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Molecular Replacement: The idea

(Slides courtesy of Gabor Bunkoczi)

Search Model
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Molecular Replacement: The problem

(Slides courtesy of Gabor Bunkoczi)
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Separability

(Slides courtesy of Gabor Bunkoczi)




e Differences between target and search model:
o Deviations in the main chain
o Un-matched Loops
o Different side chains
o Different side chain conformations

e Problems stemming from the experimental data:
o Incomplete data
o Anistropy
o Twinning
o Pseudo symmetry
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MR: Statistics

MR
ESIR
OMIR
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OMAD

B Not
9.6% ~ specified

1.8% 67.5%

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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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




Ab 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
search models from a likely but poor MR
solution and improve the quality of
derived phases

Cluster of a/igne<5 ab initio-
generated decoy models




|dentify suitable search model to give initial estimate of
phases for unknown target structure

Preparation of search model for MR
Carry out MR using Phaser, Molrep or other program

Assess MR solution (e.g. MR scores, refinement scores,

view density map)
— Looks correct? — go on to model building and refinement

— Incorrect? — return to step 1 or 2 and try to find a better or improve

search model




e Homologues available:

— Find best search models and optimise their chances of
success using various search model preparation
procedures

— MrBUMP, BALBES
e No obvious homologous structures:

— Generate artificial models using ab initio modelling or
fragment libraries

— AMPLE, ARCIMBOLDO
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MrBUMP




MrBUMP Pipeline vCCP4

Target MTZ Target
& —_— :
Details
Sequence l

Search

Template ‘

Model
Preparation

Farm MR/Refinement jobs to
l cluster

Check scores and exit
or select the next
model

Molecular Replacement
Refinement
Model Building




Search for model templates

Phmmer search of PDB
— Seqguence based search using sequence of target structure

] el EEX
| Help ‘
|
FASTA {(3.47 Mar 2004) function [optimized, BL5(Q matrix (15:-5)}]1 ktup: 2 N
join: 36, opt: 24, open/ext: 10/ =2, width: 16
. . Scan time: 0 —
The best s 8 t bits E(84123)
of the resultin id codes |3 g M SR
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
are a e O alls 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
1lo91_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
e A { 453} 352 86.6 7.le-17
1m3e_D ( 459) 346 85.3 1.8e-16
1m3e_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
ese Sstructures are caile 2ah D ( a87) o1 421 o 00ds
2ahu_C ( 505) 161 44.1 0.00051
2ahu_B ( 505) 161 44.1 0.00051
2ahu_A ( 505) 161 44.1 0.00051
mode tem |ates 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 4
Ll
Other tem plates from . Frame 1 Prev frame | Next frame | Find | Show Summary | Quit | .
.

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

e New version calls HHPred directly to do search (default for this
online server)

e Can also add local PDB files
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Multiple Alignment step #CCP4

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

Tomet/i-161 - MRA - W
1od& A/1-155 - MHY - W/
1gn8 B/1-159 W0 KR |
1gn8_A/1-159 WO KRE |
WHu_AM-167 - MTGEvVC
1o8b_A1-160 - AS | BvC
igic_B/1-167 - -
igic_AM-157 - -
k1t B/1-157 - -
. A ] C

S HilS S o 0 o o
zblz==-r ===
L= - - -

al 1

1bet_BM-157 - -

\

Congervation —EJ_ ! 5 605 r 5 7 7 ° o
airwise
T s
o alighnment

.
M+ KRAIYPGTFDPITHNGHID IVTRATOMFDHWV ILAIAASPSKKPMFTLEERVALAQOATAHLGNYEVVGFSDLMANF A (used Iater In

Chainsaw &

Jalview 2.08.1 Barton group, Dundee
Sculptor)

Currently support Phmmer, MAFFT, 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 v

— Use template multimer as model for target multimer

— 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

N



Search Model Preparation vCCP4

Search models are prepared in six different ways:

Unmod
Input model template is not modified

origsnal PDB with waters removed, most
F_rq able conformations selected and format
idied (e.g. chain ID added?

