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John Jumper said "I also want to really thank the 
giants on whose shoulders we stand. I thank the 
entire experimental community, the people that 
developed the ability to measure protein 
structures, especially to Helen Berman and 
other pioneers of the Protein Data Bank, the 
PDB, who had the foresight to put these data 
together to make it available so that they 
would ultimately enable not just the insights 
of experimentalists, but the training on which 
we're able to-- our ability to train these models 
on the incredible work of the scientific community. 
It's humbling every time we train on years of 
effort. Each data point is years of effort from 
someone training to be a PhD student or for 
someone who has already gotten their PhD."
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https://www.nobelprize.org/



aas a member ofProtein Data Bank was born in 1971Protein Data Bank was born in 1971

Nature New Biology 233, page 223 (1971)

▪ PDB is the single global macromolecular 
structure archive.(est. in 1971 with 7 entries)

▪ From 1979, IPR Osaka University received 
the MT from BNL and distributed the PDB 
data to Japanese users.

▪ Since 2000,                 has been managed at 
Institute for Protein Research, Osaka 
University as a member of the wwPDB, to 
curate and process the deposited data for an 
open and single archive.

Since 2000,                 has been managed at 
Institute for Protein Research, Osaka 
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aas a member ofPDB is jointly managed by wwPDB
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aas a member ofCurrent PDB Archive Status
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• Total Entries=224,201
(as of 8/29/2024)

• Core Archive Storage
• OneDep Sessions: ~96 TB 
• ftp(legacy + versioned): ~1.7 TB 
• ftp snapshots: ~13.6TB
• EMDB ftp: ~18.5 TB

• PDB-IHM data now being served alongside 
PDB structures

• Both PDB and PDB-IHM data also being 
housed and delivered by Amazon Web 
Services (AWS) with no storage or egress fees

• NextGen archive now serving enriched 
annotation in the atomic coordinate files
(https://files-nextgen.wwpdb.org)

https://files-nextgen.wwpdb.org/


aas a member ofPDB Archive Growth
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• Year-end holdings 224,201
• 14,468 new entries released
• Archival entries growing in both size 

and complexity
• Record 4,579 new 3DEM entries 

released
• ~12% increase versus 2022



aas a member ofPDB Data Delivery by AWS
• Exactly Same Data are distributed from 

RCSB PDB, PDBe and PDBj

• Amazon Web Services (AWS) 
Open Data Sponsorship Program 
now housing and delivering PDB data
• No storage fees charged to wwPDB
• No egress fees charged to PDB 

users

• Current AWS holdings include:
• Annual PDB Archive Snapshots
• Current PDB FTP Archive 

(updated weekly)

• AWS can deliver PDB data faster than
RCSB PDB, PDBe, or PDBj! 7



aas a member ofData are Curated, Validated and Processed 
into PDB, BMRB or EMDB Archives
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Electron Microscopy 
Public Image Ar chive
(EMPIAR)

Electron Microscopy
Data Bank (EMDB)

Where to share data

MODELLING IN ICE
In cryo-EM, thousands of r aw electron-microscopy 
images are collected and computationally 
analysed to build up a density map that r e ects 
the shape of the pr otein. 

This is then combined with the known pr otein 
sequence to create a  nal model showing the 
placement of atomic gr oups. 

Protein Data Bank
(PDB)

RAW IMAGE

MAP

MODEL

m onths of failed experim ents, he explains. 
“I don’t want the reputation of cryo-EM sullied 
by over-interpretation.” 

RESOLUTION FIXATION
Protein  structures are often  judged by a single 
factor : resolution , the level of detail a structure 
shows. That m etric is straightforward to ascer-
tain in crystallography, but not in cryo-EM.

In  crystallography, a highly ordered lattice of 
tightly packed m olecules is rotated through an  
X-ray beam, and the resolution of the resulting 
im age can  be calculated d irectly from  the dif-
fraction patterns m ade by the deflected photons. 
Those patterns are then  transform ed into ‘m aps’ 
of electron density, which researchers combine 
with  the protein  sequence to bu ild  a m odel. 
The m odel represents how specific chem ical 
bu ild ing blocks of a protein  fold  in to sheets 
and helixes (visible at a resolu tion  of around  
5 ångstrom s), and how side chains of am ino 
acids are positioned (which start to becom e vis-
ible around 3.5 Å). Big, floppy objects tend not 
to form  ordered crystals, so as a ru le, the sm aller  
and more rigid the protein, the more amenable 
it is to crystallography.

