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Molecular Replacement: The problem

(Slides courtesy of Gabor Bunkoczi)

Previous crystal form Current crystal form
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Complications

Differences between target and search model:
o Deviations in the main chain
Un-matched Loops

o
o Different side chains
o Different side chain conformations

Problems stemming from the experimental data:
o Incomplete data
o Anistropy
o Twinning
o Pseudo symmetry
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Automation

e Easy cases:
— provide a one button solution

— find the best solution and subsequently best starting point for
refinement and model completion

e Difficult cases:
— finding a solution can involve much trial and error

— success or failure in MR can be highly sensitive to small changes in
the search model

— try many permutations for search model selection, preparation
and molecular replacement

e Encapsulate complex procedures such as multiple search
model creation and the exploitation of ab initio modelling



ADb initio modelling and MR

Deriving structure models based solely on
their amino-acid sequence

Has become increasingly successful in recent
years and generated models have been
shown to work well as molecular
replacement search models in the case of
smaller proteins (up to 120 residues)

Can be a useful approach where no obvious
homologue is available to use as a search
model

Can also be used to re-model positioned |\ R
searc-h mode!s from a likely bu.t poor MR Cluster ofaligneé’ab initio
solution and improve the quality of generated decoy models
derived phases
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MR Pipelines in CCP4

* MrBUMP & BALBES

— Automated model search and preparation, molecular
replacement, refinement and model building

* AMPLE

— Using ab initio modeling to generate search models for molecular
replacement
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MrBUMP — Automated Molecular
Replacement
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Search for model templates v

Phmmer/FASTA search of PDB
— Sequence based search using sequence of target structure

Ad LS
el
= 5
FASTA (3.47 Mar 2004) function [optimized, BL50 matrix (15:-5)] ktup: 2 'S'
join: 36, opt: 24, openfext: -10/-2, width: 16
. . Scan time 2.870 =
The best scores are: opt bits E(84123)
O e resu |n | CO es 1k6d_B ( 219) 1413 322.9 2.56-88
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
1ooz_B { 462) 359 88.2 2.5e-17
are a e O a IS Tooy_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
091”a { 468) 359 88.2 2.5e-17
*pe_k { 453) 352 86.6 7.le-17
1m3e_D { 459) 346 85.3 1.8e-16
Im3e_A { 459) 346 85.3 1.8e-16
Im3e_C { 460) 346 85.3 1.8e-16
1m3e_B { 460) 346 85.3 1.8e-16
ese structures are caile 2ah D ( 487 161 aa’1 070004
2ahu_C { 505) 161 44.1 0.00051
2ahu_B { 505) 161 44.1 0.00051
2ahu_A { 505) 161 44.1 0.00051
model templates Ll B e
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 /
¥
Oth e r te m p | ates fro m . Frame 1 Prev frame | Next frame | Find | Show Summary | Quit | .
L]

Can add additional PDB id codes to the list, e.g. from external
HHPred or psiBLAST searches

New version calls HHPred directly to do search

Can also add local PDB files
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Multiple Alignment step @ (CP4

All model templates need to be aligned for scoring and later
model preparation step

1
'

0

target —.

1d6 A/1-155 - MHV v
1gn8_8/1-159 MQ KR
1gn8_A/1-159 MQ | .'-:“.—'1 I
WHu_A/1-157 - MTG
fo6b_A/1-160 - AS | BV
1gjc_B/1-157 - - KR
1gjc_A/1-157 - - |
1h1t_B/1-157 - -}

A QKRB
166¢_8/1-157 - - KR

| TNGH
Conservation B I B
7 4

433

Qualﬂylg_l I - Illlm l I.Ik I I ﬂlpalrWISE
alignment

M+ KRA I YPGTFDP | TNGHIDIVTRATQMFDHV | LAIAASPSKKPMF TLEERVALAQQATAHLGNVEVVGF SDLMANF A (USEd later in
Chainsaw &
Sculptor)

Consensus

Jalview 2.08.1 Barton group, Dundee

Currently support ClustalW, MAFFT, probcons or T-coffee for multiple alignment
Model template scoring: score = sequence identity X alignment quality

Where HHPred is used scoring and alignment come from HHPred search results



Domains

Suitable templates for target
domains may exist in isolation in
the PDB, or in combination with
dissimilar domains

In case of relative domain motion,
may want to solve domains
separately

SCOP database is scanned to see
if domains exist for each of the
PDBs in the list of templates (to
be replaced with BALBES
database)

Domains are then extracted from
the parent PDB structure file and
added to the list of template
models as additional search
models for MR.