PDBclip

Molrep

Molrep contains a model Rreparation
function whjgﬁ\mllltallgntt e template g
- , sequence wi e target sequence an
more side chain prane the non-conserved Side chains

truncation (uses _ accordingly.
alignments from Chainsaw deal with
g/ | - %Zan bte gi\éetn an qclignment betV\(\leen the eal wit
' arget and template sequences. Non- i
m,u tiple congserved residpues areqpruned back to the deletions
alignment step gamma atom.

or from HHPred Sculptor
f ) — Similar to chainsaw but different protocols

for side chain truncation and alignment
Polyalanine

— Created by excludir&%all of the side chain
atoms beyond the atom using the Pdbset
program




Phaser.Sculptor

e Multi-protocol search model
preparation

e Allows for fine-grain control of the
parameters used to decide on
search model truncation

e Takes into account

— Surface accessibility
— Weighted sequence alighnment

Help

Job title |Scul|)tor 3z

Run Sculptor using User-defined protocol —

PDBin  Full path. — IC:.-'CCP4.-'6.3.-'examples.-’mr_tutorial_ZOOﬁ.-'(Iata.-lm)F.-'1v32_B.|)(Ih
Use alignments:

Edit list

Browse | Viewl

— | Add alignment |

General

Renumber accordingto  target sequence —

Rename residues |+

Keep hetero residues:

Edit list —

il

Add residue name

Mainchain editing algorithms

Deletion algorithms

v Gap

I Sequence similarity with target completeness
I Sequence similarity with threshold
Polishing algorithms:

" Remove short segments

[ Keep regular secondary structure
Sidechain editing algorithms

Pruning algorithms

Iv Residue type-based

Pruning levet:[2

I~ Sequence similarity-based
Completion algorithms

I~ Add missing Cheta

Run —

Save or Restore — |

il

Close |




Ensemble models

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

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

eCan give solutions in cases where
individual models fail

e Models must be sufficiently similar
(MW and rmsd) \/

eUse Gesamt or Superpose to align
structures
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Phaser.Ensembler

Help

e e Generate ensembles from set

Structure in - Full path..  — |C:iCCP4/6.3 lexamples/imr_tutorial_2006/datahypF/1wz2i_A.pdb Elrouusel\.rieuul
Structwre in - Full path.. — [C:/CCP4/6.3/examples/mr_tutorial_2006/datahypF/1viz_B.pdb Elrc-wselViewl Of S“ I “la r h0| I lOIO gues

Structure in -~ Full path..  — |C:/CCP4/6.3/examples/imr_tutorial_2006/datahypF2acy.pdb BromselVieuu

Eatist  — | Addstracture e Several protocols:

Use alignments:

Eatiist | Adaaignmen — Gapped or non-gapped
General v . .
Superposition method gapless — - D Iffe re nt d I Ig nme nt m et h (0] d S
Mapping method ssm —] ‘ I n Cl u d | ng manua I i n p ut of
Weighting scheme  robust_resistant — | .
Trim ensemble v a I Ig n m e nt
Output  Merged — . .
e = — Trimming based on RMSD

Superposition convergence: (0.0001
Weighting convergence: 0.001 t h res h 0] I d

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

Clustering distance: 0.5
Atom name ICA

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




Plan to implement AMPLE method in MrBUMP in near future
Homologues structurally aligned using Gesamt to form initial ensemble
Test cases: 1E59, 1EBB, 2QNI, 3DCY, 1DKM, 1QWO
1UJB, 2A6P and 3C7T as distant homologues in ensemble

