Molecular Replacement:
Assessing and improving the solution

DLS CCP4 Workshop - 2022
Ronan Keegan CCP4 Group

€ (CP4

@P® UNIVERSITY OF

» LIVERPOOL




The Phase Problem

p(x,¥,2) = = el | Fy (hkD)| cos[—2m (hx + ky + 12) H @pe]

Electron density Amplitudes
at (x,y,2)

Phases

i

2 &

A
Tl
L -

ﬁens;igfgw | Diffraction intensities

i
s

€ (CP4




The Phase Problem: Experimental Phasing

p(x,¥,2) = = el | Fy (hkD)| cos[—2m (hx + ky + 12) H @pe]
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The Phase Problem: Molecular Replacement

p(x,¥,2) = = Ly | Fy (hkD)| cos[—2m (hx + ky + 12) + @pe]
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Search Models
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Before CASP14 (2021): Finding a search model

* How to find a search model?

« Amino acid sequence similarity often correlates well
with structural similarity
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Bioinformatics 2007:23:717-723 N entire PDB
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Before CASP14 (2021): Finding a search model

—_HHpred - Hom

v CCPaantine

blastncti.nlm.nih.c

NE iR M

produ s with E-

* Sequence searching e.g. PSI-Blast
* Profile-based searching

* Online server, fast
* Works well at finding suitable homologues
down to sequence identities of 30%

FHHpred -Homolagy *
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After CASP14 (2021): Finding a search model

CASP: Critical Assessment of Techniques for Protein Structure Prediction
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After CASP14 (2021): Finding a search model

CASP: Critical Assessment of Techniques for Protein Structure Prediction

GDT_TS, %

Best models

CASP13 O CASP14
——CASP1 ——CASP2
——CASP3 CASP4

CASPS CASP6

CASP7 CASPS
——CASP9 ——CASP10 @ DeepMind
—— CASP11 ——CASP12
——CASP13 ——CASP14

CASP14_serv - CASP14_w/0427

Easy Target Difficulty Difficult




After CASP14 (2021): Finding a search model

CASP: Critical Assessment of Techniques for Protein Structure Prediction

@ DeepMind
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Molecular Replacement using
predicted models
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3 Step Process

Generate or
obtain Manual or

: redicted
predicted P = del automated
model MR

Process
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Generate or obtain predicted model

Generate or
obtain
predicted
model




Generate or obtain predicted model &
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AlphaFold
Four routes: Protein Structure Database
a. Searching the EBI-AlphaFold (200million) or e —
ESMAtlas (600 million) Databases EETREE o ensll
b. Using online Google Colab, RoseTTAFoldor
ESMFold servers to make predictions
c. CCP4Cloud prediction task
d. User’s local installation - supported by local

CCP4Cloud

CO O AlphaFold2.ipynb

Science and
Technology
Facilities Council




Generate or obtain predicted model

Searching the EBI-Alphafold and ESMAtlas Database:

& copa Cloud X+
€ c O D localhost:38317
af7naz [0004] mrparse -- completed mk6s [
Input
[af7naz) af7naz
4-38(0002] 7naz - imported: XvZ (1) Sequence (2) HKL (1)

p - 1 molecule in ASU, Solv=64.7%

03969 Rirs=0.414

[0005] ensemble preparation (ccpdmg) - 1 ensembe(s) generated

4 06] r - R=0.4913 Rireo=0.495
MG version 241

Help CCPAR2

M AL HEZOT

‘Applcations

MrParse Analysis
{0014] buccaneer — comy ay Table
[ fmacs - Create object,
J(0017] arpwarp -- faited.
«®[0016] di (image processing)

HKL Info

Experimental structures from the PDB
AF: “Fimodel
‘AF-094759-F1-model“v21" P«
6puo_D2TPC/(32/65% (:
AF-094759-F1-model V222 PC (2!

