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Diagram showing the percentage of structures in the PDB solved by
different techniques

67.5% of structures are solved by Molecular Replacement (MR)

21% of structures are solved by experimental phasing
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Let the computer do the work dnoq
you

Number of solutions in each bin

160

140

120

100

80

60

40

20

Phaser

Molrep

1n-15 16-20 21-25 26-30 =30

Ranking of top solution search model before MR

Sequence homology
ranking of

best solution

(2009 pdb entries
vs. pre-2009 data)

N V2V L2y N



3 pipelines, 3 routes to solution

. MrBUMP
* Tries to mimic “best” practice of using
bioinformatics tools*

. BALBES
* Custom database optimised for MR

. AMPLE
* Ab initio model generation**

*external packages clustalw, mafft, fasta
**external packages ROSETTA, QUARK, SPICKER
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Using the pipelines: ccp4i

%/ CCP4 Program Sui

Automatic structure solution — |
Automatic structure solution ol H
Data Reduction and Analysis o
Experimental Phasing antal p
Molecular Replacement
Density Improvement L
Model Building NitED
Refinement ar repl
Structure Analysis o
Validation & Deposition 1

Map & Mask Utilities
Reflection Data Utilities
Coordinate Utilities

Graphics and Viewing Utilities

Program List

%/ CCP4 Program Su

Automatic structure solution — |
D Process images =

W Qbiain piases |
.. CRANK automatic experimental _i

— MrBUMP automatic molecular rep
— BALBES automatic molecular repl

|
D Beitd mode! o

ol

P iligands A

e |

%X/ CCP4 Program Su

Molecular Replacement — |

D Amasis

D Model Generation
Phaser MR

Run MrBUMP

Run Balbes

Run AMPLE (beta)

¥ AMORE Shie

D utisties
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www.ysbl.york.ac.uk/balbes

York Structural Biology Laboratory

THE cz_<;m:f§~»
York Structural Biology Laboratory

Welcome |

> > > > New Balbes Run Username: garibM

Runnable Progra are and cif (stru rs) and (sec e t: ARP/WARP
esults to the ARP/wARP
to run Balbes, B N
Browse
Downloads Browse /‘
Click on the links beloy Instead of entering a Sequence Target file you can paste your FASTA sequence below: — \
(Note that a comment line beginning with a ">" character must preceed each sequence) A
Y macrom
a Java inte
1ISSEe5S5Mmie W
an easy w {
7 T —
World v * ——
Dictionary ‘
~— { submit ) (after clicking submit, PLEASE WAIT for your files to upload - this may take some time) _a
nload the Refmac -
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N MrBUMP: Automated Model generation and Molecular Replacement

MrBUMP — Keegan, Winn

(Job title |
Program Mode: Model search and Molecular Replacement

—

Spacegroup from MTZ file: Nofe il MrBUMP wilf assume IfNs spacegrowup for e MR siage

NHumber of molecules in the asu: Leave biank 1or aniomalic calcLialion

seEqin PRoJ Model search only Browse _ View _
I

MTZin ProJ Molecular Replacement only Browee _ View _

F — | Sigma — |

Free-R — |

MTZout PROJECT | Browse _ View _
PDBout PROJECT | Browse _ View _

Tempiale Search Oplions

User specified search models

Searci Modef Preparation Oplions

Maximum number of search results from which to generate search models for use in MR: _m|
Search model types to create:

1 Umodified - No ofanges 1o search modef

_1 PDBClip - Remove walers, iydrogens and select most probable conformalions for side chains
W Molrep - Side chmin fruncation based on Moirep sequernce afignment

W Chainsaw - Side chain fruncation based on multiple afignment sequence from Mafft

W Sculptor - Side chain fruscation and gap opening based on multiple afignment

_1 Polyalanine - Removal of alf side cfains

Number of Ensemble models to prepare: _dl

Maximum number of prepared models to use in each Ensemble model: _u|

Molectiar Repiacement aind Refinerment Opiions

=

FPre-delfermined Comporent
Enter PDB files containing already determined fixed solution for the MR search:

Edit list — _ Add PDB file _

Model Buitding and Phase Improvement

Run —_ Save or Restore .« Close _

Dependency Warning!: Fasta program not found (fasta34, 35 or 36) Dowrxoad fron: Hiip /AWWW.ebi.ac.tk/1asia/

=
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Mr BUMP pipeline

Farm MR/Refinement
jobs to cluster

Target MTZ T —
& Details
Sequence _
Template
mmm...n:
Model
Check scores Preparation
and exit or select
the next model _
Molecular
Replacement

& Refinement
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MrBUMP — search for model templates

FASTA search of PDB

®  Sequence based search using sequence of target structure

All of the resulting PDB id
codes are added to a list

~

These structures are called
model templates

Other templates from:

v/ hn?:\uawtwa 9imrbump:og) (1)@ i£31)
7 _ Help
. - . 4+
FASTA (3.47 Mar 2004) function [optimized, BL50 matrix (15:-5)] ktup: 2
join: 36, opt: 24, open/ext: -10/-2, width: 16
Scan time: 2.870
The best scores are: opt bits E(84123)
1k6d_B { 219) 1413 322.9 2.5e-88
1k6d_A { 217) 1388 317.3 1.2e-86
1091_C { 425) 359 88.2 2.3e-17
1091_B { 425) 359 88.2 2.3e-17
looz_B { 462) 359 88.2 2.5e-17
looy_A { 463) 359 88.2 2.5e-17
looz_A { 463) 359 88.2 2.5e-17
lope_B { 463) 359 88.2 2.5e-17
1091_D { 464) 359 88.2 2.5e-17
looy_B { 468) 359 88.2 2.5e-17
1091_A { 468) 359 88.2 2.5e-17
lope_A { 453) 352 86.6 7.le-17
Im3e_D { 459) 346 85.3 1.8e-16
Im3e_A { 459) 346 85.3 1.8e-16
1m3e_C { 460) 346 85.3 1.8e-16
1m3e_B { 460) 346 85.3 1.8e-16
2ahw_D { 487) 161 44.1 0.00049
2ahu_C { 505) 161 44.1 0.00051
2ahu_B { 505) 161 44.1 0.00051
2ahu_A { 505) 161 44.1 0.00051
2ahu_D { 505) 161 44.1 0.00051
2ahv_B { 512) 161 44.1 0.00052
2ahw_B { 512) 161 44.1 0.00052
2ahv_A { 512) 161 44.1 0.00052
2ahw_A { 512) 161 44.1 0.00052
2ahw_C { 512) 161 44.1 0.00052
2ahv_D { 512) 161 44.1 0.00052
2ahv_C { 512) 161 44.1 0.00052
¥
Frame 1 Prev frame _ Next frame _ Find _ Show Summary _ Quit _ °

+ SSM search using top hit from the FASTA search

+ Can add additional PDB id codes to the list, e.g. from

FFAS or psiBLAST searches
+ Can add local PDB files
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MrBUMP — domains and multimers

2

SCOP database is scanned to
see if domains exist for each of
the PDBs in the list of templates

y

Use template multimer as model for -
target multimer

Domains are then extracted Better signal-to-noise ratio than A |
from the parent PDB structure monomer, If assembly is correct for —
the target. ‘

7,



MrBUMP —

search models

Search models can be prepared in five ways:

PDBclip

)

Molrep

Chainsaw
]

Sculptor
¥

Polyalanine

original PDB with waters removed, most probable
conformations selected and format tidied (e.g. chain ID
added)

Molrep contains a model preparation function which will
align the template sequence with the target sequence
and prune the non-conserved side chains accordingly.

Can be given any alignment between the target and
template sequences. Non-conserved residues are
pruned back to the gamma atom.

Similar to chainsaw but different protocols for side
chain truncation and alignment

Created by excluding all of the side chain atoms
beyond the CB atom using the Pdbset program

L 240K ARINVAY
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MrBUMP - ensembles

* Create ensembles of top
search models, for use in
additional runs of Phaser.