Structures in superposition

PDB 1UJB/2A6P/3C7T 1UJB/2A6P 2A6P/3C7T 1UJB/3C7T MrBUMP MrBUMP
no 1UJB

1E59 0/57 0/10

1EBB 11/57 0/57 1/63 14/63 3/10 0/7

2QNI 34/57 14/57 19/63 27/63 0/10

3DCY 45/57 41/57 40/63 45/63 2/10 0/7

1DKM 0/57 0/10

1Qwo 0/57 0/10
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Molecular Replacement Step

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

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

e 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

e MrBUMP doesn’t use MR scores, but checks for output file with positioned
model, and passes to Refmac
e LLG scores given in table

e > 120 —clear solution

® > 60 < 120 — most likely a solution

e < 60 — worthy of investigation
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Restrained Refinement Step

e The resulting models from molecular replacement are passed to
Refmac for restrained refinement.

e The change in the Rfree value during refinement is used as rough
estimate of how good the resulting model is.

|Il

final Rfree < 0.35 or —
final Rfree < 0.5 and dropped by 20%
final Rfree < 0.52 and dropped by 5%
otherwise —> “poor”
conservative .....




Model Building

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

e Options:
e Buccaneer
e ARP/WARP
e SHELXE

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

Mode! Building and Phase Improvemeit

B Buccaneer- Aulomaled model building with Buccaneer
Number of build-refine cycles in Buccaneer: |5

B ARP/WARP - Awtomaled mode! building witir ARP/WARP
Number of auto-build cycles in ARP/WARP: |5

B SHELXE - Awulomaled phase improvemert and c-alpha trace

Number of tracing cycles in SHELXE:|10|
Perform model building after SHELXE: W Using Buccaneer: @ Using ARP/wARP: |
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Assessing Solutions with SHELXE

e More stringent method of
testing MR solution: 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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e Criteria for success:
e CC of better than 25%

e Average fragment chain length of 10 or more

e Result for > 1000 AMPLE jobs
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Inclusion of fixed models

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

FPre-delermined Component
Enter PDB files containing already determined fixed solution for the MR search:

Fixed PDB Full path.. fhome/mdw/bulkMR/lucas/input_data/1mdr_positioned.pdb = Erowse | Wiew
Sequence identity for this component |0.5

Edit list —-| Add PDB file

e Thus, solve complexes through consecutive runs of MrBUMP.
e Automation of this in progress ....




Example (thanks to Elien Vandermarliere) v

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: Automated Model generation and Molecular Replacement = & =

| Help

Job title E

Program Mode:  Model search and Molecular Replacement ~ —

SEQin  pierreHD — Bmwsel View
CC P4 M G U I MTZin pierreHD — Bmwsel\new =
I F —i | sigma =0 E

FreeR =
Spacegroup from MTZ file: Note that MrBUMP will assume this spacegroup for the MR stage

Searching for a model through to = = —

- - PDBout pierreHD — Elmwsel View =
m O d e | b Ul I d N g Number of molecules in the asu:| L eave biank for automatic calcuiation

¥ Ctruncate - Analyse experimental data with Ctruncate

Template Search Options [

All steps can be adjusted erem———

I~ Update local copies of search databases

. . Multiple alignment program: Mafft — il
lefe re nt Optlons for mOde | Additional search methods touse: ¥ SCOP —I
User specified search models

search, alignment, molecular Sorch Moot Prprsion Ok

Maximum number of search results from which to generate search models for use in MR: |5

replacement and model building

I Umodified - No changes to search model
" PDBClip- Remove waters, hydrogens and select most probable conformations for side chains
. .
S b I d f I t t ¥ Molrep - Side chain truncation based on Molrep sequence alignment
e n S I e e a u O p I O n S ¥ Chainsaw - Side chain tr ion based on i i from Mafft
¥  Sculptor - Side chain truncation and gap opening based on muitiple alig
Can take several hours to run ™ Palyaianine - Removalof ai side chains

Number of Ensemble models to prepare: |T
Maximum number of prepared models to use in each Ensemble model: |5
R and R Options ¥