Name PDB Resolutic
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Generate or obtain predicted model

0 Apnarcazipynb - Cosb x|+

B o o o =

e Predicted model generation online:
o Google Colab - provide sequence and @ e e

RAM & ,
+Code +Text 4 CopytoDrive v O mm— ~ / Edting A

generate AlphaFold prediction in the

Easy to use protein structure and complex prediction using AlphaFold2 and Alphafold2-multimer. Sequence A
arch. For more details, see bottom of the
) »

G OO I e ‘ I O l I d notebook, checkout the ColabFold GitHub and read our manuscript. Old versions: v1.0, v1.1,v1.2,v1.3 e
=] Mirdita M, Schiitze K, Moriwaki Y, Heo L, Ovchinnikov S, Steinegger M. ColabFold - Making protein folding
h{

accessible to all. bioRxiv, 202

.
o Robetta server - RoseTTAFold - requires R
query_: * DTSI TEAMKTFLDYAGRLI 'HFVDEEELLPGIEL) 'HDIRIPAFVVYELIEDVRRRIDKGLRVAEKAVRESVVETDNVDKIIQKLRRNYRRALREGIVDSK "

« Use : to specify inter-pi for modeling (supports homo- and hetro-oligomers). For example Pl...SK:P1...SK for a homodimer

sequence N B P

i
use_amber:

alignments/templates are generated through MMseqs? and HHs

« (e o8 bakeraborg o O

template mode: none

Robetta

« “none’ = no template information is used, 'pdb70" = detect templates in pdb70, ‘custom’ - upload and search own templates (mmCIF format)

Show code

Robetta is a protein structure prediction service that is continually evaluated through

[2] MSA options (custom MSA upload, single sequence, pairing mode)

msa_mode: MMseqs2 (UniRef+Environmental)

Subat ot st X+

bakerlab.org/ : 4 =
: pair_mode: unpairedspaired -

Structure n [ 4 eeg . ‘ L ‘ g =

Submit a job for structure prediction \ ¥ .
Please do not submit jobs under different user accounts. Such jobs will be removed. - B di p a O I py n
; ! . A °

Browse... | No file

dict domains @

@ [ |Browse... | No file se




Generate or obtain predicted model

e Structure prediction through CCP4Cloud: iR
O If AlphaFold is installed locally, CCP4Cloud - g—
“desktop” can be linked to this e

O CCP4Cloud “remote”, hosted at Rutherford Lab
has servers running AlphaFold

O CCP4Cloud “afMR” workflow - automated

structure determination including structure
prediction task
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Process predicted model

Generate or
obtain
predicted
model

Process
predicted
model




Process predicted model

€ (CP4

Predicted model scoring:

O

pLDDT - confidence indicator for
residues

Low confidence residues should be
removed before use of model in MR
B-factor column in PDB file used to
store these values - should be
converted to B-factor before use in MR
- important for Phaser

RoseTTAFold uses rmsd estimate -
treatment also required

Model Confidence:

I Very high (pLDDT > 90)

Confident (90 > pLDDT > 70)

Low (70 > pLDDT > 50)

Very low (pLDDT < 50)
AlphaFold produces a per-residue confidence
score (pLDDT) between 0 and 100. Some

regions below 50 pLDDT may be unstructured

in isolation.




Process predicted model

e I|dentifying domains or rigid units for MR:
o Conformation of predictions can vary
from crystal structures, particularly
for larger molecules (>250 residues)
o Splitting of models into domains can
make placement of models through
MR easier

€ (CP4

1 ]Alignment of
/ 7MRQ and
~ predicted model

Alignment of
7MRQ and
predicted model
(rmsd > 3.5)

_ split 3 ways
? (rmsd < 1.0)




Process predicted model

e Importing from Uniprot:
o Truncate to region of interest
o Can use MR model processing tasks to
remove parts not needed
o Use “Molrep” modification protocol in
“Prepare MR Model(s) from Coordinate
data task

[0041] prepare MR model(s) from xyz (new)

Uniprot/AFDB
model F1P3U6

P Run L S

,.&,_ Prepare MR Model(s) from Coordinate data

job description: |prepare

X [0001-02] 7mrq_A /sequence/protein/ ~

K [0006-01] f1p3u6 /xyz/protein/  ~

Select chain: A (protein)

[donotuse] ~

Modification protocol: Molrep  ~ (side chain truncation based on Molrep)

€ (CP4



Process predicted model

e Importing from Uniprot:
o Truncate to region of interest
o Can use MR model processing tasks to
remove parts not needed
o Use “Molrep” modification protocol in
“Prepare MR Model(s) from Coordinate
data task

