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anarsngunied— Quiality of final (complex) structure depends on:

' Good crystals (co- d Ligand/cofactor restraints-
crystallisation or soaking) dictionary based on correct

O Well designed data collection|| chemistry

3 Correct data processing d Correct fit of ligand to density

3 Final refinement of ligand-
protein complex

 Careful refinement of (initial)

protein model

O Assessment of ligand density: || A mistake in any one of

“Is there any ligand bound?” || these can lead to poor
ligand-protein complex

structures

All steps need to be done (in fully automated mode) for large
number of structures

I:> We need validation at every step along the way.
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Refinement

4 Combines prior knowledge s
and observed (X-Ray) data - =
2

Ao v i

d Chemistry (bonds, angles, ...) ?"ﬁ’ 1
" Protein (Engh & Huber) wt

o N

" Compound/Ligand

@ NH,

 Similarity
" Within the crystal (NCS)
" To other structures
(“targeting”)
' Occupancy, disorder

(alternate conformations), ... o @ ‘ElfGT7
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Global Phasing Limited Prior knOWInge is essential

2bal kinase 2.1A resolution.

RSCC is a poor validation criteria
here: it tells us that ligand model
and map agree, but not if we have a
good ligand model that also follows
prior chemical knowledge

Restraints: 2Fo-Fc — pick your quality criteria carefully!

Nolrestraints: RSCC 0.957

RSCC = real-space correlation coefficient
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st Grade (2011): ligand dictionaries based on CSD

U Use CCDC mogul program to survey CSD

> CCDC Mogul 1.3: ehS3cfgrade/LYS/02_rename.pdhb g [S196 hogul search - Bond angle - CG CB CA
File Searches Help

Build query | Eesults and analysis | Yiew stuctures o alue in query: 114.110¢
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Seftings.
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100 1023 103 1073 110 s 113 11735
Bong angle /=

(de) ag to (de] ge
Histogram l.ilsplay —
Displayed hits: 25 Eilters
eeeeeeeeeeeeeeeeeeeeeeeeeee i
hhhhhhhhhh D stogra

U Use CSD as source of information for restraints (not only in validation)
U Also: AceDRG (Long et al, 2017: COD), eLBOW (Moriarty et al, 2011: CSD)




GOL

Global Phasing it Grade: ligand dictionaries based on CSD

J Dictionaries based on ‘ ‘ ,‘

" Cambridge Structural

Database (CSD) = small http://grade.globalphasing.org/
molecule crystal structures

IQM

2h7p (residue 468) After BUSTER refinement with
grade dictionary

Grade2 (rewrite, 20210716 release):
https://Iwww.globalphasing.com/buster/manual/grade2/manual/
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aearngimes— (Grade2 (Smart, O. 2021): fresh implementation

4 Grade2 is based around:

" RDKIit open-source cheminformatics tool kit

" CSD Python API for Mogul searches and
custom analysis

3 Grade2 improvements:

" protonation state of commonly charged
groups
" better use of CSD information regarding

planes and rings

1 Release: 20210716 CSD geometry analysis ~ CSD Python AP for
Mogul + custom analysis
Chemical toolkit RDKit & CSD Python API
Computational chemistry  RDKit MMFF94s or UFF
minimization force field

SMILES to 3D RDKit




GOL

Global Phasing Limited

Occurences

Contact restraints for 1-4 connected atoms - V1

C=X=X=C 1-4 contacts

(X
310; - g

0=0.20 . |

1
2.6

1 1
2.8 3.0 3.2 3.4 3.6
Distance [A]

active inactive

3.8

only first and last atoms of
1-4 (torsion) contact taken
into account

BUSTER pre-20190923:
vdWl+vdW2+Dincl+Dinc

2

Element Dinc
C -0.15
N -0.10
O -0.10
X -0.15

fixed sigma (0.20)
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Contact restraints V2

C=X=X=C 1-4 contacts

VAL

CG2

Occurences

"THR

(t, 76%)

O (m, 45%) o

C=CH1=CH1=CH3

(2.

93 o=0.

073,

N=2191809)

C=CH1=CH1=CHZ  (3.01 o¢=0.071, N= 121226) —
C=CH1=CH2=C (3.05 0=0.082, N= 519830) —
C=CH1=CH2=CR5  (3.00 0=0.099, N= 232154) —
CH1=CH2=CH1=CH3 (3.11 o=0.080, N=1402344) ______
______ | CH3=CH1-CH2-=CH3 (3.12 o=0.085, N= 910621)
CH2=CH2=S=CH3  (3.22 0=0.125, N= 121100) —0_

BUSTER = 20190923:

* 1-(2,3)-4 atom-typing DB
> 30000 PDB structures
(2015-2018)