Multimers L A ¢

— Use template multimer as model for target multimer (currently uses
PQS but will also be replaced by BALBES database)

— Better signal-to-noise ratio than monomer, if assembly is correct for
the target.

— Biologically relevant multimers more likely transferable

— Can be determined manually using PISA




Search Model Preparation V CCM

Search models are prepared in six different ways:

Unmod
- Input model template is not modified
PDBclip
- original PDB with waters removed, most probable
conformations selected and format tidied (e.g.
chain ID added)
Molrep
- Molrep contains a model preparation function
more side chain which will align the template sequence with the
. target sequence and prune the non-conserved side
truncation (uses chains accordingly.
alignments from Chainsaw deal with
multiple - Can be given any alighment between the target and deletions
Ii template sequences. Non-conserved residues are
alignment step pruned back to the gamma atom.
or from HHPred) Sculptor
- Similar to chainsaw but different protocols for side
chain truncation and alignment
Polyalanine

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

I Y y == > N9V \ UV 4



& (CP4

Phaser.Sculptor

Molecular Replacement Model Improvement effimi - - |

g MU|ti_prOtOCOI Sea rCh mOdel JoblitlelScqutor1v32B| Itad

Run Sculptor using User-defined protocol —JI

p re pa ration PDBIn Fullpath. — [ciCCPae.3i _tutorial_2006/datalypF/1v3z_B.pdb Brouse | view

Use alignments:

e Allows for fine-grain control of the st — | nad g

General v

p a ra m ete rS u S e d to d e C i d e O n Renumber accordingto target sequence

Rename residues v

search model truncation

Edit list —4 | Add residue name

. Mainchain editing algorithms Vol
o Ta ke S I n t O a C C O u n t Deletion algorithms

v Gap
_ S u r-f ace access i b i I ity [~ Sequence similarity with target completeness
™ Sequence similarity with threshold
. . Polishing algorithms:
— Weighted sequence alignment e
™ Keep regular secondary structure
Sidechain editing algorithms v
Pruning algorithms
v Residue type-based
Pruning level: IZ—
™ Sequence similarity-based
Completion algorithms

I~ Add missing Cheta

Run — Save or Restore — I Close I
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Ensemble models

Create ensembles of top search
models, for use in additional runs of
Phaser and Molrep

MR programs will weight up regions of
low alignment variance and down
weight regions with more variability

Can give solutions in cases where
individual models fail

Models must be sufficiently similar
(MW and rmsd) i

Use Gesamt or Superpose to align
structures
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Phaser.Ensembler

Help

Superpose chains in: e Generate ensembles from set

Structure in - Full path..  — |C:/CCP4/6.3/examples/mr_tutorial_2006/datahypF/1w2i_A.pdb Browse | View
Structure in  Full path..  — |C:/CCP4/6.3/examples/imr_tutorial_2006/datahypF/1v3z_B.pdb Browse | View Of S“ I ”la r h0| I IOIO gues

Structure in - Full path..  — |C:/CCP4/6.3/examples/mr_tutorial_2006/datahypF:2acy.pdb Browsel\)‘iew

Biist  — | Addstructure e Several protocols:

ah

Use alignments:

Eatist  — | Add aignment — Gapped or non-gapped
General v . .
Superposition method gapless - D |ffe re n t a I |g n m e nt m et h O d S
N T ... = including manual input of
Weighting scheme  robust_resistant - | .
Trim ensemble v a I Ig n m e n t
Output  Merged . .
c,,f,,,,—la,,.,,,f - — Trimming based on RMSD

Superposition convergence: |0.0001 t h r e S h O I d
Weighting convergence: |0.001

Weighting incremental damping factor: | 1.5
Weighting max damping factor: |3.34

Clustering distance: 0.5
Atom name ICA

Edit list =] I Add atom name I
Robust-resistant critical value: |9.0
Trimming threshold: |3.0
Run — | Save or Restore — l Close I




Molecular Replacement Step

Running MR
For each search model, MR done with Molrep or Phaser or both.
MR programs run mostly with defaults

MrBUMP provides LABIN columns, MW of target, sequence identity of search
model, number of copies to search for, number of clashes tolerated

