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Modern day Crystallography

The crystallographer ideally has knowledge of:

 history of the protein sample

« the biology of the system

« Solid foundation in chemistry & physics

Understands :-

» data collection and processing, space groups, (t)NCS, twinning
« refinement process and software

* Experience in map interpretation

Read the relevant literature and remember



. Modern day Structural biologist
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PHASE DETERMINATION
IMPROVEMENT

Anomalous scatter location
Molecular Replacement
Impact of Alphafold

DATA Scrutiny

MODEL REFINEMENT
PHENIX-REFMAC-BUSTER

Different software & approaches

Use different formula to compute R-factor,
which makes comparison of R-factors
between programs nonsensical.

REAERERNR

MAP INTERPRETATION
SUBJECTIVE

Resolution, R-factor, CC*
(overfitting), CC,, (resolution cutoff)
Free R-factor = indicate overfitting



- Why are mistakes made -

Limitations of the X-ray data

* Incomplete

« Weak

« Resolution

« Space and time averaged

 Phase errors

The human element

« Subjectivity involved in map interpretation and refinement (even at 1.26 A resolution!)
» Inexperienced people do the work, use of black box approach
« Not everybody is a good chemist

« Even experienced people make mistakes



What to Validate

Model

Geometry distortions
Ramachandran outliers

Data Ramachandran
overall R/R .41 plo
FREE/ backbone dihedral
completeness, I/al, CC,/, angles

When fo Validate .

Throughout



What to Validate

A good model makes sense
* Physical
 Close packing, no bad contacts, crystal solvent content
* Chemical
» correct local geometry, bonds, angles, etc
* Crystallographic

 R-factors, reasonable pattern of B-factor variation, model to density map fit,
Space Group symmetry

» Statistically

 No under-modelling (under-refinement), no over-fitting (over-modelling)

« Model global quality stats are expected to be in agreement with
corresponding values found in similar structures (pdb slider plots)



Why Validate

Problems detected in initial stages - save a lot of time later

Subjectivity in data and map interpretation
 User interpret the maps: experience, skills acquired
 pressure to meet deadlines

Software development — developer errors
« Programs may contain bugs

Subjectivity in model building and refinement
« Model parameterization, target weights, starting points
 Quality of data - impact interpretation

Deception or honest user error



. Validation Software

XTRIAGE (Zwart et. al, 2005) — included in Phenix

Xtriage is a set of routines that tries to assess the quality of the experimental data and
establish knowledge of certain X-ray data pathologies

* https://phenix-online.org/documentation/reference/xtriage.html
PROCHECK (Laskowski et. al, 1998) — included in CCP4i2
« checks the stereochemical quality of a protein structure
« ‘Validation and Deposition” module
SFCHECK (Vagin et al., 1999) — included in CCP4i2
« Assess the agreement between the atomic model and X-ray data
« ‘Validation and Deposition” module

MOLPROBITY (Chen et al, 2010) — bundled in CCP4i2 & PHENIX->COOT


http://molprobity.biochem.duke.edu/

Xtriage Analysis

File Actions Settings Utilities Help

A ?2 il .

Preferences Help Run Abort Viewlog Savegraph Askfor help

__ Configure Xtriage_ISr}_

/

Click on panels for

| Results |

Xtriage summary

\

4

details
=

20% of the ornigin)

Translational NCS is present at a level that may complicate refinement (one or more peaks greater tha

The overall completeness in low-resolution shells is less than 90%.

The completeness is 86.35%.

/

. The intensity statistics look normal, indicating that the data are not twinned.

. Ice nings do not appear to be present.

. The fraction of outliers in the data is less than 0.1%.

' The data are not significantly anisotropic.

. The resolution cutoff appears to be similar in all directions.

Please inspect all individual results closely, as it is difficult to automatically detect all issues.



. Xtriage Data Analysis ,

« Matthews coefficient probabilities

« Completeness by resolution

Wilson plot analysis

« Detection of translational NCS (tNCS)

* Analysis of systematic absences and combination of tNCS with current space group
« Anomalous signal from measurability analysis

« Symmetry and twinning analyses

» Alternative point - group symmetry (can be detected on the basis of an R-value analyses)

Reading: https://phenix-online.org/documentation/reference/xtriage.html



Model Validation Steps,

Main-chain conformation: Ramachandran plot outliers?
Side-chain conformations: unusual rotamers?

Stereochemistry: how much does the model geometry deviate from the “ideal”
values used in the restrained refinement?

Peptide dihedral angle deviations from planarity: large deviations (> 15°) unlikely.
cis-peptide bonds: unlikely except if involving Proline residues.

Protein model completeness: are there missing atoms/residues, ligands? Where?