* Rfree <= 25%

* better than 2 A

* collect minimum 1-4

L7\ W\ \ MET distance for a given atom
| {2 T et S . use CCP4 atom typing of
2.6 2.8 3.0 3.2 3.4 3.6 3.8 a” 4 atoms for

Distance [A]

classification
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Contact restraints V1 vs V2

C=X=X=C 1-4 contacts

Occurences

3.2
Distance [A]

MET

N _ (ttm, 7%)

3.6

3.8

C=CH1=CH1=CH3
C=CH1=CH1=CH2
C=CH1=CH2=C
C=CH1=CH2=CR5
CH1=CH2=CH1=CH3
CH3=CH1=CH2=CH3
CHZ=CH2=5=CH3
C=X=X=C

(2.
(3.
(3.
(3.
{3.
(3.
(3.
(3.

aagagagagaaa

L T T T [

OO0 O0OO000O0

.200

.073,
.071,
.082,
.099,
.080,
.085,
.125,

N=2191809)
N= 121226)
N= 519830)
N= 232154)
N=1402344)
N= 910621)
N= 121100)

)

BUSTER pre-20190923:
vdW , +vdW, +Dinc +Dinc,

Element

Dinc

C

N
O
X

-0.15
-0.10
-0.10
-0.15
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Occurences

Contact restraints V1 vs V2

C=X=X=C 1-4 contacts

MET

NN (ttm, 7%)
i

3.0

3.2
Distance [A]

|
3.4

3.6

3.8

C=CH1=CH1=CH3 (2.93 0=0.073, N=2191809)
CH2=CH2=5=CH3 (3.22 o0=0.125, N= 121100)
C=X=X=C (3.10 o=0.200 ) —

BUSTER pre-20190923:

vdW +vdW, +Dinc +Dinc,
Element Dinc

C -0.15

N -0.10

O -0.10

X -0.15
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Local Structure Similarity Restraints (LSSR)

Smart et al (2008). ACA abstract TP139.
Smart et al (2012). Acta Cryst. D68, 368.

A 2
VLSSR:'.;‘ = Vimax) | —exp| —« &
Vl'llii‘(
o =In| ———
(Vmax - ]-)

A . =r

distances r, within 5.5 A ij

e,

. % &
o o = & &
O - L
ér'g y
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. %SerIUZ
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— | .SSR function
------ Harmonic function
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Figure 3

LSSR restraint penalty plateaus compared with a harmonic function.

* ~—\
bul0] & ! ) .
${> A
3 " C %
CA \ /-\\
20

Large A, differences add to function value but not

gradient (maintaining those existing differences)
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LSSR Targeting

d
d

NCS restraints: between chains within the
same model

Often, the chain being refined is similar to a
structure that has already been solved

For example:
" ligand complex with higher resolution apo
" two crystal forms of the same protein

" partial datasets from non-isomorphous
crystals

" following radiation damage

The already solved structure becomes the
“target”

Apply LSSR restraints to the fixed target
structure supplied as pdb file (-target
some . pdb)

13
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NCS restraints through LSSR

T T T

4 : v
¢ | commm— ]SSR function
b e e e e ee Harmonic function
"
.
3+ s r
2 . 1
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g . I
g 2+ .. ] ]
e [ ] I
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T ' pcz 1 \CD2 }
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Figure 3

LSSR restraint penalty plateaus compared with a harmonic function.
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NCS restraints through LSSR

LSSR V2: downweighting by max(r;, r; )

function : gradient .6

LSSR V1
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awirsnginies NNGS restraints through LSSR - example (7A2L)

O LSSR V1 implements
automatic pruning to
detect existing NCS
outliers

But no such outliers
exist after initial MR

LSSR V2 is “softer” and
allows strong density to
have an impact

Chain 1

after MR (all chains identical) after LSSR V2 after LSSR V1

Chain 2

7a2l: Camara-Artigas et al (2021)
DOI: 10.2210/pdb7A2L/pdb
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Hydrogen handling in X-Ray refinement
e-cloud position nuclear position
H
O

See e.g.: Williams et al (2018). Protein Science, 27, 293-315.
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Hydrogen placement has consequences
e-cloud position nuclear position
full occ H occ=0

H
X-R Sy O
ay /O . /

o A
N N\
O O
/ \.H / \H

S
S
S
-
Y
&>
N

BUSTER: hydrogens refined as any other atom - not “riding hydrogen” model
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Mixed-mode (hybrid) hydrogen model

geometry:
°H / nuclear position
./ R X-Ray:

H e-cloud position
o /
N

/ et

-~
S
-~
-
>
-~

BUSTER: refine -M HydrogenHybridModel ...
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Mixed-mode (hybrid) hydrogen model

geometry:
°H / nuclear position

./ X-Ray:
H / e-cloud position

only real option here
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Mixed-mode (hybrid) hydrogen model

