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Overview

* Introduction to Molecular Replacement (MR)

* Practical guide to performing MR

* Automatic Molecular Replacement in CCP4

* What to do if Molecular Replacement doesn’t work
* Acknowledgements
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Introduction: Basics of Molecular Replacement
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Introduction: Basics of Molecular Replacement

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

Electron density
at (x,y,z)
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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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Introduction: Molecular Replacement and the PDB

PDB Structure Determination

Today, t_he yast majority of X- Method (X-ray)
ray entries inthe PDB have \

been phased using MR U\

ncreasing success rate of MR AD T

nas been due to: \

Improving methods in software
e.g. maximum likelihood in
Phaser

Increasing availability of

suitable search models
E MR SAD MAD EMIR SIR Other
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Introduction: Step-by-step Molecular Replacement

Examine the data

* Despite this, successfully performing MR

depends on attention to detail both l
before and after running the Molecular

Replacement program l

Run Molecular Replacement
Assessing the MR Solution
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Step-by-Step MR: Examining the data

 Data issues can have an impact on how

well MR will work
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Step-by-Step MR: Examining the 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

 What's the resolution of the data?
* Self-rotation function —signs of NCS?
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Step-by-Step MR: Examining the 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

 What's the resolution of the data?
* Self-rotation function —signs of NCS?

* Potential problems:
 Pseudo translation?
* Twinned data?

e Space group assignment correct?
€ (CPd 2 MrBUMP



Step-by-Step MR: Finding a search model

* A well-chosen and optimized search —

model has two key advantages l

Find a search model
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Step-by-Step MR: Finding a search model

* A well-chosen and optimized search —

model has two key advantages l

1. Makes it easier for the MR program to find
the correct position for that search model G & SEATCh MOCe

and hence sensible starting phases
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Step-by-Step MR: Finding a search model

* A well-chosen and optimized search —
model has two key advantages l
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
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Step-by-Step MR: Finding a search model

* 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

» eLLG from Phaser is a good measure of whether
or not a search model has a chance to be placed

correctly
- Data Resolution

|
| Findasearchmodel

Find a search model
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Step-by-Step MR: Resolution and MR

1
| Findasearchmodel

Find a search model

- How does data resolution impact on
molecular replacement?
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Step-by-Step MR: Resolution and MR

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

(McCoy et al. 2017, PNAS)
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Step-by-Step MR: Resolution and MR
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* Phaser can place small Ll
fragments of total scattering
« Applications like SHELXE and e ' P
Acorn can improve through g 0 Gaw o ol § 2 O
density modification (DM) and 7' .
model building to a correct '
solution
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Step-by-Step MR: Resolution and MR

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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Step-by-Step MR: Finding a search model

* How to find a search model?

e Amino acid sequence similarity often correlates well

with structural similarity Examine the data
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Krissinel et al. looked at
0 02040608 1 0 struc.ture-s_equence
Q-score relationship across
Evgeny Krissinel _ en tire PDB

Bioinformatics 2007;23:717-723
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Step-by-Step MR: Finding a search model

* Bioinformatics gives us sensitive l
T Find a search model
sequence-based search tools for finding
potential homologues from which we can
derive search models for MR
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Step-by-Step MR: Finding a search model

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

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

Find a search model

|
| Findasearchmodel
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Step-by-Step MR: Finding a search model

* HHpred

Examine the data

* Hidden Markov Model approach l

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

2 MrBUMP



Step-by-Step MR: Preparation of search model

* 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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Step-by-Step MR: Preparation of search model

* 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 L S e
Replacement
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Step-by-Step MR: Preparation of search model

* 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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Step-by-Step MR: Preparation of search model

* Example target: . N
e cTPX - Bromodomain Doce
from Plasmodium W,
Faciparum Gceng g e S
e e g R
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Step-by-Step MR: Preparation of search model

* Example target:

 ;TPX - Bromodomain

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

* 45% sequence identity
over 82% coverage of
target

€ (CP4

2 MrBUMP



Step-by-Step MR: Preparation of search model

e Search Model . ‘7 g
preparation and MR: | >
e All atoms?

