Zpracovani informaci a vizualizace v chemii
(C2150)

1. Uvod, databaze molekul



Organizacni pokyny

« Pfednasejici: Martin Prokop

« Email: martinp@chemi.muni.cz

e Pracovna: INBIT/2.10 (v dubnu/kvétnu presun do A4)

» Spoluautor prednasek: Zdenek Kfriz

« Web predmetu: ncbr.chemi.muni.cz/~martinp/C2150

« U¢ast na cvi¢enich je povinnd

« Nepritomnost mize byt omluvena pouze prostfednictvim
studijniho oddéleni (omluva musi byt zanesena v informacnim
systému MU)

e Podminky pro udéleni kolokvia:
 UCast na cvicCenich
« odevzdané ulohy ze cvicCeni
« odevzdany zavérecny projekt



Osnova kurzu

e Strukturni databaze molekul a jejich prohledavani

 Validace struktur ziskanych z databazi a priprava dat pro
molekulové modelovani - program WHAT IF a jeho WWW server

* Vizualizace molekul pomoci programu VMD, vizualizace trajektorii
molekulové dynamiky

« Zpracovani dat a jejich vizualizace pomoci grafl (xmgrace)

* Program TRITON - moznosti vizualizace a aplikace v molekulovém
modelovani

* Vizualizace molekul v ostatnich programech - Chimera, PyMol
* Pfevod 2D zobrazeni molekul do 3D a naopak
 Priprava grafickych prezentaci (Open Office, PovRay, Inkscape)



Databaze molekul

« Metody pro ziskani 3D struktury molekul Ize rozdélit na:

« Experimentalni metody (rengenova krystalografie, NMR,
elektronova mikroskopie)

« Molekulové modelovani

 Struktury ziskané experimentalnimi metodami (nekdy i
molekulovym modelovanim) se ukladaji do databazi aby byly
pristupné i ostatnim uzivatelim

Databaze malych molekul:

« Cambridge Structural Database - CSD (struktury z rentgenové
krystalografie)

 Inorganic Crystal Structure Database - ICSD
* Glyco3D Database (zamérena na cukry)
« 3Dchem database

Databaze biopolymeru (proteiny, DNA, RNA ):
e Protein Data Bank - PDB
 Nucleic Acid Database - NDB



Jak hledat v databazi

« Znam nazev molekuly, nebo jeji sumarni vzorec

« U malych molekul znam jejich SMILES kéd (CCO - ethanol,
c1CCCCcl - cyklohexan a pod)

« CSD umi hledat podle funk¢nich skupin (umoznuje pres grafické
rozhrani nakreslit vzorec)

« NDB databaze - hledani podle sekvence bazi
« PDB umoznuje nekolikastupnové prohledavani



Cambridge Structural Database - CSD

Dostupnost do CSD:
« Komercni licence

 Na MU dostupna na serveru xray.chemi.muni.cz (nutné zridit ucet
- doc. Marek Necas)

Co uklada CSD:
« Data o organickych molekulach
« Data o0 komplexech kovil s organickymi molekulami

Jakymi metodami jsou ziskavana data:
* RTG krystalografie

« MonokrystalU

« Praskova difrakce

Co v CSD nenajdeme:
« Data o polypeptidech, polysacharidech a oligonukleotidech
« Data o anorganickych molekulach



Cambridge Structural Database - CSD
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Cambrldge Structural Database - CSD

C5D Entries: Summary Statistics (Historical Snapshots)

