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The PDB format: Design
• Designed in an age where scientists still 

used punched cards instead of digital files 
(right) in a keyword-value type of file
• Afterwards ported to a digital format 

(ASCII flat file), but still using a fixed-width 
column format (left)

https://swift.cmbi.umcn.nl/teach/B1M/BIOINF_4.html

• ATOM/HETATM 
records used for 
storing atomic 
data, other 
records for meta-
data



• Over time, the REMARK records started to be used for many different 
items messy, difficult to parse (computers) and understand 
(humans)
• Limited annotation capabilities (REMARK records are already 

overloaded)
• Fixed width introduced more and more problems as larger, more 

complex structures were solved (99999 atoms, 62 chains maximum)
• Limited number of 4-character PDB IDs & 3-character chem_comp IDs
• Alternative formats have been developed to deal with these issues

The PDB format: Fallen out of grace

The successor format: mmCIF

• Format is based on the Self-defining Text 
Archive and Retrieval, developed by Hall et 
al. 1991 (DOI: 10.1021/ci00002a020)
• No more fixed-width columns
• Still uses a keyword-value based format, 

but one that is very extensible
• Comes with a dictionary

Raw mmCIF

Tree viewer



mmCIF format

• All-in-all: a very structured format 
suitable for proper annotation of the 
meta-data and extensible to allow now 
only large structures, but also many 
different experimental sources

data item = name + value

Alternative: PDBML
• Attempt to make something 

more computer friendly: 
PDBML (XML version of 
mmCIF)
• The good: many 

programming languages 
have an XML parser, 
structured & easier to parse 
then the flat-file, 
• The bad: very bloated, slow 

to parse & requires a 
dictionary to properly parse, 
not very human friendly



Alternative: mmJSON

• PDBML is not really that computer-friendly, especially in a web-
environment
• The JSON (JavaScript Object Notation) is an alternative to XML, 

especially for the web
• The good: many programming languages have a JSON parser, 

structured, easier to parse than the other formats, lightweight 
(uncompressed smaller than uncompressed XML, compressed smaller 
than compressed mmCIF), fast to parse, numbers are pre-parsed (no 
dictionary or additional work required)
• The bad: not very human friendly

Alternative: mmJSON

• Simply a JSON serialized version of 
parsed mmCIF data 
(https://gitlab.com/pdbjapan/cif-
parsers)
• Initially developed for Molmil

(pdbj.org/molmil2), afterwards also 
used for PDBj Mine (entry pages on 
the web, loading of SQL RDB for 
searching) and available on the ftp 
(pdbj.org/help/mmjson)



The demise of the flat-file

• 2013: the release of PDBID: 3j3q, an entry with over 2 million atoms 
that is incompatible with the PDB format
• 2014: Consolidation of previously split entries into a single large entry 

that are incompatible with the PDB format, introduced the pdb-
bundle format (a best-effort approximation of the data split over 
multiple PDB flat files)
• 2019: MX deposition requires mmCIF files instead of PDB flat files
• 2021: Potentially full retirement of PDB flat files

(Adams et al. 2019, DOI: 10.1107/S2059798319004522)

Development of a new mmCIF editor

• It’s not easy to edit mmCIF files, especially when used to PDB flat files
• PDBj has developed an mmCIF editor:

• Available at: https://pdbj.org/cif-editor/
• Help page: https://gitlab.com/pdbjapan/cif-editor/wikis/home
• Bekker et al. 2019, DOI: 10.5940/jcrsj.61.159

• Multiple methods to edit are supported
• Development however hasn’t finished and new features will be added 

in the future
• If you have any requests, please contact us at https://pdbj.org/contact
• Or create an issue at https://gitlab.com/pdbjapan/cif-editor/issues



How-to: Load a file

• Looks very plain on first load (right)

• Three options:
• Main menu (    ) Open mmCIF file Select file in dialogue
• Drag file from local file system into the CIF Editor and drop the file
• Load a publicly available file via URL:

https://pdbj.org/cif-editor/#https://pdbj.org/rest/displayPDBfile?format=mmcif&id=1crn

(((((    

Main menu

High-level overview
Main menu

Category menu (atom_site)

Category menu (atom_sites)

Item menu (atom_site.label_atom_id)

Pagination

Category menu (atom_type)

Table for the 
atom_site
category

Table for the 
atom_sites

category
Table for the 
atom_type

category



How-to: Showing/hiding categories

• By default, only the categories part of the loaded mmCIF file are 
shown
• To add data to non-existing categories, first the category has to be 

toggled.
• Main menu Toggle tables:

• Check the categories to show in the above menu
• To close, click on the close button

How-to: Adding new data

• To add data to a category, click on the corresponding category menu, then 
select “Add new row”
• Enter the mandatory items (click on the corresponding table cell to show 

an input field) and click on the (+) icon to add the item
• The editor only shows the mandatory data items and those included in the 

loaded file
• To show more, click on the Category menu Toggle columns
• Like the category toggler, select the columns (data items) to show and click 

on the close button (x)
• While editing the content, the user inputted values are checked against the 

dictionary
• To delete rows, simply click on the x button in front of the row



How-to: Search & filter

• To quickly search or filter the data items, the editor supports the 
following filter mechanisms:
• Filter by number (>, <, ==, <=, >= filters for int/float)
• Filter by value (select a specific value from a list)
• Search by value (free text search)

