Welcome]!

4th 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 oy ] |
emergency in the building". | c14
You should leave the building by the E% L. o6
closest fire exit and congregate in the = i
carpark in front of Diamond House. <

@) e To Synchrotron
Emergency Contacts oo 3
In case of emergency within Diamond ul= User Offcs -
House, please call the RAL emergency I Sl
line on 2222 from any internal phone or | i o
01235 778888 from a mobile. o




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-2017, 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-2017
http://www.ccp4.ac.uk/schools/DLS-2017

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.
This 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
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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 RLS-CCP4 workshap. We are grateful to each of the authors for
acknowledging the help they recieved at the workshop.

2015 Publications

The authars of the fallowing publications have expressed their gratitude far the nelp they received in solving their structures at the DLS-CCP4 schoal in 2015.

Venty A. ]ackson ShahldMehmood Matthleu Chavent PletroRover5| Mana Carrasquera, Daniel del Toro, Goenuel Seyit-Bremer, Fanomezana M. Ranzivoscn, Davide Comoletti,
Mark S. P. Sansom, Carol V. Robinson, Rudiger Klein and Elena Seiradake Nature Communications 7 (20186).

. Napsne OT_ Xer recompination re ation B Nap pmplex remodeling and DNA bending” -

Aleksandra Bebel, Ezgi Karaca, Banushrese Kumar, W Marshall Stark and Orsolya Barabas. eLIFE 5 (2016).
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Outhine

¢ What is CCP4 o
© The CCP4 Software Suite

~ ccp4i2: graphical user interface
~ what the Suite is used for
~ each step in the process

© Other useful information
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What 1s CCPA4?

© 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 5
software developments

© CCP4 is not a single group in RCaH-Rutherford but a world-wide collaboration
of developers and users

o CCP4 was formally set up in 1979 to support collaboration between e
researchers working on MX software in the UK, and to assemble a %S
comprehensive collection of software to satisfy the computational requirements |
of the relevant UK groups j

© CCP4 was originally supported by the UK Science and Engineering Research
Council (SERC), and is now supported by the Biotechnology and Biological
Sciences Research Council (BBSRC). il
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@ The project is coordinated at the Scientific Computing Department of STFC UK{
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Main CCP4 Groups

Core Group (Oxford)

~ maintain and support software suite

~ application and infrastructural software developments

~ collaborate with Diamond on beam line deployment of
CCP4 software and joint developments

~ educational outreach

~ maintain CCP4 resources such as the CCP4 bulletin board

MRC/LMB (Cambridge)

~ data processing software (Mosflm, Aimless)
~ refinement software (Refmac)
~ model building (Coot)

Phaser group (University of Cambridge)

University of York

~ Software developments (CCP4mg, Buccaneer, Privateer)
~ CCP4 GUI-2 developments

Others

~ Experimental Phasing from Leiden (Crank-2)
~ Ab-initio MR, University of Liverpool (AMPLE)

Associated projects

~ Arp/wArp (EMBL-Hamburg)
~ PDB redo (NKI, the Netherlands)
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CCP4 Study Weekend

¢ Annual CCP4 users meeting taking place in January in the UK

© Each year tackles a different topic:
~ Data processing
~ Experimental phasing g
~ Molecular replacement
~ Model building and refinement

~ Related topics: Complementary methods (EM, NMR, SAX etc.), Structure
analysis, Complexes, Ligands, Databases

® Proceedings published in special edition of Acta Cryst. D
© 2016: “Ligands”

© 2017: “From crystals to structure with CCP4”

© 2018: “Micro/nano crystals — data collection™ (provisional)
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CCP4 Schools and Workshops

Main aim is to give education and expert help to researchers working
with collected crystal data

Some schools also provide expert help with collecting crystal data
(APS, Hamburg, Diamond)

Applicants with challenging crystals and/or data are given strong

consideration but this is not mandatory E
Software developers from CCP4, Phenix (APS Workshop), SHELX, \
Arp/wArp, XDS and HKL as well as others give lectures, tutorials and ¢

are also available to help with data processing and data solution S
throughout the meetings

http://www.ccp4.ac.uk — Courses & Events



http://www.ccp4.ac.uk/
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Other CCP4 Resources

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

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.del/ccp4wikilindex.php/Crystallograbhy — owing to Kay
Diederichs

CCP4 web site — http://lwww.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://www.ccp4.ac.uk
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The CCP4 Software Suite

© The CCP4 Suite is a comprehensive suite of software for
macromolecular crystallography and it contains about 250 4
program components |

@ New versions of the suite are released about every |2 months

~New programs

~ Major updates to existing programs e

~ Other new features such as changes to CCP4i interface ”‘fﬁ";

%

@ Revisions to the current release are made available through the ¢
CCP4 updates manager §

© Current release version — CCP4 7.0 from January 2016
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Structure Solution 1n 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

©® 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 *ijfj
" . T
inverse Fourier transform g

|

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

structure

@ The model need to be analysed to answer biochemical questions
and deposited in the PDB

sounds like we know what to do ...
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& (CP4

CCP4A Scope

e s Data Processing
L TRESTEUTE A and Reduction
CCP4 Software |° ' . \
e Experimental Molecular
: ;,-; - 2 —— Phasing Replacement

Task mary  ViewinCoot  View in CCPamg  Expart MTZ

Ll Froject direcory I

) Jooke Evauation

N\

coordinates

« 5 Molrep » ! Integrate X-re DenS|ty
> 4, 4 Rafinemant - REFMACS Ru(.49 BFrecsd. . . - .
. ~ 3 Moirep > & Xeray data re T Modification
> A A, 2 Import a coordinate set - optional se... nRes=158 » -+ Experimental phasing
» A, 1 mport merged P— - ) I
e e = Replacement

Model Building

Refinement

Structure Analysis

I
PDB_ REDO Deposition
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EXte I‘Ila] PiM S Crystallisation

SHARP/ I

components autoSHARP xps & |
Data Collection
autoPROC |

\A Data Processing

] e and Reduction
CCP4 Software |- . \

- S Experimental Molecular

¢ g B ——— : Replacement
= ~ & . [ s .