In  cr yo-EM , protein s an d  o th er  m acro-
m olecular complexes are flash-frozen  in  a th in  
layer  of water, ideally not m uch  th icker than  
the protein  itself. Ir rad iating that layer with  
low-energy electrons produces 2D im ages of 
ind ividual par ticles on  the detector   —  fuzzy 
shadows cast  from  scattered  electron s (see 
‘M o d ellin g in  ice’) . T h ou san d s o r  even  
hundreds of thousands of these noisy im ages 
are then  com putationally sor ted  and  recon -
structed to create a 3D m ap. Finally, other types 
of software fit the protein  sequence in to the 
m ap to create a m odel. The sm aller the object, 
the noisier  the im ages, so cr yo-EM  tends to 
work best for larger structures.

To  avo id  m ist a k in g n o ise  fo r  sign a l, 
researchers typically split par ticles in to two 

subsets and build  ‘half m aps’ from  each . The 
cor relation  between  those two m aps is used  
to calculate resolution  — but it’s an  imperfect 
proxy, says Edward Egelm an , a structural biolo-
gist at the University of Virgin ia in  Charlottes-
ville. “That’s not m easuring resolution , per se, 
it’s m easuring consistency.” And the resulting 
values, he says, must be taken  with  a grain  of 
salt. Indeed, he says that the race to claim  high  
resolution  has som etim es led researchers to 
“sillin ess” — such  as repor ting resolution  to 
a hundredth  or even  a thousandth of an  ång-
strom , a level of precision  that m akes no sense 

with cryo-EM.
Also, not all false signals are random  noise. 

Egelm an  has dem onstrated  th at system atic 
artefacts (such as com putationally adding non -
existent cylinders into both half m aps) can  dras-
tically (and erroneously) improve the apparent 
resolution of a structure2. 

Som etim es researchers actually back-com -
pute an  electron -density m ap from  the struc-
tural m odel that created it, and then  revisit their  
data to select particles that are m ost likely to 
confirm  the m odel. “It’s a kind of bias,” says crys-
tallographer Piotr Neum ann  at the University of 
Göttingen in  Germ any. “This kind of cheating is 
not acceptable, but it’s okayish.” Another, m ore 
com m on , techn ique is to create a ‘m ask’ of the 
expected overall shape of the protein  and use 
that to exclude portions of im ages. Done judi-
ciously, th is boosts the signal-to-noise ratio; 
done aggressively, it shoehorns or ‘overfits’ data.

TWEAKED TO FIT
Structural biologists joke that there are m any 
m ore structures published with  resolutions of 
2.9 Å than  of 3.0 Å — an  apparen t sym ptom  
of over-aggressive analyses. But even  without 
gam ing, describing a protein  with  a single num -
ber is problem atic, says Lander. It obscures the 
fact that the quality of a cryo-EM  m ap var ies 
dramatically, with the poorest-quality fit often 
occurring in the most flexible and biologically 
in teresting areas of the protein . “There is no 
one m etr ic that is good,” says Neum ann . “All 
m etr ics can  be biased or not fu lly reliable. So, 
we need to use many simultaneously.”

Earlier this year, Neum ann and his colleagues 
set out to docum ent how well protein  structure 
m odels in  the Protein  Data Bank fit the cor-
respond ing m aps in  the EM DB. They found  
on ly low or m oderate agreem ent for m ore than  
three-quarters of the 565 structures exam ined, 
suggesting that large swathes of the m odels 
should be viewed with scepticism3.

Som e drug developers, at least, are approach-
ing the m odels with  caution . Christian  Wies-
m an n , h ead  o f th e cr yo -EM  team  at  th e 
Novartis Institutes for Biomedical Research in 
Basel, Switzerland, says that when  looking at 
m odels of protein s bound to sm all m olecu les, 
he typically downloads maps from the EMDB, 
assesses how other researchers nestled the com -
pounds into the protein and then uses his own 
judgem ent. More than  once, W iesm ann  says, 
he wou ld have m ade d ifferent calls — d iffer-
ences that could affect drug design. 

Not ever y researcher  possesses th at level 
of structu ral soph istication . But even  if they 
d id , m aps can  be hard  to  vet. Authors m ust 
deposit their  m aps in  the EM DB when  pub-
lish ing p apers, but these deposits are often  
insufficiently annotated, says Alex W lodawar, 
a structural biologist at the US National Can -
cer Institu te in  Freder ick, Maryland, who has 
com pared cr ystal and cryo-EM  structures at 
h igh  resolutions and found that the latter are 
often “optimistic”4. Researchers might deposit 
the raw m ap without the refined or ‘sharpened’ 

Better validation tools and practices are not 
the only thing holding back cryo-electr on 
microscopy; many researchers are unable 
to produce images of sufficient quality to  
even start the process.