Molrep Refmac  Refmac
TF/sigma Rfactor Rfree

Allatoms 6.82 0.418 0.481
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Step-by-Step MR: Preparation of search model

* Search Model -
preparation and MR: ‘g
* All atoms?
* Polyalanine?

Refmac
TF/sigma Rfactor Rfree

Allatoms 6.82 0.418 0.481

4.98 0.46 0.482
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Step-by-Step MR: Preparation of search model

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

sequence alignment P BT Preparation of search model
» Keep common S L i
residues L Molrep Refmac  Refmac
* Truncate to common -\ Y- i TF/sigma Rfactor  Rfree
ato-ms on aligned = Allatoms 6.82 0.418 0.481
residues

Poly 4.98 0.46 0.482

Mixed 10.27 0.379 0.418
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Step-by-Step MR: Preparation of search model

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

sequence alignment

* Keep common
residues

* Truncate to common
atoms on aligned
residues

Molrep Refmac  Refmac
TF/sigma Rfactor Rfree

Allatoms 6.82 0.418 0.481

Poly 4.98 0.46 0.482

Mixed 10.27 0.379 0.418
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Step-by-Step MR: Preparation of search model

Unmodified model: Mixed model:

+ 3 iterations of unmodified | mixed

buccaneer & refmac

39 20 good density features
WP 36 33 % MrBUMP
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Step-by-Step MR: Preparation of search model

* Mixed-model generation in CCP4
* Chainsaw & Sculptor

X CCP4-7.0,026 Project Viewer: dis
Fle Edit History Utilities Projects Help
— - 4

Task menu  View in Coot PaAmg Help

Job_hsx Project directory

(e JobyFile
A, 7 Import an alignment
* 6 Truncate search model - CHAINSAW
A, 5 Import a sequence
+ 4 Truncate search model - SCULPTOR
+ 3 Import a coordinate set - optional se...
A, 2 Import a coordinate set - optional nRes=296
A, 1 Import a coordinate set - optional s... nRes=11

Evaluation

A
-~

- w

% %

Clone job  Run

Run on server

+  Experimental phasing
? Bioinformatics including model preparation for Molecular Replacement

<P
N

P

0! e

P

Interactive model preparation - CCP4mg and MrBUMP
Identify MR models with MrBUMP, display and sefect with CCP4mg

Interactive selection of MR model components - CCP4mg

Bus@CCcPamy to Bele®® cdpdhen ofS sdircMmotiel Bhd JitpBtedV2 Mrmt

Truncate search model - CHAINSAW
Truncate and renumber mode! prior to molecular replacement

Truncate search model - SCULPTOR

Truncate model prior to molecular replacement
NN @ i Em Em Em @ @ @m e e e e e

Build an ensemble for PHASER

Compile assorted related structures into an ensembie for use in PHASER

Align sequences - CLUSTALW
Align sequences using clustalw

4 Molecular Replacement

New job Cancel

Examine the data

Find a search model
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Step-by-Step MR: Preparation of search model

* 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

of Atomic model imported from 4nec.pdb by jot $

a Ao
w jobs and files
Atom selection ( 1890 atoms)

n n n n n n n n n n n n n n n n n n n n n [ | n
Sequence of target model
n

A lzn g Sequence ..is not used

" e RunbePor hoffofersto ZealchYor®(Afite® &% ® ®* & = & = & = =

Fixed Model

!'I Atomic model s not used

2 MrBUMP
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Step-by-Step MR: Preparation of search model

* Manual pruning in Coot

* Remove anythingthat is
likely to be flexible:
* Externalloops

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

 Domains if thereis
evidence of “hinge
motion”

€ (CP4 i 2 MrBUMP



Step-by-Step MR: Preparation of search model

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

Find a search model

|
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Step-by-Step MR: Preparation of search model