Task many  ViewinCoot  Viaw in CCP4amg  Expart MTZ 4

il Froject direclary | @ - e 4 ) ‘ \
: T -+ IS e coordinates

) Jooke Evauation - w .
« 5 Molrep k= q Integrate X-rg i 112 DenS|ty
> A 4 Rafinamant - REFMACS Ru(.49 RFrecsd. . R, om0 .
. ~ 3 Moirep > & Xeay date ref T Modification
> A A, 2 Importa coordinate set - optional se... nRes=158 » ~+ Experimental phasing
» A, 1 knport merged =

¥ L T T L A A TR T .;:le!cement I
. y

Model Building

Refinement
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& (CP4

The CCP4i2 Intert

® ® & CCP4-7.0.011 Project Viewer: MR_tutorial

= 24 N - O N v
Task menu  View in Coot Viewin CCP4mg Export MTZ Help Bibliography Clone job  Hun

Project directory : :
5 JobiFile Evaluation = | Import merged data, sequences, alignments or coordinates

.os + 5 Molrep = ijfg Integrate X-ray images
» + s & 4 Refinement - REFMACS R=0.49 RFree=0. . .
» .+ A& 3Molrep » @ X-ray data reduction and analysis
» Qs A 2Import a coordinate set - optional se... nRes=168 » = Experimental phasing
» + s A 1Import merged N

> E Bioinformatics and model preparation for Molecular Replacement
A » & Molecular Replacement

= éf* Model building and Graphics

8 t{ Refinement

> ‘V Ligands

2 gn;-: Validation and analysis

I Export and Deposition

> g;i'jfp Reflection data tools

I m Coordinate data tools W

P Q Developer tools

New job Cancel

Job list Task menu
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The CCP412 Interface

®Ce & CCP4-7.0.011 Project Viewer: MR_tutorial
= - & i SN O g, &
Task menu  Viewin Coot Viewin CCP4mg Export MTZ Help Bibliography Clonejob  Run
Project directory Job 4: Refinement - REFMACS5 The job is Finished
&) JobfFile Evaluation Input Comments
o " GAtDDIRd = SUCCAREER Default weight  Per cycle Picture Outliers Other Biblio Run
.. + 5 Moirep
» o« = A 4 Refinement- """ """ R=0.49 RFre
Delete r :
> oo« A 3Molirep Clone No. reflections all/free 21135 / 10¢
» 4« A 2importacoor Edit label se... nRes=168 - p— —
b e o « 1 ‘mponma . -Tactor/R-ifree - f U,
m\liew . Input RMS Deviations
Export > QOutput Bonds 0.0135
Nexttask.. » , Comments } Angles 1.782
A Chain mean B (No. atoms)
| AA 17.7914 ( 1.
. Aa 42.3363 (6
Job actions
(right-click) —
Running refmac R-factors o
0.55 - 0.014
/ > 0.54 R FRCOr . 0,013
- R Free
Jobreport = § s
) msBonds
p & 052 - 0.011
o
0.51 - 0.010
0.50 ~ 0.009|
0.49 ~ 0.008
2 4 6 8 10
Cycle

Research Complex
at Harwell 04~

Refinement - REFMACS

Manual model building - COOT

Autobuild - BUCCANEER
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The CCPA12 Interface :
® ® & CCP4-7.0.011 Project Viewer: MR_tutorial i
= 4 & - SN O “ %
Task menu View inCoot ViewinCCP4Amg Export MTZ Help Bibliography Clonejob  Run
1lelek o0 Project directory Job 4: Refinement - REFMACS5 The job is Finished
O JobiFile Evaluation Input [sEoTIEl Comments
: : : ::;:;:::"d' HUCCANEES Default weight  Per cycle Picture Qutliers Other Biblio Run
b« =« A 4 Refinement - REFMACS5 R=0.49 RFre
» o+« A 3 Molrep
» 4« A 2Import a coordinate set - optional se... nRes=168 Input Data
p o=« A 1Import merged
] 1 - ] ' L S _ 2. P P P PR S PR L . -
Data actions (rlght CIICk) > Al Ren :amd refinement - MOLREP
—. Annotate - View as text F1 1
oy - Viewin CCP4mg *
: = = View in Coot
Job input b (R CExport | —— déa
(@ Help
Qutput Data
%% Atomic model  Model refined by Prosmart/Refmac
‘4. Map coefficients Weighted difference map from refinement
Job output p %
&, Map coefficients Weighted map from refinement
Phases Calculated phases from refinement
# Coot history Coot script written from refinement

» Bibliographic references

» Job run details

Next job suggestions
J gg \b Refinement - REFMACS  Manual model building - COOT = Autobuild - BUCCANEER
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Report Viewer QtRView

4 qtRView 1.00 10/12/2012
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NFactor cnalysiz, stazs vs cecle

= <ReFrine s vs rwl=

05

04
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© Graphical log file viewer

© View graphs, tables and
job summary information

¢ Launch Coot, CCP4mg
and ViewHKL to work .
with the content of data &4
files T

¢ Export result files

©@ Can still view the originall
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& (CP4

o
The CCP412 Interface
Preferences
and Settings Managing Software Updates |
| | Project
v v «—  Management
& | ccpdi2 | File Edit History | Ultilities| | Projects | Help
® —w CCP2-7.0.011 Project Viewer: MR_tutorial
= - 3 e ® > %
Task menu  Viewin Coot Viewin CCP4mg Export MTZ Help Bibliography Clone job  Hun
Project directory
& JobiFile Evaioation > Import merged data, sequences, alignments or coordinates
.o + 5 Molrep = ijf'_g Integrate X-ray images
Do 2 ;ZZ’;’:;"”"REFMACS A=0.49 AFree=0.| | @ X-ray data reduction and analysis
» Qs A 2Import a coordinate set - optional se... nRes=168 » .= Experimental phasing
» + s A 1Import merged N

= E Bioinformatics and model preparation for Molecular Replacement
» & Molecular Replacement

> éf Model building and Graphics

b i{ Refinement

- cv Ligands

» =c= Validation and analysis

- Export and Deposition
> ;;ﬁ Reflection data tools
= 5“? Coordinate data tools
P ‘ Developer tools

New job Cancel
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Molecular Replacement

Automatic structure solution
Data Reduction and Analysis
Experimental Phasing
Molecular Replacement
Density Improvement

Model Building

Refinement

Structure Analysis
Validation & Deposition

—_— A

Map & Mask Utilities
Reflection Data Utilities
Coordinate Utilities

Graphics and Viewing Utilities

Program List

Science & Technology Research Complex. * =

at Harwell =

Project
Management %

Task/program
menu

job displays the log file, shift-double-click reruns the job. \ 4 Change Project | Help
i Directories&ProjectDir
22 18 Dec 14 FINISHED molrep tesy . .
21 18 Dec 14 FINISHED refmacs test il
20 182 Dec 14 FATILED xia2 test View Files from Job = -
19 18 Dec 14 FAILED xia2 test
18 18 Dec 14 FINISHED mrbump test
17 18 Dec 14 FINISHED aimless test ] ] )
16 18 Dec 14 FINISHED pointless test Graphical View of Project
15 18 Dec 14 FAILED dimple test . .
14 17 Dec 14 KILLED mrbump —— Delete/Archive Files..
13 12 Dec 14 FAILED mrbump test Kill Job
12 12 Aug 14 KILLED mrbump [No title given]
11 12 Aug 14 FINISHED mrbump [No title giwven] ReRun Job..
10 12 Aug 14 FINISHED mrbump [No title given] ]
9 12 RAug 14 FAILED  mrbump [No title given] Edit Job Data =
g 12 Aug 14 KILLED mrbump [No title given] Preferences
7 12 Aug 14 FINISHED mrbump [No title given]
e 12 Aug 14 FAILED mrbump [Ne title given] System Administration —
S 13 May 13 FINISHED phaser MR [No title given]
- 13 May 13 FINISHED phaser MR [No title given] 4
3 13 May 13 FINISHED phaser MR [No title given]
2 13 May 13 FINISHED phaser MR [Ne title given]
1 13 May 13 FINISHED phaser MR [No title given]
A §
3 new updates available
- | m Manage Updates | Exit

Job list

Job actions:
clone, Kill, delete,
view files, etc.

