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e Introduction

e The basics

e Refinement

e More Refinement
e Ligands (briefly)

e Summary
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Coot- Crystallographic Object-Oriented Toolkit

e A crystallographers workhorse interface
¢ Integration of manual intervention and computational refinement tools

e Primarily developed by Paul Emsley (LMB)
— Contributions from numerous other authors
— Open source and designed to be easily learned
— Scriptable

e Huge capability and this presentation will only skim the surface
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‘0 EVEen Refinement (restraints & data) and validation should
go hand-in-hand

Refinement Restraints
Refmac libcheck
Shelx Acedrg
Buster cProdrg
Phenix Grade
Data Validation
Structure factors Molprobity

Intensities Mogul
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The Interface

[iig WinCoot 0.86.1

File Edit Calculate Draw Measures Validate HID About Ligand Extensions

[ @ ResetView = Display Manager =& 8.
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L.[ISucce's.sfuIIy read coordinates file C:\WinCoot\examples\tutorial-modern.pdb. Molecule number 0 created.
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@, cvotec The Tool Bar

R/RC
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. Which map?

7| Additional restraints? | |

*|  Grab and drag

.j . . . -Bonds: 44 705 -Eonds. 1.114

= Traffic Il_g ht warnings ies: 156 ——
Interactive refinement in real space s 10

- Chirals: 4.975 -Chirals: 0.227
- -Non—hunded: 0.000 -Non—banded: 0.000
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@, cvotec The Tool Bar

R/RC
Map

Rotamers (low resolution “back
rub” method)

Extensions — Modelling —
Rotamer Search

[ Ix

' 3: pS 13.00% Chi_1 = 63.00

" 4: m-30 9.00% Chi_L =-64.00

) @_r;,fg,—.b}.',@v 42300
N p

]

“mutate” /change residue

=< Add terminal residue
Add conformation

@ -
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|l ow Resolution Rotamer search

e Where Resolution >2.9 A Original method
automatically turned on | Backrub method

e Where resolution is higher the back
rub adds little additional benefit
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Automation for bulk fitting tasks

@ Other Modelling Tools >

A Find Waters...

B Find Ligands...

#:Find Secondary Structure...

£  Build Nucleic Acid...

— Secondary structures

C alpha Boton Mode... De novo modelling... Should you use Buccaneer?
e Waters
Multi-Residue Torsion ng an dS

Feverse Direction...

Place Helix Here

Flace Strand Here

Ideal DNA/RNA. ..

Base Fair...

Choose "Undo" Molecule...

# Close

PAGE 8



‘ evotec
®

Alpha Helices

e Automated alpha helix placement
e Move cursor to “tube” of alpha helix
e Automated search of orientation, register and polarity

e Robust even at modest resolutions
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Beta sheets

e More complicated than alpha Helices
¢ Non-ideal to accommodate frequent curvature of strands

e Start with cylinder search and move to strand extension followed by rigid body and real-space
refinement

e Detection of strand polarity

Strand Translation Search Strand Rotation Search
(along the tube axis) (around the tube axis)

f p-

A

5 ST e
> ,,_\.// \T{*\Y / \\“‘”
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loops

e Simple manual fitting of single residues

e Database search using existing information

[ Loop Candidates

Criginal laop

Toggle All Candidate Loops

3 Loop candidate #1

4 Loop candidate #2

5 Loop candidate #3

Close
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Validation Tools

= —
Ramachandran Plot 4

{ [ Kleyweqt Plot...

&Y Incorrect Chiral Volumes...
&g Unmodelled blobs...

“% Difference Map Peaks...

{ Check/Delete Waters...
[l Geometry analysis

+. Peptide omega analysis
I Temp. fact. variance analysis

I Average Temp. fact. analysis
= GLN and ASN B-factor Outliers
i Rotamer analysis
L7 Density fit analysis
Probe clashes
NCS Differences C apre
Highly coordinated waters...