‘ |31 Dec 1983 ‘31 Dec 1990 ‘:m Oct 2001 |31 Dec 2009

| |Srrucrures |9f| |Srru{:rums |9ﬁ |Srrucrures |9ﬁ |Srrucrures |9f|
|Total structures |52 363 [100.0 (104 380 [100.0 251 515 [100.0 [501 857 [100.0
|Organic structures l28 995 |[554 [52450 (50.3 [112113 [44.6 [215106 |429
Transition metal present [20 439 [38.0 [45588 |43.7 |120 638 |48.0 [266 333 [531
ILi-FrorBe—Rapresent[2887 [55 |[5200 |51 [13471 (54 [25739 |51
IMain group metal present [2206  [42 [5024 48 [16171 |64 (31470 [6.3
3D coordinates present [37 318 [71.0 [83884 (804 [223020 [89.0 [462 146 [92.0
[Ermror-free coordinates (35 032 [93.91 (80 372 |95.81 210 864 |98.21 [453 422 (9811
INeutron studies 567 lLos (786 log [1062 |04 (1437 |03
ILow/high temp. studies [3275  [62 (9943 |95 |[55752 (222 (192352 (383
|Abs. config. determined [1330 [25 [2344 [22 |d4924 20 (7672 [15
IDisorder present lagaz |04 (13594 [130 [45728 [182 (107032 [213
IPolymorphic structures (3231 [61 |[4618 |44 ([7892 (31 [16253 (32
IR-factor < 0.100 |37190 (708 85389 (818 [227181 (90.3 |467 547 [93.2
IR-factor < 0.075 20937 |[57.0 |73424 (703 [202848 ([80.7 |422 654 (342
IR-factor < 0.050 15974 ([304 |42996 |412 [125112 |49.7 [268 930 (536
IR-factor < 0.030 2231 |42 |7150 |68 [22346 (89 [52693 [105
In(atoms)/structure * laa - |54 - |73 - |76 -

IMb data added in year+ [14 - |e9 - |86 - phn -

T Percentage of structures for which coordinates are present in the CSD
* Average number of atoms per structure in the year cited in the column heading. The figure for 1970 was 27.

+ Mumber of Mb of data added to the CSD in the year cited in the table heading, the value in the 31 Dec 2009
column is for 2008 (the last complete year). The figure for 1970 was 2 Mb.



Cambridge Structural Database
6 January 2014

CSD Entries: Summary Statistics

Cambridge Structural Database - CSD

Structures %CSD
Total No. of structures 686 944 100.0
No. of different compounds 628 684 -
No. of literature sources 1578 -
Organic structures 292 661 42.6
Transition metal present 369 682 53.8
Li — Fr or Be — Ra present 34 433 5.0
Main group metal present 41711 6.1
3D coordinates present 643 032 93.3
Error-free coordinates 630 329 98.01
Neutron studies 1616 0.2
Powder diffraction studies 2930 0.4
Low/high temp. studies 306809 44.7
Absolute configuration determined 14 752 2.1
Disorder present in structure 158 127 23.0
Polymorphic structures 20 753 3.0
R-factor < 0.100 645 809 94.0
R-factor < 0.075 585 333 85.2
R-factor < 0.050 378 391 55.1
R-factor < 0.030 78 594 11.4
No. of atoms with 3D coordinates 53 563 990 -

t Taken as a percentage of structures for which 3D coordinates are present in the CSD




Inorganic Crystal Structure Database - ICSD

« Dostupna na adrese: www.fiz-karlsruhe.de/icsd.html
* ICSD obsahuje vice nez 166000 zdznamU

Co najdeme v ICSD:
 Krystalové struktury prvko
« Krystalové struktury binarnich sloucenin

VVVVVV
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http://www.fiz-karlsruhe.de/icsd.html

Protein Data Bank - PDB

« Dostupna na adrese: www.pdb.org

=) M

RCSB Protein Data Bank - Mozilla Firefox
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The PDE archive contains information about experimentally-determined structures of proteins, nucleic acids, and complex
assemblies. As a member of the wwPDE, the RCSE PDB curates and annotates PDE data according to agreed upon standards.

The RCSE PDE also provides a variety of tools and resources. Users can perform simple and advanced searches based on
annotations relating to sequence, structure and function. These molecules are visualized, downloaded, and analyzed by users who
range from students to specialized scientists.

Molecule of the Month: Auxin and TIR1 Ubiquitin Ligase

Plants, like animals, have hormones that deliver chemical messages between distant cells.
Charles Darwin and his son discovered this over a century ago--they noticed that if they
shined a light on the tips of grass shoots, the stems bend to bring the entire shoot towards the
light. Somehow, a message was being sent from the tip down to the stem. ¥You might also have
observed the action of hormonal signals in plants: when you prune a tree to make it more
bushy, you are modifying the traffic of plant hormones. Both of these effects are caused by the
phytohormone auxin.

