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6th DLS-CCP4 Data Collection and
Structure Solution Workshop



Fire Alarm
If the fire alarm sounds, there will be an

No access for visitors and users

alarm which alternates with a voice
message stating that "there is an | |

emergency in the building”. -
You should leave the building by the %%lg— carers
closest fire exit and congregate in the o i
carpark in front of Diamond House. < |

@ i "o oo —3
Emergency Contacts e )
In case of emergency within Diamond = - B
House, please call the RAL emergency . colier
line on 2222 from any internal phone or '”I e =

01235 778888 from a mobile.




How to get the most out of the workshop

e Ask questions! The tutors are experts and developers of the software you
will use. They are not all available for the full week, please approach them if
you need help.

e Talk to your neighbours. The attendees at the course have various levels
of expertise and scientific backgrounds. You may learn from each other and
not just the tutors.

e Take your time. You will get the most out of the tutorials if you work through
each step carefully and think about what you are doing

e Course materials will be uploaded to the website http://www.ccp4.ac.uk/
schools/DLS-2019, so don't feel you have to copy every slide. You will have
them available at the end of the workshop.



http://www.ccp4.ac.uk/schools/DLS-2019
http://www.ccp4.ac.uk/schools/DLS-2019

If progress you make during the workshop leads to published results we ask that
you please acknowledge this in your papers. We will link to them on our website.
his helps us to keep delivering similar workshops in the future.

We wish you every success with your projects!

Collaborative Computational Project No. 4 °
Software for Macromolecular X-Ray Crystallography dlamOnd
2019 Home 2018 Home 2017 Home 2016 Home 2015 Home 2014 Home

DLS-CCP4 Data Collection and Structure Solution Workshop

This page lists some of the publications where the research involved benefited from the assistance given at the DLS-CCP4 workshop. We are grateful to each of the authors
for acknowledging the help they recieved at the workshop.

e 2017 Publications
e 2015 Publications
e 2014 Publications

2017 Publications

The authors of the following publications have expressed their gratitude for the help they received in solving their structures at the DLS-CCP4 school in 2017.

e "Crystal structure of human Acinus RNA recognition motif domain" -
Humberto Fernandes, Honorata Czapinska, Katarzyna Grudziaz, Janusz M. Bujnicki and Martyna Nowacka. Peer) (2018).
e "Crystal Structure and Directed Evolution of Specificity of NlalV Restriction Endonuclease" -
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Outline
o What is CCP4? %

@ Educational Outreach

© The CCP4 Software Suite
~ What is there in CCP4
~ Using CCP4 — the interface(s)

~ The structure solution roadmap

©® Other useful information

® CCP4 in the cloud
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@ CCP4 stands for “Collaborative Computational Project No. 4 in
Protein Crystallography”

©@ One of several CCPs set up in the UK to advance and support
scientific software developments i

@ CCP4 was formally set up in 1979 to support collaboration between
researchers working on MX software in the UK, and to assemble a

comprehensive collection of software to satisfy the computational i
requirements of the relevant UK groups %;.’%;

§1

. . . . \

©® Funded by the Biotechnology and Biological Sciences Research ,

Council (BBSRC) and industrial licencing W
S

©@ The project is coordinated at Scientific Computing Department of
the Science and Technology Facilities Council (STFC)
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© Today CCP4’s main activities are:

7/

+ Supporting the development and distribution of a comprehensive i
suite of software for performing structure solution in macromolecular |
crystallography

* Providing educational and training events to users of the software
including schools/workshops where users can get access to expert iy

assistance with structure solution problems ”5;""{

\

+ Providing other resources to the user community including the e
CCP4BB mailing list, Wiki’s and access to web/cloud-based §

computational resources
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& (CP4
Main CCP4 Groups

sl

%
© Oxford
~ CCP4 core team — software development,
maintenance, distribution, educational outreach and
CCP4 online resources

~ Diamond — data processing developments (DIALS)

© Cambridge
~ MRC/LMB - software development for
refinement (REFMAC) and data processing
(MOSLFM, Aimless, etc.)
~ Uni. of Cambridge — Phaser development team
for phasing software

S e a
""UNITED
Newcastie

"

© University of York
~ Software developments (CCP4mg, Buccaneer,
Privateer)
~ CCP4 GUI-2 developments

Isle of
Wight &
English ChanM~ o
Guemnsey *

Jersey
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& (CP4
Main CCP4 Groups

© University of Liverpool

~ AMPLE (ab-initio MR)
~ SIMBAD (sequence-less MR)

© Associated projects

~ ARP/WARP (Model building, EMBL-Hamburg)

~ PDB redo (Validation and completion, NKI, the
Netherlands)

- : ( e , iddlesbrough
Is;elof ""C ‘ 1)
Man Manc :
~ SHELX (Experimental phasing, Goettingen and : rer
Barcelona) 1

~ Arcimboldo (Fragment-based MR, Barcelona)

~ Crank-2 (Automated experimental phasing,
University of Leiden, The Netherlands)

Isle of
Wight

English Chan'ne, -

Guemnsey .

Jersey
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CCP4 Study Weekend

© Takes place every January in the UK

© Each year tackles a different topic:

~ Data processing
~Experimental phasing

~ Molecular
~ Model bui
~ Related to

replacement
ding and refinement

nics: Complementary methods (EM, NMR, SAX

etc.), Structure analysis, Complexes, Ligands, Databases

@ Lectures streamed live on the internet

§§ E“‘“«
Research Complex . 5%

e

at Harwell
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CCP4 Study Weekend

© Proceedings published in special edition of Acta Cryst. D

2017: “From crystals to structure with CCP4”
2018: “Multi and Serial Crystal Data Collection and Processing”

2019: “Molecular Replacement”

2020: “Model Building”

‘iﬁfﬂ Acta Crystallographica Section A
" STRUCTURAL BIOLOGY Acta Crystallographica Sectio
ene el STRUCTURAL BIOLOGY '~ Acta Crystallographica Section D

" STRUCTURAL BIOLOGY

| HH 1UCr Journals | Wiley SR

HH U

Cr Journals | : Ea— '\

Science & Technology Research Complex.
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CP4 users around the world
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CCP4 Resources

© CCP4BB mailing list — bulletin board, news, expert help and
advice

© CCP4 help desk — ccp4@ccp4.ac.uk — bug reports, problems
with software

© CCP4 wiki — http://ccp4wiki.org — program documentation and
tutorials :

© CCP4 wiki @ Konstanz — http://strucbio.biologie.uni-
konstanz.de/ccp4wiki/index.php/Crystallography

(thanks to Kay Diederichs)

© CCP4 web site — http://www.ccp4.ac.uk



mailto:ccp4@ccp4.ac.uk
http://ccp4wiki.org
http://strucbio.biologie.uni-konstanz.de/ccp4wiki/index.php/Crystallography
http://strucbio.biologie.uni-konstanz.de/ccp4wiki/index.php/Crystallography
http://strucbio.biologie.uni-konstanz.de/ccp4wiki/index.php/Crystallography
http://strucbio.biologie.uni-konstanz.de/ccp4wiki/index.php/Crystallography
http://www.ccp4.ac.uk
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The CCP4 Software Suite
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© The CCP4 Suite is a comprehensive suite of software for
macromolecular crystallography and it contains about 250
program components

© New versions of the suite are released about every 12
months

~ New programs
~ Major updates to existing programs
~ Other new features such as changes to CCP4i interface

© Revisions to the current release are made available through
the CCP4 updates manager
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CCP4 Software

[ NON | ¥ CCP4-7.0.011 Project Viewer: MR

HE - K] - SN )

Task menu  Viewin Coot Viewin CCP4mg Export MTZ Help Bibliography Clone job

LLEIER Project directory

> Import mer

> EE‘-‘! Bioinformatics and model prepa;
» & Molecular Replacement

> }:« Model building and Graphics
> {{ Refinement

< IFE_ > a R:m«mx
ey Tocks ]| ik

J  Job/File Evaluation @ corou
. + 5 Molrep » 4 Integrate X-ray images v —
> A, 4 Refinement - REFMAC5 =0.49 RFree=0. ) . o Ty
» <« A 3Molrep » @ X-ray data reduction and analys
» 4 s+ A 2Import a coordinate set - optional se... nRes=168 » = Experimental phasing ]
>« » A 1Import merged

> ‘V Ligands

» Ec= Validation and analysis

> Export and Deposition

> ;:f_'j;[' Reflection data tools

-t

Do Go Cobui [ uimes siides WO Mout Cgmisnt

4 st Viem (] g Mg

s
-

pDB_ REDO Deposition
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Crystallisation

Data Collection

Data Processing
and Reduction

7 A

Experimental Molecular
Phasing Replacement

N
Density

Modification

Model Building

Refinement

Structure Analysis
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CCP4 Releases

© Current release version — CCP4 7.0 (this workshop: 7.1)
© Recent programs: 7
]

~ SHELX, DIALS, Arcimboldo, CCP4i2 i~

~ QtPISA, Aimless, Dimple, AMPLE, SIMBAD, Zanuda, ProSMART,
Nautilus, AceDRG, Privateer, Feckless and other

~ |n collaboration with the EMBL-Hamburg, ARP/WARP model
building software is now rolled with CCP4 Suite

© Continuing development of major components:
~ Phaser, Refmac, Mosflm/iMosflm, Crank-2, MrBUMP

© Newer infrastructure
~ Build system, Setup Manager and Updates Manager
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The CCP4 user interface(s)

©® Three main interfaces to the CCP4 suite
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The CCP4 user interface(s)

©® Three main interfaces to the CCP4 suite

1. CCP4i — original interface
developed around 2000

List of jobs for project. Double-click on a job displays the log file, shift-double-click reruns the job.

Change Project

Help

=

b anaiysis = g

D Model Generation r

Phaser MR

Run Molrep - auto MR

Run MrBUMP

Run Balbes

Run AMPLE

P AMoRe Suite r

D utilities r

Phaser Single Atom MR

22
21
20
19
18
17
16
15
14
13
12
11
10
9

ST

Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Aug
Rug
Aug
Aug
Aug
Aug
Rug
May
May
May
May
May

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
13

FINISHED
FINISHED
FAILED
FAILED
FINISHED
FINISHED
FINISHED
FAILED
KILLED
FAILED
KILLED
FINISHED
FINISHED
FAILED
KILLED
FINISHED
FAILED
FINISHED
FINISHED
FINISHED
FINISHED
FINISHED

molrep
refmac5
xia2

xia2
mrbump
aimless
pointless
dimple
mrbump
mrbump
mrbump
mrbump
mrbump
mrbump
mrbump
mrbump
mrbump
phaser MR
phaser MR
phaser MR
phaser MR
phaser MR

tesy
test
test
test
test
test
test
test
test
test
[No
[No
[No
[No
[No
[No
[No
[No
[No
[No
[No
[No

title
title
title
title
title
title
title
title
title
title
title
title

given]
given]
given]
given]
given]
given]
given]
given]
given]
given]
given]
given]

Directories&ProjectDir

View Any File

View Files from Job

Search/Sort Database..
Graphical View of Project
Delete/Archive Files..

Kill Job

ReRun Job..

