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Jak ukládat struktury

• formáty – PDB (mmCIF)

– xyz souřadnice

– tagy

– atomové typy

• databáze – www.pdb.org

http://www.pdb.org/


PDB formát: vzor

HEADER    LYASE(OXO-ACID)                         01-OCT-91   12CA      12CA 2

COMPND    CARBONIC ANHYDRASE /II (CARBONATE DEHYDRATASE) (/HCA II)    12CA   3

COMPND   2 (E.C.4.2.1.1) MUTANT WITH VAL 121 REPLACED BY ALA (/V121A)  12CA   4

SOURCE    HUMAN (HOMO SAPIENS) RECOMBINANT PROTEIN                     12CA   5

AUTHOR    S.K.NAIR,D.W.CHRISTIANSON                                     12CA   6

REVDAT   1   15-OCT-92 12CA    0                                        12CA   7

JRNL        AUTH   S.K.NAIR,T.L.CALDERONE,D.W.CHRISTIANSON,C.A.FIERKE   12CA   8

JRNL        TITL   ALTERING THE MOUTH OF A HYDROPHOBIC POCKET.          12CA   9

JRNL        TITL 2 STRUCTURE AND KINETICS OF HUMAN CARBONIC ANHYDRASE   12CA  10

JRNL        TITL 3 /II$ MUTANTS AT RESIDUE VAL-121                      12CA  11

JRNL        REF    J.BIOL.CHEM.                  V. 266 17320 1991      12CA  12

JRNL        REFN   ASTM JBCHA3  US ISSN 0021-9258                  071  12CA  13

REMARK   1                                                              12CA  14

REMARK   2                                                              12CA  15

REMARK   2 RESOLUTION. 2.4  ANGSTROMS.                                  12CA  16

REMARK   3                                                              12CA  17

REMARK   3 REFINEMENT.                                                  12CA  18

REMARK   3   PROGRAM                    PROLSQ                          12CA  19

REMARK   3   AUTHORS                    HENDRICKSON,KONNERT             12CA  20

REMARK   3   R VALUE                    0.170                           12CA  21

REMARK   3   RMSD BOND DISTANCES        0.011  ANGSTROMS                12CA  22

REMARK   3   RMSD BOND ANGLES           1.3    DEGREES                  12CA  23

REMARK   4                                                              12CA  24

REMARK   4 N-TERMINAL RESIDUES SER 2, HIS 3, HIS 4 AND C-TERMINAL       12CA  25

REMARK   4 RESIDUE LYS 260 WERE NOT LOCATED IN THE DENSITY MAPS AND,    12CA  26

REMARK   4 THEREFORE, NO COORDINATES ARE INCLUDED FOR THESE RESIDUES.   12CA  27

………



PDB (cont.)
SHEET    3   S10 PHE    66  PHE    70 -1  O  ASN    67   N  LEU    60   12CA  68

SHEET    4   S10 TYR    88  TRP    97 -1  O  PHE    93   N  VAL    68   12CA  69

SHEET    5   S10 ALA   116  ASN   124 -1  O  HIS   119   N  HIS    94   12CA  70

SHEET    6   S10 LEU   141  VAL   150 -1  O  LEU   144   N  LEU   120   12CA  71

SHEET    7   S10 VAL   207  LEU   212  1  O  ILE   210   N  GLY   145   12CA  72

SHEET    8   S10 TYR   191  GLY   196 -1  O  TRP   192   N  VAL   211   12CA  73

SHEET    9   S10 LYS   257  ALA   258 -1  O  LYS   257   N  THR   193   12CA  74

SHEET   10   S10 LYS    39  TYR    40  1  O  LYS    39   N  ALA   258   12CA  75

TURN     1  T1 GLN    28  VAL    31     TYPE VIB (CIS-PRO 30)           12CA  76

TURN     2  T2 GLY    81  LEU    84     TYPE II(PRIME) (GLY 82)         12CA  77

TURN     3  T3 ALA   134  GLN   137     TYPE I (GLN 136)                12CA  78

TURN     4  T4 GLN   137  GLY   140     TYPE I (ASP 139)                12CA  79

TURN     5  T5 THR   200  LEU   203     TYPE VIA (CIS-PRO 202)          12CA  80