H geometry:

nuclear position

7 X-Ray:

. e-cloud position

\ * Explicitely refined hydrogens
O * Hydrogens in output model at nuclear position
\ * Validation needs to take hydrogen model into
account
eH

See also discussions in: Liebschner et al (2018). Acta D74, 800-813.
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Structure

Outcome of the First wPDB/CCDC/D3R Ligand
Validation Workshop

Paul D. Adams,! Kathleen Aertgeerts,? Cary Bauer,? Jeffrey A. Bell,* Helen M. Berman, 56 Talapady N. Bhat,”
Jeff M. Blaney,® Evan Bolton,? Gerard Bricogne,’? David Brown,11:12 Stephen K. Burley,55:13." David A. Case,®
Kirk L. Clark,'* Tom Darden,'5 Paul Emsley,1¢ Victoria A. Feher,'7:" Zukang Feng,5:¢ Colin R. Groom,8:"

Seth F. Harris,® Jorg Hendle,'® Thomas Holder,* Andrzej Joachimiak,?° Gerard J. Kleywegt,?!

502 Structure 24, April 5, 2016 ©2016 Elsevier Ltd All rights reserved

Figure

U REMARK 3 header
3 buster-report tool
O Part of BUSTER distribution

Figure 1. Example highlighting the value of presenting ligand electron density model fit
and geometrical analysis from CCDC Mogul from the Global Phasing Buster Report
(PDB ID: 2H7P. later superseded by entry 4TZT (He et al., 2006); CCD |D: 468).
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Reporting

WORLDWIDE

€% PDB VALIDATION ~
P!OTE]N DATA BANK

July 2019:
Buster-report
now part of
wwPDB
validation suite

wwPDB

DEPOSITION » DICTIONARIES + DOCUMENTATION + TASK FORCES v FTP » STATISTICS v+ ABOUT ~ Foundation

06/11/2019

Improvements to visualization of ligand validation and electron density maps in the wwPDB validation
report

Our recent update to the wwPDB validation reports provides much clearer validation information for ligands.

We now include 2-dimensional diagrams of ligands, highlighting geometric validation criteria and, for structures determined by
crystallography, 3-dimensional views of electron density.

We also provide calculated electron density map coefficients which were used to generate the analysis in the validation reports.
Ligand Validation

We have collaborated with Global Phasing Ltd to integrate the ligand visualization from buster-report into the wwPDB validation report,
as recommended by the wwPDB/CCDC/D3R Ligand Validation Workshop. The ligand visualization will be available for ligands that
have been designated as "Ligand of Interest” by the depositor and ligands with a molecular weight greater than 250 Daltons that have
outliers.

The following ligand instance of NAP was chosen intentionally as a representative of sub-optimal quality in both the ligand model and its
agreement with the X-ray data.

Geometric analysis provided by CCDC Mogul will be highlighted on a 2D diagram of the ligand, as shown below.

RCSB PDB News Image

In addition to geometric validation for ligands, for X-ray diffraction PDB entries the wwPDB validation report also presents images
displaying the ligand and the surrounding electron density map.
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WORLDWIDE

@ B VALIDATION ~ DEPOSITION ~ DICTIONARIES + DOCUMENTATION ~ TASK FORCES » FTP ~ STATISTICS v ABOUT ~ WS
PROTEIN DATA BANK

'&2 Foundation

Electron density around NAP A 1270:

2mF,-DF, (at 0.7 rmsd) in gray
mF,-DF. (at 3 rmsd) in purple (negative)
and green (positive)

Take care in restraint dictionary generation and in (over-)interpreting
density features
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Alternate conformations

O O

Alternate conformation

\

Atoms with altConf “A” see atoms with no altConf or with altConf “A”

Atoms with different altConf don’t see one another

Set occupancies you want refined
to something not equal to 1.0, and
then run

pdb2occ -p model.pdb -o
occ.gelly

refine -Gelly occ.gelly ...

If occ(A)+occ(B)=1 in input,
pdb2occ will restrain occupancy
sum (to 1)

28
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Utility restraints

O Gelly (geometry) component of BUSTER supports distance, angle, torsion and
sum(OCC) restraints.

O Restraints can be generated (directly or through simple conversion) using e.g.

" Base-pairing restraints (rna.ucsc.edu/pdbrestraints/): Laurberg et al (2008). Nature
454, 852.

= ProSMART (CCP4): Nicholls et al (2012). Acta Cryst. D68, 404
= |ibG (CCP4): Brown et al (2015). Acta Cryst. D71, 136

" RestraintLib (achesym.ibch.poznan.pl/restraintlib/): Kowiel et al (2016). Nucleic
Acids Res. 44, 8479

O Easy to implement secondary-structure restraints (alpha helix, parallel/antiparallel
beta-sheets) or metal coordination.