“The real bottleneck is specimen pr ep,”  
says Bridget Carragher, electron microscopy 
co-director at the New York Structural 
Biology Center. But a technique she has 
co-developed might substantially br oaden 
that bottleneck. 

Carragher and her co-director Clint Potter  
developed robots that have droplet-sensing 
cameras and piezoelectric devices similar to  
those found in an inkjet printer. The robots 
can apply small volumes of sample onto a  
grid just as another robot plunges the sample 
swiftly and evenly into cryogen, cr eating a 

thin, uniform, frozen layer that is perfect  
for imaging. The grid itself is cover ed in 
nanowires that wick away excess solution in a 
more controlled way than the blotting paper  
typically used. That also reduces the chance 
of proteins getting stuck at the air–water 
interface, which can cause them to denatur e 
or adopt preferred orientations rather than 
the random orientations that are necessary 
for them to be seen fr om every angle. 

The system, called Spotiton, allows users  
to prepare more samples more quickly 
and using less protein, and ensures that 
a greater fraction will be usable. The pair  
have licensed Spotiton to TTP Labtech in  
Melbourn, UK, which plans to commer cialize 
the system in the next year or so under the  
name Chameleon. M.B.

Widening the bottleneck
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MODELLING IN ICE
In cryo-EM, thousands of r aw electron-microscopy 
images are collected and computationally 
analysed to build up a density map that r e ects 
the shape of the pr otein. 

This is then combined with the known pr otein 
sequence to create a  nal model showing the 
placement of atomic gr oups. 
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m onths of failed experim ents, he explains. 
“I don’t want the reputation of cryo-EM sullied 
by over-interpretation.” 

RESOLUTION FIXATION
Protein  structures are often  judged by a single 
factor : resolution , the level of detail a structure 
shows. That m etric is straightforward to ascer-
tain in crystallography, but not in cryo-EM.

In  crystallography, a highly ordered lattice of 
tightly packed m olecules is rotated through an  
X-ray beam, and the resolution of the resulting 
im age can  be calculated d irectly from  the dif-
fraction  patterns m ade by the deflected photons. 
Those patterns are then  transform ed into ‘m aps’ 
of electron density, which researchers combine 
with  the protein  sequence to bu ild  a m odel. 
The m odel represents how specific chem ical 
bu ild ing blocks of a protein  fold  in to sheets 
and helixes (visible at a resolu tion  of around  
5 ångstrom s), and how side chains of am ino 
acids are positioned (which start to becom e vis-
ible around 3.5 Å). Big, floppy objects tend not 
to form  ordered crystals, so as a ru le, the sm aller  
and more rigid the protein, the more amenable 
it is to crystallography.

In  cr yo-EM , protein s an d  oth er  m acro-
m olecular complexes are flash-frozen  in  a th in  
layer  of water, ideally not m uch  th icker than  
the protein  itself. Ir rad iating that layer with  
low-energy electrons produces 2D im ages of 
ind ividual par ticles on  the detector   —  fuzzy 
shadows cast  from  scattered  electron s (see 
‘M o d ellin g in  ice’) . T h ou san d s o r  even  
hundreds of thousands of these noisy im ages 
are then  com putationally sor ted  and  recon -
structed to create a 3D m ap. Finally, other types 
of software fit the protein  sequence in to the 
m ap to create a m odel. The sm aller the object, 
the noisier  the im ages, so cr yo-EM  tends to 
work best for larger structures.

To  avo id  m ist a k in g n o ise  fo r  sign a l, 
researchers typically split par ticles in to two 

subsets and build  ‘half m aps’ from  each . The 
cor relation  between  those two m aps is used  
to calculate resolution  — but it’s an  imperfect 
proxy, says Edward Egelm an , a structural biolo-
gist at the University of Virgin ia in  Charlottes-
ville. “That’s not m easuring resolution , per se, 
it’s m easuring consistency.” And the resulting 
values, he says, must be taken  with  a grain  of 
salt. Indeed, he says that the race to claim  high  
resolution  has som etim es led researchers to 
“sillin ess” — such  as repor ting resolution  to 
a hundredth  or even  a thousandth of an  ång-
strom , a level of precision  that m akes no sense 

with cryo-EM.
Also, not all false signals are random  noise. 

Egelm an  has dem onstrated  th at system atic 
artefacts (such as com putationally adding non -
existent cylinders into both half m aps) can  dras-
tically (and erroneously) improve the apparent 
resolution of a structure2. 