Preferences
and Settings

M
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From CCP4i(1) to CCP4i2

at Harwell

@ ccpdi2 File Edit History Utilities Projects Help
T ® # CCP4-  Manage projects
4= 24 S e ©) New project
Task menu  Viewin Coot Viewin CCP4mg Export MTZ  Help Import project
Project directory
) Job/File Evaluation View selected CCP4i projects
.« s 5Molrep General
» + s & 4 Refinement - REFMAC5 R=0.49 RFree: @ MR_tutorial )
.o Molrep - sis
. 2\ 2 gl rt rdinate set - optional Res=168 MR_tutorial
AN mport a coordinate set - optional se... nRes= .
pos s A, 1Import merged S'mmeMR .
Test aration for Molecular Replacement

olecular Replacemen
> !‘{:» Model building and Graphics
b f Refinement

> «.. Ligands

k= gc;;_' Validation and analysis

> Export and Deposition

= If Reflection data tools

8 m Coordinate data tools

S Q Developer tools

New job Cancel

... one-way road
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The Structure Solution Stages
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Crystallisation

Data Collection

Data Processing
and Reduction

7 N\

Experimental Molecular
Phasing Replacement

\ 74

Density
Modification

Model Building

Refinement \2 ‘

Structure Analysis

Deposition
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Crystallisation

Data Processing and Reduction

Data Collection

@ Data Processing:

~ Calculate intensities from images Data Processing

. . . . and Reduction
~ Initial estimation of space group and cell

parameters (indexing) S Molecular

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

+ multiple lattices, Density

+ weak reflections Modification

4+ mosaicity l

4+ anisotropy Model Building

Refinement

Structure Analysis

Deposition

@ 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
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Task menu

.

i

View in Coot

Al len  Project directory

Q Job/File

' )

V¥V VY vy VvV Yy v¥YvyYyew
¢
L

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

CCP4 Roadmap

Data Processing

& CCP4-7.0.012 Project Viewer: MA_tutorial

View in CCP4mg Export MTZ Help Bibliography Clone job  Run
B Import merged data, sequences, alignments or coordinates

v % Integrate X-ray images

Xia?

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

Science & Technology Research Complex N
Facilities Council at Harwell ”

A, 10 Refinement - e v B :
-« A 9 Refinement - F Integrate images with Mosflm BB [Huess .oz fmeooc | [acco[@icc oo [Toco (@[ |[a o @ a 8 BEE sofr Y S
. . A, 8 Molrep Launch iMosflm and capture output & Autoindexing t
-« A 7Importacoorc | : . T o e H R e | i
.« A 6Autobuild-BL | > ® X-raydatareduction and analysis 1 e = | = O W T | | 2
. . - 5 Molrep , . . Ivdes ® ! 0.0% - 1.20 2 0 50 % B e
! » .+ Experimental phasing el B e = ° = - S
P o o A, 4 Refinement - f . _,y e
» -« A 3Molrep » §=H Bioinformatics and model preparation for cf o
>+« N 2Importacoorc | & Molecular Replacement A :
I & 1 lmpOft m,gat ‘ I"u L.
> é:—‘ Model building and Graphics ecmn
. ® F -
» 4 Refinement v |-a:
[ ‘\‘ Ligands Eg : - p Il -/ Image 1 (¢:0.00-1.00] - Mostim - 0
Lg = = 52 PR wox  YEw  Tuuh
. cHwe w5t 2 e e et e e o mo
New job o v 5 wme ziENCOBBGTA 79S0T
(SR RO an €2 SE.3 £8. % 5
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Integration of diffraction spots

including indexing




& (CP4

CCP4 Roadmap

Data Processing

W [acilities Council

g..,'«""gﬁ
Research Complex ‘\'ia

at Harwell 4 " :

Science & Technology

® e ¥ CCP4-7.0.012 Project Viewer: MR_tutorial
= . &S ic: ® A £
Task menu Viewin Coot ViewinCCP4mg Export MTZ Help Bibliography Clonejob  Hun
LLlls8  Project directory
Import merged data, sequences, alignments or coordinates
&) JoblFile > &/ Mportmerng - 9 '
» O s A, 14 Refinement - v .. Integrate X-ray images
Pooe e A. 13 Manual mode
> . A, 12 Autobuild - B X I. 52 Automated integration of images with DIALS - X§¥
> . A, 11 Refinement - Select a directory containing images and integrate them
boe e . 10 Refinement -
- - A, 9Refinement - | Integrate images with Mosflm
> . “. 8 Moirep Launch iMosfim and capture output
> s A&, 7Import a coort _
> . A 6 Autobuild - BL » @ X-ray data reduction and analysis
* * 9Molirep » = Experimental phasing
e . A. 4 Refinement - { .
P s e A, 3 Molrep » =4 Bioinformatics and model preparation for Molecular Replacement
k- - A, 2Import a coort
. .+« A 1import merges > ,‘ Molecular Replacement
& Model building and Graphics
> ,({ Refinement
> e, Ligands

New job Cancel

.‘;"_\.’-. ‘

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

Pointless

® Determines point-group

(and space group) irectory
Aimless IEFMACS
building - C
F ICCANEER
® Scales symmetry-related = “="" "~
intensities together IEFMACS5
SA =FMAC5
e Produce statistics on data
. nate set - o)
quality CCANEER
Ctruncate EFMACS
e Converts intensities to inate set - o]

structure factor amplitudes

e Checks for twinning,
anisotropy, pseudo
symmetry

SFcheck

e Analyses data and check for
problems — postscript report

Coot  View in CCP4mg

W (acilities Council at Harwell 025y

w CCP4-7.0.012 Project Viewer: MR_tutorial

" @ %

Export MTZ Help Bibliography Clonejob Run

Integrate X-ray images

@ X-ray data reduction and analysis

) Data reduction - AIMLESS
p Scale and analyse unmerged data and suggest space group (Pointless, Aimiess, Ctrun

{s

U
TF W,
l' ... -

|:%9; Estimate cell content
“.\"9 | Estimate number of molecules in the asymmetric unit and solvent content (Matthews_c

Generate a Free R set
Generate a Free R set for a complete set of reflection indices to a given resolution (Fre

\
4
e ———

f f:‘v'? '7}; Calculate self rotation function
s Evaluate data for anisotropy, optical resolution, pseudo translation and perform self-rot.

