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Introduction: Basics of Molecular Replacement

p(x,,2) = = S |, (hkeD)| cos[—2m(hx + ky + 12) + @pi]

Electron density Amplitudes

Phases
at (x,y,2)

Experimental Phasing

i) ‘,\_,,l\
e Anomalous signal from
., E[qetr&q élens_itx'_&”‘Model Diffraction intensities hedyjgtoms

¢ (CP4



Introduction: Basics of Molecular Replacement
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What is Molecular Replacement?

@ (CP4

* We can take advantage of the conservation of structural form of
proteins related through evolution

* A known structure of a protein related to our target (a homologue)
could provide a good first approximation to the phases of the
target when placed correctly in the target unit cell

* Molecular Replacement is the method of finding the best
placement for a homologue such that it gives us this initial
approximation to the target's phases



Introduction: Basics of Molecular Replacement
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Introduction: Basics of Molecular Replacement
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Introduction: Basics of Molecular Replacement
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Introduction: Basics of Molecular Replacement
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How do we find the correct positioning?
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How do we find the correct positioning?
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Molecular Replacement and the PDB

. PDB Structure Determination
Today, the vast majority of X- Method (X-ray)

ray entries in the PDB have
pbeen phased using MR

ncreasing success rate of MR

nas been due to:
Improving methods in software

e.g. maximum likelihood in
Phaser

Increasing availability of
suitable search models

New: Alphafold/RoseTTAFold

®MR ©“ SAD "MAD ®MIR = SIR ™ Other

(0P4 2 MrBUMP
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Using Molecular Replacement
in Structure Solution

* Successfully performing MR depends on:
1. Understanding the limitations of your data
2. Finding suitable search models
3. Preparing models for MR
4. Assessing the final solution from MR

Examine the data

Find a search model

Preparation of search model

Run Molecular Replacement

Assessing the MR Solution




Understanding the limitations of your data

@ (CP4



Understanding the limitations of your data

* Data issues can have an impact on how

well MRS
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Understanding the limitations of your 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

Distribution of solvent content

across 156,000 X-ray datasets
in the PDB
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Understanding the limitations of your 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?

Self Rotation Function
RF(theta,phi.chil_max :  0521E+06 mms:  0.5475E+05 Rad @ 2541 Resmax @ 3.37

Self rotation function and
map/model for 5i72 — 6 fold
symmetry




Understanding the limitations of your data

* Data issues can have an impact on how

well MRS

* 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
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Resolution and Molecular Replacement

Better than 1.0 A — search

model can be a small

fragment or even a single

atom in Phaser

(McCoy et al. 2017, PNAS)

i
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Resolution and Molecular Replacement

. At resolutions above ~ 2.5 A “

« Phaser can place small it
fragments of total scattering ¥

. Applications like SHELXE and . B0 @ ey

Acorn can improve through g 20N *~

density modification (DM) and A7 , L
model building to a correct |

solution i
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Resolution and Molecular Replacement

Below 4A automated model
building becomes difficult

However, given suitable search
models, MR can be used to
build up a model structure
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Understanding the limitations of your data

* Data issues can have an impact on how

well MRS

* 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?

Figure from Andrey Lebedev
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Understanding the limitations of your 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

dials.rs_mapper + coot

* Potential problems:

* Pseudo translation?
* Twinned data?

A ﬁ@?é . 3 Figures from Andrey Lebedev |




Understanding the limitations of your data

* Data issues can have an impact on how

well MRS

* 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?
* Space group assignment correct?
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Finding suitable Search Models
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Finding suitable search models

 Considerations

|
| Findasearchmodel

Find a search model
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Finding suitable search models

* Considerations

 Target Size:

« The bigger the structure the more likely there will
be sizeable conformational changes

Find a search model

|
| Findasearchmodel
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Finding suitable search models

* Considerations

 Target Size:

« The bigger the structure the more likely there will
be sizeable conformational changes