.Main-chain Geometry,

! Show Clashes

Phi (®; C, N, C,, ) and psi (W; N, C,, C, N) are on either side of the C_ atom and omega
(w;, C, C, N, C,) describes the angle of the peptide bond. Not all combinations of @,y
dihedral angles are energetically favourable for non-glycine amino acid residues.

The o (peptide bond) dihedral angles are planar due to the partial double bond character
of the C-N bond. Trans peptide bonds (o = 180°) are more favourable. Cis (o = 0°)

peptide bonds are sometimes observed for Proline residues .



e Ramachandran plot
« @ and Y angles
« Compare to the PDB

* Different implementations

« MolProbity and CCP4/Phenix: preferred, okay,
outlier =2 integrated with coot

« Good for finding specific problems

.Main-chain Geometry,

Peptide

Antiparallel
6] shgets

Collagen triple

+180 |

120

60

Parallel helix

L Right-twisted

(3 sheets

B

, Left-handed
« helix

Y (degrees)

Right-handed
o helix

¢ (degrees)

+180




. Side-chain Geometry .

Side chain torsion angles

e Steric hindrance causes

discrete rotamers Flagged as
rotamer outlier

« ~15% of the side chains
cannot be represented by
known library of rotamer
conformations

/
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 Qutliers are typically fitting
errors...

P
;"-. 2y " Source:Pavel Afonine

J T NS Phenix developer

e _.or false positives, outliers
LCH

have to be explained



Sidechain Dilemma

| can't see density for a sidechain beyond the C-beta atom. How should | model it?

Opinions differ in the crystallography community on the proper approach to side chain
disorder

Significant discussions on PHENIX and CCP4 mailing lists:
» Delete all atoms not visible in density, but leave the residue name alone.

 Pick an appropriate rotamer, and let the B-factors rise to account for disorder. This avoids
truncated sidechains that may be mistaken for other residues, and is more realistic when
interpreting surface electrostatics.

« A third approach, setting the occupancy of missing atoms to zero but leaving them in the
model, this is strongly disfavoured, as the resulting positions and B-factors are entirely
theoretical (not immediately obvious to a non crystallographers).



Validation Phenix

File Projects Utilities Help
P ' % 4
(.) A ? - Ky ‘e
Quit Preferences Help Catations Coot PyMOL Othertools Askfor help
| Actions.  job history |
Projects ‘ Favorites
Show group: All groups Manage... AlphaFOld (pl’edlcted mOdeIS)
; : Crystals:Data analysis and manipulation
o Select ‘IQ Delete ||¢- New project Ht) Settings 1y lys P
. — — — — Validation and map-based comparlsons
D Last modified # of jobs R-free
«” WORS5-kw10n Jun 14202209:49AM 51 0.2224 = omprehensive validation (X-ray/Neutron)
N | Model quality assessment Including real-space correiation and geomelry inspection using MolProdity Ioois
Structure comparison
identify differences between muitipie structures of he same profein, using multipie critena
_ Calculate CC*
¥<° Compansonof unmerged data quality with refined mode/, as descnbed in Karplus & Diedenchs (2012)
~ Map correlations
1| Simoie caicuiation of CC between wo sets of map coefficients in MTZ format. accounting for origin shifts
« Model-map correlations
‘[ ; | Simpie calculation of CC between & PDB file and miap coefficients in MTZ format. accounting forongin shifts
Experimental phashg
Molecularreplacement
Maps (create, manipulate, compare)
Enhanced maps (Polder. FEM, denslty-modlﬂed...)
Current D:\Users\Colin\Pheno\KW10n Browse... “
[PHENIX version 1.20.1-4487-000 * Project: WDRS-kw10n




Validation CCP4i2

File/Projects Edit View Utilities Help/Tutorials

3= L= | * @ '.:n,1 . (5 T
Task menu  Export project | Run Clone job Help Bibliography Export MTZ Show log file Show i2run command j New project
Job list Project directory Filter: Only show tasks containing text typed here
Filter: Only show jobs containing text typed here v
Import merged data, AU contents, alignments or coordinates
122 New deposition task " HERRE
¥ Finished Wed 22 Jun : ;mg':';xr:v Pl .
121 EDSTATS cray dutmeduction snd anshys
v Finished 24 Nov 20 7 AlphaFold and RoseTTAFold Utilities
120 Multimetric validation & Experimental phasing
v Finished 24 Nov 20 & Bioinformatics including model preparation for Molecular Replacement
3,19 REFMACS XV 4 Molecular Replacement
Finished 17 Nov 20 " 2 S 7
R=0.13 RFree=0.16 : :’om"f;'ﬁ“m "
118 COOT X1V & el building a raphics
v Finished 17 Nov 20 # Refinement
117 REFMACS XIV <« Ligands
v' Finished 17 Nov 20 v [ Validation and analysis
R=0.13 Rivee=0.20 « s Multimetric model geometry validation
116 COOT XIII & am Calculates mean B-factors, Ramachandran plots, rotamer outliers, clashes... (clipper python & Molprobity)

v Finished 17 Nov 20

115 REFMACS XIII '!L.
v' Finished 16 Nov 20 Ak

Analyse agreement between model and density - EDSTATS
Calculates real-space metrics for evaluating the agreement between model and density (Edstats, cfft)

