDENEK GLATZ

Ustav biochemie, Piirodovédeckd fakulta a Stiedoeviop-
sky technologicky institut, Masarvkova univerzita, Kotldr-
ska 2, 611 37 Brno

Jmusilova@mail.muni.cz

Metabolom: Komplexni sada metabolitu. Soubor
vSech intra- i extracelularnich nizkomolekularnich
latek (M, < 1000) v Zivém systému, které se ucastni
metabolickych reakci, a které jsou nezbytné pro rust
a normalni funkci bunky (tkané, organismu).

Metabolomika: Komplexni analyza metabolomu za
konkrétniho fyziologického nebo vyvojového stadia
organismu, tkané ci bunky.



Malé molekuly a metabolomika

Metabolomika: Komplexni analyza metabolomu za konkrétniho fyziologického nebo vyvojového
stadia organismu, tkané ¢i burky.

Vice odrazi aktualni stav bunky (ve srovnani s transkriptomikou nebo proteomikou).
Analyza tisicl rlznych sloucenin s extrémné variabilnimi strukturami a vlastnostmi.

Stanoveni biomarkert jako indikator( chorob.

Metabolomika: Mlada véda, definovana jako samostatny obor pomeérné nedavno (oiivers., 199s; Fiehn 0.,
2002).

Ale s hlubokymi koreny. Za prvni vyuziti metabolomiky byva povazovana analyza télnich tekutin
pro hodnoceni zdravotniho stavu.

Cina, 2000 pr.n.l.: vyuziti mravencu ke stanoveni koncentrace glukosy v moci diabetikU. (Lze sitady
predstavit vyuZziti jednoduché kalibracni krivky podle poctu prildkanych mravenct).

Egypt, Recko, 300 pF.n.l.: testovani mo¢i pacient(i ochutnanim.



Malé molekuly a metabolomika

Obrovsky nardst
metabolomickych dat.
Vznik databazi, zapojeni
L & informacnich technologii

|Il

,The urine whee

Uroskopie (uromancie) —
diagnostika chorob z modi

Chapter 5
Pre-metabolomics era Post-metabolomics era Informatics for Metabolomics
Instrumental and methodological development Tools and databases development

Kanthida Kusonmano, Wanwipa Vongsangnak,
and Pramote Chumnanpuen




Uroscopic rainbow: modern matula medicine
C L Foot, J F Fraser

Obrovsky nardst

: “« 1 2 3 4 5 ) 7 8 9 10 . ’
»1he urine wheel metabolomickych dat.
Vznik databazi, zapojeni
2 & & informacnich technologii
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Uroskopie (uromancie) —
diagnostika chorob z modi
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Pre-metabolomics era Post-metabolomics era Informatics for Metabolomics
Instrumental and methodological development Tools and databases development

Kanthida Kusonmano, Wanwipa Vongsangnak,
and Pramote Chumnanpuen




8. BLUE-GREEN

Green urine arises when blue compounds are excreted by the
kidneys and mix with normal yellow urochrome pigments. A
number of agents have been known to cause green urine (for
example, indomethacin, amitriptyline, triamterene, Listerine,
flutamide, and injectable formulations containing phenol
such as some preparations of promethazine).” Propofol is
excreted in the urine mainly as the I-glucuronide, 4-
glucuronide and 4-sulfate conjugates of 2,6 di-isopropylphe-
nol. These are phenol derivatives, which cause a pH
dependent green urine discolouration that is more prominent
in alkaline urine. There are abundant case reports describing
green urine in patients with the propofol infusion syndrome,
a potentially fatal disorder marked by severe metabolic
acidosis, rhabdomyolysis, renal and cardiac failure particu-
larly in association with prolonged high dose propofol
infusions, in patients with brain injury.”” ** Case reports
may also be identified that record green urine in the context

of low doses of propofol, administered for sedation in
intensive care units and even after single anaesthetic

induction doses, unassociated with adverse complications.*” *

Urinary tract infection caused by Pseudomonas aeruginosa ZE|ena’ moe: Sekrece modry'ch pigmentﬁ (Z |ééiv’

can cause green urine through the liberation of the pigment

pyocyanin.’ In chronic obstructive jaundice green and blue potravin’ kosmetiky) dO mOEi.

urine may arise attributable to biliverdin excretion, an

oxidation product of bilirubin.> Priklad — predavkovani preparatem
obsahujicim methylenou modkr.