Experimental phasing
:_m Bioinformatics and model preparation for Molecular Replacement

4 Molecular Replacement

P ., T A e ol BTN a4

i Madel huildina and Granhire

New job Cancel
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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

~ Determine the differences in atomic structure which Phasing

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. *
W [acilities Council

Crystallisation

Data Collection

Data Processing
and Reduction

Density
Modification

Model Building

Refinement

Structure Analysis

Deposition

Molecular
Replacement

~

at Harwell 455,
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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

w CCP4-7.0.012 Project Viewer: MR_tutorial

" ® B, s

Coot ViewinCCP4mg Export MTZ Help Bibliography Clonejob Run

directory

REFMACS
 building - C
JCCANEER
TEFMACS
REFMACS
EFMACS5

dinate set - 0|
JCCANEER

TEFMACS

Jinate set - 0|
d

~ Combined MR and SAD phasing

~

Ge ' I
ﬁ)asef
talfographiic Software

== Bioinformatics and model preparation for Molecular Replacement

Science & Technology Research Complex \“’-‘a

at Harwell - o '

: Integrate X-ray images

¥ X-ray data reduction and analysis
- Experimental phasing

Automated structure solution - CRANK2

Craniz CRANK2 experimental phasing pipeline

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

@  SAD phasing from heavy atom sites - PHASER
i | Complete a heavy atom model and calculate phases

< > Density modification - PARROT
Modify the electron density (Parrot)

4 Molecular Replacement

—
-

Madal huildina and Granhice

A\ a2\ & di ™ 1,

=

New job Cancel
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Molecular Replacement

Phaser MR

© Automated molecular
replacement using Maximal
Likelihood method

~ Sophisticated workflow and
decision making

~ Accounts for experimental
and model errors

-
c." ]

staflographic Software

Molrep

© Molecular replacement based on

Patterson search with more
manual interaction through
specialised functions

in Coot

ct directory

- REFMACS
del building - C
BUCCANEER
- REFMACS5
- REFMACS

- REFMACS

rdinate set - 0}
JUCCANEER

- REFMACS5

ordinate set - 0]

yjed

~ Phased Translation/Rotation functions

~ Multi-copy search

~ Spherical averaging search function

View in CCP4mg

w CCP4-7.0.012 Project Viewer: MR_tutorial

Export MTZ Help

4 Molecular Replacement

Science & Technology
W (acilities Council

at Harwell

pic N O I 4
Bibliography Clone job  Run

_—

'\“‘_‘y ;‘.
Research Complex 2

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 and refinement - MOLREP
Moilecular 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 repiacement (Phaser)

/#~ Model building and Graphics

New job Cancel
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Searching for MR Models and Model Preparatio

«# CCP4-7.0.012 Project Viewer: MR_tutorial

Model o 4 & " B v 4
Ode searc Viewin Coot  ViewinCCP4mg Export MTZ Help Bibliography Clonejob Run

] roject directory
& On | Ine tools: I Import merged data, sequences, alignments or coordinates

HH o red. PSI-Blast oment - REFMAL > -j Integrate X-ray images
; e » @ X-ray data reduction and analysis
© Within CCP4. uild - BUCCANE <

ment - REFMA( » =+ Experimental phasing

Phmmer, MAFFT, . coent - rEFmA .
Clustal hent - REFMAC. » = Bioinformatics and model preparation for Molecular Replacement
ustalw ‘

F
!
5
N
f
i
E
I

» & Molecular Replacement
a coordinatese |
iild - BUCCANEI | » ¢ Model building and Graphics

[ » f{ Refinement

Model preparation
ment, -EFMA C.

|
|
|
b fv Ligands ;
|
4

© Molrep O o vy

® Chainsaw __ 3 ‘_' il » £d2 Validation and analysis
Y Scul ": > Export and Deposition
@ SCU ptOr > j"l Reflection data tools
© Ensembler B S S

New job Cancel !
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Automatic Molecular Replacement

w CCP4-7.0.012 Project Viewer: MR_tutorial

From model search and
preparation through to initial
refinement and model building

MrBUMP

*

*

Online model search
Uses Phaser and Molrep

BALBES

o

Custom database with search
models

Capable of making multimeric
models (uses PISA)

Uses Molrep and Refmac

-
v in Coot

ct directory

- REFMACS5
del building - C
BUCCANEER
t - REFMACS5
- REFMACS5

- REFMACS5

ordinate set - of
BUCCANEER

- REFMACS5

ordinate set - 0}
ged

View in CCP4mg

Export MTZ Help

Science & Technology

W [acilities Council at Harwell

- © B , %

Bibliography Clone job  Run

Research Complex \.}:35:

-’

4 Molecular Replacement

0

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

Molecular Replacement and refinement - PHASER

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

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

—e-

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 Molecular repiacement (Phaser)

/+~ Model building and Graphics

(LAY AT & ) N

|m

Pt i G

Cancel

New job
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The Protein Data Bank (PDB)
¢ Currently over 110,000 structures (90,000 X-ray structures)

& (CP4

CCP4 Roadmap

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

1400
200 — Chothia C: One thousand;
families for the molecular
ooy b uiiiiy biologist. Nature 1992, 357:
54 3-544.
80 — — — — — 00— |'
600 ¢ MR is the domlnatl
phasing method in .
400 today's protein
crystallography
200
0 N < O 600 O N < O 00 O N < O 00 O N <& OV 0 O N <
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Ab initio Modelling for Molecular Replacement &3

AMPLE

CCP4 P
© Generate and pepare ab initio or Automatic structure solution 43
. i i F 42
de novo models using Rosetta or ‘;‘;‘;“;z‘;‘i‘:m:"n’:::;‘:;'; ~ =1
Quark software for use as search JSkimanialBhasine = gg
models in molecular replacement | |33
Model Building 36
) Refinement 35
© Works well for smaller, a-helical Structure Analysis gg
proteins (<120 residues), but has Validation & Deposition 32
_— 31
been known to work for larger Map & Mask Utiities o
Ry Reflection Data Utilities 29
ta rgets Coordinate Utilities 28
Graphics and Viewing Utilities 27
26
Program List 25
24

UNIYERDSITY OF
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Density Modification

© A tool for phases improvement
@ raditional approaches:

~ NCS averaging
~ Histogram matching
~ Solvent flattening
~ Phase combination
+ Experimental phases
4+ Phases from modified map
~ |terative procedure

© Statistical approaches:

~ Improved phase probability distributions
~ Removes bias
~ Slower than traditional approaches

7"

Experimental
Phasing

& Science & Technology Research Complex.;s..;

W [acilities Council

Crystallisation

Data Collection

Data Processing
and Reduction

N\

N\ /4
Density

Modification

Model Building

Refinement

Structure Analysis

Deposition

at Harwell 7

Molecular
Replacement
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Density Modification