Edit Job Data

—|

Preferences

I

System Administration — |
3 new updates available
Manage Updates Exit

at Harwell




CCP4 Roadmap

Science & Technology Research Complex
@ Facilities Council at Harwell

The CCP4 user interface(s)

s ree main interfaces to the CCP4 suite

& (CP4

5.004 r n eHD —
List of jobs for project. Double-click on a job displays the log file, shift-double-click reruns the job. Change Project | Help
— | g Directories&ProjectDir
- ~|l22 18 Dec 14 FINISHED molrep tesy - .
DREDaNSES L 21 18 Dec 14 FINISHED refmacs test ViewATy Ro

[ ) [} [ ] [ ]
D Model Generation r 20 18 Dec 14 FAILED  xia2 test View Files from Job —
r ‘ r I 19 18 Dec 14 FAILED  xia2 test
I — r I I I r BT 12 12 Dec 14 FINISHED mrbump test Search/Sort Database..
[} Run Molrep - auto MR 17 18 Dec 14 FINISHED aimless test —_—————
16 12 Dec 14 FINISHED pointless test Graphical View of Project
Run MrBUMP 15 18 Dec 14 FAILED dimple test T T
Run Balbes, 14 17 Dec 14 KILLED mrbump test Slercive fes.
13 12 Dec 14 FAILED mrbump test Kill Job
- 11 12 RAug 14 FINISHED mrbump [No title given] ReRun Job..
D AMoRe Suite r 10 12 Aug 14 FINISHED mrbump [No title given] _———————
) utiities r 9 12 Aug 14 FAILED  mrbump [No title given] Edit Job Data —‘|
. e 12 Aug 14 KILLED  mrbump [No title given]
Phaser Single Atom MR 7 12 Aug 14 FINISHED mrbump [No title given] WLI
6 12 Aug 14 FATLED  mrbump [No title given] System Administration = |
5 13 May 13 FINISHED phaser MR [No title given]
4 13 May 13 FINISHED phaser MR [No title given]
3 13 May 13 FINISHED phaser MR [No title given]
2 13 May 13 FINISHED phaser MR [No title given]
1 13 May 13 FINISHED phaser MR [No title given]
[ NON ] & CCP4-7.0.011 Project Viewer: MR_tutorial " Sipelvindatesauaig

- Il ~| <« m ) Manage Updates Exit
T» b Al . e e
= - N g ® @ %

b

Task menu  Viewin Coot Viewin CCP4mg Export MTZ Help Bibliography Clonejob  Run
LlZaSigy  Project directory

C JobiFile Evaluation > Import merged data, sequences, alignments or coordinates
.. « 5 Molrep Integrate X-ray images
» =+ = & 4 Refinement - REFMAC5 R=0.49 RFree=0., ) . .
> . A 3Molrep » @ X-ray data reduction and analysis
» 4+ A 2Importa coordinate set - optional se... nRes=168 » .+ Experimental phasing
> =+ A& 1Import merged

> fEﬂ Bioinformatics and model preparation for Molecular Replacement
» & Molecular Replacement

> é" Model building and Graphics

_ . CCP4i2 — new graphica
e esktop interface (2016)

> Export and Deposition

> ﬁ Reflection data tools
> Hj‘ Coordinate data tools
> + Developer tools

New job Cancel
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The CCP4 user interface(s)

® Three main interfaces to the CCP4 suite

& (CP4

"
List of jobs for project. Double-click on a job displays the log file, shift-double-click reruns the job. Change Project | Help )‘v h
.
— | < Directories&ProjectDir . :
- =22 18 Dec 14 FINISHED molrep tesy - .
[ ° ° ° pRAmANEE L 21 18 Dec 14 FINISHED refmacs test View/Any /e
D Model Generation i 20 18 Dec 14 FAILED  xia2 test View Files from Job ||~
r r ‘ r I r 19 18 Dec 14 FAILED  xia2 test
——
I I I I BT 12 12 Dec 14 FINISHED mrbump test Search/Sort Database..
[ ] Run Molrep - auto MR 17 18 Dec 14 FINISHED aimless test ]
16 12 Dec 14 FINISHED pointless test Graphical View of Project
Run MrBUMP 8 D P
P e i ceet Delete/Archive Files..
Run Balbes oec : = mroump €9
13 12 Dec 14 FAILED mrbump test Kill Job
Run AMPLE 12 12 Aug 14 KILLED  mrbump [No title given]
- r 11 12 RAug 14 FINISHED mrbump [No title given] ReRun Job..
D AMoRe Suite 10 12 Aug 14 FINISHED mrbump [No title given] ————
) utiities r 9 12 Aug 14 FAILED  mrbump [No title given] Edit Job Data 4|
- e 12 Aug 14 KILLED  mrbump [No title given] Proforonces
Phaser Single Atom MR 7 12 Aug 14 FINISHED mrbump [No title given]
6 12 Aug 14 FAILED  mrbump [No title given] System Administration _1| . -
5 13 May 13 FINISHED phaser MR [No title given] "
4 13 May 13 FINISHED phaser MR [No title given]
3 13 May 13 FINISHED phaser MR [No title given]
2 13 May 13 FINISHED phaser MR [No title given]
1 13 May 13 FINISHED phaser MR [No title given]
[ NON ] & CCP4-7.0.011 Project Viewer: MR_tutorial . Sipelvindatesauaig
Manage Updates Exit

= 4 3 M Q) A & e Z PEISEESS. =

Task menu  Viewin Coot Viewin CCP4mg Export MTZ Help Bibliography Clonejob  Run
LlZaSigy  Project directory

Import merged data, sequences, alignments or coordinates

) Job/File Evaluation -
.. « 5 Molrep » . Integrate X-ray images
b e . A, 4 Refinement - REFMAC5 R=0.49 RFree=0.. . .
» -+ A 3Molrep - @ X-ray data reduction and analysis
» 4+ A 2Importa coordinate set - optional se... nRes=168 » .= Experimental phasing
> -

« A, 1Import merged z . . :
> [#=H Bioinformatics and model preparation for Molecular Replacement

& Molecular Replacement

l# Model building and Graphics

_ 2. CCP4i2 — new graphical
desktop interface (2016)

Export and Deposition

> j"“
) 5‘ Coordinate data tools

Reflection data tools

> v Developer tools

‘ « C @ D& re-harwell.ac.uk, o O 0 n o =

. madrid EXAMPLE Ronan Keegan [# 3
New job Cancel -

4-- #,[0001] imported: HKL (4) Sequence (1) XYZ (1) - done.

+ 4. )¢ [toxd_TEST] madrid_EXAMPLE
ED - [0002] simbad -- done. 1DTX_refinement_output Electron density for 1IDTX
[—

[0002] simbad toggled spinning

~ Input 0 Job complete

a 3
Report " Lattice Parameter Search Results | Logfile | Erra

= oo 1
n The best search model found by SIMBAD was 1DTX. This gave an R/Rfact o
solution. Values above this may also be indicative of a correct solution but yol

Best SIMBAD ult Down ]

*) Electron density for 1DTX | UgiyMol | ViewHKL | Display
1DTX_refinement_output.pdb | [ Export
1DTX_refinement_output.mtz | | Export

Export

Export

3. CCP4 Cloud, browser ‘
based (2019)

Log files from 1DTX
107X _mx.1og | [ Export

PPt @smeumew  @gBBSRC SO0~
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The CCP4 user interface(s)

©® Three main interfaces to th

CP4i-o0
develo

to be discontinued

erface

& CCP4-7.0.011 Project Viewer: MR_tutorial

e CCP4 suite

2 Import merged data, sequences, alignments or coordinates

Integrate X-ray images
| 2 ‘ X-ray data reduction and analysis

» = Experimental phasing

[ JON ]

—_ P Y|

sh= - o b @ @ 3
Task menu  Viewin Coot Viewin CCP4mg Export MTZ Help Bibliography Clonejob  Run

LlZaSigy  Project directory
3 Job/File Evaluation

.. « 5 Molrep
» =+ = & 4 Refinement - REFMAC5 R=0.49 RFree=0.,
>+« A 3Molrep
» 4+ A 2Importa coordinate set - optional se... nRes=168
> =+ A& 1Import merged

3. CCP4 Cloud, browser

> I-fﬂ Bioinformatics and model preparation for Molecular Replacement
» & Molecular Replacement

> é" Model building and Graphics

> ‘,( Refinement

> ale Ligands

2 EI‘E Validation and analysis

> Export and Deposition

> f‘ Reflection data tools

> Hj‘ Coordinate data tools

> + Developer tools

New job Cancel

based (2019)

« i je o
List of jobs for project. Double-click on a job displays the log file, shift-double-click reruns the job. Change Project | Help
— g Directories&ProjectDir
" Py tesy . o
D Analysis e == View Any File
U 18 Dec 14 FAILED  xia2 test View Files from Job ==
19 18 Dec 14 FAILED  xia2 test
18 18 Dec 14 FINISHED mrbump test Search/Sort Database..
Run Molrep - auto MR 17 18 Dec 14 FINISHED aimless test 1
Pp— 16 12 Dec 14 FINISHED pointless test Graphical View of Project
un Mri I e |
e x‘;‘s;: e DeletelArchive Files..
Run Balbes e o=t
13 12 Dec 14 FAILED mrbump test Kill Job
Run AMPLE 12 12 Aug 14 KILLED  mrbump [No title given]
- 11 12 RAug 14 FINISHED mrbump [No title given] ReRun Job..
uite r 10 12 Zug 14 FINISHED mrbump [No title given]
r 9 12 Aug 14 FAILED  mrbump [No title given] Edit Job Data = |
. & 12 Rug 14 KILLED  mrbump [No title given]
Phaser Single Atom M| 14 FINISHED mrbump [No title given] WLI
mrbump [No title given] System Administration — |
5 . MR [No title given]
4 13 May 13 F. title given]
3 13 May 13 FINISHED phasere iz=n]
2 13 May 13 FINISHED phaser MR
1 13 May 13 FINISHED phaser MR [No title gT

~| <« m ) Manage Updates

2. CCP4i2 — new graphica

‘ desktop interface (2016)

€) jsCoFE x

<« c @ D& re-harwell.ac.uk 9w mn o =

= madrid_ EXAMPLE Ronan Keegan [# 3

o+

43¢ [toxd_TEST] madrid_EXAMPLE
4 #,[0001] imported: HKL (4) Sequence (1) XYZ (1) -- done.
i [0002] simbad -- done. 1DTX_refinement_output Electron density for 1IDTX

[0002] simbad toggled spinning

~ Input m Job complete

&
Report Lattice Parameter Search Results | Logfile | Erra
" ~ SIMBAD Summary
n The best search model found by SIMBAD was 1DTX. This gave an R/Rfact o
solution. Values above this may also be indicative of a correct solution but yol

~ Best SIMBAD result Downloads

<) Electron density for IDTX | UglyMol | ViewHKL Display

1DTX_refinement_output.pdb | [ Export

1DTX_refinement_output.mtz || Export
1DTX_refmac_2fofcwt.map Export

1DTX_refmac_fofcwt.map Export

~ Best SIMBAD result Log Files

Log files from 1DTX
107X _mx.1og | [ Export

ey e oot mid #3BBSRC #5CofE v.0.1.0 [11.05.20181  ~

Science & Technology Research Complex

at Harwell
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The CCPA4i2 Interface

«# CCP4-7.0.011 Project Viewer: MR_tutorial

CCP4 Roadmap

vVvYyvyy
r 3> .

T g ' .\
« Nt ® == + %
View in Coot Viewin CCP4mg Export MTZ Help Bibliography Clone job  Run
1ol e Project directory
Job/File Evaluation = Import merged data, sequences, alignments or coordinates
+ 5 Molrep > i Integrate X-ray images
A, 4 Refinement - REFMAC5 R=0.49 RFree=0.. ‘ . .
A_ 3 Molrep = lﬁ X-ray data reduction and analysis
A, 2Import a coordinate set - optional se... nRes=168 » .+ Experimental phasing
A, 1Import merged .- _ _
» E=H Bioinformatics and model preparation for Molecular Replacement
A » & Molecular Replacement

> ;E:‘” Model building and Graphics
> 1{ Refinement

P> 'V Ligands

» Er= Validation and analysis

> Export and Deposition

B j"[' Reflection data tools

> 5[’ Coordinate data tools W
= + Developer tools

New job Cancel

Job list Task menu
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The CCPA4i2 Interface

« CCP4-7.0.011 Project Viewer: MR_tutorial

® 0

7= - & - O
Task menu  View in Coot Viewin CCP4mg Export MTZ Help

5 Project directory
J  Job/File Evaluation

.. = 6 Autobuild - BUCCANEER

.. « 5 Molrep
I A, 3 Mol Clone
> e A 2Imp Edit label ptional se... nRes=168
b oo A 1Imp

View >

Export >

Next task.. »
A

Job actions
(right-click)

Input
Output
Comments

Job report

Bibliography
Job 4: Refinement - REFMAC5

=

L’,
Clone job

%

Run

Science & Technology Research Complex.
@ Facilities Council

The job is Finished

Input |EElIE] Comments

5‘J'$ﬂ
o L

at Harwell =~ #7%),
ot

R-factor

Default weight  Per cycle Picture Ouitliers Other Biblio Run

No. reflections all/free 21135 / 10¢

R-factor/R-free 0.492 / 0.5:

RMS Deviations

Bonds 0.0135

Angles 1.782

Chain mean B (No. atoms)

AA 17.7914 (1.