Alkaptonurie je autosomalné recesivni choroba s komplikacemi v pozdnim véku (artréza a ochrondza).

Pricinou vylucovani alkaptonu (kyselina homogentisovd) do moci je vrozena porucha tvorby enzymu

homogentisit-1,2-dioxygenazy, ktery je duleZitym ¢lankem v Kkatabolismu fenylalaninu a tyrozinu. HO
Homogentisit je ve velkém mnoZstvi vyluCovin do modi, kterd stinim a alkalizaci tmavne (vysledek

tvorby polymeriza¢niho produktu). Pfitomnost alkaptonu v moc¢i muZe prispivat k inicia¢nim podmin- D

kdm pro vznik moCovych konkrementi. Popisujeme pfipad 71letého muZe s rozvinutymi pfiznaky

alkaptonurie, u kterého byl z mocové trubice extrahovin mocovy konkrement Cerné barvy tvofeny

amorfni organickou sloZkou a krystalickou fazi, kterda byla analyzovana RTG difrakci a infracervenou

spektroskopii. Krystalicka faze byla tvofena weddellitem a whitlockitem (1 : 1), v infraerveném spekt- H O O H
ru byl navic jako minoritni sloZka detekovin karbonatapatit.

Klicova slova: urolitidza, moc¢ové konkrementy, alkaptonurie.

https://www.prolekare.cz/casopisy/casopis-lekaru-ceskych/2008-6/alkaptonurie-a-tvorba-
mocovych-konkrementu-347

Alkaptonurie - dédicna porucha
metabolismu aromatickych aminokyselin.
Barvu zplisobuje oxidace kyseliny
homogentisové pri kontaktu se vzduchem.




Wuchereria bancrofti

Small amounts of lipid normally appear in the
urine, however, in nephrotic syndrome there are
large amounts of high density lipoprotein as well
as smaller amounts of other lipoproteins.® Chyle
may enter the urinary tract through a traumatic
communication between lymphatic vessels and
the urinary system.’

Lipidurie — pritomnost lipidi v moci, chylurie — pritomnost chylu (tukova

emulze proudici lymfatickymi cévami a obsahuijici ziviny, které byly vstrebany
v tenkém strevé) v moci.




Purple urine bag syndrome (PUBS) is rare and was first reported in 1978.[1] and is
signified by purple discoloration of the urine usually seen in women and chronically

debilitated patients with long term indwelling urinary catheters.[2,3] PUBS can be
distressing for patients, family members and healthcare workers who are unaware of
this association. This condition is often associated with urinary tract infection.
Discolouration of the urine bag is due to the presence of indigo and indirubin
pigments which precipitate and react with the synthetic materials of the catheter and

urinary bag. We present a case report of this rare phenomenon.

(A) Urine bag showing the characteristic purple colour of urine seen in purple urine bag syndrome. (B) Normal urine after treatment with antibiotics, laxatives, and replacement of an
indwelling catheter and urine bag.

Fialova barva: Zpusobena bakteriadlni infekci mocovych cest (Proteus mirabilis, Escherichia

coli, Pseudomonas aeruginosa, Morganella morganii, Klebsiella pneumoniae),
za barvu miazou metabolity tryptofanu.



Metabolomika — identifikace metabolitU

Tahble 5.2 List of metabolite identification databases

Metabolomika: Komplexni analyza metabolomu za ST ﬁf‘dh —

7 7 . . 7 7 . 7 m E - 5" 'als. 'Eﬂ'lp
kolnk.retnlho.fyZIOIOgIICkveh“O nevbo VyVOJovehO BioMagResBank é: hittpz/fwww bmrb.wisc.edy/metabolomics/
stadia organisny, tkane ci bunky‘ NMRShiftDB 2 | ===y httpz//nmrshiftdb . nmr uni-koeln.de/