[

Molecular replacement programs totry: ¥ Molrep ¥ Phaser

Number of cores to be used by Phaser: |2 Note: this value will be set to 1 for cluster submission

Number of clashes to tolerate in Phaser:|5  Note: this value is per molecule in the a.5.u.
Number of cycles of restrained refinement in Refmac: |30

Use TWIN option in Refmac (requires Refmac 5.5 or later) [~

Finish when all of the search models have been tried in MR — |

Pre-determined Component r
=

RAnrinl Duitrline naned Dhaon banraonmant

Run — Save or Restore — | Close




CCP4i2 alpha-4324 Project Viewer: gamma

File Edit History Utilities Projects Help
= « S @ =] o4
Task menu View in Coot View in CCP4mg Help Bibliography Clone job Run

Job list | Project directory Job 32: Automated structure solution - MrBUMP The job is Finished

Q  JobfFile Evaluation Finished Input | Results | Comments
+ 33 Automated structure solu... sequence-based search results led results for molecular replacement and refine.  Biblio Run
b+ s AN 32 Automated structure sol... Fri 30 Oct =
© 31 Automated structure sol... Fri 30 Oct Results [

2+ A 30 Refinement - REFMAC5
©+ A 29 Refinement - REFMAC5
-+ 28 Refinement - REFMAC5
=+« A 27 Automated structure sol... Fri 30 Oct

0.26 RFree=0.27  Fri 30 Oct
0.26 RFree=0.27  Fri 30 Oct
MrBUMP is a pipeline to trial many search models in molecular replacement. It will find and

ible search models based on a sequence alignment between your target sequence
own structures in the PDB (using Phmmer by default). It then goes on to run

CCP4i2 alpha-4324 Project Viewer: gamma

File Edit History Utilities Projects Help lacement (MR) on the best of these. Post MR it refine each resulting solution and
- . __ ) - - y al model building to assess the likely success or otherwise of the molecular
= o ® ¥ % search.

Task menu  View in Coot View in CCP4mg Help Bibliography Clone job Run
ice-based search results

Job list | Project directory Job 33: A ed structure solution - MrBUMP The job is Pending
Q Job/File Evaluation Finishei Input ‘ Results I Comments I fhrestltst:f the setquence based search (using Phmmer). Below is the alignment of
<+ = 33 Automated structure solu... Input Data | Options s fo the target sequences.
#oeo+ A 32 Automated structure sol... Fri 30 ( —
-+ @ 31 Automated structure sol... Fri 30 ¢ Job title [
=%+ A 30 Refinement - REFMAC5 R=0.26 RFree=0.27 Fri30¢ HHHHHssgLVPRGSHMWKqSVELAKK:
® -+« A 29 Refinement - REFMAC5 R=0.26 RFree=0.27 Fri30( Use data from job [8 Convert intensities to a 3 | as input below.. Tty 1 —
-+ + 28 Refinement - REFMACS5
@ .+ A 27 Automated structure sol... Fri 30 ¢ [IHHAHHE. LVPRGSI-LICEVTSVVEQAWKL -~
-+« © 26 Automated structure sol... Fri 30 ( Target Sequence Sbibb =LV RRGSHM G5B E D KR =
* + @ 25 Automated structure sol... Fri 30 ( HHHHHH...LVPRGSPSPP.G = v
# + « O 24 Automated structure sol... Thu 29 Sequence Ig Sequence imported from gamma.pir B ][:] -LP.-VTAYDKNGFRILFHFAKECPPGRPDVLVWVVSMLNMAPLPVKSIVLQAAAPKSM
<. + 23 Automated structure solu... »
-+ + 22 Manual model building - ... The number of monomers to search for |A : HHHHG..LVPRGSHMA-.SMTGGQQ 7
# +« « A 21 Refinement - REFMAC5 R=0.26 RFree=0.27 Fri30¢( Fmmmmeeee MIP.SITAYSKNGLKIEFTFERS..NTNPSVTVITIQASNSTELDMTDFVFQAAVPKTFQLS
® ¢+ N 20 Automated structure sol... Thu 29 ExperimentalData L GSAPIP. DLKVFEREGVQLNLSFIRP.. PENPALLLITITATNFSEGDVTHFICQAAVPKSLQL_|
# -+ @ 19 Automated structure sol... Thu 29 I I ]D ‘ 5
-+« © 18 Automated structure sol... Thu 29 Reflections |10 dsl as Mean SFs B i i -
. © 17 Automated structure sol... Thu 29 nt - REFMAC5 ] Autobuild - BUCCANEER l Manual model building - COOT
"+ N 16 Automated structure sol... Thu 29 Free R set [? Free R set imported from freeR.mtz by job 7 ]D

