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Familiar PDB file 
HEADER    HYDROLASE                               21-AUG-00   1FN8               
TITLE     FUSARIUM OXYSPORUM TRYPSIN AT ATOMIC RESOLUTION                        
COMPND    MOL_ID: 1;                                                             
COMPND   2 MOLECULE: TRYPSIN;                                                    
COMPND   3 CHAIN: A;                                                             
COMPND   4 EC: 3.4.21.4;                                                         
KEYWDS    BETA BARREL                                                            
EXPDTA    X-RAY DIFFRACTION                                                      
AUTHOR    W.R.RYPNIEWSKI,P.OESTERGAARD,M.NOERREGAARD-MADSEN,M.DAUTER,            
AUTHOR   2 K.S.WILSON                                                            
JRNL        AUTH   W.R.RYPNIEWSKI,P.OESTERGAARD,M.NOERREGAARD-MADSEN,            
JRNL        AUTH 2 M.DAUTER,K.S.WILSON                                           
JRNL        TITL   FUSARIUM OXYSPORUM TRYPSIN AT ATOMIC RESOLUTION AT            
JRNL        TITL 2 100 AND 283 K: A STUDY OF LIGAND BINDING                      
JRNL        REF    ACTA CRYSTALLOGR., SECT.D     V.  57     8 2001               
JRNL        REFN   ASTM ABCRE6  DK ISSN 0907-4449  

ATOM      1  N   PRO A   1      29.061  39.981   4.981  1.00 28.69     N       
ATOM      2  CA  PRO A   1      29.970  38.922   4.561  1.00 29.08     C 
ATOM      3  C   PRO A   1      29.325  38.106   3.429  1.00 29.19     C 
ATOM      4  O   PRO A   1      28.097  38.168   3.298  1.00 29.87     O 
ATOM      5  CB  PRO A   1      30.106  38.013   5.789  1.00 29.07     C 
ATOM      6  CG  PRO A   1      28.749  38.112   6.413  1.00 28.59     C 
ATOM      7  CD  PRO A   1      28.387  39.600   6.246  1.00 29.21     C 
ATOM      8  N   GLN A   2      30.153  37.412   2.681  1.00 28.13     N 
ATOM      9  CA  GLN A   2      29.636  36.572   1.593  1.00 27.95     C 

What is the problem?



Problems of “PDB format” 
•  PDB format is almost 40 years old and does 

not support  today’s science.  
•  PDB Record format limitations 

–  Max. 62 chains (even with some tricks) 
–  Max. 99,999 atoms 

•  No bond orders or chirality specified for 
ligands 

•  No real support for NMR, EM, hybrid 
methods,  

•  Meta-data specification cumbersome and 
inflexible 



Too big to handle…
●  HIV-1 capsid (3J3Q) 

–  1,356 chains 
–  2,440,800 atoms 
–  25 PDB entries 

●  1VU5, 1VU6, ... 

–  3J3Q only as mmCIF & 
PDBML 



  Very complicated “REMARK” lines  
  Inflexibility of data definition 

 
For example, residue numbers (author-defined 

or universal?) 
   -90-91-91A-91B-92-93- (insertion) 
   -90-91-92-96-97-98- (deletion) 
   -90-91-92·····96-97-98- (disorder) 

More problems… 



REMARK   2 RESOLUTION.    2.60 ANGSTROMS.  

