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Ligands in Coot

m Fitting ligand
m | igand validation

B [igand representation

m | igand builder



Ligand Overlay

® Algorithm and Code by Eugene Krissinel

® Tries to overlay different ligands/monomers by
graph matching

m Usetul for “database” ligands where atom names
are not selected by hand

= Has been used as the basis of the function which
“mutates” residues to alternative monomer types

= e.g. phosphorylation



Restraint Editor

Restraints Editor
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Ligand validation




Ligand validation

Why validate?
® /0.000 structures in PDB

= 11.000 ligands' in 50.000 structures

® Sulphate ions in TIDW9
m1.65 A resolution
B R/Rfree 0.15/0.19



Ligand validation

= How to validate ligand geometry?

® Compare observed structure to restraints
Coot: Validate->Geometry analysis

" Geometry Graphs b
Molecule 14: 1DWS.pdb
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= But what if parametrization (dictionary) is
wrong?



How to validate ligand

geometry?
_HOLYI
= CPU hungry
® [n vaccuo

" [.ow energy # (?) bound ligand
= PDB (e.g. ValLigURL)

® Good cofactor structures
= [ess useful for novel ligands

= (occ.) questionable quality

= Cambridge Structural Database (CSD)
= Using small molecule geometries

" e.g. Mogul



Ligand representation



Ligand representation

= Bond order representation from dictionary files




Surfaces
= Partial charges
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Surfaces

® Transparent surfaces - surface complementarity
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Binding mode analysis
= Binding site highlighting
® [solated molprobity dots




Binding mode analysis

= Binding site highlighting
® Jsolated molprobity dots




Ligand environment
m 2D ligand pocket layout (ligplot, poseview)
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Can we do better?



Ligand environment layout

= Binding pocket residues
B [nteractions
B Substitution contour

B Solvent accessible halos



Ligand environment layout

® Considerations

= 2D placement and distances should retlect 3D
metrics

® As much as possible

= Residues should not overlap the ligand
" Residues should not overlap each other

® H-bonded residues should be close to atoms to

which they are bonded

® Etc. Work in progress

= c.f. Clark & Labute (2007); poseview



Ligand environment layout

® |nitial residue placement




Ligand environment layout

B Residue position minimization
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How far can we go (in the direction of the
hydrogens) before hitting atoms of the protein?

Fire "cannonballs" along
the hydrogen vectors

Atoms of the
protein

Ligand
(fragment)

Note: Hydrogens in hydrogen bonds

Determined in 3D, project to 2D surface .
are a confounding factor




Solvent exposure calculation

B [dentification of solvent accessible atoms

B Different from substitution contour




File Help

Search Database
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Ligand futures

= Make ligand builder (and environment
layout) available

® |nterface to JLigand

B [igand validation with CSD (Mogul or
similar)
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Feature Integration

Refinement

},

e.q. REFMAC

External Internal

Validation

Internal

External

e.g. MolProbity




EaS{ communication of Information
back for rebuilding

- Good Enough? Validate

l / |

Rebuild Refine




What is Validation?

® Comparison of various aspects of the
model with pre-conceived notions of “good
quality”
= Includes unrestrained and restrained criteria

= Many aspects of validation overlap with
refinement and model-building

® Global and local indicators



Why Validate?

® Model-building is error-prone

= (although automated methods seem to do
better)

B Map interpretation is subjective

= Someone else did the model-building

® The model was built several years ago
= and the notion of “good quality” has changed

B Deposition requires validation



A “good” model

Makes statistical sense

®= The reciprocal space representation agrees tolerably well with the
observations (R-factor)

® No meaningful difference map peaks (no under- or over-fitting)
Makes chemical sense

= Model geometry is consistent with the restraints

® Ramachandran Plot has less than 1% outliers

= A good clashscore
Make physical sense

® Crystal packing and contacts
Makes biological sense

= Residues in chemically sensible environment

" |s consistent (on the whole) with external biochemistry observations
(active site residues)



Quick Bayes

® Bayes Hq:
B Pr(model | data) [ Pr(data | model) * Pr(model)

B Pr(data | model) is also called the model
likelihood, L (model | data)




Validation Tools - Pr(model)

® Ramachandran Plot
= Kleywegt Plot (NCS differences)

® Geometry Analysis
® Peptide w Analysis
B Temperature Factor Analysis

B Rotamer Analysis
= Clashes



Validation Tools -
Pr(datajmodel)

® Density Fit Analysis
m Difference Map Peaks

® Variance analysis at water positions

B Unmodelled blobs
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Find difference map peaks

i Difference Map Peak Analysis

oelect Model

(® 0 C/msysihomebemhbard/sample-coot/demo-bad. pdb

=igma Level

Find Peaks above | A.00 slgma

Which Peaks?
[+] Find Positive
[«] Find Negative Peaks

L Cancel




Check/Delete Waters

i Checking Waters:

- |

Molecule Mumber: 0O .. nhard/sample-coot/demo-bad. pdb | &

Action:  Check | =

with B factor greater than: |BEI.EIEI A2 Active
with map sigma level less than: | 1.00  electronsfAd Active

with closest caontact less than: | 230 A Arctive

with clogest contact mare than: | 350 A Active
Difference Map “anance Analysis using Map
2 Cimsysihomedbermhard/sample-coot/masa-1.8-all_refimacl.mtz DELFWT PHDELWT | =

[] Ignore Partial Occupancy close contacts
L[] lgnore Waters with Zero Occupancy

For Waters that match:
(&) Any Criterion

() Al Criteria

ok M Cancel
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Detects “ Anomalous” Watefs

Difference Map Sampling
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Find unmodelled blobs

{7 Find Unmodelled Blobs of density

ormedbernhs rrple-i all_refmact.mtz FWT PHWT : g, Blob 1 '
mple-coot/r all_refmaci.mtz DELFWT PHDELWT i, Blob 2

Blo

Find Blo




Pr(model)...