* Models must be sufficiently
similar (MW and rmsd)

*Future versions will
iIncorporate phaser.ensembler
to provide more ensemble
search models
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MrBUMP — multiple alignment
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MrBUMP — MR and Rigid Body Refinement

Running MR

For each search model, MR done with Molrep or Phaser or both.

MR programs run mostly with defaults

Allow Molrep / Phaser to set resolution limits and weights

Rigid body scoring

The resulting models from molecular replacement are passed to

Refmac for restrained refinement.

The change in the Rfree value during refinement is used as rough

estimate of how good the resulting model is.

final Rfree < 0.35 or
final Rfree < 0.5 and dropped by 20%

final Rfree < 0.48 or
final Rfree < 0.52 and dropped by 5%

otherwise

“marginal”

nnUOOﬁ:
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Mr BUMP — model building

A New: Model building programs can be invoked post-MR to give a better
assessment of whether or not the MR solution is correct

A Options:

A

Buccaneer
ARP/WARP
SHELXE

FIC-UCICTITHIICU LUTIPUIICT i

Mode! Building and Phase lmprovement

W Buccaneer - Auwlomaled model building with Buccaneer
Number of build-refine cycles in Buccaneer: |10

W ARP/WARP - Aulomaled model! building witt: ARP/WARP
Number of auto-build cycles in ARP/wARP: |10

W SHELXE - Aulomaled phase improvement and c-alpha lrace
Number of tracing cycles in SHELXE: 10

Additional Options

Advarniced Oplions

Run — Save or Restore

e
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MrBUMP - other

Prepositioned models/complexes
MrBUMP will now accept one or more positioned models.
These are included as fixed models in all MR jobs.

Pre-delermined Componernt =
Enter PDB files containing already determined fixed solution for the MR search:
Fixed PDB Full path.. /home/mdw/bulkMR/lucas/input_data/1mdr_positioned.pdb  Browse _ View _

Sequence identity for this component |0.5

Edit list 1_ Add PDB file _

Phase extension

If resolution better than 1.7A use Acorn procedure
Initial phase set from refined MR solution

Artificial phase extension to 1.0A

LB %
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mQ>me — Murshudov, Long, Vagine

006 \. BALBES

' Help |

This inferface is for version Q.0.1 of BALBES

Job title
Do Standard MR ~ _

Wiew

Wiew

iew

'STRUCTURE FACTOR FILE (MTZor CIF)in  tempo I Browse
SEQtargetin  tempo | Browse
Solution PDB  tempo : Browse
Solution HKL  tempo : Browse

View

1

Run L_ Save or Restore L_ Close _

% balbes —f structure factors_file -s sequence file —o output directory

-f' required
-s required
-0 optional
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BaABeo - schematic

Inputs

> 4 I - A
N~

database |[€r——— Manager (=== [ 55rams
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VW LK “EKINAY



BaABeo - manager

Organises

Data

Resolution for molecular replacement
Data completeness and other properties
Twinning

Pseudo translation

Sequence

Finds template structures with their domain and multimer
organisations

Estimates number of molecules in the asymmetric unit
“Corrects” template molecules using sequence alignment
Protocols

Runs various protocols with molecular replacement and
refinement and makes decisions accordingly

L2y K IR
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BaABeo - database

Organised according to:

Chains . The internal database has around 35000 unique entries
selected from more than 51,000 present in the PDB.

All entries in the PDB are analysed according to their identity. Only
non- redundant sets of structures are stored.

Domains. The DB contains 35000 domain definitions Loops and
other flexible parts are removed from the domain definitions.

Multimers of structures (using PISA)

L 2K RINAY

Hierarchy is organized according to sequence identity and 3D
similarity (rmsd over Ca atoms).
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BaABeo — model selection

DVSGTVCLSALPPEATDTLNLIASDGPFPYSQDGVVFQ

dom1chain2

dom1chain2

Input sequence

Database
of
domains

~_

Best multi-
domain model

Full chain
models
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BaABeo — model preparation

All models are corrected by sequence alignment and by accessible
surface area

‘ . domains
. ’ domains

Multi-domain
model

Chain 1

multimer
. NO

Chain 2
multimer

>
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BaABeo — ensemble models

Example: m
Homologues fr he Balbes database: Reference chai

L @ ~ @

Ensemble search models:

re On @
c Reference chain
Mmoo M

on the top



BaABeo — refinement

R-values

Final decisions are made based on R-factors after refinement.
Since we have similar structures we can use them in refinement.