R=0.13 RFree=0.16 @@ _ Validation of carbohydrate structures - Privateer
114 COOT XII : Validation, re-refinement and graphical analysis of carbohydrate structures
v Finished 16 Nov 20 '@ Interface and quaternary structure analysis - PISA
113 REFMACS XII & =7 Interface and assembly analysis (qtpisa)
' Finished 16 Nov 20 ~
R=0.13 RFree=0.16 Export and Deposition
112 COOT XI ' Reflection data tools
v Finished 16 Nov 20 ¥}’ Coordinate data tools

111 REFMACS XI
v Finished 16 Nov 20
R=0.13 RFree=0.16

110 COOT X
v Finished 16 Nov 20

109 REFMACS X New job Cancel
W Finiehad 1A Nav 2N




& CCP4-8.0.002 Project Viewer: WDR5-win-pep

File/Projects Edit View Utilities Help/Tutorials

s (& «'E

Task menu Export project || Run  Clone job  Help

Job list  Project directory

Fitter: Only show jobs contzining text typed here

® B

Validation CCPi2

2 |

Export MTZ Show log file Show 2run command | New project

Filter: Only show tasks containing text typed here

>

121 EDSTATS
+ Finished 24 Nov 20

120 Multimetric validation
+ Finished 24 Nov 20

119 REFMACS XV
+ Finished 17 Nov 20
R=0.13 RFree=0.16

118 COOT X1V
+ Finished 17 Nov 20

117 REFMACS XIV
+ Finished 17 Nov 20
R=0.13 RFree=0.16

116 COOT XIII
+ Finished 17 Nov 20

115 REFMACS XIII
+ Finished 16 Nov 20
R=0.13 RFree=0.16

114 COOT XII
+" Finished 16 Nov 20

113 REFMACS XII
+" Finished 16 Nov 20
R=0.13 RFree=0.16

112 COOT X1
+" Finished 16 Nov 20

111 REFMACS XI
+" Finished 16 Nov 20
R=0.13 RFree=0.16

110 COOT X

AlphaFold and RoseTTAFold Utilities

Experimental phasing

Bioinformatics including model preparation for Molecular Replacement
Molecular Replacement

~ Density modification

Model building and Graphics

>

Sme Wl

o

Refinement
Ligands
Validation and analysis

Multimetric model geometry validation
Galculbtes mean B-factors, Ramachandran plots, rotamer outliers, cbshes... (dipper python & Molprobity)

| Analyse agreement between model and density - EDSTATS
'I “? Galculstes real-space metrics for evaluating the agreement between model and density (Edstats, cfft)

Q0 Validation of carbohydrate structures - Privateer
= % Validation, re-refinement and graphical analyss of carbohydrate structures

X Interface and quaternary structure analysis - PISA
1‘” "WYYy Interface and assembly analysis (qtpisa)
i o

> . Export and Deposition
> 7 Reflection data tools
> Coordinate data tools

New job Cancel




Validation CCPi2
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109 REFMACS X
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R=0.14 RFree=0,16

108 CoOT IX
+ Fnished 16 Nov 20

107 REFMACS IX
+ Fnished 16 Nov 20
R=0.13 RFree=0.16

~

.

106 Multimatrk: with 8 chain for Gl 11 - #ro 19
v Fnshed 11 Mar 19

105 COOT chain B for B factor analysis
v Fnshed 11 Mar 19

104 B factor
v Fnshed 11 Mar 19

103 Estimate AU content
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102 CoOT VI
v Fnghed 08 Mar 19

, 101 Prepare files for deposition
¥ Finshed 0 Mar 19

W command | New progact

Input  Resuks  Comments . B
I Resuts Tout data Outout data Snow detais Job etats
13:17 24-Nov-2020
Results

The average B-factor for the protein part s 12.76, (11.16 for the main-chain, 13.28 for the side-chain ), 35.59 for the
hgands and 30.88 for the waters.

314 residues have been analysed using Ramachandran’s criterion, with 295 in favoured regions, 18 in allowed regions and
1 outliers.