Marcus (1988). Chem. Rev. 88, 1475. 2.09 A + 0.04
Ohtaki & Radnai (1993). Chem Rev 93, 1157-1204. 2.07 A
Caminiti et al (1979). J Appl Crystallogr 12, 34-38. 2.11 A
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* E.g. using powerful and flexible utility restraints (Gelly) in BUSTER
 Example: Mgz+-(H20)6

£ Download Files =
&k Download Citation =

Crystal structure of class | ligase ribozyme self-ligation product, in complex 3HH N B Display Files *
with UTA RBD

DOI1:10.2210/pdb3hhn/pdb  NDB 1D: PRO381

Crystal structure of the catalytic core of an RNA-polymerase ribozyme. [+
Shechner, D.M. =, Grant, R.A.~, Bagby, S.C.~, Koldobskaya, Y.~ Piccirilli, J.A.=~, Bartel, D.P.2
Joumnal: (2009) Science 326; 1271-1275
PubMed: 19965478 &
PubMedCentral: PMC3978776
DOI: 10.1126/science. 1174676 & _
Search Related Articles in PubMed !
PubMed Abstract:
Primordial organisms of the putative RNA world would have required polymerase ribozymes able to replicate RNA. Known
ribozymes with polymerase activity best approximating that needed for RNA replication contain at their catalytic core the class | e
RNA ligase, an artificial... [ Read More & Search PubMed Abstracts ] o 3D View: JSmol or PV More Images
Symmetry: C2 view
+ Molecular Description WEEY | stoichiometry: Homo 2-mer - A2




Global Phasing Limited 3 H H N

Marcus (1988). Chem. Rev. 88, 1475. .
Ohtaki & Radnai (1993). Chem Rev 93, 1157-1204. 2.07 A
Caminiti et al (1979). J Appl Crystallogr 12, 34-38. 2.11 A
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3HHN: BUSTER refinement

deposited no restraints
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3HHN: BUSTER refinement

deposited Gelly utility restraints
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3HHN: BUSTER refinement

2Fo-Fc @ 1.5rms

deposited Gelly utility restraints
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Globl Phasing Limited BUSTER - additional restraints

* E.g. using powerful and flexible utility restraints (Gelly) UiU &owerres-
in BUSTER 4 égownlc:l:d Filgs"
sage MNote

+
« Example: Mg2 (H_O) & Download Citation =
2 "6
Entry 4U1U supersedes and combines 4PEQ 4PEA 4PEB 4PEC 4 Biological Assembly1 ? P

Synergy of streptogramin antibiotics occurs independenily of their effects on translation.

Noeske, J. 2, Huang, J.~, Olivier, N.B.~, Giacobbe, R.A.~, Zambrowski, M.~, Cate, J.H.5
Journal: (2014) Antimicrob.Agents Chemother. 58: 5269-5279

PubMed: 24957822 7
PubMedCentral: PMC4135883 (7
DOI: 10.1128/AAC.03389-14 &'
Search Related Articles in PubMed

2.95 A

PubMed Abstract:

Streptogramin antibiotics are divided into types A and B, which in combination can act synergistically. We compared the molecular & 3D View: Jmol Mg Imeges
interactions of the streptogramin combinations Synercid (type A, dalfopristin; type B. quinupristin) and NXL 103 (type A, flopristin; Biological assembly 1 assigned by authors
type B, linopristin)... [ Read More & Search PubMed Abstracts | Downloadable viewers:
Simple Viewer Protein Workshop
t Molecular Description Hide
* 1.1 Mio reflections 290 000 atoms in asymmetric unit

* 11 000 amino acids, 9000 RNA, 500 Mg, 1700 HOH
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R-value

4U1U: BUSTER refinement

0.250

0.245

0.240

0.235

0.230

0.225

0.220

0.215

0.210

0.205

0.200

PDB:
R/Rfree = 0.249/0.282

Rfree
¢ Rwork

200

400

600
Ilteration

s | 0228
-
™~
S
(=]
Il
<]
E & |0.207
i
800 1000

CAVEAT:

Comparing R/Rfree from
different programs
difficult: they use
different methods (e.g.
bulk solvent model) and
scaling.

Sometimes program A
gives lower R/Rfree,
sometimes program B.

Goal is to get best
model - fitting data,
chemistry and prior
knowledge.