REMARK 200 EXPERIMENTAL DETAILS                                                  
REMARK 200  EXPERIMENT TYPE                : X-RAY DIFFRACTION                   
REMARK 200  DATE OF DATA COLLECTION        : NULL                                
REMARK 200  TEMPERATURE           (KELVIN) : 100                                 
REMARK 200  PH                             : 6.5                                 
REMARK 200  NUMBER OF CRYSTALS USED        : 1  

REMARK 465 MISSING RESIDUES                                                      
REMARK 465 THE FOLLOWING RESIDUES WERE NOT LOCATED IN THE                        
REMARK 465 EXPERIMENT. (M=MODEL NUMBER; RES=RESIDUE NAME; C=CHAIN                
REMARK 465 IDENTIFIER; SSSEQ=SEQUENCE NUMBER; I=INSERTION CODE.)                 
REMARK 465                                                                       
REMARK 465   M RES C SSSEQI                                                      
REMARK 465     GLY A   123                                                       
REMARK 465     ALA A   124                                                       
REMARK 465     SER A   125 

REMARK 350 BIOMOLECULE: 1                                                        
REMARK 350 AUTHOR DETERMINED BIOLOGICAL UNIT: MONOMERIC                          
REMARK 350 SOFTWARE DETERMINED QUATERNARY STRUCTURE: MONOMERIC                   
REMARK 350 SOFTWARE USED: PISA                                                   
REMARK 350 APPLY THE FOLLOWING TO CHAINS: A                                      
REMARK 350   BIOMT1   1  1.000000  0.000000  0.000000        0.00000             
REMARK 350   BIOMT2   1  0.000000  1.000000  0.000000        0.00000             
REMARK 350   BIOMT3   1  0.000000  0.000000  1.000000        0.00000 



So new(ish) formats…
“The wwPDB has established PDBx/mmCIF 

as the new standard format for data 
exchange and archiving in structural 
biology.”

PDBx/mmCIF
mmCIF

PDB

PDB

mmCIF

PDBML

RDF



mmCIF 
mmCIF (macromolecular Crystallographic Information Format)  
      was developed under the auspices of the International Union 

of Crystallography (IUCr) for macromolecular structures 
from the Crystallographic Information Format (CIF) widely 
used for small molecules. 

      is a STAR (Self-defining Text Archive and Retrieval) 
format. 

      has a very strict dictionary. 
 
mmCIF is a list of data items, which consist a pair of name and 

value. 



_cell.length_a                   98.000 
_cell.length_b                   89.400 
_cell.length_c                   86.700 
_cell.angle_alpha                90.00 
_cell.angle_beta                117.80 
_cell.angle_gamma                90.00 
_symmetry.space_group_name_H-M   'C 2        '  
 
loop_ 
_atom_site.label_seq_id 
_atom_site.group_PDB 
_atom_site.type_symbol  
_atom_site.label_atom_id  
_atom_site.label_comp_id  
_atom_site.auth_seq_id  
_atom_site.label_asym_id  
_atom_site.Cartn_x  
_atom_site.Cartn_y  
_atom_site.Cartn_z  
_atom_site.occupancy 
_atom_site.B_iso_or_equiv 
_atom_site.id 
1  ATOM  N  N    ALA  201  A  38.840   0.236   1.012  1.00 34.65  1 
1  ATOM  C  CA   ALA  201  A  38.356  -0.999   0.357  1.00 42.26  2 
1  ATOM  C  C    ALA  201  A  37.098  -1.547   1.056  1.00 41.25  3 
1  ATOM  O  O    ALA  201  A  36.619  -0.946   2.028  1.00 29.44  4 

data item = name + 
value.

An example of mmCIF



Hierarchy of mmCIF
The name, not the data structure, of mmCIF has 

hierarchy. 
 

       _(category group)_(category).(item) 
 

 _entity_poly.type      'polypeptide(L) '  
_cell.length_a            87.433

Knowing the meaning of category groups would 
help understanding of the data in mmCIF.