’ s v , ’ v Y MMCD hittp:/f d.nmrfam. wisc.edu/
Vice odrazi aktualni stav bunky (ve srovnani's o oD O femdmpim goimmpe de
transkriptomikou nebo proteomikou). - g
METLIN ‘e‘ https://metlin.scripps.edu/findex.php
Analyza tisicd rlznych sloucenin s extrémné ___ — —
. s e . . ssBan sl MassBank tpffwww mass| Jd
variabilnimi strukturami a vlastnostmi. ST = BT
=T html
Pro identifikaci metabolit( se prevazné vyuziva Gompound | LIPIDMAPS | g9, | pi/ow fipidmaps.org/
hmotnostni spektrometrie a NMR. P T e RN A AN
m SAcK-v 1200/ KNApSAcK.php
Vyuziti databazi a vyvoj nastrojd pro automatické ARM http:/fmetabolomics jp/wiki/Main_Page
vyhodnocovani experimentalnich dat. ChEBI c https://www ebi ac. ukfchebi/init.do
PubChem PubChem | https://pubchem.ncbinlm.nih.gov/
ChemSpider ChemSpider http:/fwww .chemspider.com/
Chapter 5 Ligand Expo PDB http://ligand-expo.resb.org/
Informatics for Metabolomics DMet | domey http://www 3dmet.dna.affrc.go.jp/
My CompoundlD http:/fwww mycompoundid.org/

Kanthida Kusonmano, Wanwipa Vongsangnak,
and Pramote Chumnanpuen




Databaze metabolickych drah

Metabolismus (latkova preména): Souhrn vSech
reakci v burice pfi nichz dochazi k preméné latek.
Bunka tak ziskava energii, stavebni a zasobni latky.

Reakce jsou usporadané do sérii — metabolickych
drah.

Metabolity jsou soucasti metabolickych drah.
Nékteré jsou zapojeny do velkého poctu drah,
nékteré jen do nekolika.

Metabolické drahy jsou navzajem propojené.

Pri studiu metabolismu nezkoumame metabolity
oddélené ale jako soucasti metabolickych drah.

Databaze metabolickych drah a nastroje pro jejich
vizualizaci.

Chapter 5
Informatics for Metabolomics

Kanthida Kusonmano, Wanwipa Vongsangnak,
and Pramote Chumnanpuen

Table 5.3 List of pathway databases and visualization tools

Databases/tools URL
KaPPA-View http//kpv 2. kazusa.or.jp/kpvd
KEGG @ http:/www. genome.jp/kegg
HumanCye  HumanCye http://humancye.org
HMDB & httpffwww. hmdb.ca/
S\
hmp
iPath Al http://pathways.embl.de
-;F'.".':-.: T_x
Maphian E http://mapman.gabipd.org/weh/guest/mapman
MetaMapp MetaMapp http://metamapp.fiehnlab.ucdavis.edu/homepage
MetPA s B http://metpa metabolomics. ca/MetPA/faces Home. jsp
Mefi
MetScape http://metscape.ncibi.org
Paintomics E"i“é:;.—.—_ http:/www.paintomics.org/cgi-bin/main? cgi
Pathos Pathos http://motif gla.ac.uk/Pathos
PathVisio o Pathyicio http:/www. pathvisio.org
ProMeTra ProMeTra httpz//omictools.com/prometra-s1 1541 hrml
Reactome m http:/www.reactome. org
SMPDB http://smpdh.ca




Databaze metabolickych drah

Informatics for Metabolomics

Kanthida Kusonmano, Wanwipa Vongsangnak,
and Pramote Chumnanpuen

Table 5.3 List of pathway databases and visualization tools

Databaze metabolickych drah a nastroje pro jejich Databases/tools URL
vizualizaci. KaPPA-View http ﬂkqwi.kamsa.a;.j plkpv4
KEGG @ http:/www. genome.jp/kegg
Databaze mohou byt Sirokého zaméreni, zkoumaji
g o_ s 0 v _ HumanCyc © HumanCyc http://humancyc.org
metabolismus mnoha ruznych druhu, evolucneé HVDER . S R——T
konzervované drahy. Zaznamy/diagramy jsou hﬁ,{i-,
obecné a schematicke. T TR e ———
, , Lo ; oo , Maphian e http://mapman.gabipd.org/weh/guest/mapman
Databaze mohou byt specializované, zamérené na @
jeden organismus.
MetaMapp MetaMapp http://metamapp.fiehnlab.ucdavis.edu/homepage
Metabolomika a databaze metabolickych drah MetPA L b hitp://metpametabolomics.ca/MetPA/faces/Home jsp
L ) . - : . MaP
spojuji chemoinformatiku a bioinformatiku a stiraji - ' _ —
i L L ) i ) etScape http://metscape.ncibi.org
hranice mezi nimi. Spojuji chemické vlastnosti S LB — SR
v . . . . , , Paintomics ‘:‘i"‘ﬁ::_.—.; http:/www.paintomics.org/cgi-bin/main? cgi
sloucenin s jejich biologickym vyznamem. cat8 .
Pathos Pathos http://motif gla.ac.uk/Pathos
PathVisio o Pathyicio http:/www. pathvisio.org
ProMeTra ProMeTra httpz//omictools.com/prometra-s1 1541 hrml