[0041] prepare MR model(s) from xyz (new) bl < ;%’:,, & = U n Ip rOt / A FD B
Pron | [% % Close o model F1P3U6
,.&,_ Prepare MR Model(s) from Coordinate data N trqncated to TMRQ
job description: |prepare MR model(s) from xyz allgnment

X [0001-02] 7Tmrq_A /

€ ' | [0006-01] f1p3us /xy

Select chain:

[donotuse] ~

Modification protocol: Molrep  ~ (side chain truncation based on Molrep)
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Process predicted model

e RoselTAFold predictions
o RoseTTAFold provides 5 predictions by
default
o Models are contained in single PDB file - Robetta predictions
o Select out individual models using AR > gl i for TMRQ
prepare model from coordinates task —a

[0001-04] robetta_models_398130 /xyz/protein/

[ Spacs grota |

‘ 1.0 1.0 1.0 90.0 90.0 90.0
| Model 1, chain A: 309 residues, type: Protein

Model 3, chain A: 309 residues, type: Protein
Model 4, chain A: 309 residues, type: Protein

Model 2, chain A: 309 residues, type: Protein
Model 5, chain A: 309 residues, type: Protein

{ ‘ Assuming-Rosetta modelﬁ
. File contents
4 [0001-04] robetta_modeis sooiou ,,\,L'/protein/ Ug]yM0| Ccp4[ng D|Sp|ay
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Process predicted model

e Multi-model prediction pdb files
o RoseTTAFold provides 5 predictions by
default. Some AF servers do similar.
o Models are contained in single PDB file
o Select out individual models using
prepare model from coordinates task

[0017] prepare MR model(s) from xyz (new)
P Run § T B Kciose

.n&,_ Prepare MR Model(s) from Coordinate data

elets . job description: |prepare MR model(s) from xy:

[ 4]

Sequence ‘J\ [0001-06] 7mrq /sequence/protein/

Coordinates (1) U\ [0001404] TopEUa_TIOUEIS_395.13U IXyzipitein/ ~

Select chain: /1/A (protein) ~

Coordinates (2) [do notuse] ~

Modification protocol: olrep ~ (side chain truncation based on Molrep)
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Process predicted model

% ccp4 cioud X+

&« (@] O DO localhost:46299 w @ L

e Processing in CCP4Cloud: = i

TN el 40% s@;o%;s% [E] Ronan Keegan B

4% [sw2022] zorin

O Imp Orting mOdeIS_' 4 '.1,@3”'”:‘11 file import -- imported: HKL (1) XYZ (1) Sequence (1)

4 .»‘?V‘[OOOZ] asymmetric unit contents -- 1 molecule in ASU, Solv=35.8%
4 [0003] structure prediction J

. a u to m ati Ca I | y CO rre CtS 4 M8 af-MR:[0004] AlphaFold MR workflow 4 received HKL (1), Sequences (1); workflow started

.. 2 af-MR:[0005] structure prediction £

confidence scores on model s ea—
import (e.g. pLDDT->B-factor) K e Fop=e
© Slice taSk: A Split MR model with Slice-n-Dice
= remove low confidence
residues and split model into Fonplte structure [
domains
m Makes use of machine learning &g R
cluster analysis to divide input

' ' l Od e I owere 3 CCF il iris CCP4 Cloud v.1.7.005 [01.07.2022]
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Manual or automated MR

Generate or
obtain Manual or

: redicted
predicted P = del automated
model MR

Process

€ (CP4



% copé Cloud x| + o

<« (¢] O D localhost 120% ¥y & =

zorin S 4 6:8% [ Ronan Keegan [

Manual or automated MR [

01] file import - imported: HKL (1) XYZ (1) Sequence (1) output 4= M@ « T 0
7/[0002] asymmetric unit contents -- 1 molecule in ASU, Solv=35.¢
£ [0003] structure prediction -- 1 structure predicted af MR Workflow: Molecular Replacement with AlphaFol

458 af-MR:[0004] AlphaFold MR workflow -- received HKL (1), { job description: | AlphaFolc

tructure prediction - 1 structure predicte output id:
model(s

Reflection Data

e Once processed, models are suitable . pusaepimpir | Banag

[0006] slice -- 2 model(s) generated
. [0010] molrep -- R=0.4996 Ryr¢c=0.4787

[0011] r R=0.4071 Ryres=0.4462

for use in Phaser and Molrep |

[0015] refmac5 =0.2709 Riree=0.3289
[0014] slicendice -- LLG=752.0 TF .1 R=0.3615 Ryree=0