++ = 15 Refinement - REFMAC5

] + 14 Manual model building - ...
# ++ @ 13 Refinement - REFMAC5 Thu 29

++ A 12 Automated structure sol... Thu 29
+ + © 11 Automated structure sol... Wed 2¢
# -+« A 10 Convert intensities to a... Wed 2¢
® ++ @ 9 Automated structure solu... Wed 2¢
# + « A 8 Convert intensities to am... Wed 2¢
# + =+ A 7 Data reduction Sgp=P 21 21 21 res... Wed 2¢

<. + 6 Import merged

<. + 5 Automated structure solut...

# -+ @ 4 Automated structure solu... Wed 2¢
# -+  © 3 Automated structure solu... Wed 2¢
e + 2 Data reduction

<. + 1 Automated structure solut...




[5) D Nowo Protein Structuit XF < CCP4 online

1K C [ www.ccpd.ac.uk/cc

| i

4 Home (Logout) > Login > Programs

Programs

Note: You must have a CCP4 licence to run these programsj|

Balbes | An automated Molecular Replacement (MR) piy
for solving a crystal structure by Molecular Rep

MrBUMP | An automated Molecular Replacement (MR) pif]
g will search for homologous structures, create a
melecular replacement, and test the solutions s

Zanuda | Space group and crystallographic origin valida

CCP4 STFC Rutherford Appleton Laboratory, Harwell Campusy
Didcot Oxon OX11 OFA
Tel: (+44) 1235 567726 | Fax: +44 (+44) 1235 567720 | E

[ De Novo Protein Structure X F @ CCP4 online

€« C [ www.ccpd.ac.uk/ccpdonline/se

w e R

Home (Logout) > Login > Programs > MrBUMP > New MrBUMP Run Username: arsefeck

New MrBUMP Run

The file formats accepted for input are mtz and cif (structure factors) and FASTA (sequence target).

Structure Factors: | Choose File | No file chosen

Sequence Target: | Choose File | No file chosen

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)

Submit | (after clicking submit, PLEASE WAIT for your files to upload - this may take some time)

Statements

CCP4 STFC Rutherford Appleton Laboratory, Harwell Campus About | Le
Didcot Oxon OX11 OFA
Tel:(+44) 1235 567726 | Fax: +44 (+44) 1235 567720 | Email: ccp4@ccpd.ac.uk
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MrBUMP output...

Bl CCP A4 fileviewer 6_mrbump.log =J2&d
|Help
yehon verssons Bl

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

e Log file gives summary of models
tried and results of MR
# CCP4: MREUMP - dutomated Bulk Molecular Replacement (version 0.4.4) #

e May get several putative solutions e e

Parsing command line argquuents....
L Ea Se Of S u bseq u e nt m Od eI re_ Funning Model search/preparation and Molecular Eeplacement mode

-»= HELIN = C:/CCP4-Projects/SWZ01l0/nrbunp-exanples/derek/rex_bs_clf.utz

b u i | d i n g’ m Od e I CO m p I eti 0 n m ay -» SEQIN = C:/CCP4-Projects/SW2010/nrbump-examples /derek/vdih. seq