Reactome m http:/www.reactome. org

SMPDB SMPDR http://smpdb.ca




Pathway Maps

KEGG PATHWAY is a collection of manually drawn pathway maps
molecular interaction, reaction and relation networks for:

1. Metabolism
Globalfoverview nergy Lipid MNucleotide
Cofactor/vitamin PR, Other secondary metabolits

. Genetic Information Brocessing

. Environmental Inforghiation Processing

. Cellular Processes

. Organismal Syste

. Human Diseases

. Drug Developme

W L0 L b

1.1 Carbohydrate metabolism

00010 Glycolysis / Gluconeogeneasi

00020 Citrate cycle (TCA cycle)

00030 Pentose phosphate pathway

00040 Pentose and glucuronate interconversions
00051 Fructose and mannose metabaolism
00052 Galactose metabolism

00053 Ascorbate and aldarate metabolism
00500 Starch and sucrose metabolism

00520 Aminc sugar and nucleotide sugar metabolism
00520 Pyruvate metabolism

005830 Glyoxylate and dicarboxylate metabolism
00640 Propanoate metabolism

00650 Butanoate metabolism

00560 C5-Branched dibasic acid metabolism
00562 Inositol phosphate metabaolism

https://www.genome.jp/kegg/pathway.html
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SMPDB Datab&ze metabolickych drah nttps://smpd.cal

Welcome

to the o}fo
@‘nall %Iecule@thway@tabase

£

Brought to you by the creators of the and

SMPDB (The Small Molecule Pathway Database) is an interactive, visual database containing more than 30 000 small molecule pathways found in humans only. The majority of these
pathways are not found in any other pathway database. SMPOB is designed specifically to support pathway elucidation and pathway discovery in metabolomics, transcriptomics,
proteomics and systems biology. 1t is able to do so, in part, by providing exquisitely detailed, fully searchable, hyperlinked diagrams of human metabolic pathways, metabolic disease
pathways, metabolite signaling pathways and drug-action pathways. All SMPDB pathways include information on the relevant organs, subcellular compartments, protein_complex
cofactors, protein_complex locations, metabolite locations, chemical structures and protein_complex quaternary structures. Each small molecule is hyperlinked to detailed descriptions
contained in the HMDEB or DrugBank and each protein_complex or enzyme complex is hyperinked to UniProt. All SMPDEB pathways are accompanied with detailed descriptions and
references, providing an overview of the pathway, condition or processes depicted in each diagram. The database is easily browsed and supports full text, sequence and chemical
structure searching. Users may query SMPDB with lists of metabolite names, drug names, genes/protein_complex names, SwissProt IDs, GenBank [Ds, Affymetrix IDs or Agilent
microarray IDs. These gueries will produce lists of matching pathways and highlight the matching molecules on each of the pathway diagrams. Gene, metabolite and protein_complex
concentration data can also be visualized through SMPDB's mapping interface. All of SMPDB's images, image maps, descriptions and tables are downloadable.




Databaze metabolickych drah https://smpdb.ca/




Aspartate Metabolism

Aspartate is synthesized by transamination of oxaloacetate by aspartate Fumarate hvdratase, mitochondrial

aminotransferase or amino acid oxidase. Aspartyl-tRNA synthetase can then
couple aspartate to aspartyl tRNA for protein synthesis. The aspartate content
in human proteins is about 7%. Asparagine synthase can convert aspartate to
the polar amino acid asparagine. Aspartate is also a precursor for cellular r

signaling compounds such as, N-acetyl-aspartate, beta-alanine, H Ccmpcn ents
adenylsuccinate, arginino-succinate and N-carbamoylaspartate. Aspartate is |

also a metabolite in the urea cycle and involved in gluconeogenesis. "
Additionally, aspartate carries the reducing equivalents in the mitochondrial . .
malate-aspartate shuttle, which utilizes the ready interconversion of aspartate Fumarate hydratase, mitochondrial
and oxaloacetate, The conjugate base of L-aspartic acid, aspartate, also acts as

an excitatory neurotransmitter in the brain which activates NMDA receptors. / wr )
Details in UniProt (P07954)
A

https://smpdb.ca/

Description Reactions

Species Homo sapiens
Tissue
Cell Type Cell

Fumaric acid

“ Structure Description Reactions

Details in HMDB

\ / (HMDBO000134)