® Read more ... ® Previous Features

Researchers at the PS| MCSG have recently determined the structure of a protein with a new
combination of two familiar protein modules, and made the first steps towards uncovering the
function of this unusual new family of proteins.

® Read more from PS5| SGKBE ® Previous Features
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The General Education
section of the RCSB PDB
offers a variety of resources
for teachers and students
interested in learning about
protein and nucleic acid
structures.

More ==

02-December-2008

PDBE Archive Version 3.15
to be Released
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Protein Data Bank - PDB

Pocet struktur: 88500
« 77975 - RTG

*« 9862 - NMR

« 508 - EM

Proteiny/NA/komplexy
« 81922 - protein

« 2500 - DNA/RNA

« 4057 - komplexut

Year

Yearly Growth of Total Structures
number of structures can be viewed by hovering mouse over the bar

Mumber
10,000 20,000 30,000 40,000 50,000 60,000 70,000

80,000

W Total mYearly



Rentgenova krystalografie

« Velmi detailni informace o
strukture molekul

 Pro rigidni systémy
nejkvalitnéjsi informace

e U flexibilnich systémU nékdy
spatné rozeznatelné casti

« O kvalité struktury hovori
rozliseni a R-faktor.
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Rentgenova krystalografie - rozlisen

Vd
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Nuklearni magneticka rezonance - NMR

e Struktura v roztoku, ne v
pevné fazi.

* Moznost studia flexibilnich
systému.

« Vysledkem je set konformaci
molekuly, ktery splnuje
experimentalni kriteria.

« V databazi naleznete jak set
10, 30, 50 struktur, tak tzv.
primeérnou strukturu.
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Elektronova mikroskopie - EM

« Struktura velkych komplexd

« Samostatné neumoznuje
atomarni rozliseni, proto se
kombinuje s dalsimi
metodami

17



NDB - prohledavani

« Dostupna na adrese: ndbserver.rutgers.edu/

Search for Released Structures

General Information

Author |
NDB IDI PDB IDI
(ex: Last, F or Last; not Last F or F. Last)

Citation Year (ex: 2002) I Released Since

Search | Reset |
Experimental Type

Crystal Structure Structure Factors Available
@Yy ON @Yy ON

Space Group Resolution better than R-factor better than <
M 2.5 20
NMR NMR Restraints Available
Oy ON OY ON
Sequence

Nucleic Acid Sequence Pattern | g‘:mﬂga

DNA RNA Protein Ligand
QY ON OY ON QY ON OY ON

Nucleic Acid Modification

Raca Sunnar Phnasnhata

26



NDB - prohledavani

Results 1 - 20 of 374 records in NDB Search took 0.595 seconds.

There are 19 pages in total. Help Close

1. Display Dynamically Generated Atlas of Display Atlas |

Checked ~ | Structures

2.View NDB Status | report of View Report |

Ce | o

LAl

$¥av

$¥av

[

1

ADO0007

A-DNA DECAMER GCGTA(T23)TACGC WITH INCORPORATED 2'-METHOXY-3-METHYLENEPHOSPHATE-THYMIDINE

2

ADO0010

ALTERNATION OF DNA AND SOLVENT LAYERS IN THE A FORM OF D(GGCGCC) OBTAINED BY ETHANOL CRYSTALLIZATION

3

ADO011

1.6 ASTRUCTURE OF THE A-DECAMER GCGTATACGC WITH A SINGLE 2'-0-AMINOOXYETHYL THYMINE IN PLACE OF T6, BA-FORM

[
[
[

ADO0012

1.45 A STRUCTURE OF THE A-DECAMER GCGTATACGC WITH A SINGLE 2'-O-FLUOROETHYL THYMINE IN PLACE OF T6, MEDIUM
NA-SALT

ADO0013

1.06 A STRUCTURE OF THE A-DECAMER GCGTATACGC WITH A SINGLE 2'-O-METHYL-3-METHYLENEPHOSPHONATE (T23) THYMINE
INPLACE OF T6, HIGH CS-SALT