* Ensembles: alignment of
search models

Examine the data

|

Find a search model

|

W Ut ook ) SIg you Get 15 DO erperence o Our medete. By S0g Ouf SVIces you Agree 1 Ouf DAvacy poles n
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Step-by-Step MR: Preparation of search model

* Ensembles: alignment of
search models

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

€ (CPd 2 MrBUMP



Step-by-Step MR: Preparation of search model

* 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

€ (CPd 2 MrBUMP



Step-by-Step MR: Preparation of search model

* Ensembles: Generating ensembles in CCP4 —

e Ensembler:

* Align models and truncate based on a variance l
threshol _

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

€ (CPd 2 MrBUMP



Step-by-Step MR: Preparation of search model
* Ensembles: CCP4mg & MrBUMP

* Finds homologues using Phmmer

* Runs Chainsaw to prune and create search models
* Aligns models using Gesamt

* Truncation tool to adjust variance threshold

s }‘ \ ‘ - e
» —‘ ] _ ! P ’_ [ -
vég oL y ‘ ,.\ W )&t T {J \
_! y d\‘ ! » .’\
’ /) b
/% - ',(. { f , (
- [/ \ ‘ \i /| ‘ J \
// ) o - «‘ ', . ‘ L1 &
i N\ 7 “‘\y — )
1 // J B \\\ N =/
’ o
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Step-by-Step MR: Preparation of search model

File Edit

s

| CCP4mg-MrBUMP

s T e d Ensemble generation with

rBUMP output
1gxtZA
1gxu A

Ensemble
truncation

“slider” | T fr——t e

Display Tah fi
gEEEEEN EEEEEEER

AKNTSCGVOLRIRGKVQGVGFRPFVHWOLAQOLNLHGDVCNDGDGVEVRLRED PETFLVQLYQHCPPLARTDSVEREPFTWSQLP )3 L me = MrEUMP
TSCGVQL I G VQGVGF PFVWQLAQQLNLHGDVCNDGDGVEV L PETFLVQLYQHCPPLA IDSV PFIWSQLPT s
TSCGVQL I G VQGVGF PFVWQLAQQLNLHGDVCNDGDGVEV L PETFLVQLYQHCPPLA IDSV PFIWSQLPT
L T G VQGVGF PFVWQLAQQILNLHGDVCNDGDXGVEV L. PETFLVQLYQHCPPLA TDSV P
0L T G VQGVG PEVWQLAQQINLHGOVCNDGDXGVEV L PETFLVQLYQHCPPLA IDSV
BOL I G VQGVG PFVWQLAQOQLNLHGOVCNDGDXGVEV L PETFLVQLYQHCPPLA IDSV.
imp_1ilogs\phmmerALN.log from 3 mrbump_basic
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Step-by-Step MR: Preparation of search model

* 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 é’h

* Particularly a problem at lower

resolutions and crystals with high
symmetry

€ (CPd 2 MrBUMP



Step-by-Step MR: Preparation of search model

* Domains as search models

* A hinge motion may alter AR Dol
the relative orientation of Wl 3 1
domains within a chain '

e Domain models should be ind? 1

isolated from the parent A Preparation of search model

search model and used
separately in MR

€ (CPd 2 MrBUMP



Step-by-Step MR: Run 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 Run Molecular Replacement

* Accounts for potential model errors

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

€ (CPd 2 MrBUMP



Step-by-Step MR: Run Molecular Replacement

* Important points on using Phaser

Run Molecular Replacement
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Step-by-Step MR: Run Molecular Replacement

* Important points on using Phaser
* Phaser accounts for errorsin:

Run Molecular Replacement
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Step-by-Step MR: Run Molecular Replacement

* Important points on using Phaser

* Phaser accounts for errors in:
1. Model

* Provide accurate details of AU composition

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

Run Molecular Replacement

€ (CPd 2 MrBUMP



Step-by-Step MR: Run Molecular Replacement

* Important points on using Phaser

* Phaser accounts for errors in:

1. Model
* Provide accurate details of AU composition

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

2. Data

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

Run Molecular Replacement

€ (CPd 2 MrBUMP



Step-by-Step MR: Run Molecular Replacement

* Important points on using Phaser

* Phaser accounts for errors in:

1. Model
* Provide accurate details of AU composition

* Use RMS value rather than sequenceidentity 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 Run Molecular Replacement

* Provide minimal details and let Phaser make it's own
decisions e.qg. search order, search all possible space groups

* Ifit doesn't work take step-by-step approach —1 copy ata
time

€ (CPd 2 MrBUMP



Step-by-Step MR: Run Molecular Replacement

Missing domain

POSthﬂ d model
v b S

7,

g o
k/. \

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

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

€ (CPd 2 MrBUMP



Step-by-Step MR: Run Molecular Replacement

Phased translation search:
Example: 13

Search model: 1s20, chain A

, .
-

Structure and electron density JSs
after MR and restrained refinement
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Step-by-Step MR: Run Molecular Replacement

Phased translation search:

Example: 13

Search model: 1s20, chain A

Large Domain only

Structure and electron denSIty 3
after MR and restrained ref/nement
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Step-by-Step MR: Run Molecular Replacement

Phased translation search:

Example: 13

Search model: 1s20, chain A
Large Domain fixed

Small Domain search

Fit into density

(Molrep & Phaser)

Structure Gndielectron denSIty ]
after MR and restrained ref/nement

2 MrBUMP



Step-by-Step MR: Run Molecular Replacement

Phased translation search:

Example: 13

Complete structure and
electron density after
restrained refinement

5 ,
Structure andelectron density» @ 0g

~

after MR and restrained refinement

Wy

2 MrBUMP



How do | know my MR solution is successful?
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Step-by-Step MR: 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 l

through model building and

refinement

€ (CPd 2 MrBUMP



Step-by-Step MR: 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

Assessing the MR Solution

€ (CPd 2 MrBUMP
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Step by Step MR: Assessmg the MR solution

Assessing the MR Solution

Successfu; ":.”"Tuta n?
€ (CP4 .
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Step by Step MR: Assessmg the MR solution

Assessing the MR Solution
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Step-by-Step MR: Assessing the MR solution

* Rough guide to MR program scoring

Assessing the MR Solution
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Step-by-Step MR: Assessing the MR 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

Assessing the MR Solution
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Step-by-Step MR: Assessing the MR 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?

€ (CPd 2 MrBUMP
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Step-by-Step MR: Assessing the MR solution

* Refinement

Assessing the MR Solution
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Step-by-Step MR: Assessing the MR solution

* Refinement

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

Assessing the MR Solution
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Step-by-Step MR: Assessing the MR 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

€ (CPd 2 MrBUMP



Step-by-Step MR: Assessing the MR 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

= P g R |
_Phaser positioned m})r{el 200 cycles jelly rbgﬂﬁéﬁ?emen ol 2’

.ﬁ‘/-‘

Assessing the MR Solution
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Step-by-Step MR: Assessing the MR solution

. Refinement
- Use 200 cycles of jelly body refinement option in Refmac post MR

Example:
(resolutiiﬁr |

3

f
§ = -
ggggg ﬁg‘\ ; w’ﬁ-& ! Pl
+ i : 2n Y i
My i,. £ i D e
{ i 45

X% R e
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; A A . g i 1 N
o A e W ATH
of g s SET Tl
‘ : ’\(,.?f ‘m,} \ ( . < " “”“ég&%e
/j j@&_tdﬂg\w P AR / N A
Phaser positioned ﬁ@'g_d%i i Q; 4 200 cycles jelly bod}é[ e
R/Rfree=0.52/0.56 ﬁ@ﬁ% £ R/Rfree=0.44/0.48; ) 2

(model RMSD to targetiof 1.5A) ) (model RMSD to targ'ﬁf 0. 9%)