HO Details in DrugBank
(DB04299)




Bioinformatika + chemoinformatika

* Metabolomika a databaze metabolickych drah spojuji chemoinformatiku a bioinformatiku a
stiraji hranice mezi nimi. Spojuji chemické vlastnosti sloucenin s jejich biologickym vyznamem.

* Bioinformatika a chemoinformatika se postupné sblizuji a prolinaji, nékteri autori pouzivaji
vyraz ,,chemicka bioinformatika®” pro prinik téchto oborl (spojeni studia chemickych
vlastnosti s molekularné-biologickymi rolemi). Souvisi rovnéz s rozsirujicimi se znalostmi

o vyznamu malych molekul.

e Vzpomente na sacharidy a lipidy: jsou to nizkomolekularni latky a metabolity, ale zaroven jsou
soucasti makromolekul (glykoproteiny, lipoproteiny), maji vyznamné strukturni funkce
(polysacharidy, bunécné membrany), maji informacni role (antigeny, interakce s patogeny).
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Chapter 3: Small Molecules and Disease

David S. Wishart'2:3+
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@O RUGBANK

The DrugBank database is a unique bioinformatics and

cheminformatics resource that combines detailed drug data

with comprehensive drug target information.

LATEST RELEASE

The latest release of DrugBank Online (version 5.1.9, released 2022-01-03)
contains 14,624 drug entries including 2,725 approved small molecule drugs,
1,518 approved biologics (proteins, peptides, vaccines, and allergenics), 132
nutraceuticals and over 6,677 experimental (discovery-phase) drugs.
Additionally, 5,271 non-redundant protein (i.e. drug
target/enzyme/transporter/carrier) sequences are linked to these drug
entries. Each 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.

Kdyz je ta pylova sezona...

https://www.drugbank.ca/

Chemical Structure
Molecular Weight
Drug & Food Interactions

éa rget 5equenE

Pharmaco-omics

Advanced Search

MS Search
MS/MS Search
GC/MS Search
1D NMR Search

2D NMR Search



@O RUGBANK Malé mOIEkUIV - |éciva https://www.drugbank.ca/

Name Cetirizine
Synonyms Cetirizin =
Accession Number DBEOO341 (APRDOO&3D) o —
Cetinzina &=
Type Small Molecule cetinzine
Cetirizinum 01
Groups Approved
Description Cetirizine, also commonly known @ an orally active second-generation histamine H1

antagonist proven effective in the trestement of various allergic symptoms, such as sneezing,

coughing, nasal congestion, hives, and other symptoms ', %

o OH One of the most common uses for this drug is for a condition called allergic rfunitis. The
j/ prevalence of allergic rhinitis in the United States Is about 15% according to physician diagnoses,
0 and up to 30%, according to self-reported nasal symptoms. Allergic rhinitis is associated with
H multiple missed or unproductive days at work and school, problems with sleep, and other
difficulties with day to day activities for many individuals * . Furthermore, some antihistamine

( j agents that are used to treat this condition cause undesirable, sedating effects ©

Cetirizine is one of the first second-generation H1 antihistamines (SGAHs)formulated to

O O selectively inhibit the H1 receptor without sedating effects
Cl
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Name

Cetirizine

https://www.drugbank.ca/

Accession Number

DBO0341 (APRDO0630)

Carcinogenesis and mutagenesis: In a 2-year carcinogenicity study in rats, cetirizine was not
shown to be carcinogenic at dietary doses up to 20 mg/kg (approximately 15 times the maximum
recommended daily oral dose in adults). In a 2-year carcinogenicity study in mice, cetirizine
administration lead to an incidence of benign liver tumors in males at a dietary dose of 16 mg/kg
(approximately 6 times the maximum recommended daily oral dose in adults). The clinica
significance of these findings during long-term use of cetirizine is unknown at this time

Cetirizine was not mutagenic in the Ames test, and not clastogenic in the human lymphocyte

Labe .