Allow Molrep / Phaser to set resolution limits and weights

MR output
MR scores and un-refined models available for later inspection
assess quality of solution, extent of model bias

MrBUMP doesn’t use MR scores, but checks for output file with positioned
model, and passes to Refmac
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Restrained Refinement Step

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 0
final Rfree < 0.5 and dropped by 20%
final Rfree < 0.52 and dropped by 5%
otherwise U “poor”
conservative .....
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Model Building

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

Options:
Buccaneer
ARP/wWARP
SHELXE

SHELXE can also be combined with Buccaneer/ARPw/ARP to bring model
closer to completion

M Buccaneer - Aulomaled model building wilth Buccaneer
Number of build-refine cycles in Buccaneer: I—S_—

W ARP/WARP - Aulomaled mode! building withh ARP/WARP
Number of auto-build cycles in ARP/WARP: |5_

M SHELXE - Aulomaled phase improvement and c-alpha lrace

Number of tracing cycles in SHELXE:|10|
Perform model building after SHELXE: W Using Buccaneer: @ Using ARP/wWARP: W

Mode! Building and Phase lmprovement L]
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Assessing Solutions with SHELXE

Attempt to rebuild the
structures
— SHELXE: partial CC of >25% &

average fragment length of 10
or more

— Further confirmation provided
through building with
ARP/WARP and Buccaneer.

Figure courtesy of Andrea Thorn
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SHELXE CC vs. Mean Phase Error
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Inclusion of fixed models

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

Pre-delermined Component LS
Enter PDB files containing already determined fixed solution for the MR search:
Fixed PDB Full path.. — ||/home/mdw/bquMR/Iucasfinput_dataﬁ mér_positioned.pdb = Browse | View |

Sequence identity for this component |0.5
Edit list ~| Add PDB file |

Thus, solve complexes through consecutive runs of MrBUMP.
Automation of this in progress ....
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Example (thanks to Elien Vandermarliere)

Target is an arabinofuranosidase
Data to 1.55A in P212121

Small C domain (144 res) solved with 34%
seq ident model
(1w9t_B_MOLREP best out of 4 solutions)

With C domain solution fixed, large N domain (345 res) solved with 28%
seq ident model
(1gyh_C_CHNSAW best out of 7 solutions)

ARP/WARP then builds 457/493 residues to R/Rfree
0.185/0.225



MrBUMP output...

Il ccpA4i fileviewer 6_mrbump. log E]@\
Help

: — *
e ;[

2.4.4 (#71, Oct 18 2006, 08:34:43) [MSC v.1310 32 bit (Intel)]

Log file gives summary of models tried
and results of MR b " e

# CCP4: MRBUMP - Automated Bulk Molecular Replacement (version 0.4.4) #

Frers 'y #

May get several putative solutions B

Parsing command line arquments....

Ea Se Of S u bseq u e nt m Od eI re- b u i I d i ng) fjRunning Model search/preparation and Molecular Replacement mode

-> HKLIN = C:/CCP4-Projects/5W2010/mrbunp-exanples/derek/rex_bs_clf.mtz

m Od e I CO m p I et i O n m a y d e pe n d O n -> SEQIN = C:/CCP4-Projects/SW2010/mrbump-examples/derek/ydih. seq

-> HKLOUT = C:/CCP4-Projects/5W2010/mrbump-exauples/rex_bs_clf mrbump solnl.mtz

-> XYZOUT = C:/CCP4-Projects/SW2010/mrbunp-examples/rex_bs_clf mrbump solnl.pdb

ChOice Of SOI Ution {ENTER KEYWORD INPUT FROM FILE OR FROM STANDARD INPUT
Worth checking “poor” solutions ek o

colunn FREER_FLAG labelled as FreeRflag

Top solution available from ccp4i s fn Y 5

-
Run in TRYALL mode set to: True

-

CLEAN flag set to: False

-

Use Acorn to improve map set to: False

-

Acorn will be invoked if the collected data resolution is better than: 1.700
Angstrons

>

Enantiomporph search set to: False

>

Number of clashes tolerated in Phaser: 5 _I
RN i
Number of cycles of restrained refinement to use in Refmac = 30 'I