CCP4 Roadmap

© DM can be perfect if noise is genuinely statistical (never the case)
© Otherwise, DM is equivalent to bringing in additional data
¢ Imperfectness can potentially lead to artefacts |
¢ Existing programs are robust and DM is known to work
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Density Modification Tools

Parrot

© Traditional approach
benefiting from using
maximum likelihood
methods

© Fast and fully
automated

Pirate

© Statistical-based density
modification

© Better in some cases but
slower than Parrot

of
View in Coot

ect direct...

nent - REFM/
model buildi
ild - BUCCA!
nent - REFM#
nent - REFM/
ent - REFMAI

3 coordinate s
Id - BUCCANI

1ent - REFMAI

a coordinate s

merged

View in CCP4mg

& CCP4-7.0.012 Project Viewer: MR_tutorial

~

T B

Science & Technology

Export MTZ Help Bibliography Clone job

Research Complex \ 3

S 2

at Harwell - "

Run

I Eﬂ Bioinformatics and model preparation for Molecular Replacement

>

@ X-ray data reduction and analysis

- Experimental phasing

Crankz

SHELX

Automated structure solution - CRANK2
CRANKZ2 experimental phasing pipeline

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

SAD phasing from heavy atom sites - PHASER

Complete a heavy atom model and calculate phases

Density modification - PARROT

Modify the electron density (Parrot)

& Molecular Replacement

4
.

W I AY 1 "EN TR

PP o SO S e a%ra s ) W AR

New job

Cancel
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Density Modification Tools

SHELXE

© Density modification
combined with C-
alpha tracing

Works well starting
from partial MR

solution or from >

$

t a coordinate s
uild - BUCCANI

Experimental phases

Requires resolution
better than 2.5 A

v

Viewin Coot  View in CCP4mg

oject direct...

ement - REFMJ
al model buildi
wild - BUCCAFR
2ment - REFM#

ement - REFM/

ment - REFMA.

Figure courtesy of Andrea Thorn

& CCP4-7.0.012 Project Viewer: MR_tutorial

-

\"

RO, v, &
Export MTZ Help Bibliography Clonejob Run

Research Complex. . %:

at Harwell 475
Vil

» @ X-ray data reduction and analysis

7 E

Crankz2

Experimental phasing

Automated structure solution - CRANK2
CRANKZ2 experimental phasing pipeline

Automated structure solution - SHELXC/D/E

Experimental phasing pipeline SHELX (run via Crank2)

&

.
o8
Po

SAD phasing from heavy atom sites - PHASER
Complete a heavy atom model and calculate phases

Density modification - PARROT
Modify the electron density (Parrot)

b ';Eﬂ Bioinformatics and model preparation for Molecular Replacement

44 Molecular Replacement

YUY TN
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Cancel
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M()de] Building Crystalllisation

Data Collection

Data Processing
~ X-ray experiment and phasing yield the electron and Reduction

density map /

@ Interpret electron density map in terms of atomic
coordinates

N\

~ Model’s atom need to be put in the correct locations of Experimental Molecular
Phasing Replacement
the map
~ The process is aided by the chemical knowledge of N\ 7

: Densit
residue structure, as well as secondary structure y

. Modification
assignments

~ Validation tools are essential for choosing the right l
electron density interpretation: Model Building

+ Quality of density fit
4+ Ramachandran restraints

. Refinement
+ 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

© Chain tracing by identifying e TG | Q #
o s \ 'a}: Y
connected C-alpha pOSItIOnS Viewin Coot  Viewin CCP4mg Export MTZ Help Bibliography Clonejob  Run

1 " 1 _ nject direct... ;
using a likelihood-based v }# Model building and Graphics :
. )
dens Ity target ment - REFMA ! 45 Autobuild protein - BUCCANEER 2
I model buildi, lterations of model building (Buccaneer) and refinement (Refmac5, Prosmart and Coot i
. . Jild - BUCCAN W -
© Low-resolution model mallly
- REFMA ! Manual model building - COOT
. . ment - : .
Interactive buiiding (Coot)
bU||d|ng nent - REFMA( g
B iR 7w [ Scripted model building - COOT
N a u ti I u S 7/ d-B UIC CAN E| s _ Use scripts to fit sidechains, perform stepped refinement, fill and fit... (non-interactive C
. . L ﬂcnf . REFMA( V,tt'l';'.v':'}‘ Flnd Waters - COOT
(&) A u to m at | C m O d e | b u | I d | n g | i‘f_, Find and filter waters based on electron density and contacts (non-interactive Coot)

a coordinate s

of nucleotide structuresin ... ...ceq
electron density maps

ARP/WwARP
Build model (ARP/WARP ciassic)

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

Arp/wArp 7.6

o

Automated building of

~ proteins

~ RNA/DNA

~ secondary structure
~ side chains

~ loops
~ solvent
~ ligands

Now integrated and co-
distributed with CCP4

Mewl X peee Nefoe | igoae

F~oUgard Snang 5w

b= Ligand s

B e e

P ad Saktzy

f
ew in Coot
ct direct...
nt - REFMA
10del buildi,
1 - BUCCAN
nt - REFMA
nt - REFMA
1t - REFMAC(

oordinate s

- BUCCANE
nt - REFMA(

oordinate si
rged

W [acilities Council

at Harwell

RHHR
)
EMBL i
o .. .. .. ..
'o:o:o:o'
.. o
& CCP4-7.0.012 Project Viewer: MR_tutorial
| @ [ P:
Export MTZ Help Bibliography Clone job  Run

View in CCP4mg

Science & Technology Research Complex\\f_ :

@1‘ >

v, :\ ‘:>

A -

/#~ Model building and Graphics

Autobuild protein - BUCCANEER
Iterations of model building (Buccaneer) and refinement (Refmac5s, Prosmart and Coot

Manual model building - COOT
Interactive building (Coot)

* Scripted model 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/wWARP classic)

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

New job Cancel
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Science & Technology
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Coo0t 0.8.8

©® Manual and semiautomatic

model building v
© |nteractive graphics >
act direct...
¢ Ligand building and fitting
. ent - REFMA
© Real-space refinement nodel buildi
. . d - BUCCAN
© Paired with Refmac and ent - REFMA
ent - REFMA
JL|gand nt - REFMA(
| . : coordinate s
@ Wealth of validation tools =
© Integrated with CCP4 I

EEERE Y E A

.l

O D Ot Do Mo Ddies HO ot Dgwien

L ot Viem ] Doy daragie

coordinate si
erged

Model Building Tools

« CCP4-7.0.012 Project Viewer: MR_tutorial

'R- ® I, \2-
Export MTZ Help Bibliography Clone job  Run

View in CCP4mg

‘\%E el

\L‘-’y ;‘;ﬁ';
Research Complex * 5.2

- /#~ Model building and Graphics

i Autobuild protein - BUCCANEER
L, M fterations of model building (Buccaneer) and refinement (Refmacs, Prosmart and Coot