Type Small Molecule
Groups Approved
------------- assay, the mouse lymphoma assay, and in vivo micronucleus test in rats b€
Kind Protein General Function Histamine receptor activity
Organism Humans Specific Function In peripheral tissues, the H1 subclass of histamine

Pharmacological action

Actions

Antagonist

Gene Name
Uniprot ID
Uniprot Name

Molecular Weight

receptors mediates the contraction of smooth
muscles, increase in capillary permeability due to
contraction of terminal venules, and
catecholamin...

HRH1
Histamine H1 receptor

£5783.61 Da

Pregnancy Category B:

In mice, rats, and rabbits, cetirizine was not teratogenic
at oral doses up to 96, 225, and 135 mg/kg, respectively
(approximately 40, 180 and 220 times the maximum
recommended daily oral dose in adults). There are no
adequate and well-controlled studies in pregnant
women. Because animal studies are not always
predictive of human response, cetirizine should be used
in pregnancy only if clearly needed “2P¢!

Use in breastfeeding/nursing

Cetirizine has been reported to be excreted in human
breast milk. The use of cetirizine in nursing mothers is
not recommended "¢
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@ RUGBANK

Downloads

The DrugBank database is a unigue bioinformatics and

2 Chemical Struc@

i Molecular Weight

cheminformatics resource that combines detailed drug data

with comprehensive drug target information.

++ Drug & Food Interactions
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Malé proteiny

* Protein vs. peptid — ¢asto (historicky) rozdélovany podle velikosti. Jako proteiny jsou
oznacovany polymery s minimalni délkou 50-100 aminokyselin, kratsi byvaji oznacovany jako
peptidy.

* Protein vs. peptid — déleni podle struktury a puvodu. Peptidy vznikaji proteolyzou vétsiho
prekurzoru nebo jsou syntetizovany umeéle. Jako peptidy se také nékdy oznacuji prirozené
neusporadané retézce aminokyselin, které nemaji stabilni prostorové usporadani a mohou
flexibilné ménit konformaci.

* Malé proteiny — proteiny, které vznikaji primo translaci kratkého ORF (kratsi nez 100 kodonu).
Pti predikci gent mohou unikat, cut off pouzivany pfri predikci vychazejici z primérné délky
ORF je Casto vétsi (pfi snizeni bychom museli kontrolovat mnohonasobné vice ORF).



Malé proteiny

* Malé proteiny — proteiny, které vznikaji primo translaci kratkého ORF (kratSi nez 100 kodonu).
Pri predikci genl mohou unikat, cut off pouzivany pfi predikci vychazejici z primérné délky
ORF je Casto vétsi (pri snizeni bychom navic museli kontrolovat mnohonasobné vice ORF).

* Malé proteiny — unikaji i pri biochemickych analyzach, metody , nepocitaji“ s proteiny mensimi
nez cca 5 kDa. Casto objeveny jen shodou okolnosti.

Priklady malych proteinu:

* protein SpoVM (26 aminokyselin!), podili se na sporulaci grampozitivnich bakterii. Delece genu
pro SpoVM zpUsobuje tézké defekty sporulace, diky tomu byl objeven. Predpoklada se, ze pfi
sporulaci plni minimalné ¢tyri razné funkce (maly, ale Sikovny).

* Protein SidA (29 aminokyselin), ovliviiuje bunécné déleni u bakterii (Caulobacter crescentus).

* Protein MgtR (30 aminokyselin), regulace membranové vazanych enzymu (Salmonella).



Malé proteiny

Predikce malych proteint (kratkych ORF):

e kratkych ORF se nahodné vyskytuje v genomu mnoho,
zaroven se zmensujici se délkou klesa presnost predikce
zaloZzené na statistickych parametrech.

* ORF jsou proste prilis kratké, aby napr. obsahovaly dost
hexamer( (pro HMM patého radu), problém vyhodnotit i
frekvenci vyskytu triplettd — vyuziti kodond.

* Problematicke odliseni ,,pravych” kratkych ORF od mnoha
nahodnych kratkych ORF.

* Mnoho zatim charakterizovanych malych proteinu je
hydrofobni — cilené vyhledavani v membranovych frakcich?