TURN     6  T6 GLY   233  GLU   236     TYPE II (GLY 235)               12CA  81

CRYST1   42.700   41.700   73.000  90.00 104.60  90.00 P 21          2  12CA  82

ORIGX1      1.000000  0.000000  0.000000        0.00000                 12CA  83

ORIGX2      0.000000  1.000000  0.000000        0.00000                 12CA  84

ORIGX3      0.000000  0.000000  1.000000        0.00000                 12CA  85

SCALE1      0.023419  0.000000  0.006100        0.00000                 12CA  86

SCALE2      0.000000  0.023981  0.000000        0.00000                 12CA  87

SCALE3      0.000000  0.000000  0.014156        0.00000                 12CA  88

ATOM      1  N   TRP     5       8.519  -0.751  10.738  1.00 13.37      12CA  89

ATOM      2  CA  TRP     5       7.743  -1.668  11.585  1.00 13.42      12CA  90

ATOM      3  C   TRP     5       6.786  -2.502  10.667  1.00 13.47      12CA  91

ATOM      4  O   TRP     5       6.422  -2.085   9.607  1.00 13.57      12CA  92

ATOM      5  CB  TRP     5       6.997  -0.917  12.645  1.00 13.34      12CA  93

ATOM      6  CG  TRP     5       5.784  -0.209  12.221  1.00 13.40      12CA  94

ATOM      7  CD1 TRP     5       5.681   1.084  11.797  1.00 13.29      12CA  95

ATOM      8  CD2 TRP     5       4.417  -0.667  12.221  1.00 13.34      12CA  96

ATOM      9  NE1 TRP     5       4.388   1.418  11.515  1.00 13.30      12CA  97

ATOM     10  CE2 TRP     5       3.588   0.375  11.797  1.00 13.35      12CA  98

ATOM     11  CE3 TRP     5       3.837  -1.877  12.645  1.00 13.39      12CA  99

ATOM     12  CZ2 TRP     5       2.216   0.208  11.656  1.00 13.39      12CA 100

ATOM     13  CZ3 TRP     5       2.465  -2.043  12.504  1.00 13.33      12CA 101

ATOM     14  CH2 TRP     5       1.654  -1.001  12.009  1.00 13.34      12CA 102

…….



mmCIF
Výrazně popisnější krystalografický slovníkový formát – podobný XML, používá kategorie:
• atom group 

– Categories that describe the properties of atoms.

• audit group 
– Categories that describe dictionary maintenance and identification.

• cell group 
– Categories that describe the unit cell.

• chemical group 
– Categories that describe chemical propertiesand nomenclature.

• chem comp group 
– Categories that describe components of chemical structure.

• chem link group 
– Categories that describe links between components of chemical structure.

• citation group 
– Categories that provide bibliographic references.

• computing group 
– Categories that describe the computational details of the experiment.

• compliance group 
– Categories that are included in this dictionary specifically to comply with previous dictionaries.

• database group 
– Categories that hold references to entries in databases that contain related information.

• diffrn group 
– Categories that describe details of the diffraction experiment.

• entity group 
– Categories that describe chemical entities.

• entry group 
– Categories that pertain to the entire data block.

• exptl group 
– Categories that hold details of the experimental conditions.

• geom group 
– Categories that hold details of molecular and crystal geometry.

• iucr group 
– Categories that are used for manuscript submission and internal processing by the Intl Union of Crystallography.

• pdb group 
– Categories that pertain to the file-format or data-processing codes used by the Protein Data Bank.