SN N
Pukka Puckers...? /F}hl pgic A/ \

Alignment vs PIR... | omega

=]

H R Peptide 0

\ / H torsion Outliers Only

| angles.

v v v v v vy v wvowr

In Preferred Regions: 177 (96.72%)
In Allowed Regions: 4 ( 2.19%)
Outliers: 2 ( 1.09%)

5|
C alpha < DK ¥ cancel

O R
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Validation Tools

| =

Ramachandran Plot
{ [ Kleyweqt Plot...
&Y Incorrect Chiral Volumes...
&g Unmodelled blobs...
“% Difference Map Peaks...
{ Check/Delete Waters...
[l Geometry analysis
¢+ Peptide omega analysis
I Temp. fact. variance analysis
I Average Temp. fact. analysis
= GLN and ASN B-factor Outliers
i Rotamer analysis
L7 Density fit analysis
Probe clashes
NCS Differences
Highly coordinated waters...
Pukka Puckers...?
Alignment vs PIR...

v v v v v vy v wvowr

(= 7 | "= =)

Molecule 0: tutorial-modern.pdb

Chain A

olls_DetoeeDoedl0o0ee00ean mnﬂl‘lnﬂﬁ e I o | e s a | n.—mﬂnﬂﬂﬂ
10 20 ED) 40 E) 80 70 g0 ER)

Chain B

|:|EIEI=.DDD|:|EI::-|:|D|:|EI::-DDDEI::-Dl:lEI:uEIEIDDEID:.EIEI=.EIDDEII:lDl:n:nn:uElEIDD:uEI=.|:||:||:|DI:|El|:|DEIEI:nEIDn:nI:ll:lDDDI:IDI:l:l:l:.l:lDElElDDD:D:lEIDDD:lDDEIEI:lD
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Molecule 0: tutorial-modern.pdb

Chain & I I I
O__ o o —— |_| _ L. . =) — _ 0 _ - o 8 _

1o Zo 30 40 50 &0 70 g0 20

1o E) 30 40 50 80 70 g0 20
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Validation Tools

= —
Ramachandran Plot 4

{ [ Kleyweqt Plot...

&Y Incorrect Chiral Volumes...
&g Unmodelled blobs...

“% Difference Map Peaks...

{ Check/Delete Waters...
[l Geometry analysis

Ligands? Unmodelled protein? Incomplete model

¢+ Peptide omega analysis
I Temp. fact. variance analysis . i
I Average Temp. fact. analysis B' faCtOI‘S, Weak den5|ty or pOOI‘ f|tf)
= GLN and ASN B-factor Outliers
i Rotamer analysis
L7 Density fit analysis
Probe clashes
NCS Differences
Highly coordinated waters...
Pukka Puckers...?

Alignment vs PIR...

It

v v v v v vy v wvowr

Probe/Reduce and Molprobity
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Molprobity

« Amazing tool to look at
geometry

« Coot plugin to interpret output
and to make “problem-fixing”
easier

* List of specific problems

« Coot visualisation

Clash =
Bad steric overlap

—— - -
n.duke.edu P~ 0| @ ccplacuk

=N

kinemage biochem.duke.edu | %] Main page - MolProbity | 11 validation Options - MolPro...

PRrROBITY

Main page
About hydrogens
Evaluate X-ray
Evaluate NVMR
Fix up structure
Work with kins

View & downlozd files
Lab notebook
Feedback & bugs
Site map

Save session
Log out

You are using 0% of
your 200 Mb of disk
space.

Main page
FILE UPLOAD/RETRIEVAL (MORE OPTIONS)

PDB/NDB code:| |

type: [PDB coords v

Duke Biochemistry

Duke University School of Medicine

Browse... type: [PDB coords v

Molprobity sites:
Duke (US) | Manchester (UK) | Beta (Recent developments; Unstable)

Legacy version 4.02 (Current Molprobity requires strict PDB format. 4.02 is more forgiving. but lacks recent features. Format repair is preferable.)