€ (CPd 2 MrBUMP



Step-by-Step MR: Assessing the MR solution

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

|
| S

difference map density

\

Assessing the MR Solution

positioned search model
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Step-by-Step MR: Assessing the MR solution

* Density Modification &
C-alphatracing

Assessing the MR Solution

€ (CP4 2 MrBUMP



Density Modification

Main techniques:

.. Solvent flattening

2. Histogram
matching

3. NCS averaging
4. C-alphatracing

(slide from Kevin Cowtan)




Density Modification

CCP4 Applications:

. Parrot

- SHELXE
- ACORN
- Pirate

. Solomon
- DM

(slide from Kevin Cowtan)




Step-by-Step MR: Assessing the MR solution

4  Molecular Replacement
Model building and Graphics

* Density Modification & s

ding (8

C-alphatracing il

« SHELXE for MR o) prtmen-coor
(resolution better than ) 5800009 5 500 9-0-0-0-0-

2 5 A ) Model building from Molecular Replacement solution using Shelxe
"

S - Use Sheixe 1o attempt Lo mprove (or verify) a solution from Molecudar Replacement

mol#culBr grapliucs lizution armi fig retion -@CPAMGE = ®

Mecular grag on. analysis

¢ &  Refinement

«+ Ugands

+ &% wvalidation and analysis

Experimental phasing

Automated structure solution - CRANK2 phasing and building

CRANK

SHI Automated structure solution - SHELXC/D/E phasing and building

Expenmental phasing ehne SHELX (run via Crank2)

"-D‘ SAD phasing from heavy atom sites - PHASER

* ACORN (resolution
-;TJ‘ u SOWRICIR 2 2R QT Qe A PR PR  a o
- ;‘: ACORN - Phase Refinement with Dynamic Density Modification b e tter th an 1 " 7A )

wory  Un-biased improvement of initial phases for high resolution data (1.5 Angstoms and b
u
|| L] L] | | L] L] L] L]
X Find"HA siths FSHELNC/O

Find sites from SAD/MAD/SIR/SIRAS/RIP/RIPAS data

Density modification - PARROT

Modify the electron density (Parot)

&= Bioinformatics including model preparation for Molecular Replacement

Assessing the MR Solution

2 MrBUMP



Step-by-Step MR: Assessing the MR solution

* SHELXE scoring: CC >=25 %
(average c-alpha fragment length >= 10)

5]
5]
w
=
i
L
I
i)
e

SHELXE scoring tested for 1000 separate MR solutions

= Awerage chain length >= 10
* Avarage chain length < 10

40 60 80

Mean Phase Error ©

(2015) Acta Crystallogr D Struct Biol 71: 338-343

Examine the data

|

Find a search model

|

Preparation of search model

|

Run MolecularReplacement

|

2 MrBUMP



Step-by-Step MR: Assessing the MR 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
modelis true — eliminates bias

Assessing the MR Solution

€ (CPd 2 MrBUMP



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 2 MrBUMP



MrBUMP

MrBUMP

* Covers all stages from data examination
I 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

€ (CPd 2 MrBUMP



BALBES/MoRDa -

* 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 E 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

& (P4 CCP4 Online % MrBUMP




CCP4 Online: MrBUMP, BALBES, MoRDa & more

% CCP4online
Lo e

Mew Tabs pastneringONE

@ CCPaonline
o & O CCP4 7 - . o8 & & 4008
Apps [ New Tab partneringONE ' ﬂ"-hlne

. CCP4 - E————

VW on-line

> Programs
e file formats 2

Programs 5
Structurs Factor Chooss File | Mo Me chosen

J5C Nave a N Aoen {0 run these programs Sindpmpirin Target! Choots File Mo e choden

- In#tead of entering & Seguence Tangel Nie you Can paste your FASTA Sequends Below!
An automated Molecular Replacement (MR) pipeiine - Ball Mote that & comenent line n with & "' character must S
for soiving a crystal structure by Moleaslar Replacement ! baginning e saquance) t