International Tables for 

Crystallography

Volume G: Definition and 

exchange of 

crystallographic data

First online edition (2006)

ISBN: 978-1-4020-3138-0

doi: 

10.1107/978095536020600

00107

http://it.iucr.org/Ga/contents/

http://it.iucr.org/services/purchase/
http://dx.doi.org/10.1107/97809553602060000107
http://dx.doi.org/10.1107/97809553602060000107
http://dx.doi.org/10.1107/97809553602060000107
http://it.iucr.org/Ga/contents/


21th Century – “Century of life 

science data” 



htttp://www.rcsb.org/pdb/

Databáze – není jich málo…



Protein DataBank (PDB)

• Hlavní a klíčová databáze pro řešení 

molekulárně biologických otázek

• Protein Databank

– PDB od roku 1972 Brookhaven National 

Laboratory (BNL)

– Jedinečné mezinárodní úložiště 

makromolekulárních strukturních dat

– dnes pod Research Collaboratory 

for Structural Bioinformatics (RCSB)

http://www.rcsb.org/





PDB statistics

říjen 2011
• Struktury 76814

– X-ray 67125

– NMR 9108

– EM 380

– Proteiny 71148

– NA 2312

– Protein/NA 3331 

• zajímavosti, nejvíc struktur:
– organism-Thermus thermophilus (4751)

– gene source Homo Sapiens (20127)

– R 1.5-2.0 A (26000)

– Software – CNS (25276)

– EC – 3.2.1.17 Lysozyme (1150)

– Residues - 100-300 (30000)

– Journal J.Mol.Biol. (9247)
•http://www.pdb.org/pdb/statistics/

1st Nov 2016

http://www.pdb.org/pdb/statistics/


Growth of PDB



Interferon

Copyright OpenHelix. 

No use or reproduction 
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Structural Diversity - Constantly 

Increasing!Glucagon Insulin Many Enzymes

Channels

http://www.rcsb.org/pdb/static.do?p=education_discussion/educational_resources/index.html

“Molecular Machinery: A Tour of the Protein Data Bank”

Complexes



Copyright OpenHelix. 
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An Example of a Structure 

Summary Page

β-strands
α-helices

Biological Assembly – 2 asymmetric units 

sugar-binding 

domains
loops

Explore

next



Hlavní složky RCSB PDB website 

Peter W. Rose, Wolfgang F. Bluhm, et al. The RCSB Protein 

Data Bank: site functionality and bioinformatics use cases 

Nature Interaction Database doi:10.1038/pid.2011.1



Základní vyhledávání

Peter W. Rose, Wolfgang F. Bluhm, et al. The RCSB Protein 

Data Bank: site functionality and bioinformatics use cases 

Nature Interaction Database doi:10.1038/pid.2011.1

• top navigation bar 

• PDB ID (e.g., 4HHB) 

• full-text search 

• Výběr z 

– “Author”

– “Makromolecule”

– “Sequence”

– “Ligand”



Results Browser

• Nahoře: 
– unreleased 

entries, 

– citations, ligands

– web pages. 

• Rafinace 
vyhledávání
– výběry dle typů

– faceted browsing

– advanced search 

• Pracovní menu
– file downloads,

– tabular reports

– sort

• List PDB IDs 
– (e.g., 2X51),

– structure titles

– thumbnail images
Peter W. Rose, Wolfgang F. Bluhm, et al. The RCSB Protein 

Data Bank: site functionality and bioinformatics use cases 

Nature Interaction Database doi:10.1038/pid.2011.1



Refine 

search

• zpřesnění 

výběrových 

kritérií

Peter W. Rose, Wolfgang F. Bluhm, et al. The RCSB Protein 

Data Bank: site functionality and bioinformatics use cases 

Nature Interaction Database doi:10.1038/pid.2011.1



Structure 

Summary
• Tabs – další odkazy na:

– Sequence (+ secondary-
structure annotations);

– Annotations (external data from 
SCOP, CATH, GO, Pfam, 
Structural Biology 
Knowledgebase);

– Seq. Similarity (sequence 
clusters);

– 3D Similarity (entries with 
similar 3D structures);

– Literature (primary citation and 
related articles);

– Biol. & Chem. (biological and 
chemical details);

– Methods (experimental details 
on the structure determination 
method);

– Geometry (bond lengths and 
angles, Ramachandran plot);

– Links (hyperlinks to external 
resources with data related to 
the specific PDB entry). 