Good to have choice of
different approaches and
parametrisation!
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Region-1:

deposited model

Initial map

2Fo-Fc @ 1.5rms
Fo-Fc @ 3.5rms
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Region-1:
BUSTER model

Final map

2Fo-Fc @ 1.5rms
Fo-Fc @ 3.5rms
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Region-1:

BUSTER model

Initial map

2Fo-Fc @ 1.5rms
Fo-Fc @ 3.5rms
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Region-2:

deposited model

Initial map

2Fo-Fc @ 1.5rms
Fo-Fc @ 3.5rms
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Region-2:

BUSTER model

Final map

2Fo-Fc @ 1.5rms
Fo-Fc @ 3.5rms
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Region-2:

BUSTER model

Initial map

2Fo-Fc @ 1.5rms
Fo-Fc @ 3.5rms




GOL
Global Phasing Limited B U ST E R: 4 U 1 U

Region-2:

deposited model

Initial map

2Fo-Fc @ 1.5rms
Fo-Fc @ 3.5rms
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Region-2:
BUSTER model

Final map

2Fo-Fc @ 1.5rms
Fo-Fc @ 3.5rms
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Region-2:

BUSTER model

I Initial map I

2Fo-Fc @ 1.5rms
Fo-Fc @ 3.5rms




GOL
Global Phasing Limited B U ST E R . 4 U 1 U

Region-3:

deposited model

Initial map

2Fo-Fc @ 1.5rms
Fo-Fc @ 3.5rms
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Region-3:

BUSTER model

Final map

2Fo-Fc @ 1.5rms
Fo-Fc @ 3.5rms
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Global Phasing Limited Some notes about rotamers and outliers

O MolProbity rotamer analysis often used as a quality criteria for model
O outliers are considered problematic und highly unlikely (the stated goal is <1% outliers)

6DOE (deposited) BUSTER

2%|A 10 LEU:1.00:0.4:280.2:36.0:::Allowed:mp A 10 LEU:1.00:0.0:259.1:21.3:::0UTLIER:OUTLIER
2%)A 19 LEU:1.00:0.4:273.1:36.4:::Allowed:mp A 19 LEU:1.00:0.1:309.3:303.1:::0UTLIER:OUTLIER
23lA 24 LEU:1.00:0.4:260.6:43.2:::Allowed:mp A 24 LEU:1.00:0.2:297.4:296.7:::0UTLIER:OUTLIER
2% A 45 1YS:1.00:0.5:199.5:130.2:301.8:173.9:Allowed:ttmt A 45 LYS:1.00:0.1:197.6:122.2:308.4:165.6:0UTLIER:OUTLIER
A 50 ILE:1.00:0.0:249.5:205.1:::0UTLIER:OUTLIER | |A 50 ILE:1.00:0.0:239.0:174.6:::0UTLIER:OUTLIER
20% A 82 AVAL:0.33:2.1:311.2::::Favored:m A 82 AVAL:0.33:0.2:320.6::::0UTLIER:OUTLIER
I A 97 LEU:1.00:0.0:235.3:15.2:::0UTLIER:OUTLIER l A 97 LEU:1.00:0.0:238.9:5.1:::0UTLIER:OUTLIER
B 23 LEU:1.00:0.4:247.2:198.3:::Allowed:mt B 23 LEU:1.00:0.0:180.7:193 4 : :OUTLIER:OUTLIER
?2 |B 41 ARG:1.00:0.4:142.9:262.7:191.0:181.3:Allowed:tmtl170 B 41 ARG:1.00:0.1:138.1:266.5:172.2:188.0:0UTLIER:OUTLIER
2%|B 45 LYS:1.00:0.3:203.2:129.9:301.1:170.3:Allowed:ttmt B 45 LYS:1.00:0.1:197.5:123.2:307.8:166.2:0UTLIER:OUTLIER
8%B 50 ILE:1.00:0.4:215.5:155.0:::Allowed:tt B 50 ILE:1.00:0.0:238.2:171.6:::0UTLIER:OUTLIER
20% B 82 VAL:1.00:1.2:312.5::::Allowed:m B 82 VAL:1.00:0.1:326.1:...OUTLIER OUTLIER
I B 97 LEU:1.00:0.0:236.7:13.8:::0UTLIER:OUTLIER l B 97 LEU:1.00:0.0:238.8:5.0:::0UTLIER:OUTLIER

Unlikely - but not
classified as “outlier”

Do we have a problem with rotamers in BUSTER refinements?
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Rotamer has to fit density
(for X-Ray crystallographic models)

BUSTER

mp (2%): Allowed OUTLIER mt (59%): favoured

« small, but significant difference between mt (59%) and mp (2%)

« BUSTER refines model away from poor/wrong rotamer and gives clear indications:
* positive difference density
* rotamer now highlighted as outlier

* enforcing rotamer restraints can mask incorrect side-chain conformations
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Rotamer outliers are useful markers

g T
L = Gindl
S, ”1-’_-_-_:_5;4“"

“deposited " “deposited

6D0E:A97 . MM 6DOE: B97
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Rotamer outliers are useful markers

BUSTER

difference
density

6D0E:A97 . MM 6DOE: B97
Leu =n 7 N Leu




(EGiL

Rotamer outliers are useful markers

~

",ﬂ....ﬁ /

BUSTER >/ . "BUSTER

and =
dlfference <L
density S

difference
density

Do not use too many additional restraints to keep geometry
under control if underlying problem is incorrect atomic model -
as visible in density!
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Rotamer outliers are useful markers

Sy,

EEGS TER “7 | ! BUSTER

and
difference
density '

The big question: How § R |
much is too many? — = VA and
, i o A v =7 difference
density

Do not use too many additional restraints to keep geometry

under control if underlying problem is incorrect atomic model -
as visible in density!
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BUSTER: Is there any any ligand bound?