Some of the category groups
•  entity  biological & chemical information about the 

object in the entry. 
•  atom  atomic information (name, coordinate etc)  
•  struct  characteristic structure (secondary structure, 

crosslink etc) 
•  chem_comp  chemical information (ligands etc) 
•  citation  citation (journals) 
•  refln  reflection data (Rsym, resolution etc) 
•  exptl  experimental data (crystallization condition etc) 
•  refine  refinement 
•  symmetry  symmetry 
•  cell   unit cell 



“label” & “auth”

  label  Mandatory term defined by PDB 
       Strict, and easy to use in comprehensive 
cases 
  auth  Defined by the authors 

problem-specific. Often those appear in 
the “PDB file”



loop_ 
_atom_site.group_PDB  
_atom_site.id  
_atom_site.type_symbol  
_atom_site.label_atom_id  
_atom_site.label_alt_id  
_atom_site.label_comp_id  
_atom_site.label_asym_id  
_atom_site.label_entity_id  
_atom_site.label_seq_id  
_atom_site.pdbx_PDB_ins_code  
_atom_site.Cartn_x  
_atom_site.Cartn_y  
_atom_site.Cartn_z  
_atom_site.occupancy  
_atom_site.B_iso_or_equiv  
_atom_site.auth_seq_id  
_atom_site.auth_comp_id  
_atom_site.auth_asym_id  
_atom_site.auth_atom_id  
ATOM  187 N  N   . SER A 1 27 ? 21.428 -12.414 -12.809 1.00 27.27 27 SER L N 
ATOM  188 C  CA  . SER A 1 27 ? 20.880 -12.688 -14.140 1.00 24.00 27 SER L CA 
ATOM  189 C  C   . SER A 1 27 ? 20.911 -11.408 -14.954 1.00 26.14 27 SER L C  
ATOM  190 O  O   . SER A 1 27 ? 21.257 -10.346 -14.429 1.00 28.43 27 SER L O  
ATOM  191 C  CB  . SER A 1 27 ? 19.455 -13.257 -14.054 1.00 26.63 27 SER L CB 
ATOM  192 C  OG  . SER A 1 27 ? 18.601 -12.708 -12.920 1.00 31.92 27 SER L OG 
ATOM  193 N  N   . THR A 1 28 A 20.573 -11.487 -16.237 1.00 25.11 27 THR L N  
ATOM  194 C  CA  . THR A 1 28 A 20.617 -10.283 -17.059 1.00 23.13 27 THR L CA 
ATOM  195 C  C   . THR A 1 28 A 19.679 -9.215  -16.509 1.00 20.35 27 THR L C 



Parent-Child relationship

Child Child

Parent



Dictionary of PDBx/mmCIF



PDBx/mmCIF Dictionary Resources 
http://mmcif.wwpdb.org/



Category Groups 



Category Groups 

Category group

Categories under 
this category group



Category ( )

Explanation about 
the category



Items in atom_site category



Item ( )

Category  
 atom_site 

Explanation about 
the item



Restriction on data ( )

Item: 
    _entity_poly.type 

 List of the allowed 
values



PDBx/mmCIF Dictionary Resources 
http://mmcif.wwpdb.org/



List of the PDB headers



Journal (citation) information



Direct comparison of 
 PDB and mmCIF





 











To Provide Format Compatibility 
  Adopt a PDB friendly mmCIF/PDBx style - 

  All records on a single text line  
  Columns presented in standard column order 
  Tabular presentation with leading record names     

(e.g. ATOM, CELL, REFINE) 

  Method-independent features in left-most columns 
(e.g. identifiers & coordinates) 

  Method-specific features in the right-most columns 
(e.g. ADPs, NMR order/disorder parameters) 

  Continue to support PDB nomenclature semantics 
(e.g. PDB style chains, residue numbering, and insertion codes) 

  Large entries will be internally converted to 
divided/split PDB format files.  