Aa 42.3363 (6
Download V

Running refmac R-factors e
- 0.014
0.54 AR 5 0,013
0.53 e - 0.012
Bl rmsBonds
0.52 - 0.011
0.51 - 0.010
0.50 - 0.009
0.49 - 0.008
2 4 6 8 10
Cycle

Refinement - REFMACS5

Manual model building - COOT

Autobuild - BUCCANEER
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The CCPA4i2 Interface

Research Complex E";@

at Harwell %)
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| NN & CCP4-7.0.011 Project Viewer: MR_tutorial

rs - S " O H v %
Task menu Viewin Coot Viewin CCP4mg Export MTZ Help Bibliography Clone job  Run

Joo) 5 Project directory Job 4: Refinement - REFMAC5 The job is Finished
<) Job/File Evaluation Input UEEETIEE Comments

: : : g':;g;‘:g:’ld' BUCCANEER Default weight  Per cycle Picture Ouitliers Other Biblio Run
> o« « A 4 Refinement - REFMAC5 R=0.49 RFre
>+« A 3 Molrep
» 4 « A& 2Import a coordinate set - optional se... nRes=168 Input Data
oo os A, 1Import merged

JOb InpUt _———) ¥% Atomic model

3 Molecular Replacement and refinement - MOLREP

Data actions (right-click)

‘ Annotate
R Fr
Copy
Export
Outpt @ Help

N g

¢ Quick view &
View as text '
View in CCP4mg f

View in Coot

LI B 2 I |

¥% Atomic model

Model refined by Prosmart/Refmac

\&, Map coefficients Weighted difference map from refinement

Job output

> \&, Map coefficients Weighted map from refinement

Phases

Calculated phases from refinement

& Coot history

» Bibliographic references

» Job run details

Next job suggestions
o Refinement - REFMAC5

~

Coot script written from refinement

Manual model building - COOT @ Autobuild - BUCCANEER
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The CCPA4i2 Interface

Preferences
and Settings

Managing Software Updates

& Science & Technology Research Complex E";@

at Harwell 4%

| | Project
v v «—  Management
’ o . . . g . .
@ | ccpdi2 | File Edit History | Utilities| | Projects | Help
| NON ) —w CCP2Z-7.0.011 Project Viewer: MR_tutorial
s 4 S - O L/ ® %
Task menu  Viewin Coot Viewin CCP4mg Export MTZ Help Bibliography Clone job  Run
ool i Project directory : :
& JobiFile Evaluation > Import merged data, sequences, alignments or coordinates
.. + 5 Molrep > j Integrate X-ray images
» « +» A 4 Refinement - REFMAC5 R=0.49 RFree=0.. . . !
» .« A 3Molrep » @ X-ray data reduction and analysis
I ﬂ - A, 2 Import a coordinate set - optional se... nRes=168 » = Experimental phasing
» « « A 1Import merged -

> @ Bioinformatics and model preparation for Molecular Replacement
> I Molecular Replacement

D> é;r~ Model building and Graphics

> {{ Refinement

> cv Ligands

» Eiz Validation and analysis

> Export and Deposition

> j"| Reflection data tools

> ﬁf Coordinate data tools

P> $ Developer tools

New job Cancel
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CCP4 Roadmap

The CCP4 Cloud Interface

C @ © @ localhost:54894 eee @ ¢ | Q Search v oiNn © O & ©® =

https.//cloud.ccp4.ac.uk

CCP4 Cloud Login Login using

N CCP4-Harwell username and
https://cloud.ccp4.ac.uk/ / PaASSWO rd
J

| -

Login name: Your CCP4 login

Password: Your CCP4 password DeSktOp integ I"ation
(in CCP4 7.1)

N Login

: Connect to remote server | |
< T A (internet required) )
ﬁ Registration

Work locally (internet is
not used)

Privacy Statement

Choice of server and e
browser, and updates

520"

CCP4 & Science & Technology ﬂﬁ BBSRC

Powered by CCP4 v.7.0.077 W on-line W Facilities Council bioscience for the futire CCP4 Cloud v.1.4.001 [07.10.2019]
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CCP4 Cloud: Projects
:

& Science & Technology Research Complex E“:{;
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& (CP4

at Harwell

-S> C © @ localhost:54894 ooe v | | Q Search v IN ® O & ©® = PrOJeCt
o control
— My Pro je cts TN | 20% @ 0%:0% Eugene Krissinel
. A/
@ Open :ﬂ- Add f‘], Rename <= Delete T Export 1, Import % Demo projects ﬂ Help
- e * (Mglitzs) * (h?:llrjs) ¥ Cz:ttid ¥ LastDS:)Zned ¥
05.ep-insulin Insulin structure solution with EP on sulphur 215.8 1.9793 2019-04-25 2019-11-27 L t f
04.mr-enant MR in enantiomorphic space groups with ligand fitting 169.4 0.4526 2019-04-25 2019-11-30 ISLO
03.ccp4go Fully automated solution with CCP4go pipeline 442.4 0.4665 2019-04-25  2019-11-22 P rOjECtS
02.auto-ep Simple Auto-EP with Crank-2 154.9 0.6343 2019-04-25 2019-11-30
01.auto-mr Simple Auto-MR with MORDA 15.2 0.2227 2019-04-24  2019-11-30
import-revision How to continue projects started elsewhere 24.8 0.0149 2019-08-08 2019-11-22
gere-SAD GerE: SAD and MR-SAD Phasing 84 0.3242 2019-05-02 2019-11-22
refinement-2 Twin Refinement - Heme Oxygenase 20.8 0.0226 2019-05-07 2019-05-13 4
gere-MAD GerE: Auto-EP with Crank-2 268.6 0.8298 2019-05-05 2019-10-07
4go0s 4GOS Demo 325.2 5.6599 2019-01-10 2019-11-30
gere GerE 264.9 1.5733 2019-05-06 2019-11-21
tests Tests 263.3 2.4375 2019-07-04 2019-11-12
rnase RNase 212.4 149.6485  2019-07-04 2019-11-20
toxd TOXD 28.9 0.1495 2019-07-08 2019-10-27
mdm?2 MDM2 linked to Nutlin 1046 8.5762 2019-07-18 2019-11-09
insulin Insulin phasing on Sulphur 254.2 1.7115 2019-07-30 2019-10-26
deposition Deposition 17.3 0.0228 2019-08-06 2019-09-18
Powered by CCP4 v.7.0.077 Poera S i Comaro oY 29 QBSBC CCP4 Cloud v.1.4.001 [07.10.2019]
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CCP4 Cloud: Jobs
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& Q B © @ localhost:54894 eee ¥ Y| | Q Search v IiN ® O & ©® =
=  Simple Auto-EP with Crank-2 = e 20% fron0x  Eugene Krissinel [
:l}- ‘Ir% [02.auto-ep] Simple Auto-EP with Crank-2
/} 158" [0002] Based on GERE protein data
7 ; _

4. 1, [0001] imported: HKL (5) Sequence (1) -- done.
Eﬂ a. [0003] asymmetric unit contents -- Solv=49%
_ 455" [0004] SAD phasing
------- caz [0006] EP with Crank2 (SAD) -- R=0.262 Rfree=0.3391
.55 [0005] MAD phasing

--------------------- jc;\w\:{d [0007] EP W]th CrankZ (MAD) -- R=0.2602 Rfree=0-3079
B 459" [0008] Best solution
e ,

4% [0009] fit waters -- done.
41332 [0010] refmacs -- R=0.2422 Ryree=0.2981

..................... 4... #110011] deposition -- R=0.2422 Rfree=0.2979
&’ = .[0012] wwPDB validation report suggests that further refinement is needed

'\ Job Tree
Job Control
N -
Powered by CCP4 v.7.0.077 vy % Sl e *9 EBfSRfC CCP4 Cloud v.1.4.001 [07.10.2019]

%ﬁ«@
Research Complex .5

at Harwell
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CCP4 Cloud: Reports
n ™ CcPa Cloud o

< c ® © @ localhost:56718 kg Search v IiN ® O & ® =
= Simple Auto-EP with Crank-2 Job Re port ta bs — Iogs ) Tl 20% @ 0%:0% Eugene Krissinel (s
_ , summary, etc.
=f ~ [0007] EP with Crank2 (MAD) x
ﬁl ~ Input Job completed Export & Ref. ([ Help @ ¥ Close
EJJ ’ 0007-01_crank2 <small>Built model and map</small> x it
Main Log Service Log Errors |
— Nothing here. Press H for help. v

[0007] Crank-2 Automated Experimental Pl

@) |

Majority of the model should be successfully built! _ . 3-%'
Number of residues in the built model: 407 ~ Y Y \ } @Jj
""""""""""" . s Y VRS b AN : I TR
Final R factor: 0.2602 b & P e - i -,;_,.;
¥y Final Rfree factor: 0.3079 ” > ’ g
ﬂ Output: “
|¥| Built model and map UglyMol ccpdmg ViewHKL “‘
""""""""""" A
0007-01_crank2.pdb Export ; '{“
0007-01 crank2.mtz Export ~£
0007-01 crank2.mtz.map Export

0007-01 crank2.mtz diff.map Export

Job output files
CCP4

Powered by CCP4 v.7.0.077 W on-line
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Structure solution with CCPA4:
a Roadmap
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CCP4 Roadmap

<& (CPd
Structure Solution in Essence

© As an ultimate goal, one would like to generate an atomic model
for their target

© This could be achieved by applying the inverse Fourier transform
to experimental structure factors (which are Fourier transform of
the structure’s atomic coordinates) if they were known or could
be indeed obtained in an experiment

© In reality, the X-ray
diffraction experiment gives
only moduli, but not phases,
of structure factors

© Therefore, phases need to be
elicited by other means
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Structure Solution Pathway

© As a first step, one need to derive structure factor amplitudes from
the intensities of spots in X-ray images

CCP4 Roadmap

& (CP4

© Next, phases need to be approximated by using methods such as

~ Experimental Phasing: SAD, MAD, SIRAS etc.

~ Molecular Replacement
~ Combination of the above

© Then, structure factors can be converted into electron density via
inverse Fourier transform

© The obtained electron density map needs to be interpreted via
model building and refinement to produce a model for target

structure

© The model needs to be analysed to answer biochemical questions
and deposited in the PDB

sounds like we know what to do ...
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The Structure Solution Stages

CCP4 Roadmap

Science & Technology
@ Facilities Council

Crystallisation

Data Collection

Data Processing
and Reduction

7 N\

Experimental Molecular
Phasing Replacement

\ 74

Density
Modification

Model Building

Refinement

Structure Analysis

Deposition
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Data Processing and Reduction e

Data Collection

© Data Processing:

~ Calculate intensities from images Data Processing
and Reduction

~ |nitial estimation of space group and cell f
parameters (indexing) e Molecular
~ Look for problems in images Phasing Replacement
+ multiple lattices, N Density q

+ weak reflections Modification
4+ mosaicity l
4+ anisotropy Model Building

Refinement

Structure Analysis

Deposition
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Data Processing and Reduction B

© Data Processing:

~ Calculate intensities from images Data Processing

- . . and Reduction
~ |nitial estimation of space group and cell

parameters (indexing) e Molecular
. | Repl t

~ Look for problems in images Phas'”g\ Se

+ multiple lattices, Density

+ weak reflections Madification

4+ mosaicity l

4+ anisotropy Model Building

© Data Reduction: Scaling and merging

~ Scale and merge multiple observations of reflections
~ Assignment of point group/space group

~ Look for problems in images

~ Calculate structure factor amplitudes

Science & Technology Research Complex "@

.'[-

@ Facilities Council at Harwell |~y
VAL

CCP4 Roadmap

)
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.'). -
S

Data Collection

Refinement

Structure Analysis

Deposition
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Task menu

-a
-k

View in Coot

LJ S8 Project directory

Data Processing and Reduction

-
Tt

CCP4 Roadmap

& CCP4-7.0.012 Project Viewer: MR_tutorial

View in CCP4mg

R .
Export MTZ

®

Help

=

Bibliography

%

Clone job  Run

[»

VvV VvV VVYY

vVvVvYyy

Fal

L ]

Q

Job/File

A, 14 Refinement -
A, 13 Manual mode
A, 12 Autobuild - B
A, 11 Refinement -

>

Import merged data, sequences, alignments or coordinates

Xi

v o Integrate X-ray images

Automated integration of images with DIALS - XIA2
Select a directory containing images and i

Science & Technology Research Complex E“:{:

@ Facilities Council

at Harwell

& 10 Ref inement = Session View Help :;
& 9 Refinement - F Integrate images with Mosflm D& 8 | |# 119.55 |% 120.09 |&»250.00 | | 5.00 [@10.0 pg1.05 [ Z1.05 [§r0.00 |_m | |a 20 @ |§ 83 3|28 250|0 2.0 =] {
A, 8 Molrep ' Launch iMosflm and capture output o Autoindexing u
_ |
« 7Importa coorc -\ : : Images Images: [1, 84 o ® % Index | ::j
& GAUtObUiId - BL » i‘ X'ray data redUCtlon and anaIVSls "'m Image IPhi Auto Manual Deleted > Ifsigi(I) |Searc:h| Use| i':
ndexin: . - 1. @ PN ! N
- 5 MOIrep > 7?':.;: Experimental phasing g :;q 23?20 —182?00 22: E E izi @& z" ..-
A, 4 Refinement - F . A 4 RPN
A, 3 Molrep » = Bioinformatics and model preparation for S‘t‘; 8
2 Import a coorc _ Hf T
N P B> l Molecular Replacement Cell Refinement SR
« 1 ImPOft mefge¢ . ‘ |Q. Total 516 0 0 253
> = Model building and Graphics megaton S0IUIONS:
Solution Lat. Pen. a b c o B Vv a(x.y) a(gp) & beam
- # re a o 5 5 o 5 5 5 o 5 5
> {{ Refinement @ o5 = o o ws e e ens om0 eo  os0  oss o4 (o1
- History B8 3 (ref) 1C 1 101.3 58.6 62.2 90.0 123.0 20.0 0.21 0.42 0.44 { 0.1)
A . =11 4 (ref) G 1 101.4 58.5 @
> c‘«ti ngands @11 5 (ref) 1C 2 101.5 CERC s/ Image 1 (p:0.00-1.00) - Mosfim
283 E 2 nage View Tools
New job R R ] B e o mel
ew |Jo @5 9 (reg) C 60 103.5 62.2 -RE myo) ﬂ": K 29 0 OI
10 10 (reg) raC 60 85.3 85.4 E
00 11 (reg) oI 60 58.6 62.2 g -
B0 12 (reg) 1C 61 101.4 58.6
10 13 (reg) tI 61 60.4 60.4
B0 14 (reg) oI 61 58.5 62.2
F171 15 (reg) raC 61 101.5 58.5 %
Bi70 16 (req) cF 62 85.4 85.4 .
iMosflm o (8 e
Mosaicity: 0.76 Estimate 3 7

Integration of diffraction spots
including indexing
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© Diffraction Integration for Advanced Light Sources

CCP4 Roadma
P @ Facilities Council

Data Processing and Reduction

n Integration for Advanced Light Sour

New data processing software designed for: speed, flexibility and
accuracy, esp. with challenging data

Will cater for both synchrotron and XFEL experiments

Main philosophy: build a comprehensive toolkit. Thus implementing
both 3D and 1D FFT indexing methods, 2D and 3D integration
methods, multiple optimisation engines and allowing extension
through an algorithm plug-in system

In active development by CCP4, Diamond Ltd and Berkeley

Can be run from command-line and under Xiao

§?~ff»
& Science & Technology Research Complex T

- "'\"“ﬁ
at Harwell o Y
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© Diffraction Integration for Advanced Light Sources

© Recently released: DUI the DIALS graphical interface

CCP4 Roadmap

@ Facilities Council

Data Processing and Reduction

DIALS

Diffraction Integration for Advanced Light Sources

& Science & Technology Research Complex. .5

Image View ] Log Text ] Report View | Reciprocal Lattice Viewer |

I< I << | < I |1 3: > l > | - l Reflection Type

. |V Observations | Predictions
Viewing Tools ... <

L‘ CCP4 DUI
History Tree
| = import
cl -1 find_spots
=l index index reindex refine integrate
O =
B refine_bravais_settings
M Simple Advanced I
O B
Beam Crystal Scan Detector —
X (mm) Y (mm) a b C Image Range Distance (mm)
119.59 120.0 58.31 58.28 61.87 1 84 248.78
Number of Panels
Wavelength (&) a B % Oscillation 1.0 Gain 1
0.9997 90.0 118.12 119.98 Exposure Time 36787.2 Max res (&) -
Space Group P1 Strong Spots Pixel Size
Indexed Spots X (mm) [=
4
.

X:6,Y:3751:0

s files\3_reflections. pickle

at Harwell
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Data Processing and Reduction

at Harwell

® O & CCP4-7.0.012 Project Viewer: MR_tutorial

- 4 - - % "'{.. E:

e # - £ ® f f>
Task menu  Viewin Coot Viewin CCP4mg Export MTZ Help Bibliography Clone job  Run
WLl S8 Project directory

b Import merged data, sequences, alignments or coordinates
& JoblFile s TP g a“ 9 '
v 4« A 14 Refinement - v -+ Integrate X-ray images

VVvVVvVvVYVYVYVYY

vVVvVvYVYyy

Xia-2: Expert knowledge-based, decision-making system for automated
data processing from images to merged MTZ file. Uses DIALS and XDS.

A, 13 Manual mode
A, 12 Autobuild - B
A, 11 Refinement -
A, 10 Refinement -
A, 9 Refinement - F
A, 8 Molrep

A, 7 Import a coorc
A, 6 Autobuild - BL
+ 5 Molrep

A, 4 Refinement - F
A, 3 Molrep

A, 2Import a coorc
A, 1Import mergec

. Automated integration of images with DIALS - XIA2
X| ‘32 g g

Select a directory containing images and integrate them

| . Integrate images with Mosflm
- Launch iMosflm and capture output

» @ X-ray data reduction and analysis

» .« Experimental phasing

> Eﬂ Bioinformatics and model preparation for Molecular Replacement
» & Molecular Replacement

> }f‘ Model building and Graphics

> -t( Refinement

» «., Ligands

New job Cancel
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»
e -

Data Processing and Reduction

Pointless
® Determlnes pOInt_group s+ CCP4-7.0.012 Project Viewer: MR_tutorial
(and space group) v R i N O L &
/ewin Coot Viewin CCP4mg Export MTZ Help Bibliography Clonejob  Run
= roject direct -
AlmleSS = recoL » - = Integrate X-ray images
_ ient - REFMACS
® Scales symmetry-related ey

: R ld - BUCCANEER = Data reduction - AIMLESS
I nte n S It I e S tOgEt h e r vent - REFMACS , P Scale and analyse unmerged data and suggest space group (Pointless, Aimless, Ctrun
® 1cti went - REFMACS L
PrOd uce StatIStICS on d ata nt - REFMACS ﬁ# Generate a Free R set |
q u a I |ty ] ' Generate a Free R set for a complete set of reflection indices to a given resolution (Fre
coordinate set - 0|
d - BUCCANEER [3 ? 4+ Estimate cell content
Ctl'u n Cate Q" 2 ‘}‘ Estimate number of molecules in the asymmetric unit and solvent content (Matthews_c
) o ent - REFMACS5
® Converts intensities to . lf\\ Calculate self rotation function
h coordinate set - o % \7( 4 Evaluate data for anisotropy, optical resolution, pseudo translation and perform self-rot.
structure factor amplitudes: merged |
. . » +» Experimental phasing
¢ Ch €C kS fO r tWI nni ngl 8 ?EN Bioinformatics and model preparation for Molecular Replacement
anisotropy, pseudo » & Molecular Replacement
_h &= _Madal huildina and Granhice |
symmetry ,
New job Cancel

SFcheck

e Analyses data and check for
problems — postscript report
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{+}

BLEND

Merging partial data sets from
multiple crystals

Particularly useful where only
small crystals are available

Dimple

On-beamline rapid calculation of

difference maps to ascertain \
success or failure of ligand binding ™

#

#

@ Facilities Council

Data Processing and Reduction

@ X-ray data reduction and analysis
Experimental phasing
} b Bioinformatics including model preparation for Molecular Replacement

. & Molecular Replacement

2 Automated structure solution - MrBUMP
‘; Run a quick MrBUMP job with streamlined settings
) _Qﬁ, Basic Molecular Replacement - PHASER
i-;ﬁ Simple MR with optional refinement and rebuilding (Phaser)
) _Qﬂ, Expert Mode Molecular Replacement - PHASER
‘gﬁ Advanced MR options followed by refinement and rebuilding (Phaser, Refmac5, Coot)
K
g;: t Molecular Replacement and refinement - MOLREP
ly % | Molecular replacement (Molrep)

Molecular replacement with electron density - MOLREP
Use electron density as the search model (Molrep)

Match model to reference structure
Match symmetry and origin of output model to reference structure (Csymmatch)

V&

¥

Molecular Replacement with unconventional models - AMPLE
This task is for running Molecular Replacement with unconventional models

==

-
w#= Sequence Free Molecular Replacement - SIMBAD
=P~ This task is for running Molecular Replacement without a sequence

Ab initio Phasing with ARCIMBOLDO
To be done

T s

Molec

DIMPLE - Simple reflections + coordinates to map pipeline

Molecular Replacement with Domains and Assemblies

.~ Density modification

Cancel

‘ New job ‘

ccp4il

& Science & Technology Research Complex 5“7{:

This task uses the DIMPLE pipeline to generate maps for a new dataset, provided a possible starting moc

at Harwell

e —— =~ -

P

—

’
i
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Phasing

© Phase information may be derived in two main ways:

S

Science & Technology Research Complex.
@ Facilities Council at Harwell = #%)

Crystallisation

Data Collection

Data Processing
and Reduction

7 A

Experimental Molecular
Phasing Replacement

N\ 74

Density
Modification

Model Building

Refinement

Structure Analysis

Deposition
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P h a Si n g Crystallisation
I

Data Collection

© Experimental phasing: |
~ collect multiple data sets with anomalous or Data Processing
isomorphous differences or differences produced by and Reduction

7 A

© Phase information may be derived in two main ways:

radiation damage
. _ . . . Experimental Molecular
~ Determine the differences in atomic structure which Phasing Replacement
lead to the differences in observations — usually a N /4
heavy atom substructure Density

Modification

Model Building

Refinement

Structure Analysis

Deposition

~ Refine the parameters of the substructure and use the
observations and the substructure to estimate phases
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Phasing

© Phase information may be derived in two main ways:

© Experimental phasing:
~ collect multiple data sets with anomalous or

isomorphous differences or differences produced by
radiation damage

Experimental
Phasing

~ Determine the differences in atomic structure which

lead to the differences in observations — usually a
heavy atom substructure

~ Refine the parameters of the substructure and use the
observations and the substructure to estimate phases

© Molecular Replacement:

~ Use the structure of an already solved, homologous
macromolecule as a first approximation for the phases of the
target

~ Requires correct repositioning of homologous structure in unit
cell of target

~ (Can also generate homologue from sequence using ab initio
modelling

Science & Technology Research Complex NS
at Harwell - ~n)

@ Facilities Council

Crystallisation

Data Collection

Data Processing
and Reduction

Density
Modification

Model Building

Refinement

Structure Analysis

Deposition

Molecular
Replacement
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Experimental Phasing

Crank2 & SHELX

© Automated experimental
phasing pipelines

~ Heavy atom location
through to Model Building

~ SAD(-MR), MAD, SIRAS

Phaser EP

© Automated experimental
phasing

~ SAD phasing

CCP4 Roadmap

-

Viewin Coot ViewinCCP4mg ExportMTZ Help Bibliography Clonejob Run

Project directory

nent - REFMACS

' model building - C
ild - BUCCANEER
nent - REFMACS5
nent - REFMACS5
ent - REFMAC5

a coordinate set - 0]
/ld - BUCCANEER

nent - REFMACS5

a coordinate set - 0}
merged

~ Combined MR and SAD phasing

™
-
.
)

a S el" ,_:‘;f,fj;,

J

stallographic Software

& Science & Technology Research Complex 5“7{:

@ Facilities Council at Harwell “55""

# CCP4-7.0.012 Project Viewer: MR_tutorial

Bt 0 @ 3

b 1}3 Integrate X-ray images

- X-ray data reduction and analysis

v + Experimental phasing

Automated structure solution - CRANK2
7X\ CRANK2 experimental phasing pipeline

Automated structure solution - SHELXC/D/E
Experimental phasing pipeline SHELX (run via Crank2)

&8  SAD phasing from heavy atom sites - PHASER
‘-p‘“ E Complete a heavy atom model and calculate phases

o -(:} Density modification - PARROT
E’J; " _ Modify the electron density (Parrot)

3 -@@F Bioinformatics and model preparation for Molecular Replacement

» & Molecular Replacement

s e Madel huildina and Granhice

New job Cancel
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Molecular Replacement

* Today, the vast majority of
entries in the PDB have been

phased using MR

* Increasing success rate of MR
has been due to:

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

* Increasing availability of suitable
search models
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The Protein Data Bank (PDB)

& Currently over 140,000 structures (125,000 X-ray structures)

CCP4 Roadmap

at Harwell % =Y

& For an X-ray crystallographer, a treasury of models for MR

543-544.