ADO0014

1.05 ASTRUCTURE OF THE A-DECAMER GCGTATACGC WITH A SINGLE 2-O-METHYL-[TRI(OXYETHYL)] THYMINE IN PLACE OF T6,
MEDIUM CS-SALT

ADO0015

1.05A STRUCTURE OF THE A-DECAMER GCGTATACGC WITH A SINGLE 2'-O-FLUOROETHYL THYMINE IN PLACE OF T6, HIGH
RB-SALT

AD0016

1.3 ASTRUCTURE OF THE A-DECAMER GCGTATACGC WITH A SINGLE 2'-O-METHYL-[TRI(OXYETHYL)] THYMINE IN PLACE OF T6,
MEDIUM RB-SALT

ADO0018

1.3ASTRUCTURE OF THE A-DECAMER GCGTATACGC WITH A SINGLE 2'-O-METHYL-[TRI(OXYETHYL)], MEDIUM K-SALT



NDB - prohledavani
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NDB - prohledavani

NDB ID: AD0014

Home
NMR Atlas X-Ray Atlas

Title:

Molecular
Description:

Structural
Features:

Nucleic Acid
Sequence:

Primary
Citation:

1.05 A STRUCTURE OF THE A-DECAMER
GCGTATACGC WITH A SINGLE
2-O-METHYL-[TRI(OXYETHYL)] THYMINE IN
PLACE OF T6, MEDIUM CS-SALT

5'-D(GpCpGpTpAp(126)pApCpGpC)-3'

A DOUBLE HELIX

ChainsA, B: (DG) (DC) (DG) (DT)
(DA) (126) (DA) (DC)
(DG) (DC)

Tereshko, V., Wilds, C.J., Minasov, G.,
Prakash, T.P., Maier, M.A., Howard, A.,
Wawrzak, Z., Manoharan, M., Egli, M.
Detection of alkali metal ions in DNA crystals
using state-of-the-art X-ray diffraction
experiments.

Nucleic Acids Res. , 29, pp. 1208 - 1215,
2001.

Biological Unit 1

Other Views
Asymmetric Unit
Crystal Packing

Enlarge Biological Unit 1
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NDB - prohledavani
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Glyco3D databaze

« Dostupna na adrese: glyco3d.cermav.cnrs.fr

Y 4

Cermav

» Home page

Databases

» Monosaccharides

» Disaccharides

» Oligosaccharides

» Polysaccharides

» Lectines

» Glycosyltransferases
» Gag binding proteins

Book chapters
» Modeling

» Cellulose

» Starch

Gallery
» Models

=
=]
=]
-
]

» Useful links

GLYCO3D

A site for glycosciences

BP 53 - 38041 Grenoble Cedex 9 - France

Domaine Universitaire - 601 Rue de la Chimie
38400 St Martin d'Héres - France

tél: 33(0)47603 7603 - fax: 33 (0)4 76 54 7203
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Glyco3D databaze

— O X
& £l | http://www.cermav.cnrs.fr/cgi-bin/monos/monos.cgi j G~ @
a-L-Arabinopyranose Family : Arabinose
Anomery : Alpha
Carbons : 5
Cycle : Pyranose
Configuration : Levogyre
Comment :
3D view
2D view
OH
C| oz 2
N
HD“-H_LC:"‘.‘- 2hc1ﬁ-"3“-m_,m
‘ Har  om ‘
Ha Hy
Jmol
PDB file
# Duwnluads“ nymph... ‘Clear
http://www.cermav.cnrs.fr/cgi-bin/monos/monos.cgi/response?msiupac=a-L-Arabinopyranose <& (W],