Jelly body

In refinement stage “jelly-body” refinement is used. It seems to
increase success rate, especially for multidomain cases.

Space group

Future version will use more extensive search of space groups and
decision on space group will be made after refinement.

1240 K T ARINVAY
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AMPLE - Biddy, Keegan

)2

ROBETTA

AMPLE (beta) - Ab inito modelling for Molecular Replacement Initial parameters from /home/rolo

| Help |

Job title _no:_v ab initio model MR Ample User Guide

{nput Files

SEQin  ample — _no:__vl.ﬁmﬁ Browse _ View _
MTZin ample —|2cmp.mtz Browse _ View _

F FP . |sigma SIGFP

Free-R FREE — |
Number of models to generate: 500
Number of Processors |1

Fragmen! Files
To generate fragment files for your sequence you need to use the Robetta Fragment library server

Click here to go to online Robetta Server (registration required) _

3mers Ammxxxxbwlom.noolﬁlwu _\:oaoxaaxmm\oo_ua.v«o_mo.m\m_.:v_m Browse

9mers (aaXXXX_09 05200 _v1_3) _5030\_‘5_6!002%_.o_oo.m\mav_m Browse

Roselia installation
Rosetta Installation Directory _\:oao:.:.__am\o_ozm«Q..Owo:mw.a Browse

Run P~ _ Save or Restore — _ Close

|

Documentation available
from http.//ccp4wiki.org



AMPLE — ab initio structure prediction

ADb initio (or de novo) structure prediction is the
prediction of a target structure fold based purely on its
sequence information.

Methods have greatly improved in recent years with
the aid of the CASP experiments
(Critical Assessment of Protein structure prediction).

Some examples are:
Rosetta

I-TASSER

QUARK



AMPLE — Monte Carlo sampling

1000’s of “Decoys” assembled of
fragments from PDB structures.

Decoys are clustered and centroid
representatives of largest cluster
are considered candidate fold
predictions.

Side chains added to selected
decoys.

Refinement under a more realistic
physics-based force field.

Initial fragment assembly stage requires relatively modest
computing power.
Refinement stage can require supercomputing resources.



AMPLE - synergies

ab initio modelling Molecular Replacement

Produces clusters of similar Works effectively with
model structures superposed ensembles
approximating the target



AMPLE - the pipeline

Designed to make ab initio
modelling for use in MR easily
accessible to users.

Generate large number of trial
models.

Cluster into groups according to
RMS deviation.

Select templates from largest
cluster.

Cluster Centroid

THESUEUS

L2y K RINAY
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AMPLE - pipeline in more detail

GDT

Rosetta models

Top cluster models from

? ROSETTA or QUARK _
Quark models

Spicker e
ML Align with Theseus giving
variance scores for each residue

v

Truncate the most variable
residues using six thresholds

\ 4
Recluster truncated models selecting the (up to x3
largest cluster (1A then if necessary 2, 3A), case-dependent)

(x6 per target)

v , \ 4 . 4
Leave as polyalanine ; 7 Add reliable side chains _ _ Add all sidechains ~ \xw \

1 + |
MR with MrBUMP (both Phaser and Molrep) (x2)

v
Refinement and model building

(Buccaneer, SHELXE, ARP/wARP)

O PHRERG TP - U



AMPLE - effectiveness based on
secondary structure type

60
29.7
50
31.3
(7]
@ 40
S mixed a-B failure
S
2 30 M all-B failure
v
.m 53.7 48.9 M all-a failure
M 20 20 , ~ mixed a-p success
61.1 47 4 all-B success
M all-a success

Protein length (residues)

Overall success rate:
all-a = 80%; all-B = 2%; mixed a-# = 37%
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