- Homologue Sequence identity < 30%

» Suitable search models may exist — sequence
identity calculation is difficult

- Data Resolution — as discussed before

|
| Findasearch model

Find a search model
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Finding suitable search models

* Considerations

 Target Size: l
« The bigger the structure the more likely there will
be sizeable conformational changes

- Homologue Sequence identity < 30%

» Suitable search models may exist — sequence
identity calculation is difficult

- Data Resolution — as discussed before

- eLLG from Phaser is a good measure of
whether or not a search model has a chance
to be placed correctly
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Finding suitable search models

* A well-chosen and optimized search —

model has two key advantages l

Find a search model
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Finding suitable search models

* A well-chosen and optimized search —

model has two key advantages

1. Makes it easier for the MR program to find
the correct position for that search model S & SEArCil OGS

and hence sensible starting phases
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@ (CP4

Finding suitable search models

* A well-chosen and optimized search
model has two key advantages

1. Makes it easier for the MR program to find
the correct position for that search model
and hence sensible starting phases

2. Facilitates quicker and easier model
building and refinement post MR

|
| Findasearch model

Find a search model



How to find a search model for MR?
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How to find a search model for MR

.- Traditional method
- Used in the old days (pre-2021)

- Searchthe PDB for homologous structures related to the target by
sequence
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How to find a search model for MR

Traditional method
Used in the old days (pre-2021)
Search the PDB for homologous structures related to the target by
sequence
New method
Highly accurate prediction of protein structures
Google Colab servers
EBI- Alphafold database
RoseTTAFold
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The traditional method..
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Finding suitable search models

Amino acid sequence similarity often correlates
well with structural similarit
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Fig. 2. The relation of residue identity and the r.m.s. deviation of the

backbone atoms of the common cores of 32 pairs of homologous proteins
(see Table II).

Chotia & Lesk
The EMBO J. 1986 Apr; 5(4): 823-826.

Examine the data
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Finding suitable search models

- Amino acid sequence similarity often correlates
well with structural similarity
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Examine the data
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Finding suitable search models

e PS|-Blast
* Profile-based searching
* Online server, fast

* Works well at finding suitable homologues
down to sequence identities of 30%

Find a search model

|
| Findasearch model
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Finding suitable search models

* HHpred
* Hidden Markov Model approach

e Suitable for more difficult cases where no
obvious homologue is available

Examine the data

|



The modern method..
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Finding suitable search models

« CASP14

* Critical Assessment of Techniques for Protein
Structure Prediction

* Participants predict structures for unrelesed data and l

assessed against the true structure

Find a search model
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Finding suitable search models

« CASP14
* Critical Assessment of Techniques for Protein :
Structure Prediction Examine the data
* Participants predict structures for unrelesed data and l
assessed against the true structure
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Finding suitable search models

« CASP14

* Critical Assessment of Techniques for Protein

Structure Prediction Examine the data
* Participants predict structures for unrelesed data and l
assessed against the true structure
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 Alphafold CASP14 examples

target: 6px4

e, S

[
Y

S




Finding suitable search models

- Accessing Alphafold

1. Google Colab Servers (see Claudia's talk next)
Examine the data

O & https://colab.research.google.com/github/sokrypton/ColabFold/blob/main/AlphaFold2.ipynb

©) AlphaFold2.ipynb e Share £ o

File Edit View Insert Runtime Tools Help

+ Code + Text # Copy to e Connect -

~ ColabFold: AlphaFold2 w/ MMseqs2

« 21Aug2021: The MSA/Templates issues should now be resolved! Please report any errors you see.
Easy to use AlphaFold2 (Jumper et al. 2021) protein structure prediction using multiple sequence
alignments generated through an MMseqs2 API. For details, refer to our manuscript:

Mirdita M, Ovchinnikov S, Steinegger M. ColabFold - Making protein folding accessible to all. bioRxiv, 2021

» This notebook provides basic functionality, for more advanced options (such as modeling
heterocomplexes, increasing recycles, sampling, etc.) see our advanced notebook.