-»= HELOUT = C:/CCP4-Projects/SW2010/mrhunp-exanples/rex_bs_clf nrbump_solnl.ntez
-» XYZOUT = C:/CCP4-Projecta/3Wa0l0/mrbunp-examples/rex_bs_clf mrbump solnl.pdb

depend On ChOice Of SOIUtion ENTEE. FEYWORD INPUT FREOM FILE OF FROM STANDARD INPUT
e Worth checking “poor” solutions onan T lwee

column FREER_FLAG labelled as FreesRflay

e Top solution available from ccp4i s o v asees mouses e

-—>

Fun in TRYALL mode set to: True

-

CLEAN flag set to: False

-

Use Acorn ©o improve map set to:  False

-

Acorn will be inwoked if the collected data resolution i= better than: 1.700

Angstrons

-

Enantiomporph search set to: TFalse

-

Muwber of clashes tolerated in Phaser: 5

s =l

Mumher of cycles of restrained refinement to use in Refmac = 30 ‘
Find | Show Log Graphs | Show Summary Chuit




MrBUMP output - QTRview

| |
RView 1.03 - hypf mrbump run 2 O X
File  Edit  Window Help
(= | o
= &) 0 < i
Frint  PDF/PS Refresh mrbump  CCP4 Preferences  Exit
Results | Log File ] Help ]
hypf mrbump run 2
E] Summary =
E3:33 MrEUMP Summary: Sorted results so far. .. 343
Total mumber of MR jobhs: Z1
Mumber of MR jobs run so far: Z
ME programs being used: MOLEREP PHASER
Best search model so far: locZ A lgxt MOLREP using MOLREP
Initial Rfree: 0.371
Final Rfree: 0.401
SHELXE CC: 0.000 ol
Solution Type: MARGINAL
Files for best search model:
Lefmac PDEOUT:
C:/CCP4-Projects/testhsearch 38\datallocZ A lgxtimolrepimrimolrepirefinei\refmac molrep locZ A lgxt MOLREP.pdb
Lefmac MTZ0UT:
C:/CCP4-Projects/testisearch 38\datallocZ A lgxtimeolrepimrimolrepirefinei\refmac molrep HELOUT locZ A lgxt MOLEEP . mtz
Lefmac LOG:
C:/CCP4-Projects/testisearch 38\datallocZ A lgxtimeolrepi\mrimolrepirefineirefmac molrep locZ A lgxt MOLREP. log
Buccaneer PDEOUT:
C:/CCP4-Projects/testisearch 38\datallocZ A lgxtimolrepimrimolrepibuildibuccaneer’ibuccaneer molrep locZ A lgxt MOLREP.pdh
SHELXE PDEOTT:
C:/CCP4-Projects/testhsearch 38\datallocZ A lgxtimeolrepimrimolrepibuildishelxe’\shelxe molrep locZ A lgxt MOLREF.pdb
Complete list of solutions so far: .
Model Wame MR Program Solution Type final Rfact final Rfree Bucc_final RBfact PBucc_final Rfree SHELXE_CC
locZ_A lgxt MOLREP MOLREP MARGINAL 0.344 0_401 0.34Z2 0.399 30.78
ensemble modell PHASER MARGINAL 0.343 0_40Z2 0.351 0.433 28._81
Graph Data O4O||||||\||||||||||||||
+1- Alignment scores after template model search . .’.—_.__'_.__.—-0—0—' T
+ Search model preparation scares
+1 Final Translation Function Summary For model ensembl... 035 —
—I- Rfactor analysis, stats vs cycle for model ensemble_m... .
= &l;RFactordgt; vs cycle
RFact
Rfree 0.30
+- FOM vs cycle - v |
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BALBES




Alternative approach to the problem

Customised database of models designed specifically for
use in molecular replacement