Usage Guidelines:

These web services are provided for analysis of individual structures, not batch runs.

Walkthroughs, tutorials, and usage FAQs:

Evaluate X ray structure: Typical steps for a published X-ray crystal
structure or one still undergoing refinement.

Evaluate NMR structure: Typical steps for a published NMR
ensemble o one still undergoing refinement.

Fix up structure: Rebuild the model to remove outliers as part of the
refinement cycle.

Work with kinemages: Create and view interactive 3-D graphics from
your web browser.

Guide to Reduce options: Learn about adding hydrogens to a structure

for all-atom contact analysis.

Citations, science, and technical FAQs:

Cite MolProbity: Chen et al. (2010) MolProbity: all-atom structure validation for
macromolecular crystallography. Acta Cystallographica D66:12-21

and/or

Davis et al. (2007) MolProbity: all-atom contacts and structure validation for proteins
V' W3

and nucleic acids. Nucleic Acids Research 35:W375-

Cite KiNG: Chen et al. (2009) KiNG (Kinemage, Next Generation): A versatile
interactive molecular and scientific visualization program. Protein Science 18:2403-

2409

Cite CCTBX: Grosse-Kunstleve et al. {2002) The Computational Crystallography
Toolbox: erystallographic algorithms in a reusable software framework. 7. Appl. Cryst.
35:126-136. v

Hydrogen Bonds =
Favorable polar
contacts

vdw Contacts =

Close packing
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* Protein-ligand complex models are often a result of subjective interpretation
« Combination of map quality and ligand restraints
« Judit will be giving a practical session later in the week
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2D Ligand Builder

eExternal tools

eCOOT

—Free sketch
—SBase search

|

file Edit Calculate Draw Measures Validate HID About Extensions Lidia

_ B X
File Help
fQ - = = 4d ga ©0—-0O
AD0Q00CQ000 + 8
B
M
6]
5
P
F
cl
Br
|
x g
i D
SMILES: clcceci-c2c3cicdc5cc(O)cce5[nH]cd4c2)Ci=0)NC3=0)ccl |
Search Database
“.\Snaar-:h Similarity. ‘ Apply ‘;—,@glose

[Ch @) ResetView [ Display Manager g5

(mol. no: 9) CAC/1//1 DRG occ: 1.00 bf: 20.00 ele: C pos: (10.59,-8.37, 1.74)

33600

H DIDULEKFP TEH D
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QED Score

Quantitative Evaluation of Drug-likeness

ARTICLES

PUBLISHED ONLINE: 24 JANUARY 2012 | DOL: 10.1038/NCHEM.1243

nature
chemistry

Quantifying the chemical beauty of drugs

G. Richard Bickerton', Gaia V. Paolini?, Jéremy Besnard', Sorel Muresan® and Andrew L. Hopkins™

Drug-likeness is a key consideration when selecting compounds during the early stages of drug discovery. However,
evaluation of drug-likeness in absolute terms does not reflect adequately the whole spectrum of compound quality. More
worryingly, widely used rules may madverherltly foster undemrable molecular property inflation as they permit the
encroachment of rule-c i t their b s. We p a of drug-likeness based on
the concept of desirability “called the quantrtatlve estimate of drug\-llheness (QED) The empirical rationale of QED reflects
the underlying distribution of molecular properties. QED is intuitive, transparent, straightforward to implement in many
practical settings and allows c ds to be ranked by their relative merit. We extended the utility of QED by applying
it to the problem of molecular target druggability assessment by prioritizing a large set of published bioactive compounds.

The measure may also capture the abstract notion of aesthetics in medicinal chemistry.

early-stage drug discovery’? Analysis of the observed distri-

bution of some key physicochemical prope of approved
drugs, induding molecular mass (M,), hydrophobicity and polarity,
reveals that they occupy preferentially a relatively narmow range of
possible values?. Compounds that fall w ithin this mnge are
described as ‘drug-like’. This definition holds in the absence of
any obvious structural similarity to an approved drug. Tt has been
shown that the preferential selection of drug-like compounds
increases the likelihood of surviving the well-documented high
rates of attrition in drug discovery®.