Small Proteins Can No
[Longer Be Ignored

Gisela Storz,! Yuri . Wolf,?
and Kumaran S. Ramamurthi?

amw  1OpF, AR

I‘;-;_.|r|
L
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Figure 1

Sites of small protein action. The cytosol of a composite gram-positive or
gram-negatve bacterium bounded by the plasma membrane (dght gray) is
shown. The outer forespore membrane during sporulation is depicted in dark
gray. Proteins associated with various cell functions are colored as follows:
kinases, green; transporters, red; membrane-bound enzymes, blue; cell division
seprum, yellow; forespore during sporulation, orange; soluble chaperones,
purple. Small proteins are depicted as rectangles. Transmembrane small
proteins are depicted as rectangles that traverse the plasma membrane,
amphipathic helical small proteins that are peripherally membrane associated
are drawn as recrangles that are parallel to the plane of the membrane, and
soluble small proteins are shown in the cytosol ( pimk).



Malé proteiny

CNCB-NGDC

I | I P rOt a reliable repository with comprehensive annotation of small proteins derived from ribosome profiling

We'come tO SmPrOt V2 0| http://bigdata.ibp.ac.cn/SmProt/

Small proteins are the general term for proteins with length shorter than 100 amino acids. SmProt contains
records of Small Proteins encoded by genes, especially for ones from UTRs and non-coding RNAS.
selected small proteins were identified from ribosome profiling data, literature, mass spectrometry (M3), etc.,
carried out in eight species including Homo sapiens, Mus musculus, Raftus norvegicus, Drosophila

melanogaster, Danio rerio, Saccharomyces cerevisiae, Caenorhabditis elegans and Escherichia coll. Proteiny kddované nekdd Uj ici RNA je
Moreover, SmProt contains features for the collected small proteins on their sequences, genomic locations, sve s . , er . .
tissues/cell lines, assessment reflecting coding potential, function, varants, and related diseases that have zvlastni vyraz. @ KOdUJICI status Je
been verified or predicted, etc. u nékter{/ch NCRNA nynl'

diskutabilni...kratké ORF byly prosté
prehlédnuty nebo ignorovany.

Peptides/Proteins Encoded by
Non-coding RNA: A Novel Resource
Bank for Drug Targets and
Biomarkers

Song Zhu'*, Jizhong Wang™', Yutian He'*', Nan Meng'*" and Guang-Rong Yan'™*



Malé proteiny

SO RFS,ORG | e | | http://www.sorfs.org/

A REPOSITORY OF SMALL ORFS IDENTIFIED BY RIBOSOME PROFILING

Welcome

Introduction

Small open reading frames (sORFs) can be defined as open reading frames smaller than or equal to 300 nucleotides (100 amina acids). These
“sORFs", while inherent to all genomes, are historically ignored in gene annotation studies, stating that these lack any coding potential. Exclusion
of these sORFs has emerged as a side effect during the development of different (gene prediction) tools in the field of

bioinformatics/genomics/proteomics trying to reduce noise, imposed by technological limitations However, recent scientific breakthroughs

discovered coding potential of several sORFs with clinical significance, indicating their importance. I* 2 4 | In particular, the advent of ribosome

profiling > (RIBO-seq), a next generation deep sequencing technique, providing a genome-wide snapshot of the translating machinery in a cell,

provided evidence of translation in SORFs. The value and importance of sORFs is becoming widely recognized ® 7 furthermore ribosome profiling
data is becoming more abundant. The creation of a public repository for sORFs, providing information resulting from various tools and metrics,

seems a necessity in aiding functional research in the micropeptide field

sORFs.org: a repository of small ORFs identified by An update on sORFs.org: a repository of small ORFs
ribosome profiling identified by ribosome profiling

Volodimir Olexiouk'”’, Jeroen Crappé', Steven Verbruggen', Kenneth Verhegen?3, Volodimir Olexiouk’, Wim Van Criekinge and Gerben Menschaert’
Lennart Martens??® and Gerben Menschaert'"



Malé molekuly - shrnuti

Malé molekuly — heterogenni skupina latek s nejrtiznéjsimi funkcemi

SMILES, InChl

Mnoho informatickych zdrojti a nastroji je komercnich — farmaceuticky pramysl
Souviseji funkcneé i strukturné s makromolekulami

Metabolomika — mladé védni odvétvi zabyvajici se komplexnim studiem metaboliti
Databaze celych metabolickych drah

Malé proteiny/mikropeptidy — nova oblast studia proteini

Chemoinformatika/bioinformatika/chemicka bioinformatika — plivodné oddélené obory
s neprovazanymi informacemi se zacinaji prolinat
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