Manual model building - COOT
Interactive building (Coot)

* Scripted model building - COOT
Use scripts to fit sidechains, perform stepped refinement, fill and fit... (non-interactive (

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

ARP/WARP
Build model (ARP/wWARP classic)

Molecular graphics visualization and figure creation - CCP4AMG
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

Science & Technology Research Complex >
@ [acilities Council at Harwell 2=

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

4 N g~ . ® s, . %
Refmac 5.8 JewinCoot  Viewin CCP4mg Export MTZ Help Bibliography Clonejob  Run
ect direct... -
» =2 Bioinformatics and model preparation for Molecular Replacement
| , : . ent - REFMA | » & Molecular Replacement
© CCP4’s main refinement model buildi ,
Id - BUCCAN » %~ Model building and Graphics
Program ent - REFMA | v #* Refinement ;
1ent - REFMA I - -
¢ Implements several :nt - REFMA( /. Refinement - REFMACS5 !
. k I . h 00 d ta rget - Refine (Refmac5) with optional restraints (Prosmart) 3
IKEI coordinate si '
- 1 - BUCCANE | Import and/or edit TLS set definitions -
fu n Ct 10NS fO r Enter TLS information to be used later in the project
experimental data ent - REFMAC
. . Y Rigid body refinement - PHASER i
( amp litudes , twinne d coordinate s .‘} Define rigid bodies for refinement (Phaser), fill partial residues (Coot) and refine (Refm g
nerged
data, external phases, » . Ligands é
Lattman coefficie ntS) » &2 Validation and analysis \
| . I Export and Deposition
© Restraints
) New job Cancel
~ CCP4 monomer library :

~ Custom library

~ External restraints : :
© Several refinement protocols © NCS refinement

~ Rigid body ~ local
~ Restrained ~ global
~ Jelly-body
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Crystallisation

Data Collection

©@ To find out structural features which may shed Data Processing
an eauction
light on chemical activity or structure function . \

Experimental Molecular

© Identification of complexes (quaternary Phasing REDIEETar,

structures) N\ /4

,_ . . . Density
© Finding and comparing structure homologues Modification

Model Building

Refinement

~ Provide information on complexes, domains, mobility l

of structure for use in molecular replacement or for Structure v

construct design Analysis

Deposition

Structure Analysis & Visualisation

© Visualise and inspect the target structure

@ Can also be used earlier on in structure
solution process
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Science & Technology Research Complex.

PISA

© Automatic inference on
multimeric states from crystal
packing

© Analysis of macromolecular
interfaces and
macromolecular interactions

© Analysis of protein oligomeri-
sation versus concentration

fle View |llelp

Azzembly summary
Mult meric state

Ei®EIAES ()

surface 3"z, sg. A

Structure Analysis

v
View in Coot

Dject direct...

ment - REFMA
| model buildi
lild - BUCCAN
nent - REFMA
ment - REFMA
ent - REFMA(

 coordinate s
/d - BUCCANE

ment - REFMA(

65€1404.6 | tree gnergy of ¢issociation. kea ol

W [acilities Council at Harwell &

k

& CCP4-7.0.012 Project Viewer: MR_tutorial

Viewin CCP4mg Export MTZ Help Bibliography Clonejob Run
b v Ligands

v == Validation and analysis

Analyse agreement between model and density - EDSTATS
 Calcuiates real-space metrics for evaluating the agreement between model and densit)

l Validation of carbohydrate structures - PRIVATEER
m Checks stereochemistry, conformation and fit to positive omit density, and describes gl

& Interface and quaternary structure analysis - PISA

Interface and assembly analysis (qtpisa)

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

ns Export and Deposition

Conton: Copicsin UnitCell |2 | Buricd anca. =y, A =b12854 | Enlropy of dissouslion. kealtmol
r- n.nl.. Symmetry nimbe s 2
@+ Mcromars — A7) Reflection data tools
lé' Interfaces o 2(3)
Assemolies Comgosition Al
5 Slabl 7 ' Coordinate data tools
1 A2 Dissue alion pallern <174
<3 Engaged interfaces
2': Monmomer 1 Monomer 2 spec. Sym.op-n Sym. I Area DeltaG P-valuz NR> Nsb Nds NGW ]Ob Cancel
4 A A Lf X1Y, 7=1 2 456 2806237 Q9807  0.339 a0
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-7.0
- B.u
- Gray area
Unstable
= AL given
Azzembled monomers
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Structure Analysis

in/.0.012 Project Viewer: MR_tutorial

" @ & .
. - ¢ -

Export MTZ Help Bibliography Clone job Run

== Validation and analysis

| Analyse agreement between model and density - EDSTATS
l } y ¢ Calculates real-space metrics for evaluating the agreement between model and densit)

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

b 4 * Interface and quaternary structure analysis - PISA
p-s Interface and assembly analysis (qtpisa)

mer
Por
v

A
"

Analyse model geometry
éj-:: Calculate mean B-factors, Ramachandran plots and other metrics to aid in validation ((

Export and Deposition
4’ Reflection data tools

P‘L Coordinate data tools

New job Cancel

,\‘r\\.

™
o

e ok . ) W 1
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N
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Gesamt

© 3D structure alignment
and superposition

© Makes both pairwise
and multiple alignments

© Fast PDB scans for
structural homologues

© I|ldentification of
structural domains

© Replacement for
Superpose (SSM)

© Doesn’trely on
secondary structure

Structure Analysis

& CCP4-7.0.012 Project Viewer: MR_tutorial

Y < n 00 Z y, 3
Bibliography Clone job  Run

§§§E,ﬁ§5

Science & Technology Research Complex \
at Harwell 0%

fyg?

Viewin Coot ViewinCCP4mg Export MTZ Help
oject direct...
I Export and Deposition
ment - REFMA > j", Reflection data tools
| model buildi 3 .
1) :
Jild - BUCCAN v «# | Coordinate data tools 2
| : ) Z i:: ':;: P Match model to reference structure r
ment - . 8
i, Match symmetry and origin of output model to reference structure (Csymmatch _-.3
1ent - REFMA( " ‘ ymmer ’ 7 aad ) %
. Structural alignment - Gesamt
2 coordinate 8, Superpose one protein structure on another
ild - BUCCANE
nent - REFMAC :Eg; ¥ Importa co'ordlnate.set - optional selectiqn of subset =
12 Select (potentially complicated) subset from a coordinate set
ATOMN 14

a coordinate s
merged

« Edit PDB/CIF files by hand
°  Edit PDB/CIF files by hand with the PdbView program

EDIT

I + Developer tools

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 X
geometry analysis, unmodelled blobs etc. ST Neloculr