Drug-likeness can be rationalized by considering how simple
physicochemical properties impact molecular behaviour in vivo,
with particular respect to solubility, permeability, metabolic stability
and transporter effects. Indeed, drug-likeness is often used as a
proxy for oral bicavailability. However, drug-likeness provides a
broad composite descriptor that implicitly captures several criteria,

Thf: concept of drug-likeness provides useful guidelines for

Paradoxically, since the publication of the seminal paper by
Lipinski ef al® there appears to be a growing epidemic, which
Hann has termed ‘molecular obesity”, among new pharmacological
compounds (Supplementary Fig. S1). Compounds with higher rela-
tive M, and lipophilicity have a higher probability of attrition at
each stage of clinical development®* !, Thus, the inflation of phys-
icochemical properties that increases the risks associated with dini-
cal development may explain, in part, the decline in productivity of
small-molecule drug discovery over the past two decades®. However,
the mean molecular properties of new pharmacological compounds
are still considered Lipinski compliant, even though their property
distributions are far from historical norms.

Although the Ro5 is predictive of oral bivavailability, 16% of oral
drugs violate at least one of the criteria and 6% fail two or more
{although this does include natural products and substrates of trans-
porters) (Supplementary Fig. S2a and Supplementary Table S1).
High-profile drugs, such as atorvastatin (Lipitor) and montelukast

NATURE CHEMISTRY obo:: 10.103:

NCHEM.1243

ARTICLES
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properties for a set of 771 orally absorbed small molecule drugs. a-h, Molecular properties M, (a),

lipophilicity estimated by atom-based prediction of ALOGP (b), number of HEDs (€}, number of HEAs (d), PSA (e), number of ROTBs (F), number of
AROMs (g) and number of ALERTS (h). The Lipinski-compliant areas are shown in pale blue in (a), (b), (c) and (d). The solid blue lines describe the ADS
functions (equation (2)) used to moedel the histograms. The parameters for each function are given in Supplementary Table 51.

design'™¥, prioritization of molecular targets, penetration of the

central nervous system' and estimating the reliability of screening
data®. The concept was introduced originally by Harrington™ in
the area of process engineering and further refined by Derringer
and Suich®’. Desirability takes multiple numerical or categorical
parameters measured on different scales and describes each by an
individual desirability function. These are then integrated into a
single dimensionless score. In the case of compounds, a series of
desirability functions (d) are derived, each of which corresponds

to a different molecular descriptor. Combining the individual desir-
ahilih fimetions inte tha OBED is schismd b taling the sseenatric

asymmetric double sigmoidal (ADS) functions, which are also
shown in Fig. 1 over the same range. The general ADS function is
shown in equation (2), where d(x) is the desimbility function for
molecular descriptor x:

dix)=a
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Why bother?

e 11,000 chemical compounds in the PDB!

e Analysis of structures in the public domain

e Iridium: A Highly Trustworthy Protein-Ligand
Structure Database

e Drug Disc. Today, 12, 1270 (2012)

e 19% of the ligands in this data set
contained errors

e WWPDB: Greater focus on validation tools
for PDB

1.65 A
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Sources of help

The Homepage, F.A.Q, documentation
http://www2.mrc-Imb.cam.ac.uk/Personal/pemsley/coot/

Coot Wiki
http://strucbio.biologie.uni-konstanz.de/ccp4wiki/index.php/Coot

The mailing list
http://www.jiscmail.ac.uk/lists/coot.html

Ligand validation (recommendations for best practise)
Outcome of the First wwPDB/CCDC/D3R Ligand Validation Workshop
Structure. 2016 Apr 5;24(4):502-8. doi: 10.1016/j.str.2016.02.017.
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