&€ MR is the dominating i
phasing method in
today’s protein
crystallography
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Molecular Replacement

ascr

llographic Software

Phaser MR

© Automated molecular
replacement using Maximum:
Likelihood method

map

« N R @ K T
Viewin Coot ViewinCCP4mg Export MTZ Help Bibliography Clonejob Run
Project directory

ement - REFMAC5
1al model building - C
build - BUCCANEER
ement - REFMAC5
ement - REFMACS5
ment - REFMAC5

D

I a coordinate set - 0]

uild - BUCCANEER

'ment - REFMACS5

p

~ Sophisticated workflow and
decision making

~ Accounts for experimental
and model errors

't a coordinate set - 0|
1 merged

Science & Technology
@ Facilities Council

at Harwell

+# CCP4-7.0.012 Project Viewer: MR_tutorial

Research Complex %

- v”*

v & Molecular Replacement

Automated structure solution - MrBUMP
Run a quick MrBUMP job with streamlined settings

Molecular Replacement and refinement - PHASER

+ Molecular Replacement and refinement - MOLREP
Molecular replacement (Molrep)

¢ Molecular replacement with electron density - MOLREP
Use electron density as the search model (Molrep)

Match model to reference structure
Match symmetry and origin of output model to reference structure (Csymmatch)

Ab initio Phasing with ARCIMBOLDO
To be done

Density modification - PARROT
Modify the electron density (Parrot)

Build an ensembe for PHASER
Compile assorted related structures into an ensembie for use in PHASER

Simple Molecular Replacement - Phaser
Simple Molecuiar replacement (Phaser)

3 éf* Model building and Graphics

Molecular replacement followed by refinement and rebuilding (Phaser, Refmac, Coot)

New job Cancel
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Molecular Replacement =

o

Viewin Coot View in CCP4mg

Project directory

ement - REFMACS
al model building - C

Molre P uild - BUCCANEER
ement - REFMACS5

© Molecular replacement based 0N, rcrmacs

)

Patterson search with more ... coordinate set - o
. . uild - BUCCANEER
manual interaction through
L . ment - REFMACS5
specialized functions p

t a coordinate set - o)

~ Phased Translation/Rotation =~ meeed
functions

~ Multi-copy search
~ Spherical averaging search function

+# CCP4-7.0.012 Project Viewer: MR_tutorial

<P
?

Export MTZ Help Bibliography Clonejob Run

A

v & Molecular Replacement

+ Molecular Replacement and refinement - MOLREP

¢ Molecular replacement with electron density - MOLREP
Use electron density as the search model (Molrep)

> é,<~ Model building and Graphics

Automated structure solution - MrBUMP
Run a quick MrBUMP job with streamlined settings

Molecular Replacement and refinement - PHASER
Molecular replacement followed by refinement and rebuilding (Phaser, Refmac, Coot)

Molecular replacement (Molrep)

Match model to reference structure
Match symmetry and origin of output model to reference structure (Csymmatch)

Ab initio Phasing with ARCIMBOLDO
To be done

Density modification - PARROT
Modify the electron density (Parrot)

Build an ensembe for PHASER
Compile assorted related structures into an ensembie for use in PHASER

Simple Molecular Replacement - Phaser
Simple Molecuiar replacement (Phaser)

New job Cancel
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& Science & Technology Research Complex gt ’5@

MR Search model preparation .
& CCP4-7.0.012 Project Viewer: MR_tutorial —_—
MOdel SearCh ‘ - -7. .' roject Viewer: MR_tutoria
i o R © I - %
: . 7o Viewin Coot ViewinCCP4mg Export MTZ Help Bibliography Clonejob  Run
- .
Online tools: rry
H H p red’ PS | = B | ast B Import merged data, sequences, alignments or coordinates
cir ~finement - REFMA » = Integrate X-ray images
© Within CCP4: anual model buildi A
Ph MAFET Ltobuild - BUCCANI > ‘ X-ray data reduction and analysis
mme r’ ’ ofinement - REFMA( | » . Expeﬂmenta' phaslng
CI u Sta IW ofinement - REFMA

‘finement - REFMAC
direp
port a coordinate se
'tobuild - BUCCANEI

lrep |

Model preparation

o Molrep \ ,~ - REFMAC.
@ Chainsaw ‘
© Sculptor

© Ensembler

l 3 Eﬂ Bioinformatics and model preparation for Molecular Replacement

Violecular Replacement

2 ér' Model building and Graphics
» & Refinement

E 'V Ligands

» &= Validation and analysis
> Export and Deposition

b ,ﬁ Reflection data tools

M

New job

Cancel
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MR Search model preparation

Model preparation tools

yort MTZ

© Chainsaw & Sculptor

+ + Experimental phasing

* bOth ta ke in DUt = _x:: Bioinformatics including model preparation for Molecular Replacement

l ,* & Interactive model preparation - CCP4mg and MrBUMP
S€ q uence a | Ig nme nt \ % Identify MR models with MrBUMF, display and select with CCP4mg
and model and

truncate accordingly

;“ \«\. Interactive selection of MR model components - CCP4mg
M Use CCP4mag to select components of a search model and output to i2 for MR i

e ¢, Truncate search model - CHAINSAW
. J Truncate and renumber model prior to molecular replacement

1)  Truncate search model - SCULPTOR
~ Truncate model prior to molecular replacement

&5  Build an ensemble for PHASER
_‘Jé%a' Compile assorted related structures into an ensemble for use in PHASER

ir*i Align sequences - CLUSTALW
----- Align sequences using clustalw

£ Molecular Replacement

+

+ .+ Density modification
* r‘%f“' Model building and Graphics
+ _;/ Refinement

\a Ligands

New job |  Cancel
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Model preparation tools

© Chainsaw & Sculptor

both take input
sequence alignment
and model and
truncate accordingly

© Molrep

provide sequence and
Molrep will aligh and

truncate sequence of
search model

CCP4 Roadmap

MR Search model preparation

Input Data | Basic Options | Advanced Options |

& Science & Technology Research Complex §“’;¢;

W Facilities Council at Harwellv.*';_. =AY

Job title | Molrep |

K| Use data from job | 7 Import an alignment : ] as input below..

Experimental data

I.[ Reflections \ ..must be selected m

|£‘ Free R set \ ..must be selected

Search model

2 C

1 ic model [2 A of 1 of Atomic model imported from 4nec.pdb by jot || [F 1]

ck for options to view jobs and files

Atom selection | (1890 atoms) | Help |

Sequence of target model

»
-

B

o3 Sequence ..is not used 3|

The number of monomers to search for |Auto $

Fixed Model

\g] Atomic model \ ..is not used = | \
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MR Search model preparation

Model preparation tools

© CCP4Amg — graphical
aided model search
.g % Interactive model preparation - CCP4mg and MrBUMP

and preparation using : | . _ , :
\ % Identify MR models with MrBUMF, display and select with CCP4mg —
M r B U M P IIIII ' ] l‘ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII :

- \\Q Interactive selection of MR model components - CCP4mg
\ M Use CCP4mag to select components of a search model and output to i2 for MR i

@ Can be used to create

- t“" Truncate search model - CHAINSAW

A
ensem b I e SearcC h ’ i Truncate and renumber model prior to molecular replacement
mOdEI give availa blllty )  Truncate search model - SCULPTOR
\JL Truncate model prior to molecular replacement

of homologues

&5  Build an ensemble for PHASER
_‘.'éf'o_ﬁ' Compile assorted related structures into an ensemble for use in PHASER

Im Align sequences - CLUSTALW
S =t Align sequences using clustalw

+ & Molecular Replacement
+ .+ Density modification

+ é?ﬂ Model building and Graphics

Ligands

+ __:.’/ Refinement
v

New job |  Cancel
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(=]

2" CCP4AMG version 2.10.10

File Edit View Display Applications Windows Tools Help CCP4i2

PHEww»0 @ @ +QMellHLEEW Z 8

Pro. GA € S

Sequence Viewer

IPIR_format_

sculpt_1gxt_A1_A
sculpt_1gxu_A1_A
sculpt_4g9i_C1_C
sculpt_4g9i_F1_F
crulnt 4nQi F1 F

M

B I G VQGVGEF PFVWQLAQOINLHGDVCNDGDXGVEV LXXX PETFLVQLYQHCPPLA IDSV P

-

wmQL I G VQGVGE PFVWQLAQOTNLHGDVCNDGDXGVEV L { PETFLVQLYQHCPPLA IDSV
MmOl T G VQGVGF PFVWQLAQQOINLHGDVCNDGDXGVEV LXXX PETFLVQLYQHCPPLA IDSV

OoOoOoooad

Origin: -97.596 -26.853 -18.177 | Size: 1369 x 981

SNl I WMAKNT SCGVQLRIRGKVQGVGFRPFVWQLAQQLNLHGDVCNDGDGVEVRLRED PETFLVQLYQHCPPLARIDSVEREPFIWSQLP
SANTSCGVQL I G VQGVGF PFVWQLAQQLNLHGDVCNDGDGVEV L PETFLVQLYQHCPPLA IDSV PFIWSQLPT " Show unsculpted PDB models
PANTSCGVQL I G VQGVGF PFVWQLAQQLNLHGDVCNDGDGVEV L PETFLVQLYQHCPPLA IDSV PFIWSQLPT

=ET=<)
|
Display Table & X
Create object, Tools, 3
= | B X4
-~
E- ?' sculpt_1gxt_A1 —
e
Al .. ice .. Ribb.. 30 ) 50! & 7 G
A v o <
Al .. Atom.. Bonds
v v v v
v Afl.. ice .. Ribb..
v v v -+ \E___
B- g: sculpt_1gxu_A1l |nalysis E
I . 1
I ‘.‘,' Al.. d gold - Ribb.. - tdel preparation for Molecular Replacement :
1 Finished MrBUMP search
— | Finished MrBUMP search
= ?’I (" Show other log files (" Show MrBUMP output ¢ Show domains view
il
— . Domain 2 11 ]
1gxt=A =
| 1gxu”A
= ?,I 20010G
il
|| _499i_|B_
2G00E
2501 0F
— 250D
- [ e err—— T L rrerrrr——— ;
-
G Y i y
A 5 & |
- W — - SR
J |+ B o
" [
| . Sl
Display Ta Display models for Domain 1 LI = g*s
5
\
Show residues with gesamt variance <=: 0 /[ 110 baS
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
[V Show MrBUMP models
Close MrBUMP models Close Cance |

P

mp_1\logs\phmmerALN.log from 3 mrbump_basic
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BEH S O cCPd-lntoladiid20l8

‘ 4 CCPAMG version 2.10.10 E=RIEE Sign in
d File Edit View Display Applicatons Windows Tools Help CCP4i2
» - Vo g . A C 0 Sl
PHEDG @@+ QM LEELY Z 8 & = =57 = o] =
P3 ]
Display Table g X
Create object, Tools, 5 ~ 3
= | B X4 - '
E- ?' sculpt_1gxt_A1 — {
~ o [ ¥
6 ) !
Al .. ice .. Ribb.. 30 40, 504 Q) 70 o B .
A v o < I3
\ Al .. Atom.. Bonds /" 1
a - v -
N Af8.. ice .. Ribb.. :
> A v S | "’
E- 3: sculpt_1gxu_A1 |nalysis C "
I ' All.. J gold il Ribb.. - ‘tdel preparation for Molecular Replacement E ” r -
1 Finished MrBUMP search
6 _
— | Finished MrBUMP search
= ?}I (" Show other log files (" Show MrBUMP output ¢ Show domains view
il
1 . Domain 2 11 ] Ibd
1gxt=A = - 37 .
| 1gxu”A
= ¥ ONEIL(C o wd
Bl - S
6 ] A o I . 1_;1";
E bl e Bk
nsembpoie oG : \
- Y G T WD
- £€ I - ¥y 409i%D
runcation siliaer oo R T —— |
G Y
. ‘e |
,’, 2 J o
) 153 A 2 ;
Display models for Domain 1 LI . “;*s
.IIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII. - :.\

Sequence Viewer

: Show residues with gesamt variance <=: /}_ 110 : bas
n

SN I WMAKNT SCGVQLRIRGKVQGVGFRPFVWQLAQQLNLHGDVCNDGDGVEVRLRED PETFLVQLYQHCPPLARIDSVEREPFIWSQLP
PAINTSCGVQL I G VQGVGF PFVWQLAQQLNLHGDVCNDGDGVEV L EDPETFLVQLYQHCPPLA IDSVE EPFIWSQLPT W TR TS
ANTSCGVQL I G VQGVGF PFVWQLAQQLNLHGDVCNDGDGVEV L EDPETFLVQLYQHCPPLA IDSVE EPFIWSQLPT

Wl I G VOGVGEF PFVWQLAQOTNLHGDVCNDGDXGVEV LXXX PETFLVQLYQHCPPLA IDSV P

-

[V Show MrBUMP models
Close MrBUMP models Close Cance |

|PIR_format_

sculpt_1gxt_A1_A
sculpt_1gxu_A1_A
7{/| [sculpt_4g9i_C1_C
sculpt_4g9i_F1_F
criilnt 4nQi F1 F

% L I G VQGVG PFVWQLAQQLNLHGOVCNDGDXGVEV X PETFLVQLYQHCPPLA IDSV
MO, I G VQGVG PFVWQLAQQILNLHGDVCNDGDXGVEV LXXX PETFLVQLYQHCPPLA IDSV |
mp_1\logs\phmmerALN.log from 3 mrbump_basic

OoOoOoooad

Origin: -97.596 -26.853 -18.177 | Size: 1369 x 981
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J
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Automatic Molecular Replacement

From model search and
preparation through to initial

+ @ X-ray data reduction and analysis —

+ + Experimental phasing

refi n e m e nt a n d m Od el b u i I d i n + =% Bioinformatics including model preparation for Molecular Replacement ||
g - & Molecular Replacement

2 Automated structure solution - MrBUMP b,
-~ Run a quick MrBUMP job with streamlined settings .
mBUMP i e Sttt i i SRR SV o~ ; o
v

@B  Basic Molecular Replacement - PHASER A
-“‘i’% Simple MR with optional refinement and rebuilding (Phaser) ey ¢J
© Sequence search T
) pﬂ’ Expert Mode Molecular Replacement - PHASER B LTS

-;ﬁ:‘;: Advanced MR options followed by refinement and rebuilding (Phaser, Refmac5, Coot) gl

@ M U Iti p | e m Od eI p re pa ratio n 4 Molecular Replacement and refinement - MOLREP

"% )
fy#° | Molecular replacement (Molrep)

@ U SeS P h a Se r a n d IVI OI re p ""' "\ Molecular replacement with electron density - MOLREP

Use electron density as the search model (Molrep)

© Refinement & model building
MoRDa

@ Custom database with search
m Od e I S Ab initio Phasing with ARCIMBOLDO
To be done

Match model to reference structure
Match symmetry and origin of output model to reference structure (Csymmatch)

1 R

I

iy

i
.