[0016] refmacs -- R=0.2663 Ryreg=0.3188

e New automated MR tools:
o CCP4Cloud MR workflow

m All steps from generation of predicted
model to MR and refinement & .

o SliceNDice g o=

mdm2

) by CCP4 v.8.0.003 . i €CP4 Cloud v.1.7.005 [01.07

[0012] slicendice -- completed

¢ [mdm2] mdm2

m Automated processing and splitting of

?27[0002] asymmetric unit contents -- 1 N . i & _paie
(0003 el mepara i MR with model splitting using Slice'N'Dice

predicted models followed by MR e —

- imported: XYZ (1)

Structure revision 0012-02_slicendice Structure and electron density

using Phaser and refinement in piimiot [F—

[0009] slicendice — faifed.
[0010] slicendice ~ LLG=3275.0T

Refmac TSRS —
m Trials several splits of model (default
1,2 and 3 splits)

[0013] slice -- 3 models generated




Manual or automated MR

P Run LY [“ 1 ] K Close

&3 Fragment Molecular Replacement with Arcimboldo-Shredder

/ tl : I M B LD I I I a I D D E R "?2 job description: |arcimboldo-shredd
. C. output id: rcimboldo-shredde

O Ve rif M I { S O I u ti O n Structure revision R0002.01: asu [unknown/unknown/unknown070122:12:12:18] (anom,protein) ~
y Homology model '—‘\ [0001-02] test_ec684_unrelaxed_rank_1_model_1 /xyz/protein/ ~

O P h a S e a St ru Ct u re - a u t O m ati C a I Iy Note: this task may take significant computational resources and put you outside your monthly quota.
pre-process an Alphafold or T nsingag o I

RoseTTAFold model by TR e, [
eliminating unstructured and B oo e -

m gimble refinement: Auto  ~

disconnected areas B0 7 ) T
o Eliminate bias from models | |

ragment size

€ (CP4



Search Models

e Multimers as search models

* A single chain search model can be too
small if the target has crystallised in
multimeric form

* The signal for the correct position is too

weak against the background noise of . .
Incorrect positions Selk o
x ?xgl’z ) /
= \‘K&Q NT
* Particularly a problem at lower o f‘%g\
. . . —7 | |
resolutions and crystals with high ks % >
- p I
symmetry »

€ (CP4



Experimental Data and Molecular
Replacement
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Experimental data

* Data issues can have an impact on how well MR will work
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Experimental data

* Data issues can have an impact on how well MR will work

* Things to think about:

* How many copies in the asymmetric unit?
* Estimate through Matthews Coefficient
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c
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B
c
o
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o
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Distribution of solvent
content across 156,000
X-ray datasets in the PDB

A CCP4 Resolution (Angstroms)



Experimental data

* Data issues can have an impact on how well MR will work

Self Rotation Function

« How many copies in the asymmetric unit? s T
* Estimate through Matthews Coefficient
* Self-rotation function — signs of NCS?

Self rotation function and ’\“
map/model for 5i72 — 6 fold A*uw” PE s
symmetry g
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Experimental data

* Data issues can have an impact on how well MR will work

* Things to think about:
* How many copies in the asymmetric unit?
* Estimate through Matthews Coefficient
* Self-rotation function — signs of NCS?
- Resolution of the data?

€ (CP4



Experimental data: resolution and MR

. Betterthan 1.0 A —search
model can be a small
fragment or even a single
atom in Phaser

(McCoy et al. 2017, PNAS)




Experimental data: resolution and MR

. Atresolutions above ~ 2.5 A

- Phaser can place small
fragments of total scattering

- Applications like SHELXE and
Acorn can improve through
density modification (DM)
and model building to a
correct solution
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Experimental data: resolution and MR

. Below 4A automated model
building becomes difficult

€ (CP4



Below 4A automated model
building becomes difficult

However, given suitable search
models, MR can be used to
build up a model structure

€ (CP4



Experimental data

* Data issues can have an impact on how well MR will work

* Things to think about:
* How many copies in the asymmetric unit?
* Estimate through Matthews Coefficient
* Self-rotation function — signs of NCS?
- Resolution of the data?