Som etim es researchers actually back-com -
pute an  electron -density m ap from  the struc-
tural m odel that created it, and then  revisit their  
data to select particles that are m ost likely to 
confirm  the m odel. “It’s a kind of bias,” says crys-
tallographer Piotr Neum ann  at the University of 
Göttingen in  Germ any. “This kind of cheating is 
not acceptable, but it’s okayish.” Another, m ore 
com m on , techn ique is to create a ‘m ask’ of the 
expected overall shape of the protein  and use 
that to exclude portions of im ages. Done judi-
ciously, th is boosts the signal-to-noise ratio; 
done aggressively, it shoehorns or ‘overfits’ data.

TWEAKED TO FIT
Structural biologists joke that there are m any 
m ore structures published with  resolutions of 
2.9 Å than  of 3.0 Å — an  apparen t sym ptom  
of over-aggressive analyses. But even  without 
gam ing, describing a protein  with  a single num -
ber is problem atic, says Lander. It obscures the 
fact that the quality of a cryo-EM  m ap var ies 
dramatically, with the poorest-quality fit often 
occurring in the most flexible and biologically 
in teresting areas of the protein . “There is no 
one m etr ic that is good,” says Neum ann . “All 
m etr ics can  be biased or not fu lly reliable. So, 
we need to use many simultaneously.”

Earlier this year, Neum ann and his colleagues 
set out to docum ent how well protein  structure 
m odels in  the Protein  Data Bank fit th e cor-
respond ing m aps in  the EM DB. They found  
on ly low or m oderate agreem ent for m ore than  
three-quarters of the 565 structures exam ined, 
suggesting that large swathes of the m odels 
should be viewed with scepticism3.

Som e drug developers, at least, are approach-
ing the m odels with  caution . Christian  Wies-
m an n , h ead  o f th e cr yo -EM  team  at  th e 
Novartis Institutes for Biomedical Research in 
Basel, Switzerland, says that when  looking at 
m odels of protein s bound to sm all m olecu les, 
he typically downloads maps from the EMDB, 
assesses how other researchers nestled the com -
pounds into the protein and then uses his own 
judgem ent. More than  once, W iesm ann  says, 
he wou ld have m ade d ifferent calls — d iffer-
ences that could affect drug design. 

Not ever y researcher  possesses th at level 
of structu ral soph istication . But even  if they 
d id , m aps can  be hard  to  vet. Authors m ust 
deposit their  m aps in  the EM DB when  pub-
lish ing p apers, but these deposits are often  
insufficiently annotated, says Alex W lodawar, 
a structural biologist at the US National Can -
cer Institu te in  Freder ick, Maryland, who has 
com pared cr ystal and cryo-EM  structures at 
h igh  resolutions and found that the latter are 
often “optimistic”4. Researchers might deposit 
the raw m ap without the refined or ‘sharpened’ 

Better validation tools and practices are not 
the only thing holding back cryo-electr on 
microscopy; many researchers are unable 
to produce images of sufficient quality to  
even start the process.

“The real bottleneck is specimen pr ep,”  
says Bridget Carragher, electron microscopy 
co-director at the New York Structural 
Biology Center. But a technique she has 
co-developed might substantially br oaden 
that bottleneck. 

Carragher and her co-director Clint Potter  
developed robots that have droplet-sensing 
cameras and piezoelectric devices similar to  
those found in an inkjet printer. The robots 
can apply small volumes of sample onto a  
grid just as another robot plunges the sample 
swiftly and evenly into cryogen, cr eating a 

thin, uniform, frozen layer that is perfect  
for imaging. The grid itself is cover ed in 
nanowires that wick away excess solution in a 
more controlled way than the blotting paper  
typically used. That also reduces the chance 
of proteins getting stuck at the air–water 
interface, which can cause them to denatur e 
or adopt preferred orientations rather than 
the random orientations that are necessary 
for them to be seen fr om every angle. 

The system, called Spotiton, allows users  
to prepare more samples more quickly 
and using less protein, and ensures that 
a greater fraction will be usable. The pair  
have licensed Spotiton to TTP Labtech in  
Melbourn, UK, which plans to commer cialize 
the system in the next year or so under the  
name Chameleon. M.B.
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Chemical Compounds

Experimental Data
Experimental Condition, 
Sample information, 
Related Information