Aeta Cryst. (2005). Ael, C248

Automated Structure Refinement for High-throughput Ligand
Detection with BUSTER-TNT

Clemens Vonrhein, Gerard Bricogne, Global Phasing Lid.,
Cambridge, UK. E-mail: vonrhein(@GlobalPhasing.com

The use of crystallography for the discovery of lead compounds
often involves a large number of experiments with different soaking or
co-crystallization trials. The subsequent refinement and analysis of the
resulting datasets can be time-consuming and tedious. Since the
crystallographic parameters (resolution, space group, cell parameters)
are quite often similar, this task is ideally suited for automation.

We present a method (autoBUSTER) that automates the
refinement, solvent model update, ligand detection and analysis.
Centered around the BUSTER-TNT program [1,2], it requires a
minimal amount of user input. Although it can be used at any
resolution and for any kind of macromolecular structure, it is tuned to
the refinement of protein structures at better than 2.8 A resolution.

The knowledge of any (possibly) bound ligand can be given (a)
explicitly by supplying a PDB file of dummy atoms that describes the

d BUSTER's '-L' feature tries to
take an unbiased look at
data/model to decide if,
where and how something
might have bound.

3 No prior knowledge (bias?)
required/used.

O Used since 2003, with first
academic release in 2009

assumed binding site. or (b) byl letting the system automatically
analyze the residual density of difference Fourier maps. A unique
feature of BUSTER-TNT is used, where the various masks describing
the known fragment, the bulk solvent and the missing part can be
given independently from each other. The results show that this can
greatly enhance the capability of uniquely defining any bound ligand.

[1] Bricogne G., Irwin J., Macromolecular Refinement: Proceedings of the
CCP4 Study Weekend, Warrington: Daresbury Laboratory, 1996, 85-92. [2]
Blanc E., Roversi P., Vonrhein C., Flensburg C., Lea S. M., Bricogne G., dcta
Cryst., 2004, D60, 2210-2221.

wr L]

Liebschner et al (2017): “Polder maps:
improving OMIT maps by excluding bulk
solvent.”, Acta D 73, 148
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BUSTER: Is there any any ligand bound?

G, gandiistentiontitges O Unbiased towards “expected”

Search A& ¢ % i Attachments &

(You are AnonymousGnome) binding (just because the
crystal was soaked/co-
crystallised with compound
doesn’t mean it actualy is

Introduction bound )

Apart from the standard procedures for detecting ligands (difference

Fourier maps), BUSTER has one particular feature that needs a bit

further explanation - to explain what it can do, what it can't do and

what potential bias it might introduce. D

Favorite?

Content:

This feature is triggered by the -L and -Lpdb flags to the refine U n blased towa rdS blnd I ng Slte
commant. (there can be unexpected or

% refine -p some.pdb -m some.mtz -L ...

o new binding sites)

% refine -p some.pdb -m some.mtz -Lpdb bindingsite.pdb ...

It will treat a certain region of the model differently during the last big

cycle of refinement: that region will neither contain an atomic model

nor a contribution from the bulk solvent. However, if there is some

electron density present in this region, it should show up in difference D . . .

(Fo-Fc) maps as strong positive density. The interpretation, what this U n b | ased towa rd S b | n d | ng pose
electron density might represent (atomic model, bulk solvent or a

mixture) is up to the user.

Here we're going to explain the typical usage of this BUSTER feature,
their assumptions and caveats.

BUSTER wiKi
www.globalphasing.com/buster/wiki/

Unknown location

The least biased assumption is that there might be some ligand bound,
el

OIS -

Tl Tamnbiine fa samilimmrcrn: T Slial e e e
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Difference Fourier maps

e Anomalous:

e distinguish ion from solvent

 help difficult sequencing (Cys/Met marker)

* help placing of compound

e automatically generated and analysed in BUSTER
* Early-Late:

» show radiation damage effects

e automatically prepared in autoPROC - then generated and
analysed in BUSTER

* Fo-Fo:
* (Compound - Apo) to show compound

diff_fourier -h
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Global Phasing Limited

Difference Fourier maps: F(early)-F(late)
detecting/describing radiation damage

Typical decarboxylation of

ASP/GLU residues Present in
F(early), but not

F(late)

Normal mFo-Dfc maps will
show negative peaks.

low dose, high-multiplicity

A novel mode of Gleevec binding is revealed by the structure of spleen tyrosine
kinase. Atwell, S. et al. (2004) J.Biol.Chem. 279, 55827-55832.