Molecular Replacement with unconventional models - AMPLE
This task is for running Molecular Replacement with unconventional models

N
‘\.l

|
¥

J

Sequence Free Molecular Replacement - SIMBAD
This task is for running Molecular Replacement without a sequence

Molecular replacement with fragments - Fragon
Places fragments with Phaser and tests using density modification with ACORN

© Capable of making multimeric

O .
3

£ &
e

m

m Od e I S u Ses P | SA DIMPLE - Simple reflections + coordinates to map pipeline
This task uses the DIMPLE pipeline to generate maps for a new dataset, provided a possible starting moc
@ U ses M Ol re an d Refm ac : Automated molecular replacement - MORDA
p E Molecular Replacement with Domains and Assemblies
+ .+ Density modification

“ New job | | Cancel |
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ADb initio Modelling for Molecular Replacement

UNIVYERSITY UF

LIVERPOOL

AM PLE + @ X-ray data reduction and analysis = -.

'y + =+ Experimental phasing

@ G e n e r‘ate a n d p re pa re ab initio y + T Bioinformatics including model preparation for Molecular Replacement ||

Molecular Replacement

O r de n O VO m Od e I S U Si n g g Automated structure solution - MrBUMP

Run a quick MrBUMP job with streamlined settings

Rosetta O r Qu a rk SOftwa re fo r - @® Basic Molecular Replacement - PHASER
. Simple MR with optional refinement and rebuilding (Phaser)
use as search models in T
,‘:_; A:vgiced M: o;e)tior; fe;);:wae; bye rr;f;f:nr:netgnc; rebuilding (Phaser, Refmac5, Coot)
molecular replacement

d:f —+ Molecular Replacement and refinement - MOLREP

f., j’:j Molecular replacement (Molrep)

@ WO rkS Wel I fo r S m a I | e r’ a— @ﬁf Molecular replacement with electron density - MOLREP

Use electron density as the search model (Molrep)

h e I | Ca I p rOte I n S (< 1 20 E Match model to reference structure

. Match symmetry and origin of output model to reference structure (Csymmatch)
residues), but has been known

to work for larger,targets

AR

s

<

-
“ auto

-
E :2 Molecular Replacement with unconventional models - AMPLE

% This task is for running Molecular Replacement with unconventional models

" sssmmmnnd

. Sequence Free Molecular Replacement - SIMBAD

~

e

«
’/«, -\ ~ = = This task is for running Molecular Replacement without a sequence
< : Q Ab initio Phasing with ARCIMBOLDO
)\ To be done

Molecular replacement with fragments - Fragon
Places fragments with Phaser and tests using density modification with ACORN

DIMPLE DIMPLE - Simple reflections + coordinates to map pipeline
This task uses the DIMPLE pipeline to generate maps for a new dataset, provided a possible starting moc
Automated molecular replacement - MORDA

Molecular Replacement with Domains and Assemblies

+ .+ Density modification ||

" New job ' | Cancel |
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Crystal contaminants

@ PROTEIN
SOCIETY

METHODS AND APPLICATIONS

Protein purification and crystallization
artifacts: The tale usually not told

Ewa Niedzialkowska,'*® Olga Gasiorowska,"® Katarzyna B. Handing,'
Karolina A. Majorek,"** Przemyslaw J. Porebski,"® Ivan G. Shabalin,"***
Ewelina Zasadzinska,® Marcin Cymborowski,'® and Wladek Minor'3*5%

"Department of Molecular Physiology and Biological Physics, University of Virginia School of Medicine, 1340 Jefferson Park
Avenue, Jordan Hall, Room 4223, Charlottesville, Virginia, 22908

2Jerzy Haber Institute of Catalysis and Surface Chemistry, Polish Academy of Sciences, Niezapominajek 8, Krakow, 30-239, Poland
3Midwest Center for Structural Genomics (MCSG), Argonne, lllinois, 60439

“Center for Structural Genomics of Infectious Diseases (CSGID), Chicago, lllinois, 60611

SNew York Structural Genomics Research Consortium (NYSGRC), Bronx, New York, 10461

®Department of Biochemistry and Molecular Genetics, University of Virginia School of Medicine, 1340 Jefferson Park Avenue,
Jordan Hall, Room 6044, Charlottesville, Virginia, 22908

Received 1 October 2015; Accepted 2 December 2015
DOI: 10.1002/pro.2861
Published online 13 December 2015 proteinscience.org

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-

Abbreviations: CSGID, Center for Structural Genomics of Infectious Diseases; GNAT, GenS-related N-acetyltransferase; IMAC, immobi-
lized metal affinity chromatography; MAD, multi-wavelength anomalous diffraction; MR, molecular replacement; MCSG, Midwest Center
for Structural Genomics; NYSGRC, New York Structural Genomics Research Consortium; PDB, Protein Data Bank; RMSD, root mean
square dewviation; SAD, single-wavelength anomalous dispersion; SEC, size exclusion chromatography; TEV, tobacco etch virus.

Additional Supporting Information may be found in the online version of this article.
Ewa Niedzialkkowska and Olga Gasiorowska have contributed equally to this work.
The authors declare that there is no conflict of interest.

Description of Supporting Information material: Summary of data collection and refinement statistics for the deposited structures and
the list of deposits used to identify crystallization artifacts by MR. Filename: Supplementary Materials.

Structural data are available in PDB database under accession numbers 4TNN, 4YYC, and 4ZNZ.

This work focuses on a particular difficulty that may occur as a result of accidental purification or contamination of the sample with a
Al .m A AL, Al Al l‘“ ~ 1 A Al 2 'y v - e o o4 Y} ey m o
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Crystal contaminants

P&’ UNIVERSITY OF

&/ LIVERPOOL

SIMBAD +

o
+ ...:” Bioinformatics including model preparation for Molecular Replacement
|

© Sequence independent | |7 A Dolecter Reptacemert

> Automated structure solution - MrBUMP
IVI I I R I t 2 Run a quick MrBUMP job with streamlined settings

O e C u a r e p a Ce I I I e n - _@®  Basic Molecular Replacement - PHASER
e, Simple MR with optional refinement and rebuilding (Phaser)

X-ray data reduction and analysis —

Experimental phasing

@9 Expert Mode Molecular Replacement - PHASER

,5‘_‘;:‘5%’; Advanced MR options followed by refinement and rebuilding (Phaser, Refmac5, Coot)
@ 3 St . _#' 7! Molecular Replacement and refinement - MOLREP
e p S . f., 'lﬁ' Molecular replacement (Molrep)

1. nearest cell (lattice) B e e iy MO
2. contaminants N by e g e ot 0 reerance Srucure(CEpramict)
3. entire non-redundant
domain database (90000
models)

7l

Molecular Replacement with unconventional models - AMPLE
This task is for running Molecular Replacement with unconventional models

(K
] 1

Sequence Free Molecular Replacement - SIMBAD
This task is for running Molecular Replacement without a sequence

IIIIIZEIIIIAlbllilnliiilolIplt;slsiﬁlglleiltlhllAlRlclllﬁIBIblLIDIIolIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

" sssmmmnnd

To be done

Molecular replacement with fragments - Fragon
Places fragments with Phaser and tests using density modification with ACORN

DIMPLE DIMPLE - Simple reflections + coordinates to map pipeline
This task uses the DIMPLE pipeline to generate maps for a new dataset, provided a possible starting moc
Automated molecular replacement - MORDA

Molecular Replacement with Domains and Assemblies

+ .+ Density modification —

" New job ' | Cancel |




CCP4 Roadmap

Science & Technology
@ Facilities Council

Other MR options

X-ray data reduction and analysis —

ARCIMBOLDO i
© Ab initio phasing from [T e
fragment mOdeIS < Run a quick MrBUMP job with streamlined settings " ;:

gg’ Basic Molecular Replacement - PHASER

Experimental phasing

Molecular Replacement

_5},5‘-‘ O' Simple MR with optional refinement and rebuilding (Phaser) P :&J
) 9#, Expert Mode Molecular Replacement - PHASER *’_:
-‘;f": Advanced MR options followed by refinement and rebuilding (Phaser, Refmac5, Coot) el

F RAG O N . ,: ' Molecular Replacement and refinement - MOLREP

f-, ;itj Molecular replacement (Molrep)
. . . [+ Molecul [ ith el density -
© MR using helical models G| Crcccron sy e s mose v
. . . g Match model to reference structure
a t h I g h re S O I u t I O n — u S I n g Match symmetry and origin of output model to reference structure (Csymmatch)
2=

Molecular Replacement with unconventional models - AMPLE

AC O R N & P h a S e r 3’_‘ This task is for running Molecular Replacement with unconventional models

w#> Sequence Free Molecular Replacement - SIMBAD

ann I? .I am Z"I-,ilsltlalsflisl Ifolrlr;lll,]lr,‘!:q IMIOIIeICILlIIeC 6Ieellalclemelr7ltlbriltt,elit;e Isleg(JEQEel SN EEEEEEEEEEEEEEEEEEEEEEEER
E Ab initio Phasing with ARCIMBOLDO E
= To be done :
Molecular replacement with fragments - Fragon
H Places fragments with Phaser and tests using density modification with ACORN L
" wpLe DIMPLE - Simplie reflections + coordinates to map pipeline’
This task uses the DIMPLE pipeline to generate maps for a new dataset, provided a possible starting moc
0 M) Automated molecular replacement - MORDA
A\ Molecular Replacement with Domains and Assemblies
+ .+ Density modification o

| Newjob | Cancel |
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Density Modification

© A tool for phases improvement

© Traditional approaches:

NCS averaging
Histogram matching
Solvent flattening

O Y A

Phase combination
+ Experimental phases

4+ Phases from modified map
~ |terative procedure

© Statistical approaches:

~ |mproved phase probability distributions
~ Removes bias
~ Slower than traditional approaches

& Science & Technology Research Complex..;_;o

W Facilities Council at Harwell -

Crystallisation

Data Collection

Data Processing
and Reduction

7" N\

Experimental Molecular
Phasing Replacement
Density

Modification

Model Building

Refinement

Structure Analysis

Deposition
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Density Modification

© DM can be perfect if noise is genuinely statistical (never the case)
© Otherwise, DM is equivalent to bringing in additional data

© |mperfectness can potentially lead to artefacts |
© Existing programs are robust and DM is known to work
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Density Modification Tools

$7CCP4-7.0.012 Project Viewer: MR_tutorial

Parrot . D * ® &, - %
Viewin Coot ViewinCCP4mg Export MTZ Help Bibliography Clonejob Run

© Traditional approach Project direct...