The structure has a clashscore of 1.97 and a MolProbity score of 1.25 .
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This graph uses the representation introduced by Z. Dauter, L.C. Sieker and K.S. Wilson, (1992), Acta Cryst, B48, 42—
59




Validation CCPi2
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Rotamer outliers:
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Coot Validate

Throughout
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Experimental Data Snapshot

Method: X-RAY DIFFRACTION
Resolution: 1.20 A

R-Value Free: 0.179

R-Value Work: 0.160

R-Value Observed: 0.173

Published EMBO 2003

Homo 6-mer ligand studies
seemed to ignore basic side
chain model building (using
“0") protocol for a high
resolution structure!

Slider Plots .

wwPDB Validation @ © 3D Report  Full Report

Metric Percentile Ranks Value
Rfree I [ | 0.189
Clashscore Ifjm .
Ramachandran outliers I D (.39
Sidechain outliers N[ W 49
RSRZ outliers I W ;4%
Worse Bener

B Percentile relative to all Xoray structures

0 Percentile relative to Xeray structures of similar resolution
Ligand Structure Quality Assessment @

Worse 0 [N I - 1 Better

Ligand structure goodness of it to experimental data



. Hydrogen Bond environment ,

Asn, GIn, and His flips

» Detected by MolProbity, corrected in
Phenix

* Also use common sense, check with
coot>measures>environment distances

Buried unsatisfied H-bond donors
and acceptors indicate (subtle) errors

Waters should also make hydrogen
bonds

explicit riding hydrogen atoms can
improve geometry at any resolution




« Asn, GIn, and His flips

» Detected by MolProbity, corrected in
Phenix

* Also use common sense, check with
coot>measures>environment distances

* Buried unsatisfied H-bond donors
and acceptors indicate (subtle) errors

Waters should also make hydrogen
bonds

explicit riding hydrogen atoms can
improve geometry at any resolution

When should | refine with hydrogens?
This is largely a matter of personal preference. Using explicit riding hydrogen atoms can improve geometry at any resolution; at higher resolutions, approximately 2 Angstrom or
better, they will generally improve R-free as well. At atomic resolution (1.5 A or better) they should always be part of the final model. Note that at unless you have true subatomic

resolution (0.9 A or better), the hydrogens should always be refined as "riding", meaning that their coordinates are defined by the heavy atoms, not individually refined against X-
ray data.



. Validation - overview .

POSITIVE NEGATIVE

STRENGTH WEAKNESS
2' > Experienced lab members in crystallographic analysis. > User inexperience.
E > Good research environment. > Poor research environment — teaching or expertise.
z > Robust software protocols. > Black box automated crystallography

> Busy boss or senior scientist.

REVIEW CONSEQUENCE
:(I > Reviewers of your paper. > Unnoticed problems.
Z
ﬁ > PDB deposition (software & biocuration staff). > Likely to be discovered especially more obvious
- _ . errors — retraction of data
ﬁ > Researchers in the field (those who may come across

your structure and use it) > May be negative consequences for collaborators &
research community




Software Tools

« Many different software tools
» General: PDB-REDO, MolProbity, PDB-validation server

* Special purpose:
« PDB-care, (PDB CArbohydrate REsidue check), also Privateer
» CheckMyMetal, CheckMyBlob web servers.

* Tools may check the same things differently



DEPOSITION

OneDep, a unified system for deposition, biocuration, g
and validation of experimentally determined X-ray,
NMR, and 3DEM macromolecular structures,

https.//deposit-pdbe.wwpdb.org/deposition



.

SAMPLE
SDEQUENCE

Sequence should

+ Contain all residues

* Include expression tags
and disordered residues.
Any mismatch

should correspond to
mutation, variant or
expression tag in

your sequence.

LIGAND

Are your ligands already in
Chemical Component
Dictionary (CCD)?

The 3-character code for
your ligand should match that
in the Dictionary

During deposition you can
provide a SMILES or upload a

2D chemical diagram

PDB Deposition

PREPARE DATA

Generate coordinate file in
PDBx/mmCIF format

» Output directly from
refinement program suites
(e.g., PHENIX, CCP4i2)

* Ensures that the
maximum metadata is

captured for deposition.

Less form filling !

VALIDATE
VALIDATE

wwPDB provides a
standalone validation
server or via CCP4i2

interface.

@neDep

DEPOSIT
STRUCTURE

Deposition to OneDep
system.

A session ID is provided to
enable you to continue
your deposition at a later
date. PDB ID will be
provided upon completion
of your deposition




Export & Deposition

5 '
CCP412 PHENIX

Phenix

EXPORT VALIDATION % ' \‘” (e OneDep SOFTWARE

PDBx/mmCIF format & USER/BioCuration staff

PDBx/mmCIF explicitly documents all relationships between common data items (e.g. atom and residue identifiers) which permits
software applications to evaluate and validate referential integrity with any PDB entry, and maps information between the residue
sequences of the experimental sample and the model coordinates.