 



 
ATOM      1  N   GLN A  39      24.690 -27.754  24.275  1.00 60.76           N   
ATOM      2  CA  GLN A  39      23.581 -26.768  24.416  1.00 60.98           C   
ATOM      3  C   GLN A  39      23.990 -25.379  23.905  1.00 59.98           C   
ATOM      4  O   GLN A  39      25.070 -25.209  23.330  1.00 60.25           O   
ATOM      5  CB  GLN A  39      23.136 -26.685  25.878  1.00 60.69           C   
ATOM      6  N   VAL A  40      23.115 -24.395  24.122  1.00 59.58           N   
ATOM      7  CA  VAL A  40      23.342 -23.010  23.690  1.00 57.26           C   
ATOM      8  C   VAL A  40      24.000 -22.152  24.778  1.00 56.00           C   
ATOM      9  O   VAL A  40      23.992 -20.920  24.692  1.00 55.53           O   
ATOM     10  CB  VAL A  40      22.015 -22.337  23.275  1.00 57.32           C  
 
 
 
 
loop_ 
_atom_site.group_PDB 
_atom_site.id 
_atom_site.auth_atom_id 
_atom_site.type_symbol 
_atom_site.auth_comp_id 
_atom_site.auth_asym_id 
_atom_site.auth_seq_id 
_atom_site.Cartn_x 
_atom_site.Cartn_y 
_atom_site.Cartn_z 
_atom_site.pdbx_PDB_model_num 
_atom_site.occupancy 
_atom_site.pdbx_auth_alt_id 
_atom_site.B_iso_or_equiv 
ATOM       1  N    N  GLN  A   39   24.690  -27.754   24.275  1  1.000  .  60.760 
ATOM       2  CA   C  GLN  A   39   23.581  -26.768   24.416  1  1.000  .  60.980 
ATOM       3  C    C  GLN  A   39   23.990  -25.379   23.905  1  1.000  .  59.980 
ATOM       4  O    O  GLN  A   39   25.070  -25.209   23.330  1  1.000  .  60.250 
ATOM       5  CB   C  GLN  A   39   23.136  -26.685   25.878  1  1.000  .  60.690 
ATOM       6  N    N  VAL  A   40   23.115  -24.395   24.122  1  1.000  .  59.580 
ATOM       7  CA   C  VAL  A   40   23.342  -23.010   23.690  1  1.000  .  57.260 
ATOM       8  C    C  VAL  A   40   24.000  -22.152   24.778  1  1.000  .  56.000 
ATOM       9  O    O  VAL  A   40   23.992  -20.920   24.692  1  1.000  .  55.530 
ATOM      10  CB   C  VAL  A   40   22.015  -22.337   23.275  1  1.000  .  57.320 
ATOM      11  N    N  ALA  A   41   24.560  -22.804   25.797  1  1.000  .  54.570 

PDB 

PDBx/mmCIF 

But do NOT “Cut & Paste”!! 



wwPDB Service site for a new format
http://mmcif.pdbj.org/



When you have any difficulties/troubles, 
please do not hesitate to ask us!! 
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Validation Task Force Report

Read et al., Structure, 19, 1395-1412 (2011)



PDF report for depositor & 
referees - 

Statistics and plots for the 
entry, per chain, per residue, 
and list of unusual features 

Validation pipeline 1.0 

MolProbity EDS Xtriage Mogul 

Deposited data 
(coordinates & 

reflections) 

Percentiles PDF maker 

Validation 
XML file 

Distributions 

External reference files 
(e.g., Engh & Huber) 

Gore et al., Acta Cryst. D68, 478 (2012) 

wwPDB X-ray Validation Pipeline 



Validation Reports 

  Front cover 
  Deposition info 
  Software info 



Validation Reports 

  Summary 
  Quality vs. all PDB 
X-ray 
  Quality vs. entries at 
similar resolution 
  Overview of residue- 
based quality for 
every polymer 
  Table of ligands that 
may need attention 



Validation Reports 

  Entry contents 
  Inventory 



Validation Reports 

  Residue quality 
  One plot per polymer 
  Coloured by number 
of types of geometric 
outliers 
  Grey if not modelled 
  Red dots: poor 
density (RSR-Z > 2, 
as in EDS) 