Redundant protein chains have been removed and
domain and multimer definitions are pre-determined for
all chains in the database

Focus is on deriving set of well-crafted search models for
the use in MR




Length > 15 amino-acid residues
Resolution better than 3.5 Angstroms
Basic entry is a macromolecular subunit = Domains

Redundancy has been removed:

— If 2 entries have sequence ID > 80 % and C-alpha RMSD < 1 A the
one refined against higher resolution is retained

Multimeric forms are determined using PISA and
construction details stored

50000 domain entries (derived from 80000 X-ray structures

in PDB)




X-ray Data Analysis

* What resolution range to use for molecular replacement
* Data completeness and other properties

* Twinning — information presented to user

e Pseudo translation — can be accounted for in MR step

Sequence Analysis

* Finds template structures with their domain and multimer
definitions

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




e Ensemble models are constructed and favoured

e Multimers:

— Start by searching with the largest unit possible — use Oligomer if
available, then whole chains, then domains

e Complexes:
— Step-by-step approach

1.
2.
3.

4.
5.

Search for largest domain is done using conventional MR
Refinement of Solution

Search for next largest domain is done in difference map of
previous refinement

Refinement of new model
Repeat steps 3 and 4 for further domains if required

e Space Groups:

— Search all related space groups (performed in parallel on web
server)

" m'_‘f e \ e M
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Models generated from a single sequence

Domain models Full Chain models Oligomeric models

Family 1 (PDB ID=xxxx chain = X)

' domains
4

Family 2 (PDB ID=yyyy chain =y)

domains multimer
o - >

Family 3 (Domains from different PDB files)

Qs

multimer> N O

Multi-domain
model

4:/.-
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Ensemble Models

e Example:
Homologues from the Balbes database: Reference chain
Ensemble search models: &

Family 1 Family 2 Family 3 Family 4

-l

Reference chain
on the top

(Using a different
Reference chain produces
a different search model)




Restrained refinement including “jelly-body” restraints

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

R-values

Initial and final Rfactor and Rfree are presented to the user in the log file
and final decisions are made based on a quality factor derived from
these.

ARP/WARP

Optionally, users can select that the results from BALBES are forwarded
to the ARP/WARP server for model building




Balbes Online

& CCPA online

1€ = ¢ Dwww.c(p4.a(.ukfccp4onIine/sewlet,/comroller/RumnableProgramsTable Qe =

Collaborative Computational Project No. 4
Software for Macromolecular X-Ray
Crystallography

Home (Logout) > Login > Programs > Balbes > New Balbes Run Username: arsefeck

\CP4 online x

1 € = C | [ www.ccpd.ac.uk/ccpdonline/serviet/controller/RunnableProgramsViewRe

New Balbes Run

collaborative The file formats accepted for input are mtz and cif (structure factors) and FASTA (sequence target). Note: checking the ARP/wARP L
checkbox will send Balbes's results to the ARP/wARP server (it is assumed that you agree to the ARP/wWARP academic license I

Software for Macrol|JEutES) L

Structure Factors: Choose File | No file chosen |
Home (Logout) > Login > Programs > Balbes > View Results Sequence Target: Choose File | No file chosen

PROCESS 0769740554 HAS ENDED q 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) =

View Results
SGjobsummary.txt Cl21 |
An ARP/wARP solution exists - click here to access your ARP/wAR

FILES (space group = C121)

(=) process_details P

! (= results 1 Check Full Spacegroup: [ F
q [E1 template_models R —

Run ARP/WARP L) Dissemination Level: | World M i

(on the Balbes solution):

CURRENT FILE: SGjobsummary.txt (click to download)

(after clicking submit, PLEASE WATIT for your files to upload - this may take some time)

s
i |
£ You want to check possible space gr¢
#

Space group in the user's mtz is € 1 2 1

#

#

# There are 1 possible space group:

i &

] # These space groups and the associated MR pl =
s 2
# #

# cizl look at Cl21/results/Process_information.txt for detailed information #

# ¥

ALL JOBS ON Cl121 FINISHED

# #

# A structure is suggested by BELBES #

# Its probability to be a solution is 46.12% #

# ¥

The solution model index is sglst2ml -

< »

O ‘1 L o LA
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Step-by-step search if dealing with a complex or there are multiple
copies in the asymmetric unit
— Note: if translational NCS is present search for 2 or more copies in a step

Try all space groups from Laue class e.g. P222, P212121, P22121, etc..