CCP4i2 Deposition

v/.1 onwards

oject Viewer; WOR5-win-pep

File/Projects Edit View Utilities Help/Tutorials

= - ® 2 . ‘ 9
Task menu  Export project ] Run Clonejob Help Bibliography Export MTZ Show log file  Show i2run command | New project
Joblist  Project directory Filter: Oniy sho g text typed here
Filter: Only show jobs cantaining text typed hers N
Import merged data, AU contents, alignments or coordinates
122 New deposition task

¥ Finished Wed 22 Jun

121 EDSTATS
v Finished 24 Nov 20

120 Multimetric validation

v Finished 24 Nov 20

119 REFMACS XV
v Finished 17 Nov 20
R=0.13 RFree=0.16

118 COOT X1V
v Finished 17 Nov 20

117 REFMACS X1V
v Finished 17 Nov 20
R=0.13 RFree=0.16

116 COOT XIII
v' Finished 17 Nov 20

115 REFMACS XIII
v Finished 16 Nov 20
R=0.13 RFree=0.16

114 COOT X1I
v' Finished 16 Nov 20

113 REFMACS XII
v Finished 16 Nov 20
R=0.13 RFree=0.16

112 COOT X1
v Finished 16 Nov 20

111 REFMACS X1
v Finished 16 Nov 20
R=0,13 RFree=0,16

110 COOT X
v Finished 16 Nov 20

109 REFMACS X
W' _Finichad 16 New: 20

" Integrate X-ray images

# X-ray data reduction and analysis

% AlphaFold and RoseTTAFold Utilities

- Experimental phasing
& Bioinformatics including model preparation for Molecular Replacement
4 Molecular Replacement

Density modification
/" Model building and Graphics
# Refinement
+ Ligands
&% Validation and analysis
v Export and Deposition
Prepare and validate files for deposition ]

SN Add data reduction statistics and sequence information into coordinates for deposition

peri
Export ‘old" style MTZ file

{ Reflection data tools
¥4’ Coordinate data tools

New job Cancel

Youtube: CCP4 SW2020 - Whats new - Improved Validation and deposition in CCP4i2 - speaker: Huw Jenkins



Phenix Deposition

File Projects Utilities Melp

("’ A ? 7 o

4
‘e
Citatione  Coot Othertools  Ask for help

Quit Preferences Help PyMOL

Actions  Job hstory
Projects

Show group:  All groups Manage.

iv’ Select HO Delete || New project 7.0 Settings ’

D Last modified # of jobs
o WORS-kw10n Jun 14 2022 0945 AM 51

R-free
02224

Molecularreplacement

Maps (create, manipulate, compare)
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@neDep wwPDB Deposition: D_1292112360 -- ID: 7BCY(REL)

z
Is

Mandatory items

Navigation
v Instructions

~ |Communication|
« . Review
=+ Assembly Review
“ Valigation reports
v Re-upload files
« . Admin
v Coract information
v Grant information
¥ Release status
v Entry ttie & author
v Ciltation Information
4 | Macromolecules
¥ 1) WD repeat.containing protelr
v 2)ORF 73
4 | Data collection
v Crystal Information
? Collection Source
v Software Used
¥ Collection Statistics
a b Refinerment
¥ Refinement
v Ugaris
¥ Related ontries
v Summary & condltions

« All messaging on this page wil be archived permanently with this deposition.
« This page can ONLY be used 1o communicate information about this deposition
« This page shows:

All messages as a list,
A box for you to create and send a new message.

Communication with the wwPDB

This page shows you the current messages associated with this deposition and allows you to send 3 new message 1o the wwPD8

If you are communicating changes 1o be made in the sanotation of your fle, please do $o preferably using CIF format,

Old messages

Pwm e e mmw

2021-11-30 15 24 11 auto
2021-11-30 14:27:27 depositor - McVey, Colin (principal investigator/group leader)
2020-12-22 12:09:57 RG
2020-12-22 12:05:00 depositor - McVey, Colin (principal investigator/group leader)

2020-12-22 02:18:18 GE
2020-12-21 15:20:12 depositor - McVey, Colin (principal investigator/group leader)

Last messags from annotator

Time stamp |2021-11-30 15:24:11

......