» This notebook replaces the homology detection of AlphaFold2 with MMseqs2. For a comparision
against the Deepmind Colab and the full haFold2 system read our preprint.

For more details, see bottom of the notebook and checkout the ColabFold GitHub.

© Input protein sequence, then hit Runtime -> Run all
query_sequence: ' PIAQIHILEGRSDEQKETLIREVSEAISRSLDAPLTSVRVIITEMAKGHFGIGGELASK

jobname: fest

vanced settings

msa_mode: MMseqs2 (UniRef+Environmental)
num_models:
use_amber: [J

use_templates: []
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Finding suitable search models

- Accessing Alphafold

1. Google Colab Servers (see Claudia's talk next)
2. EBI-Alphafold database

1. 350000 predictionscurrently available
2. 130 millioninthe nearfuture (early 2022)

Probable disease resistance protein At1g58602

AlphaFold structure prediction

Download PDEN:- mmCYths e

Information

B

==y

Wl
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e

Examine the data
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Finding suitable search models

- Accessing Alphafold

1. Google Colab Servers (see Claudia's talk next) :
2. EBI-Alphafold database Examine the data

1. 350000 predictionscurrently available
2. 130 millioninthe nearfuture (early 2022)

a8

M EMBLEB] & Services K¢ Resewch & Trainiog @ Aboutus EMBLEBI

AlphaFold Protein Structur

base Home About FAQs  Downloads

CCP4-7.1.016 Project Viewer: 5i72 - 0 @
e |

Freafattyackireceptor?  AMgS8502  (5VSL9 E.coll AlphaFold D8 search help
Bilicaraphy : & 1 1

: Automated structure solution - The job is Pending | locslhos:a01 &Y =
;. pments

Probable disease resistance protein At1g58602

AlphaFold structure prediction

Download PDth:- mmCYFhlfc Pmdl(lednhgnndenm

Information

owost [ Ranan Keegan B

& Automated structure solution - MrEL
g

5 CCPamg MIBUMP
+ Finished 13.49 | 100

4 Calculate self rotation function
" Finishd 7 EBi-AlphaFoldDB

. 3 Define AU contents
Protein a8

« Finished 1
Gene 2 Import sequencels)
+ Finished 13-46

1 Import merged
+ Finished 13:46

Source organism
UniProt

Experimental structures Auto-MR with MrBump
Fina zoquence

| HPred i File sed | job desenption:

Spbicial Lt
Biological function Gptional Settings

wulpul i,

3D viewer

el nce: ¥ “ 2 om.protain)
Model Confidence: Local coordinabe Ries b o An Ahnrei rodals Structure revision 8 M, protein)

(pLODT > 9
Low (70 > pLDDT > 50)
(pLODT < 50)

Maximum ne. of models to test

This webs: i kies, and the imited your personal data in order to function. By using the site you are 1agree, dismiss this banner

}C.l?i?l E‘ £ coné Chudv,




Finding suitable search models

- Accessing Alphafold

1. Google Colab Servers (see Claudia's talk next)
2. EBI-Alphafold database

1. 350000 predictionscurrently available
2. 130 millioninthe near future (early 2022)

« RobeTTAFold Server

3 httpsifrobetta.bakerlab.org

mplete

<
-

Examine the data



Using predicted models in CCP4

=3
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Finding search models in
the EBI-AFDB:

- CCP4mg-MrBUMP
- MrParse

Importing from Colab
servers
- Correcting B-factors

More from Claudia

—

= MrParse

- Display  Appic: k. Help CCPaR
s QM HLEEYT 2% 85T

ations  Windows  Tools el




sing predicted models in CCP4

(= ) g 8 copiE gitlabid

indicate the predicted mo

- Tutorials on how to use S
predicted models like those
from Alphafoldin CCP4

- https://ccpy4iz.gitlab.io/rstdo
cs/tutorials/alphafold/alphaf |- L E====
old tutorial.html Mo