Advanced search 

• Vyhledávání dle:

– text search

– structure type

– sequence motifs

– ligand

– biologická data 

(EC, TC, GO)

– experimentální metoda

– publikace

• Result count

• Kombinování kritérií 



Report

• Tabulka s 

výsledky

Peter W. Rose, Wolfgang F. Bluhm, et al. The RCSB Protein 

Data Bank: site functionality and bioinformatics use cases 

Nature Interaction Database doi:10.1038/pid.2011.1



myPDB

Peter W. Rose, Wolfgang F. Bluhm, et al. The RCSB Protein 

Data Bank: site functionality and bioinformatics use cases 

Nature Interaction Database doi:10.1038/pid.2011.1
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Basic Entry Information & 

Access to More
Authors,  

Release Date,

Classification, 

Experiment, 

Compound & 

Citation

Click ID, 

structure, or 

title to access 

structure 

summary page 

Display full polymer or ligand 

details for this entry or all results

Mouse over thumbnail



Copyright OpenHelix. 
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Structure Summary Page 

Primary 

Citation

◼ One for every structure 

◼ Organized similarly

◼ It provides access to a 

wealth of data

◼ Customizable with a 

widget framework

◼ Re-arranged sections 

in red

◼ Use Reset Layout to 

return to default 

Molecular 

Description

Source

Ligand Component
Experiment

Details

Deposition

Summary

Images &

Viewing

Options
Menus

Related Entries

2arc Enter 2arc

External Data

(orange)

MyPDB

Primary 

Citation

Molecular 

Description

Source

Ligand Component Experiment

Details

Deposition

Summary

Images &

Viewing

Options

Report tabs

 Title & ID       

Menus

Related Entries

External Data

(orange)

MyPDB

Reset Layout
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Sequence Report
Results

Tabs
◼ Graphic of 

secondary 

structures

◼ Choose domain 

assignments or 

annotations from 

dropdown menu

◼ Specify how you 

want to view 

graphic

Select more

annotations

Set viewing preferences

References below
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Annotations Report
Database 

links

CATH

SCOP

PFAM

Customize

SBKB
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Sequence Similarity Report



Copyright OpenHelix. No use or reproduction without express written consent 27

Biology & Chemistry Report

Help

Help

Help Mouse over 

for details
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Methods Report
◼ Precise 

experimental  

details

◼ Organized 

similarly

◼ Mouse over 

to read 

definitions

◼ Sections 

depend on 

methodology



www.pdb.orgCopyright OpenHelix. 

No use or reproduction 

without express written 
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Educational Resources

Click on

Molecule 

of the 

Month
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Molecule of the Month
View by Title, 

Date or Category

Click on



Copyright OpenHelix. No use or 

reproduction without express 
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A Protein Information Goldmine
Structure Summary pages 

provide detailed results
Easy ways to 

visualize & 

manipulate 

structures



Quality of data in PDB –

why validate?





Quality of data in PDB

• Validation of ligands



not all ligands are equally wrong



Další strukturní databáze

• MSD: The Macromolecular Structure Database
– A relational database representation of clean Protein Data Bank (PDB)

• 3DSeq: 3D sequence alignment server
– Annotation of the alignments between sequence database and the PDB

• FSSP: 
– Based on exhaustive all-against-all 3D structure comparison of protein 

structures currently in the Protein Data Bank (PDB)

• DALI:
– Fold Classification based on Structure-Structure Assignments

• 3Dee:
– Database of protein domain definitions wherein the domains have been 

clustered on sequence and structural similarity

• NDB: Nucleic Acid Structure Database
– database of NA structures





PDBe-KB



PDBe-KB

• Focused on individual proteins

– UniprotID is key

• Gathers data across individual PDBID and 

individual resources (e.g. ChannelsDB)



https://www.alphafold.ebi.ac.uk/ 

40

https://www.alphafold.ebi.ac.uk/


41

Complete structures of 20 model organisms



42



43

Alphafold tells you where is it right!



44

How good are the predictions of 
human proteins?

pLDDT - per-residue estimate of its confidence on a scale from 0 - 100

model’s predicted score on the lDDT-Cα metric (local superposition-free score for comparing protein 

structures and models using distance difference tests).  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3799472/


DĚKUJI ZA POZORNOST
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