Release of PDB ID 7BCY
Release with citation update
Acknowledgement of Structure Approval
Approval with corrections
PDB ID 78CY - Validation report and
processed files are ready for your review
Other corrections

Sender fum
Subject  [Release of PDB ID 7BCY
Dear Depositors,
Full Text This message is to inform you that your structure PDB ID 7BCY (Deposition 1D

D 1292112360) and the associated experimental data which were deposited with

release instructions, 'HPUB', will be released on 8 December 2021. This Is the next

available release date.
D 1282112360 model-review P1.cif.V2

D 1292112360 vameon full-annpmc P1,pdf V1
D 1292112360 val-data-annotate P1.xml.V1

AttachmentSD 1292112360 val-report-wwpdb-2fo-fc-edmap-coef-annotate P1.cif.V1

D 1292112360 val-report-wwpdb-fo-fc-edmap-coef-annotate P1,cif.V1
D_ 1262112360 val-report-annotate P1.pdf.V1
D 1292112360 val-report-full-annotate P1,pdf V1
D 1292112360 val-data-annotate P1.xml.V1

D 1292112360 val-report-wwpdb-2fo-fc-edmap-coef-annotate P1.cif.V1

D_ 1292112360 val-report-wwpdb-fo-fc-edmap-coef-annotate P1.cif.V1

Meeson V5 11006 Please tahe 8 100k 8 wve ebi ac ikirformatonss-drecive himl and get Temiar with cur poicy on cockes.
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Dear Depositors, This message...
Dear pdb Please could you rele...
Dear Depositors, Thank you fo...
Dear Genevieve, Thank you for...

Dear Depositors, Thank you fo...
Hi, Could I change the title t...

ALDWIDE

- - '=01||x DATA HANK



WORLDWIDE

@ rnepep WWPDB Deposition: D_1292112360 -- ID: 7BCY(REL) G @SN SPDB

 omnioced oo
All items
gty This page shows the annotated assembiies n 30. Use the menu on the nght hand side of the 30 viewer to change between the assemblies.
M.ndaloz items
Sequenceof D 12921123, ¢ (Chan 2 LWDrepeat. ¢ A ¢ @
. . A. v . . ; = _ _‘ . 1 Structure Tools
Navigation P O TR YA L FTLAGH T AV S SUE FS PNGEWIAS S SADKL T IWEAY DG K FINT 1 SGHELG IS VAR S SOONLLY SAS DK TLE INDY S SEICL KT LAGH SN V FCoN PN EENL IV SGE FIESVRINDVA TG RCLAT LPAIS DPVSAVIEIIR
v Instructions DGELTVSSSIDGLOR TWDTASGRCTRTL [T PPV SFVRE S PNGRY TTAAT LONT LRINDY SRGKCLRTYTGRKNER 2T FANFSVT CoRNIVEGIBINLYY IWNLOIXE [VGRLQGHT DVY I STACHR TENT TASAALERDRT TRIAKEDC 3 Structure
v
“ D_1292112360 | X-ray structure of W..  [J
r
v Type  Assembly
v ® o <
. ! @ Asmid 1 Author And Software .
v
v Grant information e, Bynamic Bands X Off
¥ Release status -
v Entry title & author == &
¥ Citation Information

4 | Macromolecules

¥ 1) WD repeat.containing peoteir
v 2)ORF 73

¥, Measurements

4 | Data collection + Add =
; gm’;ros«:s'uc:n -~ © Components D_1292112360
: mf;ﬁm ) (3 Preset + Add #
i ﬂm‘zzm Polymer Cotoon @ [
: ;nu:xonMas . Ligand fulxsick @ 0§
v Summary & conditions = iSO D
- Unit Cell 71 &

T’

Veeson V5 11004 Please tahe 5 100k 81 wve ebi ac ckinformatonss-drecive himl and get Temdar with cur poiicy on cockms



WOALDWIDE

@ hepep WWPDB Deposition: D_1292112360 - ID: 7BCY(REL) R @Ei) SPDEB

| Deposition locked Review
All torms
N ——— This page shows the annctased assemblies in 3D, Use the menu on the right hand side of the 3D viewer 10 change between the assemblies,
mnd-a items
Sequenceof [ 12921123, 3 Chain 20N T73 $ DlwthQ] # @
— 3\ Structure Tools
Navigation BB crrrama e
v Instructions £3 Structure
v Communication
s ) D_1292112360 | X-ray structure of W. )
@ Type Assembly
v o .
s 4 : ® Asmid  1; Author And Software ..,

a Dynamic Bonds X Off

v Release status

v Entry title & suthor

v Citation information
+ | Macromoiecules

¥ 1) WD repeat-containing peotelr

¥ Measurements

+ 1 Ovtooechan + Add =
; ggﬁ:\bs‘:uar::n @ Components D, 1292112360
: mr;ué?:;lsm ] [ Preset + Add =
S foz':;:‘:::m‘ Polymer Getoon @ O
: ggmenmes Ligand Ball &k Stick @ B o+
v Summary & conditions o P

ORF 73
; 121243112360 | Model 1 | instance ASM_1 | D tauth Q| | ACE 1 jauth 22|

Vesson VS 11034 Please take o look at wwa ebl ac ukinformaton'e-drectve himl and gat fambar with our policy on cookes



ALDWIDE

@ neDep WWPDB Deposition: D_1292112360 - ID: 7BCY(REL) GEGE» ZPrDB

= Sequence

z

Input the sequence of this molecule using standard one-letter codes, Please include the complete sequence including tags, linkers, unobserved regions and mutations. Non-standard residues should be Input using the

Mlndﬂa items three-letter code in parenthesis, e.g. (MSE).