Bininformatics menu. Provide the bove and use default settin
default, the identify home es from the PDB and the EBI-AFDE and display them

ternary comple: i 4mg {f a couple of min ¥ou can search only the PDB or EBI-AFDRB by
and CR52

nt box in the input menu. For AFDB maodels an adj e pLDDT
P4i2 MR Tutarlak
ATHW)

dues are retained in the

rt pLDDT sco
CCP4i2 MR Tuterlal: Preparing
AlphaFold/RoseTTAFold search models
for MR. {Gamma example)

CCP4i2 Task Documentation
CCP4i2 Command Line - iZrun
CCP4i2 Update History

How te Contribute to the
Drocumentation

Developer Notes


https://ccp4i2.gitlab.io/rstdocs/tutorials/alphafold/alphafold_tutorial.html

Preparing Search Models for
Molecular Replacement
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Preparating models for Molecular Replacement

* Once a suitable homologue or set of homologues
have been found they need to be prepared for use
as search models

Preparation of search model
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Preparating models for Molecular Replacement

* Once a suitable homologue or set of homologues
have been found they need to be prepared for use
as search models

* The closer we can make the homologue to the
target in terms of structural similarity the more
likely it is to be successfully positioned in Molecular U PR s e
Replacement
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Preparating models for Molecular Replacement

* Once a suitable homologue or set of homologues
have been found they need to be prepared for use
as search models

* The closer we can make the homologue to the
target in terms of structural similarity the more
likely it is to be successfully positioned in Molecular
Replacement

Preparation of search model

* The sequence alignment generated in the search
step can be used as a guide for the pruning of the
homologue
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Preparating models for Molecular Replacement

* Example target: ~ p
e ;TPX - Bromodomain Doce
from Plasmodium T
Faciparum Gceng J A Y
,Ld \.o p. .“ ’ |\ .'C)‘:):"‘
’ Y L~ [N
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Preparating models for Molecular Replacement

* Example target:

 ;TPX - Bromodomain

from Plasmodium
Faciparum Gceng
* Homologue:
e 1E6l—chain A

* 45% sequence identity
over 82% coverage of
target

@ (CP4

Preparation of search model




Preparating models for Molecular Replacement

e Search Model
preparation and MR:
o All atoms?

Molrep Refmac  Refmac
TF/sigma Rfactor Rfree

Allatoms 6.82 0.418 0.481
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Preparating models for Molecular Replacement

e Search Model

preparation and MR: - l
* All atoms? b XEERK
* Polyalanine? NI B3 I T 8 l

Preparation of search model

Refmac
TF/sigma Rfactor Rfree

Allatoms 6.82 0.418 0.481
4.98 0.46 0.482
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Preparating models for Molecular Replacement

* Search Model
preparation and MR:
e All atoms?
* Polyalanine?
* Mixed model based on

sequence alignment ‘ . 8 :-\' '( & Preparation of search model
* Keep common
residues L Molrep Refmac
 Truncate to common e\ Yoo~ @ TF/sigma  Rfactor
ato-ms o allgned Allatoms 6.82 0.418
residues

Poly 4.98 0.46

Mixed 10.27 0.379
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Preparating models for Molecular Replacement

* Search Model
preparation and MR:
* All atoms?
* Polyalanine?

* Mixed model based on
sequence alignment

* Keep common

residues (@ Molrep Refmac

 Truncate to common ; TF/sigma  Rfactor
atoms on aligned Allatoms 6.82 0.418
residues

Poly 4.98 0.46

Mixed 10.27 0.379
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Preparating models for Molecular Replacement

Unmodified model: Mixed model:

+ 3 iterations of unmodified

buccaneer & refmac

bad density features good density features



Preparating models for Molecular Replacement

* Mixed-model generation in CCP4
* Chainsaw & Sculptor

Examine the data

SO CCP4-7.0,026 Project Viewer: dis

Fle Edt History Utilities Projects Help .
= | s ® @ I % @ Find a search model

Task menu Cool  ViewinCCPAmg  Export MTZ Help  Biblography Clonejob Run Run on server

job bst | Project directory
Q0 jobyFile Evaluation
N A, 7 Import an alignment
* 6 Truncate search model - CHAINSAW ¢ . a
A, 5 Import a sequence « » Interactive model preparation - CCPamg and MrBUMP
+ 4 Truncate search model - SCULPTOR \ B [Identify MR models with MrBUME, display and select with CCPAmMg
+ 3 import a coordinate set - optional se...
A\ 2 import & coordinate set - optional s... . AReS¥204 « » Interactive selection of MR model components - CCP4mg

A 1Import a coordinate set - optional s... nRes=11 "Ry mUSBCCRY toeieB Bbnptherls o siBircmdBe! Bhd ButgBt 12 Bc R
n

+  Experimental phasing
Eﬂ Bioinformatics including model preparation for Molecular Replacement

4 €7, Truncate search model - CHAINSAW
) ] Truncate and renumber mode! prior to molecular replacement

Truncate search model - SCULPTOR
Truncate model prior to molecular replacement
n L ] | ] L] ] ] | ] ] L] ] ] ] ] ] ] ] ] ]
Build an ensemble for PHASER
Compile assorted relatéd structures into an ensembie for use m PHASER
-

w Align sequences - CLUSTALW
=-- Algn sequences using clustalw

« 4 Molecular Replacement

New job Concel




Preparating models for Molecular Replacement

* Mixed-model generation in CCP4
* Molrep

Input Data Basic Options = Advanced Options
Job title | Molrep

A, | Use data from job | 7 Import an alignment 4 | asinput below

Experimental data

. Reflections .must be selected

Preparation of search model

‘R | Free R set .must be selected

Search model

¥ A . f Atomic model imported from 4nec.pdb by jot ¢
click for opti ew
Atom selection ( 1890 atoms)

Sequence of target model
n

A lzn g Sequence ..is not used

* e Aunberof hoffonfersto Sealch Yor ® | Alito"™

Fixed Model

!'I Atomic model s not used
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Preparating models for Molecular Replacement

* Manual pruning in Coot

* Remove anythingthat is
likely to be flexible:
* Externalloops

* Longerside chains on the
surface of the molecule
(e.g. LYS)

e Domains if there is
evidence of “hinge
motion”

@ (CP4

Preparation of search model




Preparating models for Molecular Replacement

* Ensembles: alignment of search models: S
several homologues available l

Find a search model

|




Preparating models for Molecular Replacement

* Ensembles: alignment of
search models

Examine the data

|

Find a search model

|




Preparating models for Molecular Replacement

* Ensembles: alignment of
search models

1. Variance across
members can guide
experimental data
weighting in Phaser

@ ((P4



Preparating models for Molecular Replacement

* Ensembles: alignment of
search models

1. Variance across
members can guide
experimental data
weighting in Phaser

2. Truncation based on
alignment variance can
identify conserved
regions or core
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Preparating models for Molecular Replacement

* Ensembles: Generating ensembles in CCP4 —

* Ensembler: l

* Align models and truncate based on a variance
threshol R

* General alignment tools: l
* Gesamt Preparation of search model
* Superpose
* Can also be run through CCP4mg and Coot graphical
interfaces
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reparating models for Molecular Replacement

Sign inf

Help CCP4iz

QM LEG

| Ensemble generation with
e CCP4mg-MrBUMP

1gxuA
7 N —
4g9i8E

truncation
“slider”

153 A B

Display Tal

PIR_format. AKNTSCGVQLRIRGKVQGVGFRPFVWOLAQOLNLHGDVCNDGDGVEVRLRED PETFLVQLYQHC PPLARTDSVEREPFIWSQLP!
Ip > TSCGVQL I G VQGVGF PFVWQLAQQLNLHGUVCNDGUGVEV L EDPETFLVQLYQHCPPLA IUSVE EPFINSQLET
TSCGVQL I G VQGVGF PFVWQLAQQLNLEGDVCNDGDGVEV L EDE JHCPPLA IDSVE EPFIWSQLPT
1 G VQGVGF PFVWQLAQQLNLHGIVCNDGDXGVEV LXMX 5 PLA IDSVE EP
VQGVGF P VCNDGDXGVEV LIXX P
P AQQLNLEGDVCNDGDXGVEV LXK LVQLYQHCPPLA IDSV