Interaction rodar

Protein

An automated Molecular Replacement (MR) pipeiine - GV

will search for homeologous structures, create a set of sulty

molecular replacement, and test the solutions with some
el

Space group and crystaliographic ongin validation

[ Baav Bhey SHELX kcence [opbicnal] {You can get the Bcence from the

Submilt | (afber clicking submit, PLEASE WAIT for

Ha

Interface parameters

1A nleriace aroa, A 246
DG | Soivation Energy, kealimel -1246
BE : Yotal Bndng Erecgy, keavimol -20.65
PV | Hysrophobic Pavalue 0.3542
HB : Number of Hydrogen Bonds 9

S8 | Numer of Satt Badges 25
Downioad PO | Download POBx | View in fSMol el R
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http://www.ccp4.ac.uk/ccp4online

MR on the CCP4 Cloud

»EI\ B3 ccp4 Cloud x| 4L

< O (r ) ccpdservé.rc-harwell.acuk

* Excellent interface for
tackling difficult MR
problems

venom2019 [0005] phaser MR

[adamVenom2019] venom2019 | Job completed ‘g Export | &z Ref. [ Help
[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 -- Nsoi=1 LLG-2157 TFZ-38.8 R=0.4595  0005-02_phaser-mr Structure and electron density
[0006] molrep -- R=0.4945 Ryreo=0.5254 -
[1[0007] change space group (ASU) -- SpG=P 21 21 2 map 1 level = 0.3609 e/A® (1.56 rmsd)
o EX p | O re b ro a d ra n g e Of g : 9008] asymmetric unit contents -- Solv=54.7% ‘ ! ] 2
iy [0009] ensemble preparation (xyz) -- done. X SV
3 iz [0010] molrep -~ R=0.4850 Ryyoe=0.4855 A=
S e a rc h m O d e | S X 0012] refmach -- R=0.4069 Rfroo=0.4186
I L | - SHELK [0013] shelxe -- €C=25.85% FOM=0.65
. 5[0037] refmach -- R=0.4581 Rfr,0=0.48
preparation protocols  § L et
5[0017] ensemble preparation (xyz) -- d
. 5[001 8] ensemble preparation (xyz) -- d
a n d refl n e m e n t S = [0011] phaser MR - Ny=2 LLG=1606 TFZ=1.5 R=0
0016] refmac5 -- R=0.4215 Rfroo=0.4372
[0014] phaser MR == Nyo=1 LLG=2157 TFZ=34.2 R=
+[0020] +(0017) phaser MR == Ngo/=1 LLG=2228 TFZ=41.
[0022] refmach -- R=0.4515 Ryreo=0.4632

Main Log Service Log Errors

IO

rAnaAT - = S

S EX p | O i t Va St Powiered by CCP4 v.7.0.077 P ?fé:?o'.‘.‘;“«""”"’ RN - » CCP4 Cloud v.!..001 [07.10.2019]
computational resources

¢ (CP4

https://cloud.ccpg.ac.uk
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What to do if Molecular Replacement doesn’t work

€ (CP4 2 MrBUMP



What to do if Molecular Replacement doesn’t work

* Try different search models or different preparation
methods for the homologues

€ (CP4 2 MrBUMP



What to do if Molecular Replacement doesn’t work

* Try different search models or different preparation
methods for the homologues

* Try more distant homologues

* Sequence similarity does not always imply structural similarity
e.g. Saoo family of proteins

* Distant homologues can be structurally similar e.qg. globular
enzymes

€ (CP4 2 MrBUMP



What to do if Molecular Replacement doesn’t work

* Try different search models or different preparation
methods for the homologues

* Try more distant homologues

* Sequence similarity does not always imply structural similarity
e.g. Saoo family of proteins