. Potential Problems:

€ (CP4



Experimental data

* Data issues can have an impact on how well MR will work

* Things to think about:
* How many copies in the asymmetric unit?
* Estimate through Matthews Coefficient
* Self-rotation function — signs of NCS?
- Resolution of the data?
- Potential Problems:
- Pseudo translation
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Experimental data

* Data issues can have an impact on how well MR will work

* Things to think about:
* How many copies in the asymmetric unit?

* Estimate through Matthews Coefficient

* Self-rotation function — signs of NCS?

- Resolution of the data?

. Potential Problems:
- Pseudo translation
- Twinned data

€ (CP4



Molecular Replacement in CCPg4
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@™ @ SIMBAD Results

A SIMBAD Results
CCP4 —

*SIMBAD: Sequence-less MR [N
1. nearest cell (lattice)

.
2 C O n t a m I n a n t S The best search model found by SIMBAD was 1SMU. This gave an R/Rfact of 0.267 and an R/Rfree of 0.258. An R/Rfree lower than 0.450 is indicative of a solution.
. Value his may also be indicative of a co

solution but you should examine the maps through the graphical map viewer for tion

3. entire non-redundant ——— |
domain database (90000 e

Export @®® Coot 0.8.8 EL (ccpd)
_ e Edit Calculate Draw Measures Validate HID About Extensions
I I I O d e | S) = 2 X Export B Refine/Regularize Control...
5 Select Map...
- Export ¢ < ¥ @© Real Space Refine Zone
5

\ (&) Regularize Zone
» Best SIMBAD result Log Files N % 2 y s T .F'IxedAtor‘ns...
. 3 Rigid Body Fit Zone
Rotate Translate
3
Auto Fit Rotamer
Rotamers...
Edit Chi Angles
Torsion General
Flip Peptide
Sidechain 180° Flip

4y Edit Backbone Torsions

Mutate & Auto Fit...

Simple Mutate...
»

|...latt/mr_search/1SMU/mr/molrep/refine/1SMU_refinement_output.pdb. Molecule

€ (CP4



Molecular Replacement in CCPy4

* CCP4 has several programs for doing Molecular
Replacement

* Amore
* Manual steps but very fast

* Molrep
* Automated MR
* Several useful features e.qg. searching a map

* Phaser
* Maximum likelihood approach
* Accounts for potential model errors

* Best for difficult cases and for correctly positioning fragment search
models

€ (CP4



Molecular Replacement: Phaser

* Important points on using Phaser
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Molecular Replacement: Phaser

* Important points on using Phaser
* Phaser accounts for errors in:

€ (CP4



Molecular Replacement: Phaser

* Important points on using Phaser

* Phaser accounts for errors in:

1.  Model
* Provide accurate details of AU composition

* Use RMS value rather than sequence identity and try different
values if first attempt doesn’t work

€ (CP4



Molecular Replacement: Phaser

* Important points on using Phaser

* Phaser accounts for errors in:
1.  Model
* Provide accurate details of AU composition

* Use RMS value rather than sequence identity and try different
values if first attempt doesn’t work

2. Data

* Provide intensities — internally works out amplitudes
accounting for experimental errors

€ (CP4



Molecular Replacement: Phaser

* Important points on using Phaser

* Phaser accounts for errors in:
1.  Model
* Provide accurate details of AU composition

* Use RMS value rather than sequence identity and try different
values if first attempt doesn’t work

2. Data

* Provide intensities — internally works out amplitudes
accounting for experimental errors

* Phaser performs clever decision making for
automation

* Provide minimal details and let Phaser make its own
decisions e.g. search order, search all possible space groups

* If it doesn’t work take step-by-step approach —1 copy at a
time

€ (CP4



Phased Translation search

Missing domain

» Used when searching for several copies or dealing with a complex
* Available through MOLREP (3 protocols) and Phaser

» Often more successful than standard MR search approach particularly when
looking for small domains

€ (CP4



Phased Translation search and model Splitting

Phased translation search:
Example: 1t3

Search model: 1520, chain A

Str&etzfé and electron dens;ty o
MRand restrained refinement *

€ (CP4



Phased Translation search and model Splitting

Phased translation search:

Example: 1t3

Search model: 1520, chain A

Large Domain only

€ (CP4



Phased Translation search and model Splitting

Phased translation search:

Example: 1t3

Search model: 1520, chain A
Large Domain fixed

Small Domain search

Fit into density

(Molrep & Phaser)

Structure andselectron density aftelt . . &%
MR and restrained refinement * ,

€ (CP4



Phased Translation search and model Splitting

Phased translation search:

Example: 1t3

Complete structure and
electron density after
restrained refinement

€ (CP4



How do | know my MR solution is successful?
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Assessing the MR Solution

* Terminology
* MR solution
e Successful MR solution

* What is a successful MR solution?