» @ X-ray data reduction and analysis
be n efltl N 8 fro m usin g finement - REFMJ v + Experimental phasing

. . . nual model buildi
maximum I | kel | h OOd ‘tobuild - BUCCA! c k2 Automated structure solution - CRANK2
finement - REFMA L . CRANK2 experimental phasing pipeline
methods | -~
‘finement - REFM/
| ‘nement - REFMAI Automated structure solution - SHELXC/D/E
© Fast and ful Iy rep SHELX - perimental phasing pipeline SHELX (run via Crank2)
d yort a coordinate s
automate ‘obuild - BUCCANI @B  SAD phasing from heavy atom sites - PHASER
rep J ;;"‘" Complete a heavy atom model and calculate phases
‘inement - REFMA!
Irep Density modification - PARROT
. bort a coordinate s @ g Modify the electron density (Parrot)
Pirate »ort merged

E :@Pl Bioinformatics and model preparation for Molecular Replacement
© Statistical-based density » 4 Molecular Replacement
. o . R Y VRpT PRI T T P | PP 1 YOS A S
modification

New job Cancel

© Better in some cases but ¥
slower than Parrot
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Density Modification Tools

SHELXE

© Density modification
combined with C-
alpha tracing

© Works well starting
from partial MR
solution or from
Experimental phases

© Usually works best
with resolution

better than 2.5 A but

can work at lower
resolutions

Complex E";@

at Harwell 4%

& CCP4-7.0.012 Project Viewer: MR_tutorial

24

nu  View in Coot

View in CCP4mg Export MTZ Help Bibliography Clone job Run

Project direct... |

ofinement - RE
‘anual model build,
utobuild - BUCCA
efinement - REFM.
efinement - REFM.
finement - REFMA

olrep

port a coordinate

Jtobuild - BUCCANI

> ‘ X-ray data reduction and analysis

v = Experimental phasing

.. Automated structure solution - CRANK2

c'*.\'.;_f-,l CRANKZ2 experimental phasing pipeline

Automated structure solution - SHELXC/D/E

Experimental phasing pipeline SHELX (run via Crank2)

@B SAD phasing from heavy atom sites - PHASER
sﬁ " Complete a heavy atom model and calculate phases

74

Density modification - PARROT
Modify the electron density (Parrot)

Cancel

Figure courtesy of Andrea Thorn




& Science & Technology Research Complex;.;‘ ~

W Facilities Council at Harwell

Model Building I

Data Collection

Data Processing

& (CP4

CCP4 Roadmap

© Interpret electron density map in terms of atomic
coordinates

~ X-ray experiment and phasing yield the electron density and Reduction
map / &
~ Model’s atom need to be put in the correct locations of Experimental Molecular
the map Phasing Replacement
~ The process is aided by the chemical knowledge of \ 74
. Density
residue structure, as well as secondary structure Modification

assignments

Model Building

~ Validation tools are essential for choosing the right

electron density interpretation:
4+ Quality of density fit

4+ Ramachandran restraints

Refinement
4+ Geometry analysis I
© Try to account for as much of the density as Structure Analysis

possible including solvent molecules [

Deposition
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Model Building Tools

Buccaneer

& CCP4-7.0.012 Project Viewer: MR _tutorial

o . . . . 2 —
Chain tracing by identifying - 2 o @ E:

connected C-alpha pOSitiOmS View;nCoot View in CCP4mg Exporl.;VI'IZ Help Bibliography Clonejob  Run
using a likelihood-based ot

v »# Model building and Graphics

dens Ity target efinement - REFM. Y 4o Autobuild protein - BUCCANEER
anual mOd;:l ‘é‘gf’ i Iterations of model building (Buccaneer) and refinement (Refmac5, Prosmart and Coot
. utobuild - fd
© Low-resolution model 3
'“; ’.”71‘:":2”;; 1 gi’; : g Manual model building - COOT
1A en 1 Interactive building (Coot
building finement - REFMAC 9 (Cool
Z; . B -~/ Scripted model building - COOT
N a u ti I u S tobuild - BUCCANE it Use scripts to fit sidechains, perform stepped refinement, fill and fit... (non-interactive C
Ire '
. ey (8 ‘fin‘;ment - REFMA( .'f‘-"ds'@ \ Find waters - COOT
&, A u tO m at IC MO d e | b ul I d IN g Slrep “.2.» Find and filter waters based on electron density and contacts (non-interactive Coot)

port a coordinate si

of nucleotide structures in ... nerged
electron density maps

ARP/wARP
Build model (ARP/wWARP classic)

Molecular graphics visualization and figure creation - CCP4AMG
Interactive molecular graphics: visualization, figure preparation, analysis.

Privateer

New job Cancel

© Building and validation of —
carbohydrates
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Model Building Tools

.4
© Automated building of View I
. Project direct...
~ proteins ,
~ RNA/DNA ‘nement - REFM

1ual model buildi,
obuild - BUCCA

~ secondary structure nement - REFM

. : ‘nement - REFM.
~ Slde chalns iement - REFMA(
~ |loops -

ort a coordinate si{
~ Solvent build - BUCCANE
op
~ |igands 1wement - REFMA(
ep
. rt a coordinate si
Now integrated and co- - fnerged
distributed with CCP4

Go To Atom 2
Real Space Refine Ligand ot 5]
Find Ligand Binding Site

Fit Ligand Here
Build Helices
Build Skeleton

& CCP4-7.0.012 Project Viewer: MR_tutorial

View in CCP4mg

& Science & Technology Research Complex. %5~

@ Facilities Council at Harwell /%)

EMBL

R @ B £

Export MTZ Help Bibliography Clone job  Run

ki éj’” Model building and Graphics

* Scripted model building - COOT

Autobuild protein - BUCCANEER
Iterations of model building (Buccaneer) and refinement (Refmac5, Prosmart and Coot

Manual model building - COOT
Interactive building (Coot)

Use scripts to fit sidechains, perform stepped refinement, fill and fit... (non-interactive C

Find waters - COOT
Find and filter waters based on electron density and contacts (non-interactive Coot)

ARP/wARP

Build model (ARP/WARP classic)

Molecular graphics visualization and figure creation - CCP4AMG
Interactive molecular graphics: visualization, figure preparation, analysis.

New job Cancel
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Model Building Tools
Coot
©® Manual and semiautomatic i SN
o & CCP4-7.0.012 Project Viewer: MR_tutorial &

model building - Y M @ — P

® |Intera ctive graphics Viewin Coot ViewinCCP4mg Export MTZ Help Bibliography Clonejob Run
Project direct...
.9 _|gand bwldmg and flttmg , v ér Model building and Graphics
i inement - REFM. {4 Autobuild protein - BUCCANEER
® :{e d I'S p dace reﬂ nemen t nual model g‘g’d’ ' M lterations of model building (Buccaneer) and refinement (Refmac5, Prosmart and Coot
‘obuild - BUCCA e

© Paired with Refmac and inement - REFM. Manual model building - COOT

. L d /nemeftr t ;;;i_; I:C Interactive building (Coot)

| a n nement -

> °P -~/ Scripted model building - COOT
@ Wea |th Of Va | |d at|0 N tOO I S j;i;:o‘ggggffv? ' .f; :' Use scripts to fit sidechains, perform stepped refinement, fill and fit... (non-interactive (
© Integrated with CCP4 o >, Find waters - COOT

2 tep 8.0 Find and filter waters based on electron density and contacts (non-interactive Coot)

Ti2Prt a coordinate s{
ARP/wARP
: Build model (ARP/WARP classic)

- Molecular graphics visualization and figure creation - CCP4AMG
\ W Interactive molecular graphics: visualization, figure preparation, analysis.

New job Cancel
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Refinement

© Refinement is one of most important
procedures in structure solution process

© Refinement is used mainly to

~ produce a structure which is properly balanced
between chemistry restraints and experimental
observations

~ improve density maps for further cycle of model
building

@ Refinement often uses additional
information from various sources

~ Phases

~ Twinning (if detected)
~ External restraints

~ NCS restraints

~ TLS groups

W@ Facilities Council at Harwell -

Crystallisation

Data Collection

Data Processing
and Reduction

7" N\

Experimental Molecular
Phasing Replacement

N\ 74

Density
Modification

Model Building

Refinement

Structure Analysis

Deposition
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Refinement

«# CCP4-7.0.012 Project Viewer: MR_tutorial

Refmac 5'8 ‘ewin Coot ViewinCCP4mg Expot MTZ Help Bibliography Clonejob Run &
ect direct... -
e ==& Bioinformatics and model preparation for Molecular Replacement
©® CCP4’s main refinement ent-REFMA  » & Molecular Replacement
orogram j,ﬁ’;"_d; L’j‘c’:‘gf,: » }# Model building and Graphics
| ent - REFMA %
© Implements several ent - REFMA | y
. . nt - REFMA( F= o Refinement - REFMACS5 =
ikelihood target
. coordinate s e -
fU nctions fO r /- BUCCANE ‘ Import and/or edit TLS set definitions
ex p e ri me nt a | d at a w Enter TLS information to be used later in the project
) _ ont - REFMA( 3
(amplltUdes, twinned -~ Rigid body refinement - PHASER g
coordinate s ‘? Define rigid bodies for refinement (Phaser), fill partial residues (Coot) and refine (Refm
data, external phases, erged /
Lattman coefficients) > o Hancs %
» £r= Validation and analysis
© Restraints | Export and Deposition | &
~ CCP4 monomer library New job Cancel ;

~ Custom library
~ External restraints

© Several refinement protocols © NCS refinement
~ Rigid body ~ |ocal
~ Restrained ~ global

~ Jelly-body
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Refmac 5.8

P

Improved jelly body
refinement

Improved use of restraint
information (ProSMART)

DNA/RNA base pair
restraints

Sugar/pucker restraints

Simultaneous density
modification and
refinement

Better anomalous
difference maps

Beta ensemble refinement

Multi-imputation and
averaging of structure
factors to desired
resolution

CCP4 Roadmap

@ Facilities Council

at Harwell

Refinement

« CCP4-7.0.012 Project Viewer: MR_tutorial

, ~- " @ B :
Viewin CCP4mg Export MTZ Help Bibliography Clonejob Run

§

Science & Technology Research Complex. =

ew in Coot
2ct direct... -
== Bioinformatics and model preparation for Molecular Replacement
ont - REFMA & Molecular Replacement
nodel buildi .
4 - BUCCAN 2 Model building and Graphics
nt - REFMA - 2" Refinement
ont - REFMA I
nt - REFMA(
oordinate s
- BUCCANE 5 Import and/or edit TLS set definitions
Enter TLS information to be used later in the project
nt - REFMA(

h Rigid body refinement - PHASER
coordinate s .7 Define rigid bodies for refinement (Phaser), fill partial residues (Coot) and refine (Refm
erged
Oy Ligands

== Validation and analysis

Export and Deposition

New job Cancel

Sampling of conformational space — Gibbs sampling

Estimation of individual errors of atoms — less biased
electron density calculation
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Structure Analysis & Visualisation

© To find out structural features which may shed
light on chemical activity or structure function

© Identification of complexes (quaternary
structures)

© Finding and comparing homologues

© Visualise and inspect the target structure

@ Can also be used earlier on in structure
solution process

~ Provide information on complexes, domains, mobility
of structure for use in molecular replacement or for
construct design

& Science & Technology Research Complex.gf_;

W@ Facilities Council at Harwell -

Crystallisation

Data Collection

Data Processing
and Reduction

7" N\

Experimental Molecular
Phasing Replacement

N\ 74

Density
Modification

Model Building

Refinement

Structure
Analysis

Deposition
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PISA Structure Analysis

© Automatic infe rence on & CCP4-7.0.012 Project Viewer: MR_tutorial
I . . f I 4 ‘43 R*-.x ® g -y ‘i
multimeric states from CrySta Viewin Coot  Viewin CCP4mg Export MTZ Help Bibliography Clone job  Run
packing ect direct...
8 ‘V Ligands
. nent - REFMA v £r= Validation and analysis
© Analysis of macromolecular 1 e
. ild - BUCCAN Analyse agreement between model and density - EDSTAT
| nte rfa ces an d nent - REFMA l ' l;z‘ Calculates real-space metrics for evaluating the agreement between model and densit)
: : nent - REFMA ’
macromao I ecu I ar | nte ra Ct 10NS ent - REFMA( IZI Validation of carbohydrate structures - PRIVATEER
m Checks stereochemistry, conformation and fit to positive omit density, and describes gl
: : ; 1 coordinate s
© An d IySIS Of p rOte In o I Igom €rl d - BUCCANE . Interface and quaternary structure analysis - PISA
sation versus concentration B+ Intertace and assembly analysis (qpisa)

ment - REFMA(

QRIS , , Analyse model geometry
File View Help Calculate mean B-factors, Ramachandran plots and other metrics to aid in validation ((

Assembly summary

lgilllull Multimeric state 2 | surface area, sq. A | 6561404.6 | free energy of dissociation, kcal/mol

ST Copies in Unit Cell 2 | Buried area, sq. A 561296.4 | entropy of dissociation, kcal/mol 715 Expon and Deposnlon

Symmetry number |2

Contents

Data
[+ Monomers

A2) ! Reflection data tools

#- Interfaces FITULE A2)
= Assemblies Composition J
= Stable R 2(A} Coordinate data tools
1. A(2) Dissociation pattern
2.3 Engaged interfaces
3.a
Monomer 1 Monomer 2 Spec. Sym.op-n Sym.ID  Area Delta G P-value Nhb Nsb Nds 2
4.a pec. | Y0P | Y New job Cancel
5.A() | A A 1 X-1Y,-Z+1 2456 280648.2 -8980.7 0339 2 0 0
6. a
7.a
8.
Grey area
Unstable
- As given