Preparaing models for Molecular Replacement

* Multimers as search models

* Asingle 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 e "h

* Particularly a problem at lower
resolutions and crystals with high
symmetry

@ (CP4



Preparating models for Molecular Replacement

* Domains as search models

* A hinge motion may alter AR Dol
the relative orientation of Vo _ l
domains within a chain '

« Domain models should be inde 221 l

isolated from the parent Preparation of search model

search model and used
separately in MR

v J "

Domain 2
Ve
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Running Molecular Replacement
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Molecular Replacement

* CCP4 has several programs for doing
Molecular Replacement

* Amore
* Manual steps but very fast

* Molrep

e Automated MR

 Several useful features e.g. searching a map
* Phaser

* Maximum likelihood approach

* Accounts for potential model errors

 Best for difficult cases and for correctly
positioning fragment search models

@ (CP4
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Molecular Replacement

Missing domain

e )
: Positioned model

AL
ST

* Phased translation search

» Useful when searching for several copies or dealing
with a complex

* Available through MOLREP (3 protocols) and Phaser

* Can help in some cases, particularly when looking for
small domains

@ (CP4
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Molecular Replacement

Phased translation search:
Example: 13

Search model: 1s20, chain A

4 -

Structure and electron density JESsS
after MR and restrained refinement
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Molecular Replacement

Phased translation search:

Example: 13

Search model: 1s20, chain A

Large Domain only

Structure and electron dens:ty
after MR and restrained ref/nement
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Molecular Replacement

Phased translation search:

Example: 13

Search model: 1s20, chain A
Large Domain fixed

Small Domain search

Fit into density

(Molrep & Phaser)

Structure and‘electron dens:ty
after MR and restrained ref/nement




Molecular Replacement

Phased translation search:

Example: 13

Complete structure and
electron density after
restrained refinement

e (7

Structure andelectron density» @ \g
after MR and restrained refinement =~
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How do | know my MR solution is successful?
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Assessing the solution

» Terminology
* MR solution
e Successful MR solution

» What s 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 Assessing the MR Solution
refinement

@ (CP4



Assessing the 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

Assessing the MR Solution

@ (CP4



Assessing the solution

Assessing the MR Solution




ssessing the solution

Assessing the MR Solution
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Assessing the MR Solution




Assessing the solution

* Rough guide to MR program scoring

Assessing the MR Solution

@ (CP4



Assessing the solution

* Rough guide to MR program scoring
* Phaser scores

* LLGscores—has itincreased 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

@ (CP4
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Assessing the solution

* Rough guide to MR program scoring

* Phaser scores

* LLG scores — has itincreased 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
success

* Molrep scores

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

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

Assessing the MR Solution
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Assessing the solution

* Refinement

Assessing the MR Solution
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Assessing the solution

* Refinement

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

Assessing the MR Solution
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Assessing the solution

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

* Use 200 cycles of jelly body refinement option in
Refmac post MR

Assessing the MR Solution
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Assessing the solution

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

* Use 200 cycles of jelly body refinement option in
Refmac post MR

U o
_Phaser positioned mjx[el ;

Assessing the MR Solution




Assessing the solution

. Refinement
- Use 200 cycles

of jelly body refinement option in Refmac post MR

i ’_J '_j_{‘ :

Example:
(resolutio%

Sy A T Y ol
Phaserpos:t:oned‘fi&odgiﬁg | o 200 cycles jelly bodggf "
R/Rfree=0.52/0.56. Ty . .| G DTER L o0 R/Rfree=0.44/0.48: 1
(model RMSD to targetof1.5A) )~ = o (model RMSD to targ‘&‘by