(ACE)CRKRNRSPER(NH2)
Navigation
v Instuclons: Sample sequence in one °
v Communication letter code*:
« | Review
+ Assembly Review V3
“ Valigation reports
v Reupload fies
4 | Admin The sequence alignment is valid
v Coract information
¢ G et thesgnment rom sampleseqencsprovided
¥ Release status
s 5’*‘7 "":"‘n;"""u“" The following is the alignment between the sample sequence and sequence from the coordinates, The sample sequence is shown at the top of the alignment display.
v itation rmation
« | Macromolecules Important: Please address any discrepancy between the sample sequence and coordinate sequence by either providing a correct sample sequence or re-uploading new coordinates,
¥ 1) WD repeat.containing protelr ‘
v m ok : Sample sequence aligned with Ceoordinates - all chains :
4@ Ovia ot Moleculs : 2
v Crystal Information ke
? Collection Source G y ",
SoftwareUsed | T ey
: Collection Statistics (ACE) CRERNRSPER (NH2)
« J Refinement ClLILl=-—g =)
v Rl . (ACE) CRERNES. o« {2}
v Lgands Chain : Q
v Relatedentes 10—
v Summary 8 conditions (ACE) CRERNRSEER (NH2)
CL LI ==t =}
- (ACE) CRKENES. .. {0y}
N-terminal acetylation and C-terminal
amidation of LANA peptide
Compound details: i ]
&
* Source
Hlo‘w|::_the miclecie Li ] Recombinantly expressed Purified from natural source * Chemically synthesized

Meeson V5 11006 Please tahe 8 100k 8 wve ebi ac ikirformatonss-drecive himl and get Temiar with cur poicy on cockes.



@ nepep WWPDB Deposition: D_1292112360 -- ID: 7BCY(REL)

Crystai Information
All items
e = Crystal Information
mnala items
Navigation Crystal ID*: 0 1
v Instructions
¢ Communication Crystallization details
4 | Review
* Assembly Review Method*: L] VAPOR DIFFUSION, SITTING DROP
- Validation reports
v Re-upload fies pH: @ 55
« . Admin 2
@ Contict iimaon pH range: O 55-65
v Grant information
Temperature (K)*: 0 294
¥ Release status W )
v Eniry title & author Details about the o
v Cltation information temperature:
4 L Macromolecules 100 mM Bis-Tris pH 5.5, 50 mM (NH4)2S04,
¥ 1) WD repeat-containing protelr 25% PEG3350
v 2)ORFT73 5
+ | Data collection Crystallisation conditions*: @
v I niofmauon
? Collection Source y
v Software Used
¥ Collection Statistics )
+ | Refinement Crystal details
v Refinement
v Ligands Matthews Coefficient: 0O 154
v Redated entries
v Summary & conditions Measured density: o
- Percentage Solvent: O 367
Rod-shaped
Description of crystal o
morphology:

@ @ P

PROTEIN DATA DANK

A descriphon of the guaiity and halst of the orystal

The crystal gumensions should not normally be /
repotind hico, use nslasd the specalc foms n the d
EXPTL_CRYSTAL calagory relating to aize for Ihe

gruss dimensions of 1he crystal and daka e in

the EXPTL_CRYSTAL_FACE calegovy 10 destre

Vessan VA 11034 Piease take a look & wiwm ebi ac ukinformatonie-drectve himi and get {amiar with our poiicy on cockes

.



ALDWIDE

@ reDep WWPDB Deposition: D_1292112295 - ID: 7BED(REL) GEGE» ZPrDB

Data collection 1

z

"’“""iﬂi items Diffraction iD"; o
Data collection temperature (Ky*: o 10
!‘f : 9 : h,:,, Data collection lemperature detats: @
v Instructions
v Communication Sértal Grystallography experiment: (i ] N Y
« | Review
= Assembly Review Diffraction Radlation
“ Valigation reports
v Reupload files Protocol*: o LAUE MAD * SINGLE WAVELENGTH
« . Admin
v Contact information Monochromator: © Double crystal monochr
v Grant information
v Release status Scattering type*: o electron neutron (&) xs3y
v Entry title & author
¥ Cltation Information Diftraction Source
4 | Macromolecules
¥ 1) WD repeat.containing peoteir s . .
+ & Damicl ource type": O  SYNCHROTRON
v C Source detalls*: [ ] DIAMOND BEAMLINE IC
(22 EeROR SO, Wavelength or list of wavelengihs
v Software Used used for thes experiment (A)"; @ 05795
v Collection Statistics
4 4 Refinement Diffraction Detector
v Refinement
v Ugands y -
AT entries Detector”: (i ] DECTRIS PILATUSI 6M
v Summary & conditions Detector type*: 0 PIXEL -
- Date of collection”: @ 20160125 B
Optics: ©® 0OCM (Double Crystal Mc

Meeson V5 11006 Please tahe 8 100k 8 wve ebi ac ikirformatonss-drecive himl and get Temiar with cur poicy on cockes.