Validation Reports 

  “Table 1” 
  Xtriage 



Validation Reports 

  Model quality 
  Bond lengths and angles 
  Torsion angles 

(Ramachandran, rotamers) 
  Clashes 
  Separately for standard 

residues, non-standard 
residues, ligands, 
carbohydrates 

  Generally: information about 
distribution, outlier stats, 
percentile scores, list of up 
to 5 (worst) outliers 



Validation Reports 

  Geometry validation of 
ligands and non-standard 
entities 
  Mogul (CCDC) 

  wwPDB will get CSD 
coordinates for new 
and existing compounds 



Validation Reports 

  Model/data fit proteins, DNA, RNA 
  RSR and RSR-Z (EDS) 



RSR-Z (in EDS) 
  RSR dependent on residue type and 

resolution 
  Define RSR-Z (RSR, aa, d) = 

(RSR - <RSR(aa,d)>) / σ(RSR(aa,d)) 
  aa = residue type 
  d = resolution (in bins of 0.2Å) 
  Calculated using 10,000s of EDS 

entries 
  Example: Trp between 2.4 and 2.6Å: 

  2012: 58321 observations, <> = 
0.1419, σ = 0.0537 

  2008: 26794 observations, <> = 
0.1602, σ = 0.0660 

  RSR=0.25  RSR-Z=2.0 (2008: 1.4) 



Validation Reports 

  Model/data fit ligands etc. 
  RSR as usual 
  Can’t usually compute 
RSR-Z due to few/no occurrences in PDB 

  New: “LLDF” – Local Ligand Density Fit = Z-score of 
ligand RSR relative to nearby polymeric residues (incl 
symmetry) 

LLDF = (RSR(ligand) - <RSR(site)>) / σ(RSR(site)) 



Validation Server 

  Stand-alone wwPDB X-ray validation server about to be 
released 

  Input: coordinate (PDB, PDBx) and structure-factor file 
(CIF, MTZ) 

  Output: PDF report and XML file with all details 





Validation Task Fource 
http://wwpdb.org/



Validation Task Fource 
http://wwpdb.org/

X-ray  
A New Generation of Crystallographic Validation Tools for the Protein Data Bank 
Randy J. Read, Paul D. Adams, W. Bryan Arendall III, Axel T. Brunger, Paul Emsley, Robbie P. 
Joosten, Gerard J. Kleywegt, Eugene B. Krissinel, Thomas Lütteke, Zbyszek Otwinowski, 
Anastassis Perrakis, Jane S. Richardson, William H. Sheffler, Janet L. Smith, Ian J. Tickle, Gert 
Vriend and Peter H. Zwart.  
Structure 19: 1395-1412 (2011). 

NMR
Recommendations of the wwPDB NMR Validation Task Force 
Gaetano T. Montelione, Michael Nilges, Ad Bax, Peter Güntert, Torsten Herrmann, Jane S. 
Richardson, Charles D. Schwieters, Wim F. Vranken, Geerten W. Vuister, David S. Wishart, 
Helen M. Berman, Gerard J. Kleywegt, John L. Markley.
Structure 21: 1563-1570 (2013).

EM
Outcome of the First Electron Microscopy Validation Task Force Meeting
Richard Henderson, Andrej Sali, Matthew L. Baker, Bridget Carragher, Batsal Devkota, Kenneth 
H. Downing, Edward H. Egelman, Zukang Feng, Joachim Frank, Nikolaus Grigorieff, Wen 
Jiang, Steven J. Ludtke, Ohad Medalia, Pawel A. Penczek, Peter B. Rosenthal, Michael G. 
Rossmann, Michael F. Schmid, Gunnar F. Schröder, Alasdair C. Steven, David L. Stokes, John 
D. Westbrook, Willy Wriggers, Huanwang Yang, Jasmine Young, Helen M. Berman, Wah Chiu, 
Gerard J. Kleywegt, and Catherine L. Lawson. 
Structure 20: 205-214 (2012).



ValidationServer 
http://wwpdb.org/



ValidationServer 
http://wwpdb.org/



Thank you!