GOPL

F(early)-F(late): water in crystal contact
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F(early)-F(late): water in crystal contact

4LER

Oqd-04d¢

1.5 rms




GOPL

F(early)-F(late): water in crystal contact

4LER

oJg-04
0qd-04d¢

1.5 rms

3.5 rms
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F(early)-F(late): water in crystal contact

o3eT-ATaeq
Od-04d¢

1.5 rms

3.5 rms
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F(early)-F(late): alternate conformation?
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F(early)-F(late): alternate conformation?

4LER
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F(early)-F(late): large-scale movements

WL 210 aspra
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F(early)-F(late): large-scale movements
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Global Phasing Limited

Radiation damage - decarboxylation

y i 1A AND <

{raw}

Al =-

= - — = {raw}
i | ANG =
fraw}

: Al ——
, {raw}

Structural basis for polyglutamate chain initiation and elongation by TTLL family enzymes.

Mahalingan, K.K., Keith Keenan, E., Strickland, M., Li, Y., Liu, Y., Ball, H.L., Tanner, M.E., Tjandra, N., Roll-
Mecak, A.
(2020) Nat Struct Mol Biol 27: 802-813

Image
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Global Phasing Limited Radiation damage - decal‘boxylatiOn

2mFo-DFc @ 1.0 rms, 2 A 6VZU
resolution.




GOL
Radiation damage - decarboxylation

F(early)-F(late) @ 6.0 rms

Showing loss of density due to

HO

2
6VZU
reduction in occupancy * early and late data automatically
increase in temperature factor generated by autoPROC

loss of atoms/groups * F(early)-F(late) maps automatically

movement of atoms/groups generated and analysed by BUSTER




GOL
Radiation damage - decarboxylation

HO

F(early)-F(late) @ 6.0 rms 6VZU
Showing loss of density due to de-carboxylation of ASP/GLU and compound
* reduction in occupancy

* increase in temperature factor

* loss of atoms/groups
* movement of atoms/groups




GOL
Radiation damage - decarboxylation

HO

/

F(early)-F(late) @ 6.0 rms 6VZU
Showing loss of density due to de-carboxylation of ASP/GLU and compound
* reduction in occupancy

* increase in temperature factor
* loss of atoms/araiins

* _movement of atoms/groups




GOL
Radiation damage - decarboxylation

F(early)-F(late) @ 6.0 rms 6vzZL

Showing loss of density due to de-carboxylation of ASP/GLU and compound
 reduction in occupancy

* increase in temperature factor

* loss of atoms/groups not every carboxy group suffers radiation
* movement of atoms/groups damage to the same extent
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Radiation damage - decarboxylation




GOL Radiation Damage - improved
model parametrisation

5 KC O Campletens: 13
early=524% late=91%
T T T = T
1.00

SKCO Tempel et al (2016).



GOL Radiation Damage - improved
model parametrisation

2mFo-DFc @ 1.0
rms

mFo-DFc¢ @ 3.5
rms
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Global Phasing Limited

Radiation Damage - improved

model parametrisation

2mFo-DFc @ 1.0
rms

mFo-DFc¢ @ 3.5
rms

F(early)-F(late)
@ 4.0 rms

strong
peak on
chlorine




GOL Radiation Damage - improved
Global Phasing Limited ] =
model parametrisation
Data 5KCO Refinement R/Rfree OCC 6RO B 6RO
non-CL, CL all, non-CL, CL
Deposited, None 0.1830/0.2150 0.84 19 18 32
merged
(1.47A) full, one OCC 0.1797/0.2009 0.73 18 18 26
Deposited, 0.1651/0.1980 0.73 20 19 30
remerged
(1.47A)
Reprocessed 0.1851/0.2074 0.72 19 18 27
(1.464) full, split OCC | 0.1848/0.2066 | 0.79 0.39 19 19 20
Reprocessed B, split OCC | 0.1872/0.2135 | 0.82 0.46 19 19 20
(1.46A), early
Reprocessed 0.2068/0.2284 | 0.79 0.27 21 21 23
(1.46A), late




GOL Radiation Damage - improved
Global Phasing Limited ] =
model parametrisation
Data 5KCO Refinement R/Rfree OCC 6RO B 6RO
non-CL, CL all, non-CL, CL
Deposited, None 0.1830/0.2150 0.84 19 18 32
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(1.46A), early
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(1.46A), late