Assembled monomers

Monomer Class Type Sym.op-n Sym.ID Area BSA Delta G Nhb Nsb Nds . . .
1 A Protein 1 X,Y.Z 1555 3561350.5 280648.2 -4490.4 2 0 0 @ QtP'Sa - QT based Inte rfa Ce

2 A Protein 1 -X1.Y,-Z+1 2_456 3561350.5 280648.2 -4490.4 2 0 0
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Structure Analysis
CCP4AMG

in/.0.012 Project Viewer: MR_tutorial
% COPUNG vwecins - d | :
rr-w - “ o — @ £ \7;

= * -

Export MTZ Help Bibliography Clone job  Run

a Ligands

== Validation and analysis

f Analyse agreement between model and density - EDSTATS

I B ’}’ Calculates real-space metrics for evaluating the agreement between model and densit)

IZT Validation of carbohydrate structures - PRIVATEER
m Checks stereochemistry, conformation and fit to positive omit density, and describes g/

& * Interface and quaternary structure analysis - PISA
e
LA

Interface and assembly analysis (qtpisa) :

R

= im Analyse model geometry §
Et:':-j. Calculate mean B-factors, Ramachandran plots and other metrics to aid in validation (( :

K

Export and Deposition \

~ |

. Reflection data tools 4

v | Coordinate data tools

|

.
3
5

New job Cancel

N Dusplay Table

) Bhand through.. Rbbors

Sovert fhom type Bl ardd stk
.

ohte fom type Pl and stk
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Structure Analysis

Gesa mt & CCP4-7.0.012 Project Viewer: MR_tutorial
4 3 n ® K - %
Viewin Coot  ViewinCCP4mg Export MTZ Help Bibliography Clonejob Run
© 3D structure alignment Jject direct...
- b Export and Deposition
and superposition
nent - REFMA » .}/ Reflection data tools
- - | model buildii N -
© Makes both pairwise - succaniill 3| Coordinate data tools k
and multlple allgnments s . Match model to reference structure g
nent - REFMA k Match symmetry and origin of output model to reference structure (Csymmatch) -
ent - REFMA(
© Fast PDB scans for
| h | 2 coordinate s Structural allgnmgnt - Gesamt
structura OoOmoIogues id - BUCCANE Superpose one protein structure on another .
ATON 9 5
© |dentification of ent - REFMAC s 1 Importa co.ordlnate.set - optional selection of subset
. lﬂH Select (potentially complicated) subset from a coordinate set £
ATON 14 '
structural domains B L - i
merged w10 Edit PDB/CIF files by hand \
= R e p I aceme nt fo r ‘EBIT* Edit PDB/CIF files by hand with the PdbView program
Superpose (SSM) b + Developer tools i

© Doesn’t rely on
secondary structure

New job Cancel
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Crystallisation

Validation and Deposition ,

Data Collection

© Comprehensive set of validation tools: Data Processing
. . . R '
Ramachandran plots, density fit analysis, /a”d eduction
geometry analysis, unmodelled blobs etc. .
Experimental
Phasing

PDB REDO N 4

Density

Coot

N\

Molecular
Replacement

Modification
© Optimisation of refinement parameters: |
weighting of X-ray terms, B-factors Model Building
© Checking rotomers l

© Comparison of refinement with rest of PDB Refinement

statistics I

Structure Analysis

Deposition

Deposition

© Dedicated deposition preparation modules in both
CCP4i2 and CCP4 Cloud
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Command Line Operation
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Example:

refmac5 HKLIN my.mtz HKLOUT output.mtz XYZIN my.pdb XYZOUT output.pdb

Keywords:

© Most CCP4 programs take “keywords” as command options through standard input to
the program

© Gives access to all options of the program and the most fine-grained control
© Can be provided through ccp4i using “Run & view com file”

Scripting: oy
© Repetitive tasks can be scripted r"‘z
© Pipelines of programs can be created in a script \

7/

Command _ 23

e o L2mtz hklin ${1} hklout shelxe-output.mtz << eof ;,":

line TLPLE® = gnp e
cell S{cell}
S ymm S {symm}
labout H K L F FOM PHI SIGF

Keywords CTYPOUT H HHFWPQ

pname ample
dname ample
END
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Command Line Operation

© Documentation for CCP4 program keywords provided by documentation pages
online or in the suite (SCCP4/html/INDEX.html):

| ] CCP4 Program Suite: aim| X
& C' [ www.ccpd.ac.uk/h aimless.html#keywords Qe = -
KEYWORDED INPUT - DESCRIPTION | %

| E r‘-’#

d » e
In the definitions below "[]" encloses optional items, "|" delineates alternatives. All keywords are case-insensitive, but are listed below in upper-case. (TR e
Anything after "!" or "#" is treated as comment. The available keywords are: i 7% ';~.~

: b Y L

| [ S

1 ANALYSIS, ANOMALOUS. BINS. DUMP. EXCLUDE. INITIAL. INTENSITIES. NAME. ONLYMERGE. OUTPUT. PARTIALS. REFINE. o
REJECT. RESOLUTION. RESTORE. RUN. SCALES. SDCORRECTION. TIE. TITLE A e

e =

RUN <Nrun> BATCH <b1> to <b2>

Define a "run" : Nrun is the Run number. with an arbitrary integer label (i.e. not necessarily 1.2.3 etc). A "run" defines a set of reflections which share a set
of scale factors. Typically a run will be a continuous rotation around a single axis. The deﬁmt10n of a run may use several RUN commands. If no RUN

i command is given then run assignment will be done automatically. with run breaks at discontinuities in dataset, batch number or Phi. If any RUN
definitions are given. then all batches not explicitly specified will be excluded.

SCALES [<subkeys>]

Define layout of scales. ie the scaling model. Note that a layout may be defined for all runs (no RUN subkeyword). then overridden for particular runs by
additional commands.

Subkeys:

RUN <run_number=>
Define run to which this command applies: the run must have been previously defined. If no run is defined. it applies to all runs

ROTATION <Nscales> | SPACING <delta_rotation>
Define layout of scale factors along rotation axis (i.e. primary beam), either as number of scales or (if SPACING keyword present) as interval
on rotation [default SPACING 5]

BATCH
Set "Batch" mode. no interpolation along rotation (primary) axis. This option i1s compulsory if a ROT column is not present in the input file. but
otherwise the ROTATION option is preferred. WARNING: this option is not optimised and may take a very long time if you have many
batches

BFACTOR ON | OFF
Switch Bfactors on or off. The default is ON.

BROTATION <Ntime> | SPACING <delta_time=
Define number of B-factors or (if SPACING keyword present) the interval on "time": usually no time is defined in the input file. and the
rotation angle is used as its proxy [default SPACING 20].

SECONDARY [<Lmax=>]
Secondary beam correction expanded in spherical harmonics up to maximum order Lmax in the camera spindle frame. The number of

narametare increacac ac (T mav + 1V5%2 cn van chanld nee tha minimim arder needed (o 4 - A _dafanlt A\ Tha daviation af the curface fram
@
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Downloading the Suite

© Download CCP4 for Windows, =,
Mac or Linux < 00Pd ¥

Mac OS X CNU/Linux MS Windows Source code

@ Co-d|5tr|but|0n Of ARP/WARP Binary downloads for Apple Mac OS X

On the Mac, CCP4 Software Suite may be conveniently configured, downloaded and automatically installed with Package Manager (recommended):

Download size: 16 MB

© Package Manager — easy | ® =9

[ ] [ ]
I n Sta I I at I O n Alternatively, the suite may be downloaded and installed in separate parts. ARP/wWARP requires a separate license from EMBL-Hamburg, so you will first be redirected to their
website,
: ] Download size: 784 MB
‘ccp4+ E +g CCP4 Program Suite v6.4.0.2 + ARP/wWARP v7.4 + COOT v0.7.2 Agree to License: ° Date: 18/10/2013
-

mtet— Date: 18/10/2013

OSX, both 32-bit and 64-bit L e
e« CCP4 Molecular Graphics v2.7.3 DownloadNow!@))  Download size: 368 MB
versions for other systems

© Only 64-bit version for Mac otc- @ R

S — Date: 14/03/2013

S,

Click here for the MD5 checksums of all files.

External tools packages

The following tool/package is not part of CCP4 nor subject to the CCP4 license, but is required to run some of the programs above. It may or may not already exist on your system.

@ Ad d it i O n a I S Oftwa re The download link is provided here for your convenience.
dependencies also available —

© Download page accessible from

http://www.ccp4.ac.uk
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CCP4 Setup Manager

D © ® CCP4 Package Manager

Collaborative Computational Project No. 4
Science and Technology Facilities Council

Rutherford Appleton Laboratory

Didcot, Oxon, OX11 OFA, United Kingdom
http://www.ccp4.ac.uk

© Easy installation mechanism for
CCP4 and associated packages

(Coot, ARP/WARP, CCP4mg) CCP4 Software Suite

D © @ CCP4 Package Manager

© Available on Linux and Mac OSX | ccpa setup, step 1 out of 5
. s and
Choose components to install: pn
platforms | .
Component Full size CCP4 core packages. Collection of over 200 useful
— - : programs, written by various authors, which provides
) CCP4 Program Suite v6.3.0 1.2 GB . tools for all stages of structure solution process, plus
& ARP/WARP V7.3 205.0 MB software libraries and accompanying data. Core
‘ . COOT v0.6.2 350.0 MB packages are needed for other applications in the list.
© Sets up system variables @ COOT V0.7 550.0 M

D © ® CCP4 Package Manager

automatically if you wish
CCP4 setup, step 4 out of 5

Download selected components

Component Size Download
(CCP4 Program Suite v6.3.0 692.9 MB 100%
ARP/WARP v7.3 0B Included in another package

COOT v0.7 211.4 MB 100%
CCP4mg v2.6.2 304.3 MB (Y 22%

W time remained: 00:00:37 at 6.0 MB/s
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BN

© Automatically install latest
fixes and new features

© Allows for rolling back to
previous versions

© Updates made available
once every two weeks or as
and when they are needed

© Available on Linux, Mac OSX
and Windows

CCP4 Roadmap

D © @ CCP4 Package Manager

D © ® CCP4 Package Manager

CCP4 update, step 1 out of 3

Choose updates to install or remove:

Update Manager

Update Installed Date Size

6.3.0-008

6.3.0-007 v
6.3.0-006 v
6.3.0-005 v
6.3.0-004 v
6.3.0-003 v’
6.3.0-002 v’
6.3.0-001 v’

CUNEURE U U U YT Y

19.10.12 10.2 MB
10.10.12 49.8 MB
05.10.12 102 MB
21.09.12 9.4MB
14.09.12 12.1 MB
05.09.12 7.5MB
05.09.12 2848B
05.09.12 6.0MB

Your CCP4 setup is up to date

v a £
‘J"gﬂ

Science & Technology Research Complex. .
@ Facilities Council at Harwell & >

Collaborative Computational Project No. 4
Science and Technology Facilities Council

Rutherford Appleton Laboratory

Didcot, Oxon, OX11 OFA, United Kingdom
http://www.ccp4.ac.uk

CCP4 Software Suite

Version 6.3.0

Update

This program will guide you through the update process for
CCP4 Software Suite on your computer.

Press "Next" button to continue.

Pointless: Fixed Choose Spacegroup option for non-
standard settings, e.g. P21 2 21

Arp/Warp: Arp/Warp task interfaces preinstalled; will
become active on installation of Arp/Warp.
This fixes problem with overwriting
modules.def file by other updates.

Zanuda: Made consistent with MSE atoms defined as

HETATM in pdb-files

Finish
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®ece ¥ CCP4 online x\+

'(" (i) | www.ccp4d.ac.uk/ccpdonline & Q Search w ] ] - |v

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

Welcome to CCP4 online

Login & ccp4online x

CCP4 on-line
services

http://www.ccpd.ac.uk/ccpdonlin

R
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F
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AMPLE o : ; g IIII :: Interface atoms
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protein sequence is provic Submit | (after clicking submit, PLEASE WAIT for your files N e Total residues 409
CRANK2 > 16.F || B BSA, A? 2146.6
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Interaction radar

SB

HB PV
Interface parameters
IA : Interface area, A2 2246
DG : Solvation Energy, kcal/mol -12.46
BE : Total Binding Energy, kcal/mol -26.65
PV : Hydrophobic P-value 0.3542
HB : Number of Hydrogen Bonds 11
SB : Number of Salt Bridges 25
DS : Number of Disulphide Bonds 0
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