Assessing the solution

* Density Modification &
C-alphatracing

Assessing the MR Solution

@ (CP4



Density Modification

Main techniques:

.. Solvent flattening

2. Histogram
matching

3. NCS averaging
4. C-alpha tracing

(slidefrom Kevin Cowtan)
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Density Modification

CCP4 Applications:

. Parrot

- SHELXE
- ACORN
- Pirate

. Solomon
- DM

(slidefrom Kevin Cowtan)
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Assessing the solution

* Automatic model building: Buccaneer & 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

Assessing the MR Solution
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Automated Molecular Replacement in CCP4

* Several automation pipelines for MR in CCP4:

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

* MoRDa — similarto BALBES

@ (CP4



MrBUMP

MrBUMP

* Covers all stages from data examination
s g xamine the data
throughto initial model building l

Find a search model

|

* Two modes:
1. Model generation only

2. Model generation and Molecular _
Replacement th rough to model Preparation of search model

building l
* CCP4i2, CCP4 Cloud & CCP4 Online l

* CCP4mg—model generation step with

graphical view

@ (CP4



BALBES/MoRDa 3

ANDeO

* Covers all stages from data examination
throughto refinement l

Find a search model

|

e Custom database:
1. Non-redundantversion of PDB

2. Basicentry is a domain with definitions :
for constructing full chains, multimers FIEPEIELEN G EEEED TE 3
and ensembles l

e Other features: Run Molecular Replacement

* Search all spacegroups l
* Uses Molrep for MR and Refmac for

refinement
e Available in CCP4i2, CCP4 Cloud & on
& (0CP4 CCP4 Online




CCP4 Online: MrB

¥ CCPaonline
Waww.Cepd ac uk

New Tab

W on-line
> Programs

Programs

An automated Molecular Replacement (MR) pipaiine - Bal
for solving 3 orystal structure by Moleaulyr Replacement

An automated Molecular Replacement (NR) pipeiine - GiV
will search for homelogous structures, create a set of sultd
malecular replacement, and test the solutions with some
) Space group and crystaliographik ongin validation

automated structure solution pipeling for SAD experimpn)

a CCPL online
WwWLoCEd ek

Few Tab

> M MrLUMP Run

Strudiure Fackon Chooss Fils | Na Me chosen
Sinpuanin Target: Chooss Fils | Mo Nis chosen

Instaad of sntering & Sequence Target Nle you O8N pEste your FASTA segquens Below
{Mota that & comment line Deghaning with & ">’ Character must precesd Sach sequence ]

1 B the SHELX Bcence [oplonal] {¥ou con ot the Bgonoe fiom the

fig et PLEASE WATT for your &

prelon Laboratory, Hamae

o

ISplits

Log file

\
L

UMP, BALBES, MoRDa & more

o0 & & 40008

E

Protein

Interaction rodar

Interface parometers

1A

[£14]
oe
v

HB :

58
0s

ntectsco orea, A 2248
Soivation Energy, keatimel <1246
Yotal Bnding Energy, keamol 2085
Sydrophobic P-vshio 0.3542
Numbder of Hydrogen Bonds 99
Nurser of Sait Basges 25
Number of Disuiphice Bonds 0