Coot

Phasing Replacement
PDB REDO N . 1
— Density
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 module in CCP4i2
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Map & Mask Utilities

©

Generating map files
for density — looking at
peaks in Patterson map
or generation of
difference maps

Creating masks for e.g.
use in multi-crystal
averaging or in density
modification

Reflection Data Utilities

@ @ @ @

Merging MTZ files

Uulity Programs

v
View in Coot

Froject direct...

nement - REFMA
ual model buildi
ybuild - BUCCAN
nement - REFMA
nement - REFMA
ement - REFMA(
P
't a coordinate s
wuild - BUCCANE
P
1wement - REFMA(
ep
rt a coordinate s
rt merged

Manipulating columns in MTZ files

Format conversion

Reindexing

View in CCP4mg

Science & Technology Research Complex. * *,:5:;
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& CCP4-7.0.012 Project Viewer: MR_tutorial

- i |
~ ®

Export MTZ Help

59

Bibliography Clone job  Run

at Harwell \*," |
e

» @ X-ray data reduction and analysis

|=

I

B3

I

- Experimental phasing

35# Bioinformatics and model preparation for Molecular Replacement

& Molecular Replacement

gf- Model building and Graphics
f{ Refinement

‘\‘}‘ Ligands

== Validation and analysis

Export and Deposition

j"l Reflection data tools

+ Developer tools
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New job

Cancel
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Program List

X CCP4 Prc
© Direct access to all programs in
Automatic structure solution 43 16:14:4
t h e su |te Automatic structure solution £l 42 2 ? I
Data Reduction and Analysis | 41 2 ’}
Experimental Phasing i - | gg g 4
© Allows for more fine-grained LI L | (38 2
Density Improvement 37 7,
control of process ST Sy =
Refinement 59 27
Structure Analysis 34 27 1
Validation & Deposition gg : i o ,\
Map & Mask Utilities gé 3, iy
Reflection Data Utilities 29 Y T ot
Coordinate Utilities 28 20 N
Graphics and Viewing Utilities 27 20

26 20 N
2 5 2 :
| 24 -~
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Command Line Operation

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:
© Repetitive tasks can be scripted
© Pipelines of programs can be created in a script

Command ,
. e L2mtz hklin ${1} hklout shelxe-output.mtz << eof
line TLPLE E = gmple
cell S{cell}
S ymm S {symm}
labout H K L F FOM PHI SIGF

Keywords CTYPOUT HHHVFWPQ

pname ample
dname ample
END
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© Documentation for CCP4 program keywords provided by documentation pages
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Command Line Operation

online or in the suite (SCCP4/html/INDEX.html):

—

L

t.ll

" CCTP4 Pcgram Suite am

—

“— C A www.oepfacuk/html/aimlzes vmlsk=ypwards 057 =

KEYWORDED INPUT - DESCRIPTION .

In the definitions below "||" eacloses optional ttems. "" delineates alternatives. All kaywords are case-insensitive, but are listed below m vpper-case.
Anvthing atter "!" or "#" 15 treated as conunent. The available keywords are:

ANAT YSIS, ANOMALOUS. BINS. DUMP EXCLUDE. INITIAL INTENSITIES NAME. ONLYMERGE. OUTPUT. PARTIALS REFINE.

RU/N <Nrun> BATCH <bl> to <bh2>

Define a "ron" - Nron is the Run mumber. with an arbitrary integer labal (e, not necessardy 1.2.3 etc). A\ "ron” dafines a set of reflections which share a set
of scale factors. L'ypically a run will be a coatinuous rotation around a single axis. L he definition of a ron may vse several RUN commands. If no RUXN
cornmand is ziven then run assignment will b2 done automatically. with ron breaks at discontinuities n dataset, batch number or Phe. If any RUN
detinitions are given, then all batches not explicitly spacitied will be excluded.

SCALES [<subkeys>]

Define lavour of scales. i2 the scaling model. Note that a layout may be defined for all runs (no IRUIN subkeyword). then overridden for particular rons by
additional commancs,

Subkewvs:

RUN <run_number-~
Define run to whach this command applies: the mon must have been previously defined. 12 no run 15 definec. it apples to all runs

ROTATION =Nscales~ | SEACING ~celta_rotation=-
Define layout of scale factors along rotation axis (fe. primary beam). erther as number o scales or (1 SEACING kevword present) as wterval
on rotation [default SPACING 5]

BAITCH
Set "Batch" mode. no interpolation along rotation {primary) axis. This option is compulsory it a ROT columa is not present in the input Zile. but
othenvrise the ROTATION option 15 preferred. WARNING: this option 15 not optunised and may take @ very long time it you have maay
batches

BEACTOR ON | OFF
Switch Btactors on or ozt The defavlt 15 ON.

BROTATION ~Ntime> | SPACING «“delta time>
Detine number ot 3-factors or (if SPACING kavword present) the materval on "tume": usually no tiue 15 defined in the mput file. and the
rotation anele s vsad as its proxy |detault SPACING 20|,

SECONDARY |=Lmax=|

Szcondary bzam correction 2xpanded i spherical harmonics up to maxinum order Zmax m the camera spindle frame. The number of

’ 5 : ac T . vhEe . J : ; - myyle 40 Jmmeimbs - o+

11~ ~ ~ 1 1] . ~ el - ~ O

L IRE |

—
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Downloading the Suite

© Download CCP4 for Windows, IS
Mac or Linux < 00P4 =

Marc OS X CNUSLinux  MSWindowe  Souree ende

© CO-dlStrlbUthn Of ARP/WARP Binary downloads for Apple Mac OS X

on the Mac, CCP4 Software Suite may be conveniently configurcd, downloaded and cutomatically rstalled with Package Manager (rccommended):

Dovmload size. 16 MB

© Package Manager — easy ©w e "8

L ] [ ]
I n Sta I I at I O n Alterratively, tha suite may be downloaded and installed in sapa-ate parts. AL 'WARF raqui<es a separate licenss from LMBL-Hamburg, o you will fist be rediracted to their
wehsite.