@ nepep WWPDB Deposition: D_1292112295 -- ID: 7BED(REL)

z

Mandcta items
PR

v Instructions
v Communication
« | Review
= Assembly Review
4 Valigation repors
v Re-upload files
« . Admin
v Coract information
v Grant information
v Release status
v Entry tie & author
v Ciltation Information
4 | Macromolecules
¥ 1) WD repeat-containing peotelr
+ | Data collection
¥ Crystal Information
1§ Collection Source
v Software Usad

Overall data quality

Reflections 10*;

Number of unique reflections
measured”;

Compieteness for range (%)
Data redundancy™;
Resciution range high (A)":
Resotion range fow (A)*:
Reyection crteria (sigma(F)):
Rejection crieria (sigmal)):
CC half:

CC star:

Rmerge(l):

Rsym{1):

Rprny{1):

Rmeas{l):

Rsplit:

Avernge lsigmall) for the data set”:
Ch squared:

liAvg ssgma(l}):

Wéson B factor (A%):

Reflections iD":
Highest resolution shell « range high
Ay

Highest resolution shell - range low

{Ay:

157708
90.3
38
1.26
27.23

0.999

0.077

0,045
0.09
0.068
7.9
0.57
9.0
10.07

1
1.26
1.28

Meeson V5 11006 Please tahe 8 100k 8 wve ebi ac ikirformatonss-drecive himl and get Temiar with cur poicy on cockes.

Data Collection Statistics

Data quality in resolution shells
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@neDep wwPDB Deposition: D_1292112295 -- ID: 7BED(REL)

* Assembly Review
“ Vaidation reports
v Rewpoad files
« | Adgemin
¥ Gontact Information
v Grant nformation
v  Roease stalus
v Enltry tele & suthor
¥ Cltation infarmation
<« . Macromolecules
¥ 1) WO repeal-containing profeir
« | Data collecsion
v Crystal Information
{ Colection Source
v Software Used
v Collection Stalistics
« . Refinemen
< Refinement
¥ Ligands
v Related emries
¥ Summary & conditions

Resolution range high (A)":
Resoluson range low (A)"

Data cutoff {sigmalF}):

Outlies cutoft high (rms{abs{F))):
Outlier cutof! low (rms{abs(F)))

Camplolensesy (warking+ieat) (%)

Number of Unique reflections refined
against*:

Cross-yaldaton methog”

Froe R value 108t 56t sefoction!
R value (warking sat):

Free R value

R value (wark = lest):

Free R value jest set size (%)
Free R valie fost set count
Estimated emor of free R value:

Mean B value (overal A%y

Details of the rafinement:

Solvent

Solvent probe radius (A)
lon probe radius (A)
Saolvent shrinkage raagius (A);

ksol:

1.26
27.23
1.33

96.07

157708

FREE R-VALUE v
RANDOM

7538

15.01

Descrpbon of specisl aspects of the telingment
plocess

1.1100

0,9000

Verston VE 11034 Ploase ke & DOK a wwvw e A0 URMROmanose Seecive Pmi and get ferelar with our policy on cookies

!D AaLDWIODE
-- FROTRIN DAYTA BANK




Summary

Prevention is better than cure
= |earn continually — there’s always “one more thing” to learn. - Steve Jobs

» |nformation in the data (crystallization, assays, & interaction studies) versus the model

= Always be the first to question your own results

» Essential that validation is an integral part of the modelling process
« Not just something you do when you deposit & publish!

= Can't substitute for common sense

» Keep learning — subscribe and interact on the CCP4bb



Finally

Validation is time consuming !
TEDIOUS !

No pain no gain !

In the end you have better quality models
&
easier deposition process






Useful links

Improved validation and deposition in CCP4i2

CCP4 SW2020 - Whats new - Improved Validation and
deposition in CCP4i2 - speaker: Huw Jenkins
https.//www.youtube.com/watch?v=hd3pKgLpLM8&t=12s Huw Jenkins

8™ Jan 2020
What's New in CCP4 - CCP4 Study Weekend

Newcastle
Q) Lniversity ‘ ccp4

« http://www.wwpdb.org/deposition/tutorial

 https://www.rcsb.org/docs/additional-
resources/structure-validation-and-quality



http://www.wwpdb.org/deposition/tutorial
https://www.rcsb.org/docs/additional-resources/structure-validation-and-quality