• Multiple operations can also be combined using AND and OR 
operators
• To add an operation, click on the Item menu and select one of the 

above filter/search options

How-to: Batch operations

• This can be used in combination with the filtering
• Delete shown rows (only available after filtering):

• Category menu Delete

• Item specific operations from Item menu Batch Operations:
• Add/subtract value (int/float items only): Adds the user-inputted value to 

each shown item
• Renumber (int items only): Renumber all shown items starting from the user-

inputted value
• Set value: Sets a specific value for all shown items



How-to: Raw editor

• To perform complex operations that are either not possible with the 
UI of the editor, or are otherwise challenging, the editor also supports 
a raw mode (category independent)
• Category menu Raw editor
• To check the validity of the content, click on the Category menu 

Validate CIF.
• After completing the modifications, click on the Category menu 

Validate CIF & update. This is required to load the modified 
content back into the main memory structure

How-to: merging CIF files

• Main menu Merge additional mmCIF file Select file to merge in
• Will only perform a simply merge (similar to copy-and-past of the 

data)
• Then, the merged file is checked against the dictionary and issues 

caused by the merger are reported
• Changes to the data (e.g. chain/entity IDs) can be made afterwards, 

but it is probably easier to do those before merging



How-to: Saving an entry

• After the editing has finished, the data can be saved to a file:
• Main menu Save mmCIF

• Alternatively, it is also possible to save the content as mmJSON (as 
they are equivalent in terms of the editor)

• Finally, the mmCIF editor can also be used to load non-mmCIF data, 
e.g. NMR-STAR & BSMA-STAR.

What’s BSMA?

• A new archive for computationally derived data
• A BINDS project ( )
• Because of it’s difficult name, people tend to simply call it “MD-database”, but 

other computational data is also accepted
• Uses BSMA-STAR data format, where its editor forms the basis of the CIF-editor

• Data of released entries can be downloaded freely
• New entries can be submitted after logging in using your ORCID-ID

• Computational work
• Peer-reviewed paper is required (DOI)
• Related to protein structures
(https://bsma.pdbj.org/articles/bsma-terms-of-service)



Search
Help pages

Latest entries

Login to submit entries

Browse files

Meta data;
Title, authors, link to paper, graphical abstract and external links

Free-text panels (can be multiple, is up to the depositor)

CIF tree viewer

Double click on 
files/folders to 
open

Structures can be visualized by Molmil (can also be embedded into free-text panels by depositors)



Visualization using Molmil (I)

• 3D structures submitted to BMSA can be visualized by Molmil
• Files with known extensions can be simply opened by double clicking
• Alternatively, it is possible to store and load Molmil’s .mjs files :

Pymol commands
- select (select sc12, resi 12 and sidechain)

- color (color cyan, model #1 and symbol C)

- cartoon_color (cartoon_color cyan, model #1)

- set_color (set_color mycolor 12 12 12)

- show (show sticks, sidechain)

- hide (hide cartoon, model #1)

- turn (turn x, 90)

- move (move x, 90)

- fetch (fetch 1crn)

- fetch-cc (fetch-cc hem)

- load (load 
https://pdbj.org/rest/displayPromodeEfile?format=anm&id=1ubq_
1, format=pdb)

- mplay
- mstop
- origin (origin chain A)

- set (stick_radius f, depth_cue 1/0, orthoscopic on/off, 
cartoon_smooth_loops 0/2)

- bg_color (bg_color cyan)

- label (label resi 12 and sidechain, Res12)

- save (save filename.pdb, model #1 and name CA, 0, pdb)

- viewport (viewport 500, 500)

- view (view test, store)

- findseq (findseq ACDEF, model #1, my_seq)

- delete (delete chain A)

- edmap (edmap hetatm, 5)

- frame (frame 2)

- bond (bond resi 10 and name C, resi 1 and name N)

- stereo (stereo anaglyph)

- orient (orient chain A)

- indicate (indicate resi 32)

- quit (**)
**) Only available for molmil-app, a local version of Molmil
(https://gitlab.com/pdbjapan/molmil-app)
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https://pdbj.org/molmil2/

https://tinyurl.com/molmil2-1v54

Visualization using Molmil (II)
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Drag-and-drop multiple files
Load in user-specified files of various 
formats:

PDB (.pdb/.ent)
mmCIF (.cif)
GROMACS (.gro, .trr, .xtc)
myPRESTO (.cod, .cor, .mnt)
CCP4 (.ccp4)
MOL MDL (.mdl, .mol, .sdl)
MOL2 (.mol2)
XYZ (.xyz)
efvet (.efvet)
MPBF (.mpbf)
MJS (.mjs)

Embedding of Molmil
Scripting of Molmil (.mjs & pymol-like 
commands)
Embed commands in URLs:
https://pdbj.org/molmil2/#fetch 3atg
High quality image & movies

Bekker et al, 2017

Extensions in bold are those that are automatically loaded by BSMA using Molmil when double 
clicking from the File manager

Visualization using Molmil (III)

Questions

https://pdbj.org/cif-editor/ https://bsma.pdbj.org/

https://pdbj.org/molmil2/ https://pdbj.org/