* Distant homologues can be structurally similar e.qg. globular
enzymes

* Experimental Phasing

* MR-SAD - Phaser, Crank2 or SHELX
* Sulpher SAD

€ (CP4 2 MrBUMP



What to do if Molecular Replacement doesn’t work

—
 AMPLE: Ab initio modelling to generate models for o ey e R y
molecular replacement py /’\\.\.({‘ e
| /% \\;/) ' / )
KU A \ (AN
* Uses programs like Rosetta and Quark to generate Priaa N & S22
search models from the target sequence o (/, Zol (e
* Can exploit sequence alignment derived residue N, ’/ O A0 >
contact predictions G AN Y e S

€ (CP4 2 MrBUMP



What to do if Molecular Replacement doesn’t work

Clustering and truncating to make ensemble search models

AMPLE abinitio : cluster : truncate | cluster ; sidechains ;
i i models i (SPICKER) i (THESEUS) {(MAXCLUSTER) n
Pipeline B .

l

|_Phaser |

|

SHELXE

;El

Buccaneer Jens
and/or
up to 180 ensemble ARP/WARP Thomas)

(image from

search models

€ (CP4 2 MrBUMP



What to do if Molecular Replacement doesn’t work

* ARCIMBOLDO (Isabel will present more)
* 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/

€ (CP4 2 MrBUMP


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

What to do if Molecular Replacement doesn’t work

@ 5§OTE:N
SOCIETY

1@ rysta | Contaminants METHODS AND APPLICATIONS

Protein purification and crystallization

artifacts: The tale usually not told
* Always check that you don’t have a Y

contaminant present

Ewa Niedzialkowska,"?* Olga Gasiorowska,'* Katarzyna B. Handing,'”
Karolina A. Majorek,'** Przemyslaw J. Porebski,’ Ivan G. Shabalin,'***
Ewelina Zasadzinska,® Marcin Cymborowski,'* and Wladek Minor™ %%

* Perform mass spectroscopy on your A S

Averue, Jordan Hall, Room 4223, Chadottesville, Virginia, 22008
. . . ? Jorzy WA ysis andd Surface Chemistyy, Polsh Academy of Sciences, Nsezaporminapek 8, Krakow, 30-239, Poland
solution and crystals if possible o oo B, e, B 6008
‘Center for Structural Genomics of Infectious Diseases (CSGID), Chicago, ilinces, 60611
"New York Structural Genomics Research Consortium ), Bronx, New York, 10461
*Dopariment of Biochemistry and Moloculyr Genstics, Usiversity of Virgini School of Medicine, 1340 Jeffersen Park Averue,
Jordan Hal, Room 6044, Charfotiesvile, Virginia, 22608

* Test your data immediately after data G e
collection using SIMBAD or Contaminer

Abstract: The misidentification of a protein sample, or contamination of a sample with the wrong
protein, may be a potential reason for the non-reproducibility of experiments. This problem may
occur in the process of heterologous overexpression and purification of recombinant proteins, as
well as purification of proteins from natural sources. If the contaminated or misidentified sample is
used for crystallization, in many cases the problem may not be detected until structures are deter-

s lor the deposted struchures and

D
<™

=
- I—.'\..\'\"—_' =



What to do if Molecular Replacement doesn’t work

* SIMBAD: Sequence-less MR

1. nearest cell (lattice)
2. contaminants

3. entire non-redundant
domain database (90000
models)

* Accessible from Molecular
Replacement menu

e CCP4Online
* CCPy4i2

€ (CP4

COPL-T .07 Project Viewer: meClinic2019_yvon

o Balecular Replacemant and refnement - MOLREF
» G MEPCAd ORI et | B
Sy
+ Molecular replacement with slectron Sesaity - MOLREPF
!s Gae olectron Senvaly o Dhe searth model IMoren.
Match
. March
54

Molecular Replacement with wncomventional models - AMPLE
Thvs task & Aor rumning Molecuiar Arplaceenent with UnConventona’ modets

Lt/ _searchy YSMUme molr epyrefine/ 15MU_refinement _output pdb. Molecule nu
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