* A search model placed in the target unit cell such that it will
provide us with sufficiently accurate phase estimates for the
target

* Enables us to complete the model through model building and
refinement

€ (CP4



Assessing the MR Solution

* In difficult cases the position may be correct but getting from
the MR solution to a complete model may not be straight
forward

* Assessment often involves performing additional structure
solutions steps such as refinement and density modification

€ (CP4









Assessing the solution:
Molecular Replacement Scoring

€ (CP4



* Rough guide to MR program scoring
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* Rough guide to MR program scoring

 Phaser scores

* LLG scores — has it increased by 6o or more after
the placement of a new molecule?

(resolution and space group dependent)
* TFZ —greater than 8?

* Few or single solution almost always indicative of
suUCCess

€ (CP4



* Rough guide to MR program scoring

 Phaser scores

* LLG scores —has it increased by 60 or more after
the placement of a new molecule?

(resolution and space group dependent)
* TFZ —greater than 8?
* Few or single solution almost always indicative of
success
* Molrep scores

* RFZ —rotation search score greater than 5 —is
there a clear peak?

 TFZ —translation search score —is there a clear
peak?

€ (CP4



Solving cases with many copies

T115 *kdiikkkk itttk koo ok ok
7116 x*%x Phaser Module: AUTOMATED MOLECULAR REPLACEMENT 2.8.3 x*x
7117
7118
7119 ** SINGLE solution

7120

7121 *x Solution written to PDB file: phaser_mr_output.1.pdb

7122 %% Solution written to MTZ file: phaser_mr_output.l.mtz

7123 Solution annotation (history):

7124 SOLU SET RFZ=6.7 TFZ=7.5 PAK=0 LLG6=45 TFZ=8.1 RFZ=4.4 TFZ=12.9 PAK=0 LL6=137 TFZ=13.6 RFZ=3.4 TFZ=4.8 PAK=32
7125 LL6=164 TFZ=6.9 RFZ=2.5 TFZ=12.8 PAK=32 LL6=262 TFZ=14.8 RFZ=2.3 TFZ=5.7 PAK=32 LL6=297 TFZ=10.4 RFZ=1.7 TFZ=5.9
7126 PAK=32 LL6=329 TFZ=10.1 RFZ=2.3 TFZ=10.3 PAK=32 LLG6=360 TFZ=11.7 RFZ=1.8 TFZ=11.0 PAK=32 LL6=398 TFZ=13.8

7127 LL6=755 TFZ=16.1 PAK=32 LL6=755 TFZ=16.1

7128 SOLU SPAC P 21 21 21

7129 SOLU 6DIM ENSE pdb_0612-01_T1145TS067_1_cluster_® EULER 113.3 55.3 188.8 FRAC 0.31 0.02 0.08 BFAC 0.30

7130 #TFZ=8.1

7131  SOLU 6DIM ENSE pdb_6612-01_T1145TS067_1_cluster_© EULER 117.2 142.7 12.8 FRAC -0.61 0.34 0.30 BFAC -3.30

7132 #TFZ=13.6

7133 SOLU 6DIM ENSE pdb_0612-01_T1145TS067_1_cluster_1 EULER 234.1 83.3 143.6 FRAC 0.12 -0.67 0.24 BFAC 16.96

7134 #TFZ=6.9

7135 SOLU 6DIM ENSE pdb_6612-01_T1145TS067_1_cluster_1 EULER 266.5 31.6 188.9 FRAC ©0.11 -0.28 ©.74 BFAC -16.35
7136 #TFZ=14.8