Biocuration
Link to External Data
Validation
Standardlization

PDB

Crystallography

NMR Spectroscopy

Cryo-Electron 
Microscopy
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• 17,064 depositions in 2023
• Improved efficiency for biocurating incoming 

depositions
• Auto-approve entries w/o corrections
• Automated validation runs without UI 

access
• Provide site specific setting on automated 

assembly annotation without UI access
• Improved automation of ligand processing 

for unambiguous ligand cases
• Improve efficiency by skipping PISA 

calculations for NMR, EM and large X-ray 
entries

• New sequence builder tool supports chimeric proteins 
• Improved use of author-provided ligand restraints for 

graph search



aas a member ofwwPDB Validation
● Adopted recommendations from VTFs and workshops (e.g., LVW, EM) 
● Validation report offered at four different stages
● Provided anonymous standalone validation server and API

○ Server: validate.wwpdb.org
○ API: wwpdb.org/validation/onedep-validation-web-service-interface

● Submission of wwPDB-official Validation Report during manuscript 
review process is mandatory (Nature, Cell, Science, Structure, Acta D & F, NAR, FEBS, J 

Biol Chem, J Immunology, eLIFE, PLoS One, Protein Sci,  Angew Chem Int Ed Engl, SCI Rep) 

Public Release

Report available for all 
released PDB entries

Biocuration

wwPDB-official report for journal 
submission

Deposition

Mandatory acknowledgement of 
report produced during deposition

Structure Determination

Pre-validate data independently 
before deposition

Biol Chem, J Immunology, 

Structure Determination

Biol Chem, J Immunology, Biol Chem, J Immunology, 

Structure Determination

1.
, PLoS

2.
Angew Chem Int Ed Angew

3.
, SCI Rep) 

Public Release

, SCI Rep) 

Public Release

4.

http://www.wwpdb.org/task/validation-task-forces

10



aas a member ofQuality Control by Validation Report 
▪ Model Quality

▪ Bond lengths and angles 
(outlier info, RMS-Z)

▪ Chirality, planarity
▪ Close contacts (including worst clashes, 

MolProbity clash score)
▪ Torsion angles (Ramachandran statistics, 

protein rotamers)
▪ Ligand geometry (Mogul analysis)

▪ Residue Plots 
▪ Residues with model-quality outliers (0, 1, 2, >2)
▪ Residues with RSR-Z > 5 are highlighted
▪ Residues not observed

11

Overall Quality Summary

Model-biased map 
with poor model

Best map with 
appropriate model

Residue Plots
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wwPDB Validation Improvements: 
Ligands

• Partnership with Global Phasing 
Ltd. and CCDC

• Ligand of Interest (LOI) 
highlighted

• 2D views of geometrical quality
• 3D views of electron density fits 

for X-ray

Feng, Z. et al., Structure, 2021 doi: 10.1016/j.str.2021.02.004
12

http://doi.org/10.1016/j.str.2021.02.004


aas a member of
wwPDB Validation Improvements: 3DEM 
and NMR Structures
● EM map volume analysis

○ The fit of model to the map at residue level and global visual overlay
○ Map analysis and visualization

● NMR restraints assessments
○ Distance and dihedral angle restraints with graphical and tabular statistics 
○ Available for restraints deposited in single NEF/NMR-STAR formats

PDB ID 7cwu PDB ID 7jia

13
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Kinjo et al. (2012) Nucl. Acids Res. 40, D453-
D460.
Kinjo et al. (2012) Nucl. Acids Res. 40, D453-
D460.

X-ray Structure

NMR Structure

Exp. Information 
(X-ray, NMR, EM, etc)

Cryo-EM SAXS

Large 
Complex 

Sequence 

PPI (interaction)

wwPDB/RDF
http://rdf.wwpdb.org/

In UniProt RDF:

BMRB/RDF
http://bmrbpub.protein.osaka-u.ac.jp

Kinjo et al. (2012) Nucl. Acids Res. 40, D453-D460.
Yokochi et al. (2016) J. Biomed. Semantics, 7:16.

Linked Data by Knowledge Graph (RDF) 

14
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● Users can filter the entries with 
the bound chemical compounds 
by biological function

● Users can select the best/better 
entries with the validation 
parameters calculated by the 
corresponding experimental data 
stored in PDB, BMRB or EMDB.  

15

Both entries are at 2.0 Å resolution
Left：RSR=0.10, CC=0.95
Right：RSR=0.41，CC=0.70



aas a member ofMuti-language service in PDBj.org
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aas a member ofE-mail or slack-friendly Mol Viewer in PDBj.org
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aas a member of“Copy URL for current orientation to clipboard”
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aas a member ofPDBx/mmCIF format

● 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



aas a member ofPDBx/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



aas a member ofWeb-based 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
● New features can be added 

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



aas a member ofHow-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?for
mat=mmcif&id=1crn

Drag file from local file system into the CIF 
Editor and drop the file

Main menu



aas a member ofHigh-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
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