® Ramachandran Plot
= Kleywegt Plot (NCS differences)

® Geometry Analysis

® Peptide w Analysis

B Temperature Factor Analysis
B Rotamer Analysis

B Sequence analysis
m Clashes



Peptide Torsion Angles
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Ramachandran Plot for residues with CB

180




Ramachandran Plot for GLY




Ramachandran Plot for PRO
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eywegt Plots[*]

[*] Named by George Sheldrick



Peptide Torsion Angles
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Peptide

= Needed to check the planarity of the peptide link

= At low resolutions it is possible to give the protein

lots of (too much) freedom to optimize the fit to the
density

® Can accidentally create CIS peptides
= When discovered they are easily reconverted using

the CIS<->TRANS peptide tool
B [ ess accidents happen when peptide plane
restraints are applied



B-factor variance

Side chain gives us concern

High B-factor variance A lower contour level

Correctly modelled side-chain

Lower B-factor variance
despite potentially higher
average B-factor



Rotamers

® Side-chains have certain preferred
combinations of torsions round their
rotatable bonds

® An analysis (batched around the
staggered conformations) will give
rotamer occurrence



Torsion-based Validation




Eclipsed

In principle, there is free rotation

chi

In practice, staggered is energetically more favoured

Staggered

Most favoured staggering angles 60, 180, -60 degrees




Not all outliers are bad

Correct rotamer(?!)

{# Unusual Rotamer Graphs

Maolecule 0: epi2_refrmach. pdb
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B Assign sequence

(Extensions — Dock sequence
— Associate sequence)

B Sequence alignment
of model to given

Sequence (Validate
- Alignment vs PIR)

Insert A 96




More Validation Pr(model)

® Coot has interface to Molprobity

= (Molprobity is the widely regarded as the best
model validation suite)

® Uses identical Ramachandran plot
B Uses identical Rotamer library

m Coot reads probe dots directly



Summary statistics

Analysis output: all-atom contacts and geometry for 1bkrFH.pdb

All-Atom |C1a5hsc0re= all atoms:

Contacts

8.76
iCIashscore is the mmmber of serious steric overlaps (> 0.4 A) per 1000 atoms.
6.19%

0.00%

98.11%

|CP deviations >0.254 [2

207

[o.00%

[0.00%

|38th percentile (N=222_ 1.104 + 0.234)

|P00r rotamers !Goa]: <1%

[Goal: <0.2%

|Goal: >98%

|Goal: 0

|18th percentile” (N=932, 1.10A + 0.254)
|Goal: 0%

(Goal <0 1%

|Ramachandra.n outliers

|Rama.cha.ndra.n favored

Protein
Geometry

|_\ro]Pr0bi‘t}' score
|Residues with bad bonds:
|Residues with bad angles:

*# 100% percentile is the best among structures of comparable resolution; 0% percentile is the worst.
" MolProbity score is defined as the following: 0.42574*log(1+clashscore) +0.32996*lo g 1+man{0.pctRotOut-1)) + 0.24879*log(1+max(0.100-pctRamaF avored-2)) + 0.5

By adding H to this model and allowing Asn/Gin/His flips, vou have already improved vour clashscore by 3.31 points. Make sure you download the modified PDB to take advantage of these
improvements!

Multi-criterion visualizations

i
A
i
lﬁ

W

criterion
chart
for Coot

ti-criterion
chart

"-&lulti-criterion
kinemage

i

View in KiNG | Download (633 Kb) View (232 Kb) Scheme Seript Download (8.6 Kb) | Pvthon Script Download (6.2 Kb)

Open this in Coot 0.1 2 or later using Calculats | Ruwn Script.

Single-criterion visualizations

Clash list (1.1 Kb): View

Ramachandran plot kinemage (339 Kb): View in KiNG | Download
Ramachandran plot PDF (187 Kb): View

Cp deviation scatter plot (16 Kb): View in KiNG | Download

REMARK 40

You can download vour PDB file with REMARK 40 inserted, or the same without hvdrogens.

REMARK 40

REMARE
REMARE
REMARK
REMARE
REMARE
REMARK

MOLPROBITY STRUCTURE

VALIDATION

PFROGEAMS
AUTHORS

: MOLPROBITY
: I.W.DAVIS,V.B.CHEN,

(RING, REDUCE, AND PROEE)

: R.M.IMMOBMINC,J.J.HEADD, W.B.ARENDALL, J.M.WORD

URL
LUTHORS

: HITP://KINEMAGE .EICOCHEM. DUKE . EDU/MOLPROBITY/
: I.W.DLVIS,A.LEAVER-FAY,V.E.CHEN, J.N.BLOCE,
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0 HOH (0.594 A)
Clash atA 11 LEU (D.518 &)
shatA 6 WAL (0D.518 A}
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: Generic Objects
Bad rotamer A 13 P 9%
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ta deviation B 3 SER |
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Cluster Features

1 > | sh atA 49 TYR (0.597 A)
Successfully read coordinates file coot-maolprobityftutorial-modern-with-H pdb. Molecule number 3 created. el
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Other Programs

= Molprobity Suite
= molprobity.biochem.duke.edu
" WHATCHECK

= VERIFY-3D
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