GOL Radiation Damage - improved
Global Phasing Limited ] =
model parametrisation
Data 5KCO Refinement R/Rfree OCC 6RO B 6RO
non-CL, CL all, non-CL, CL
Deposited, None 0.1830/0.2150 0.84 19 18 32
merged
(1.47A) full, one OCC 0.1797/0.2009 0.73 18 18 26
Deposited, 0.1651/0.1980 0.73 20 19 30
remerged
(1.47A)
Reprocessed 0.1851/0.2074 0.72 19 18 27
(1.464) full, split OCC | 0.1848/0.2066 | 0.79 0.39 19 19 20
Reprocessed B, split OCC | 0.1872/0.2135 | 0.82 0.46 19 19 20
(1.46A), early
Reprocessed 0.2068/0.2284 | 0.79 0.27 21 21 23
(1.46A), late




GOL Radiation Damage - improved
Global Phasing Limited ] =
model parametrisation
Data 5KCO Refinement R/Rfree OCC 6RO B 6RO
non-CL, CL all, non-CL, CL
Deposited, None 0.1830/0.2150 0.84 19 18 32
merged
(1.47A) full, one OCC 0.1797/0.2009 0.73 18 18 26
Deposited, 0.1651/0.1980 0.73 20 19 30
remerged
(1.47A)
Reprocessed 0.1851/0.2074 0.72 19 18 27
(1.464) full, split OCC | 0.1848/0.2066 | 0.79 0.39 19 19 20
Reprocessed B, split OCC | 0.1872/0.2135 | 0.82 0.46 19 19 20
(1.46A), early
Reprocessed 0.2068/0.2284 | 0.79 0.27 21 21 23
(1.46A), late




GOL Radiation Damage - improved
Global Phasing Limited ] =
model parametrisation
Data 5KCO Refinement R/Rfree OCC 6RO B 6RO
non-CL, CL all, non-CL, CL
Deposited, None 0.1830/0.2150 0.84 19 18 32
merged
(1.47A) full, one OCC 0.1797/0.2009 0.73 18 18 26
Deposited, 0.1651/0.1980 0.73 20 19 30
remerged
(1.47A)
Reprocessed 0.1851/0.2074 0.72 19 18 27
(1.464) full, split OCC | 0.1848/0.2066 | 0.79 0.39 19 19 20
Reprocessed B, split OCC | 0.1872/0.2135 | 0.82 0.46 19 19 20
(1.46A), early
Reprocessed 0.2068/0.2284 | 0.79 0.27 21 21 23
(1.46A), late

L 4
*Refinement against “early” or “late” dataset show decrease in chlorine occupancy

*F(early)-F(late) maps give confidence in parametrisation




Re-refined
_‘ G(I)L 2mFo-DFc @ 1.0 rms
Global Phasing Limited mFo-ch @ 3_5 rms
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@ 5.0 rms

Re-processed
split OCC
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Pipedream - combining all steps

[ ] i Expert system that links data processing
—— W 5= (autoPROC), initial refinement & ligand
detection (BUSTER), ligand fitting (Rhofit),
final refinement (BUSTER) and analysis
(buster-report) - including
pepflip/SideAide option.

Used in large-scale operations within
commercial and academic environments.

For a given crystal form:
1) Apo model

2) Dataset (directory with images)
3) Ligand dictionary (CIF)

=> refined complex structure

https://www.globalphasing.com/buster/wiki/index.cgi?PipedreamMainpage
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Global Phasing Limited S u m m a ry

O Careful processing of data can be crucial (not everything is Lysozyme)

" Agood collection strategy (that adapts to crystal quality, SG, orientation,
detector, beamline, goniostat) will result in better data, better density and
better models

O Collect all prior knowledge
" Geometric restraints (good ligand dictionaries)
= Similarity restraints (NCS, targeting)
" Occupancy
" Correct formfactors (fluorescence scan)
O Refine to convergence
" Otherwise difference maps can be hard to interpret
" And statistics like R/Rfree are (fairly) meaningless

O What happened to crystal during data collection is still (very) important at this
stage

" Radiation damage: F(early)-F(late) maps
" Anisotropy (STARANISO)

O Often the defaults (quick click) work well ... but to get the correct structure
interpretation the best/correct parametrisation and refinement is important




GOPL

Acknowledgements

L Global Phasing, Cambridge (UK):

" Gérard Bricogne, Leigh Carter, Claus Flensburg, Rasmus Fogh,
Peter Keller, Wlodek Paciorek, Andrew Sharff, Oliver Smart, lan
Tickle

" Thomas Womack, Eric Blanc, Gwyndaf Evans, Pietro Roversi, John
Irwin, Eric de la Fortelle, Marc Schiltz

4 CCDC

d CCP4
O Martin Field, Alexei Vagin, Garib Murshudov, openbabel developers

O Global Phasing Consortium members
O ... many, many users & collaborators

https://www.globalphasing.com/
https://www.globalphasing.com/buster/wiki/ (Tutorials etc)




	Slide 1
	Slide 2
	Slide 3
	Prior knowledge is essential
	grade: ligand dictionaries based on CSD information where possible
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Alternate conformations
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 84
	Slide 85
	Slide 86