— Phaser and Molrep support this

Check for domains and possible hinge-motion between domains in
search models

— Break model into domains and search separately

If multiple homologues exist with similar folds create an ensemble
model

Data problems
— Have you processed the data correctly?

— Try to assess whether or not you have twinning, if so you may have lower
symmetry

— Are there signs of?




& (CP4

Acknowledgements

* Andrey Lebedev, CCP4

* Martyn Winn, Daresbury Laboratory

* Gabor Bunkoczi, Phaser group

*  BALBES: Fei Long, Garib Murshudov

* Jens Thomas, Jaclyn Bibby, Daniel Rigden, University of Liverpool
* Andrea Thorn, Tim Gruene & George Sheldrick (SHELX)
* Refmac: Garib Murshudov, LMB-MRC Cambridge

* Molrep: Alexey Vagin

* Phaser: Randy Read, Airlie McCoy

* Gesamt: Eugene Krissinel

* Thanks to authors of all underlying programs

*  Funding: BBSRC, STFC

* Support from CCP4 & the Research Complex at Harwell

BBSRC ‘g;: UNIVERSITY OF Res hcﬁl
blosuenceforthefuture ? LIVERPOOL eeeare alOH";rF:v:ii(




Acorn: Phase improvement

Job title |Phase improvement £

|| Set optimal Acorn parameters to search and phase with starting coordinates — |

\| ¥ generate normalised structure factors

¥ artificially extend data to 1.0A, and ¥ perform anisotropy correction

If resolution better than 1.7A use Acorn procedure: “f,"“ — T

|n|t‘|a.|l .phase set from .reflned MR solution || sesemeern o ms e o
artificial phase extension to 1.0A e S e ——
Phi |PHIDUT Weight  |WTOUT

dynamic density modification S— F

Enter unit cell content (not necessary for C,N,0,5):

i Edit list = |Md ounlenll
.
[~ Use |05 high limit f id
Result: s
[~ SEED for random number generator 1

CC for medium Es good indicator of solution |F. e g

[~ Exclude reflections with Fs less than sigma

. .
Use E-maps for re-building e T
Select strong reflections for phase refinement based on program default -

I I L4 . Select weak reflections for Sayre equation refinement based on program default —
At lower resolutions: P — G

Use all atoms from coordinate file — ‘

Use parrot (todo!) T :

W Use standard rotation function =1 |and standard translation function =1 ‘for MR search

Rolalela.u degree steps using |20 % of reflections to |2.0 Angstrom resolution in first stage
Use |1 solution(s) from the rotation function
ACORN-PHASE Parameters o

¥ Set total number of trials to use, with default NCSER and NCDDM

Make 1{1 trial(s) for each set of initial phases
[~ Use the Patterson superposition function

[~ MAXSET - number of sets of initial phases 0
[ CUTDDM - higher limit for density in DDM
[~ PSFINISH - stop cycling DDM within phasing trial if phase shift becomes less than

[ CCFINISH - stop refining phases if correlation coefficient for medium E-values is above 015

Run — Save or Restore —t

g7
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dUTPase from C.jejuni
data to 1.65A

positioned/refined
search model

final model (1w2y)

Acorn map (as
generated by
MrBUMP)

v CC:0.078 — 0.156
Wt '@ ARP/WARP re-builds into
7 Acorn map