Glyco3D databaze

") 0 Mozilla Firefox <2>

@ EJ [[e) http://www.cermav.cnrs.fr/cgi-bin/di/di.cgi

e . monosaccharide
Carbon 1 Carbon 2

1 2
4 - Giucose - [l scarch |

TUPAC name : a-L-Fu-:op),rr'anose-(1--'-1}-2-acetf:1midcr-2-dr—_‘-cr:q,r-b-[?J-gIun:crpyrancrsr—_‘-[v

monosacchari glycosidic

link

Help and informations

Monomer 1 : a-L-Fucopyranose

|Monomer 2: 2-Acetamido-2-deoxy-b-D-glucopyranose

|Abreviation : a-L-Fucp(1,4)b-D-GlcpNAc
Iso-potential energy map 3D interactive stucture
m T T T T T
VALUES :
m - <
‘Energy :
240 1 i d) :
W (n+1) -
18“ = <
¥ (n-1):
1o | ] ‘Force-field :
‘Parameters :
60 - 1 Dielectric
constant :
Jmol
- AN 'Ilﬂ_ﬂ 'II'“] Kln [II Ilﬂ A% ﬂj
¥ Downloads | pymph... 20551 Clear

Jmol script completed




Glyco3D databaze

) . Mozilla Firefox <2>

@ EJ [[@ http://www.cermav.cnrs.fr/lectines/ ~| g~ @,

Bacterial lectins - 2-Ca b-sandwich

Burkholderia lectins

Species : Burkholderia cenocepacia

Commentaire : Complexed with aManOMe

Resolution : 1.70

Reference : Lameignere E, Malinovska L, Slavikova M, Duchaud E, Mitchell EP, Varrot A, Sedo O,
Imberty A, Wimmerova M., Structural basis for mannose recognition by a lectin from opportunistic
Pseudomona bacteria Burkholderia cenocepacia:, Biochem. J., 411, 307-318, 2008

d U-5d PDB code : 2VNV

e—— Medline

T Link to Databases :
[PDB ENTRY (RCSB Site) / HSSP ENTRY / SCOP / RELIBASE]

- PDB Files : —
=Ps - (RCSB (USA CA) / Rutgers University (USA NJ) / FRANCE / SINGAPORE / UK / JAPAN / BRAZIL)

Done | ’ |_|_




Practical Structural Databases

« Webova adresa: xray.bmc.uu.se/embo/structdb/links.html

*) O Practical "Structural Databases" - EMBO Bioinformatics Course - Uppsala 1999/2001 - Mozilla Firefox
File Edit View History Bookmarks ScrapBook Tools Help

http://xray.bmc.uu.se/embo/structdb/links.html ;:’.'i.Ll |v 'structural database @,
fE Most Visited = English - Czech Dict... | EdNeviditelny pes EABritské listy SSeznam [ISupport~ SunSITE Czech Rep... »
Complex NDB Search ¢ " Practical "Structural ... ¥ | * Loading... X | v

STRU

SOUTH CAROLINA.

« DELAWARE

0 LINKS @
| SPORTSMAN'S PARADISE

| Primary structural databases | Front-ends | Experimental data | Visualisation | Visualisation software | Structural macro-analysis | Structural micro-analysis | Model
validation | Other biomolecules | Small molecules | Specialised & derived databases and servers | Protein-family-specific databases | Sequence databases and resources |

Multiple sequence alignment | Literature | Structure prediction & modelling | Structural genomics | Crystallographv | NME spectroscopy | Organisations & institutes |
Education | Miscellaneous resources |

Please E-mail corrections and additions to Gerard Kleyweqgt - thanks !

You can check the current validity of all links on this page using the W3C Link Checker. ;1




Ukoly

* Naleznéte v PDB databazi struktury amyloid beta peptidu,
vygenerujte report, kery bude obsahovat: pdb kéd, zplsob urceni
3D dat, rozliseni, biologicky zdroj amyloidu.

 Zjistéte kolik struktur je v soucasné dobé ulozeno v PDB databazi,
kolik je urceno pomoci X-ray, NMR a EM. Kolik struktur bylo v
databazi ulozeno v letech 2010, 2005 a 2001. Pro vyhledani téchto
iformaci pouzijte Advanced Search.

« Ukoly odevzdejte do odevzdavarny
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