Find | Show Log Graphs I Show Summary | Quit




MrBUMP output - QTRview

4

qtRView 1.03 - hypf mrbump run 2

File Edit ‘Window Help
\ ~3 g
@ B £ @ e 7
Print  PDF/PS Refresh mrbump  CCP4 Preferences  Exit
Results ] LogFile | Help. ]
hypf mrbump run 2
[v] Summary [a]
#458 MrBUMP Summary: Sorted results so far. .. #48
Total number of MR jobs: 21
Number of MR jobs run so far: 2
MR programs being used: MOLREP PHASER
Best search model so far: locZ_A lgxt MOLREP using MOLREP
Initial Rfree: 0.371
Final Rfree: 0.401
SHELXE CC: 0.000 i
Solution Type: MARGINAL
Files for best search model:
Refmac PDEOUT:
C: /CCP4-Projects/test\search 38\datallocZ A lgxtimolrep\mrimolrepirefine\refmac molrep locZ_ A lgxt MOLREP.pdb
Refmac MTZOUT:
C: /CCP4-Projects/test\search_38\datallocZ A lgxtimolrepi\mrimolrepirefinei\refmac_molrep HKLOUT locZ_ A lgxt MOLREP.mtz
Refmac LOG:
C: /CCP4-Projects/test\search_38\datallocZ A lgxti\molrep\mrimolrepirefine\refmac molrep locZ_A lgxt MOLREP. log
Buccaneer PDEOUT:
C: /CCP4-Projects/testisearch 38\datallocZ A lgxtimolrepimrimolrepibuildibuccaneeribuccaneer molrep locZ A lgxt MOLREP.pdb
SHELXE PDEOUT:
C: /CCP4-Projects/test)search 38\datallocZ A lgxtimolrepimrimolrepibuildlshelxelshelxe molrep locZ A lgxt MOLREP.pdb
Complete list of solutions so far: |
Model Name MR _Program Solution Type final Rfact final Rfree Bucc_final Rfact Bucc_final Rfree SHELXE_CC
locZ_A lgxt MOLREP MOLREP MARGINAL 0.344 0.401 0.342 0.3939 30.78
ensemble model0 PHASER MARGINAL 0.343 0.402 0.351 0.433 28.81
Graph Data 0.40 L L L L L L L T T |
+ Alignment scores after template model search 2 /_._.—0"_""
+ Search model preparation scores
+ Final Translation Function Summary for model ensembl. 0.35 G
=l Rfactor analysis, stats vs cycle for model ensemble_m... *
=) &t;RFactordgt; vs cycle
RFfact
Rfree 0.30 ||
+ FOM vs cycle 2 -

\




CCP4 Online

| www.ccpd.ac.uk/schoolsh X ¥ @ CCP4 online

€ C [ www.ccpd.acuk/cc

P

Home (Logout) > Login > Programs

Programs

Note: You must have a CCP4 licence to run these programs.

Username: arsefeck

for solving a crystal structure by Molecular Replacement

Balbes An automated Molecular Replacement (MR) pipeline - Balbes integrates into one system all the components necessary

MrBUMP [ An automated Molecular Replacement (MR) pipeline - Given a target sequence and experimental structure factors, it
will search for homologous structures, create a set of suitable search models from the template structures, do
molecular replacement, and test the solutions with some rounds of restrained refinement.

Zanuda | Space group and crystallographic origin validation

CCP4 STFC Rutherford Appleton Laboratory, Harwell Campus
Didcot Oxon OX11 OFA

Tel:(+44) 1235 567726 | Fax: +44 (+44) 1235 567720 | Email: ccp4@ccp4.ac.uk

About | Legal Statements
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Benefit of processing many models

Sample set from 2009 PDB

depositions processed

Before MR step all search

models are scored based
on sequence alignment

Best MR solutions based

against initial scoring of
the search model used
(results are for
successful MR jobs only)

Number of solutions in each bin

180

160

140

120

100

80

60

40

20

Phaser mm
Molrep  m—

12067 96200 21225 26-30 >30

Ranking of top solution search model before MR
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e Model type for best solution (successful MR
test cases)

MrBUMP Testing Results

0.55
_ 05 |
D
e
(@]
£
§ 045
]
D
w
g 04
0
S
¢ 035 }
I
>
i
= 03
% i
= Chainsaw model
LIC__ Molrep model
025 Polyalanine model
Ensemble
Domain model
0.2 Z -

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Sequence |D best search model with target sequence
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