http://www.ccp4.ac.uk/ccp4online

MR on the CCP4 Cloud

* Excellent interface for
tackling difficult MR
problems

* Explore broad range of
search models,
preparation protocols
and refinements

* Exploit large
computational resources

@ (CP4

»EI\ B3 ccp4 Cloud x| 4L

< O @

ccpdservé.rc-harwell.ac

venom2019

/{, [adamVenom2019] venom2019
i [0001] imported: HKL (1) Sequence (1) XYZ (1) -- done.
:[0002] asymmetric unit contents -- Solv=54.7%
[0003] ensemble preparation (xyz) -- done.
7-[0004] phaser MR == Nyo=2 LLG=1689 TFZ=3.9 R=0.4618 Rfr0o=0.46:
[0005] phaser MR == Ny ;=1 LLG=2157 TFZ=38.8 R=0.4595
[0006] molrep -- R=0.4945 Ryreo=0.5254
1{4[0007] change space group (ASU) -- SpG=P 21 21 2
[0008] asymmetric unit contents -- Solv=54.7%
Wy [0009] ensemble preparation (xyz) -- done.
& [0010] molrep -- R=0.4850 Rfro0=0.4855
X [0012] refmac5 -- R=0.4069 Rfree=0.4186
SHELE [0013] shelxe -- €C=25.85% FOM=0.65
[0037] refmach -- R=0.4581 Ryrpo=0.48
@[001 5] zanuda -- done.
‘5[0017] ensemble preparation (xyz) -- d
iy [0018] ensemble preparation (xyz) -- d
[0011] phaser MR == Nyp=2 LLG=1606 TFZ=1.5 R=0
[0016] refmach -- R=0.4215 Ryree=0.4372
=5-[0014] phaser MR == Ny ;=1 LLG=2157 TFZ=34.2 R=
%-[0020] +(0017) phaser MR -- No=1 LLG=2228 TFZ=41.
35[0022] refmach -- R=0.4515 Rf0=0.4632

rAnaAT - - = S

IO

CCP4 SCIeNCE & 16EHnOIogy
m-line Facilities Council

Powered by CCP4 v.7.0.077 4

[0005] phaser MR

lob complete Xpol
Job leted “§' Export

Main Log Service Log Errors

0005-02_phaser-mr Structure and electron density

map 1 level = 0.3609 e/A® (1.56 rmsd)
} X

S

®poUIny

& Ref.

CCP4 Cloud v.1.4.001 [07.10.2019]




Crystal Contamination
* SIMBAD: Sequence-less MR

nearest cell (lattice)
contaminants

entire non-redundant
domain database (90000
models)

* Accessible from Molecular

Replacement menu

e CCP4Online
* CCPy4i2

0 COPL-T2.08T & <t Viewer: meClinic2019_yvoans

Sileiular Replacement and ivhnement - MOLAEP

Eyahataon ,'? MNECAlr "o ot MO B
© P SIMBAD Molecular Replacement Pipetine v

+ A, & Dats reduction SgpeF 21 21 21 rew . Molecular replacement with electron Sesaity - MOLREP
« 3 MOLREP QIS Gue clctron Sensty a1 he searth model iMoiren:

4 Savic MR . PHASER

A 3 Deline crystal contents n | Match modet to reference

& A, 2 Dafine cryvtal contents ’g Mo oy T O of Tt N 10 Seder

v A Estimate colf content ’ .

Molecular Replacement with wncomventional models - AMPLE
Ths Lok & A N UnCoe ' moden

o g MRS AODLIC It B4 U
Sequence Pree Molecular emant - SIMBAD

S They Lass o for v Mote s Replacemest adhoud & segare

Sty wing PHASER 20g

\g A ivis phasing snd Chain acing - ARCIMECLDO (LITE. BORGES, SHETDOLR)
f— SVucTre SRtion Som sl moleculs & ¢ s

Molecular replacement with fragments - Fr.

PMaces Faprerts mas Mhunes and featy ~

o SIMBAD Reweits

4 CCP4
' on-line =8 /
¢ Condpure Euse

SMBAD R

=, Etectron devmity for 15MU | com ccphmg i‘ﬁk Bt Calcylate Draw Measures Validate HD  About Extessions Ugand

Expoct
Expent y & ) Space Refine Zone
; Regularize Zeoe
Flued Alaera. .
Rigid Dody FR Zone
\ Rotate Transiate
+ Bost SIMBAD rosutt Log Fles Y= y >
‘ Auto Fit Rotamer
Rotamers.
£t ON Angles
o Torsion Ganeral
< Filp Peptide
E  Sdechain 160" Flip
v LAk Backbone Tocuiony

Expent

A Mutate & Aute B
Yo Smole Mutate,

Rt/ _sew chy SV e mok epyTeline SSMU_relinement_output pdb. Molecuie nu..
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