7137 SOLU 6DIM ENSE pdb_0012-81_T1145TS067_1_cluster_2 EULER 121.6 108.6 37.2 FRAC 0.62 0.21 0.30 BFAC -1.54

7138 #TFZ=10.4

7139 SOLU 6DIM ENSE pdb_6012-01_T1145TS067_1_cluster_2 EULER 283.6 75.3 214.8 FRAC 0.87 0.12 0.57 BFAC 0.93

7140 #TFZ=10.1

7141  SOLU 6DIM ENSE pdb_0012-81_T1145TS067_1_cluster_3 EULER 70.2 115.8 249.6 FRAC -0.06 0.34 0.36 BFAC -1.70

7142 #TFZ=11.7

7143 SOLU 6DIM ENSE pdb_8012-81_[T1145TS867_1_cluster_3 EULER 335.3 67.9 70.7 FRAC 0.12 -0.82 0.52 BFAC 0.97

7144 #TFZ=16.1

7145 SOLU ENSEMBLE pdb_0012-81_T1145TS867_1_cluster_0 VRMS DELTA -1.1862 #RMSD
7146 SOLU ENSEMBLE pdb_8012-01_T1145TS067_1_cluster_1 VRMS DELTA -0.6488 #RMSD
7147 SOLU ENSEMBLE pdb_0012-01_T1145TS067_1_cluster_2 VRMS DELTA -0.8625 #RMSD
7148 SOLU ENSEMBLE pdb_08012-01_T1145TS067_1_cluster_3 VRMS DELTA -1.0630 #RMSD
7149

7156 CPU Time: 0 days 6 hrs 26 mins 9.75 secs ( 23169.75 secs)

7151 Finished: Fri Nov 25 23:52:13 2022

7152

.20 #VRMS 0.50
20 #VRMS 0.89
.20 #VRMS 0.76
.20 #VRMS 0.61
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Assessing and improving the solution:
Refinement
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* Refinement

* Look at Rfactor/Rfree
* are they falling? Is Rfree below 0.5?
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* Refinement

* Look at Rfactor/Rfree
* are they falling? Is Rfree below 0.5?

* Use 5o cycles of jelly body refinement option in Refmac post MR
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* Refinement

* Look at Rfactor/Rfree
* are they falling? Is Rfree below 0.5?

* Use 5o cycles of jelly body refinement option in Refmac post MR




Refining pre
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€ (CP4

xamine solution by eye
* Use Coot to examine positioned models & maps

File Edit Calculate Draw Measures Validate HID About Exten:

8- | @ sphereRefine &

Refine/Regularize Control..
uild NA ., auto mutate
- Select Map...

Real space Refine Zone
Regularize Zone
Fixed Atoms.
Rigid Body Fit Zone
Rotate Translate
»
Auto Fit Rotamer
Rotamer
Edit chi Angles
Torsion General
Flip Peptide
sidechain 180" Flip
4 Edit Backbone Torsions

Mutate & Auto Fit...
simple Mutate...

*4 Add Terminal Residue.
X AddAltConf...

Place Atom At Pointer

Clear Pending P

= |




Assessing and improving the solution:
Density Modification
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Density modification

Main techniques:

1. Solvent flattening

2. Histogram
matching

3. NCS averaging
4. C-alphatracing

E (slide from Kevin Cowtan)
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Density modification




Density modification

CCP4 Applications:

. Parrot

. SHELXE
- ACORN
- Pirate

. Solomon
- DM

E (slide from Kevin Cowtan)
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Assessing the MR Solution: Model Building

* Automatic model building: Buccaneer, ModelCraft & ARP/wARP

* Can be used post-MR for generation of better model and phases for the
target

* Rebuilding parts that may not be present in search model

 Useful for assessing whether or not your positioned MR model is true —
eliminates bias
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Automated Molecular Replacement in CCP4

*Several automation pipelines for MR in CCP4:

* MrBUMP — model search, preparation, MR and refinement
*BALBES — model search in custom version of PDB database

e MoRDa — similar to BALBES
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ARCIMBOLDO

*Lite
* Makes use of simple secondary structure elements such as helices in MR
* Attempts to position fragments and build up the rest of the c-alpha
backbone using SHELXE
* Borges

* Similar to Lite but draws on a library of common motifs from the PDB as
search models e.qg. Zinc fingers or common beta sheet fragments

e Shredder

* Cuts distant homologues into fragments and will use them as search models
in ARCIMBOLDO

* http://chango.ibmb.csic.es/ARCIMBOLDO/
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http://chango.ibmb.csic.es/ARCIMBOLDO/
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