&[0+ n +‘ CCP< Program Suite vE.£.0.2 + ARP/WARP v7.% + COOT v0.7.2 Apsomikeen @)  pOeTIoRC HTe TR MA

X 4 o Nt - i ) I

© Only 64-bit version for Mac otin e 0 o0t P —
-

OSX, both 32-bit and 64-bit Poafed et e i
v M CCP# Molecu ar Graph cs v2.7.3 Downlosdhomi))  DOWNICIC size: 363 MB
versions for other systems

ks Daiw: 14/03/2013

T

Click, here for the MDS checksums of all files

The Tullowing Wwol/paccage is not oart ¢f SCPA nor suoject Lo the CTPY license, bul 2 reguired (o run some of Lhe programs above., ILmay or miay nol slready exist on your systenm,

© Additional software T S B L
dependencies also available

© Download page accessible at

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

2 ® 8 CCP4 Package Manager

& (CP4

Collaborative Computational Project No. 4
Sci2rce and ‘echnclogy ~aciliti2s Louncil

Nutherfere Applcton Loboratory

Dideul. Oxon, OX11 OFA. Un led Kingdo'n

http://www.ccpd ac.Lk

© Easy installation mechanism for
CCP4 and associated packages

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

D ©@ ® CCPaPackage Manager

© Available on Linux and Mac OSX | ccpa setup, step 1 out of 5
: 25 and
Choose camponents to install: "
platforms | s .
Component Full =ize core packages. Collection of over 200 useful
— * programs, written by varicus authcrs, which provides
) \CCP4 Program Suite v6.3.0 1.2 GB | taols for all stages of stnucture solution process, plus
o ARPMARP V7.2 205.0 MB softwarc librarics and accompanying cata. Corc
, . COOT v0.6.2 350.0 MB packages are needed [or olther applicalions in the lisL.
© Sets up system variables @ CooT v 580.0 ME

D ® @ CCP4 Package Manager

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

Download selected components

‘Component Size Download
ARF/WARP V.3 UB Inciuded in anornefpackage

COOT vO./ 2114 MB
CCPAMQ v2.6.2 301.3 B ﬁ 22% '

m simc ~emaincd: €0:00:37 at 6.0 MB/=
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D ® @ CcCP4Package Manager

CCP4 Roadmap
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© Automatically install latest
fixes and new features

Collaborative Computational Project No. 4
Science and Techno cgy Facilizies Council

Rutherfcrd ApD €ton Labcratory

Didcot, Oxon, CX11 CTA Unied Kingdom
hztp:/'www.ccp4.ac.uk

CCP4 Software Suite

version 6.3.0

© Allows for rolling back to

previous versions Update

Ihis program wil! guide you through the update procass for
CCP4 Software Suitc on your computer.

© Updates made available Prass *Noxt® button Eo continuc.
once every two weeks or as A EEAALTLLIS
and when they are needed

CCP4 update, step 1 outof 3

Choose updates to install or remove:
Update Installed Date Size Pointess: Hxed Chcoss Spacegroup option for ron-
: slancard sellings, e.y. P21 2 21
6.3.0-008 10.10.12 102 MB Arp/Warp:

Aro/Warp Lask inLerfaces preinslalled; will

© Available on Linux ) Mac OSX 6.3.0-007 v/ 10.10.12 49.8 MB become active on insta lation of Arp/Warp.
This fixes problem with eve-writing
. 6.3.0-006 v/ 05.10.12 102 MD modules.def fila by other updates. ..
an d W| N d OWS 6.3.0-005 v 21.00.12 9.4 MB Zanuda: Made consistent wirh MSE atoms defined as §

HETATM in pdb-lles

A 4 4 L L 4 <«

6.3.0-004 v 14.09.12 12.1MB
6.3.0-003 v/ 05.09.12 7.5MB
6.3.0 002 v/ 05.00.12 2€48B
6.3.0-001 v 05.09.12 AOMR

Your CCP4 setup is up to date

Finish
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ece /0 CCP4 cnline

| (i) www.cop4.ac.uk/copdoriine

-

x \ =+

o

@  Q Scach

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

Welcome to CCP4 online

Login

Other Options - Register, Forge

Runnable programs

Tre following prcgrams and pipe

Balbes
An automated Molecular F
components necessary fo

MrBUMP
An automatad Molscular R
structure faciors, it will seg
from the templaile structu
restrained refinement.

Zanuda
Snace groun and crystallo

jsPISA
Calculztion and anzlys's o

AMPLE
Automatec ab Irltio searc

SHELX
Automatec SHELXC/D/E &
data in XDS, Scalepack S
proteln sequence Is provic

CRANK2
Automatec structure solut
BETA

CCP4 STFC Rutrerferd Apgleton Lakcrate
Dideor Oxon CX11 OFA

Tol:(144) 1236 687726 | Fax: + 44 (1£4) 1236 £€7720 | Emal: ocp4@ocp4d.ac.  k

-
# Apps " NewTab |5 [° partneringONC-

¥ CCP4 online

<

Home (Logout) > Loain

New MrBUMP Run

L

wB o ¥

I? vovvi.copé.ac.uk/copdonline/serviet/controller/RunnableProgramsTzble

a9 > B~

. ‘~o
DI

Collaborative Computational Project No. 4

Software

Programs > MrELMP > Naw Mrt

The file fermals avcepled for inpul are mle end Gl [sbruclu

Structure | actors:

Secguerce larget:

1 have tye SHILLX | .cenca [optional):

| Chocselle No file
| Chocselle No file

Instead of entering i
(Note that a commas

| (¥cu can get the I

Submit | (a%ter clicking suomit, PLEASE WALT “or your fles |

CCFP4 STrC Rutherford A

leton Lzkoratory, Ha~ve | Campus

800

[:P54 2.0.3 FDE

1eC4

.

CCP4

on-line

Input Monomers

v Lis: af interfaces
Y LEWE

Bonds

Residuas
» LE|IF
» 3.E|IE
4 A 2
» 3.8 A
»6.D11C
»7.DIIC
» 3.8 A
»9.0)1C
a.clc
LA A
12.8118
3.01'D
14, [ANPJESO0 | E
5. |ANPJF:537 || F
.= H
7.2114A
18.C|IF
19.2114A
» 20. [ANPJE:SI0 | F
> 2105 || [AKE)F0
» 2.7 |IC
> 232 E
»24.7||F

Y YyYyYyYvYTrYyryyr vy

Y

;\é,: b awwLoe 08,0 0K ) R fsRRsTnE L O=RT T <51 Indax. bl

JsP1SA 2.0.3 [PDB 1e34]

229

Interfaces Stock Crystal Splits

Interface F || E

Sumwmary

Monomer D

Class

Log file

Symmetry opsration

Symmatry (D

Interfoce atoms

Surface atoms

Tatal atoms
Interface residucs

Surface resldues

Tatal rastdues
BSA, A2

AsA, A7

Selvation energy, kcal/mal

SE gain, kcal/mol

. Downoad PDE  Deownload PDEX

| View inJsMol |

—

Interoction rodar

N

58

HE v
mter]’acepammezers
1A ¢ Inlerfaca arag, A7 2246

D@ . Solveticn Enengy, kcal'mol -12AB
BE . Tod Binding Snargy, kcalimol -25.55

PV : Hydophooic 2-vslue 03542
HB : NumgercfHydregenBonds 11
s8 : Numiaer cf Sak D-dgas 25

pS : Numaer cf Dusulphice Bones O
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services
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= ccpdservB.re-harwell.ac.uk/iscofe/ c
RNASE Demo [2] Morda Automated Molecular Replacement

0002-01_morda Download

[
‘ | |1 - !

Nothing here. Press H for help.

e

14.12.2017]
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