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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-2018, so don't feel you have to take notes
for every slide. You will have them available at the end of the workshop.



http://www.ccp4.ac.uk/schools/DLS-2018

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!
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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.

+ “Crystal structure of human Acinus RNA recognition motif domain" -
Humberto Fernandes, Honorata Czapinska, Katarzyna Grudziaz, Janusz M. Bujnicki and Martyna Nowacka. Peer) (2018).
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e What is CCP4? o
® The CCP4 Software Suite f

O ccp4i2: graphical user interface
o0 what the Suite is used for

O each step in the process

® Other useful information
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What is CCP4?

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

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

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
requirements of the relevant UK groups

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).

The project is coordinated at the Scientific Computing Department of
STFC, part of UKRI
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Main CCP4 Groups
e Core Group (Harwell)

O maintain and support software suite

o development software suite components

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

O educational outreach

o maintain CCP4 resources such as the CCP4BB

e MRC/LMB (Cambridge)

O data processing software (Mosflm, Pointless, Aimless)
o refinement software (Refmac)
o model building (Coot)

e Phaser group (University of Cambridge)

e University of York

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

e Associated projects

Experimental Phasing from Leiden (CRANK?2)
Ab-initio MR, University of Liverpool (AMPLE)
ARCIMBOLDO software (Barcelona)
ARP/wARP (EMBL-Hamburg)

PDB redo (NKI, the Netherlands)

SHELX (University of Gottingen)
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CCP4 Study Weekend

Annual CCP4 users meeting taking place in January in the UK
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Each year tackles a different topic:
o Data processing

Experimental phasing ;

Molecular replacement ’

Model building and refinement

Related topics: Complementary methods (EM, NMR, SAX etc.),

Structure analysis, Complexes, Ligands, Databases

O O O O

Proceedings published in special edition of Acta Cryst. D
o 2016: “Ligands”™
o 2017: “From Crystal to Structure with CCP4”
o 2018: “Multi and Serial Crystal Data Collection and Processing”
o 2019: “Molecular Replacement”
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CCP4 Schools and Workshops

® The 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, Diamond)

e 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/wWARP, XDS, HKL, and others give lectures, tutorials and are
also available to help with data processing and data solution
throughout the meetings

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



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

e CCP4BB mailing list: ccp4bb@)jiscmail.ac.uk

bulletin board, news, expert help and advice

e CCP4 help desk: ccp4@ccp4.ac.uk

bug reports, problems with software

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

® CCP4 user community wiki (thanks to Kay Diederichs):

http://strucbio.biologie.uni-konstanz.de/ccp4wiki
repository of crystallographic knowledge

o CCP4 web site: http.//www.ccp4.ac.uk



mailto:ccp4bb@jiscmail.ac.uk
mailto:ccp4@ccp4.ac.uk
http://ccp4wiki.org
http://strucbio.biologie.uni-konstanz.de/ccp4wiki/
http://www.ccp4.ac.uk
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The CCP4 Software Suite

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

e Current release version — CCP4 /7.0 from January 2016
® Revisions to the current release are made available through the
CCP4 update manager (approx |-2 updates per month)

e Updates contain bug fixes, software improvements and new
programs. It is important to keep your installation up-to-date!

e Updates are listed at http://www.ccp4.ac.uk/updates/



http://www.ccp4.ac.uk/updates/
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Structure Solution in Essence

The ultimate goal is to generate an atomic model to explain the
results of X-ray diffraction experiments

This could be achieved in principle by applying the inverse Fourier
transform to measured structure factors

In reality, the X-ray
diffraction experiment gives
only moduli, but not

phases, of structure factors {

:
Therefore, the phases need b
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

e Next, phases need to be approximated by using methods such as
o Experimental Phasing: SAD, MAD, SIRAS etc.
o Molecular Replacement e
o Combination of the above

® Then, structure factors are converted into electron density via the
inverse Fourier transform

e The electron density map thus obtained needs to be interpreted via
model building and refinement to produce a model for target
structure o

® [he model need to be analysed to answer biochemical questions ",
and then deposited in the PDB

sounds like we know what to do ...
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CCP4 Scope
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The CCP4i2 Interface

CCP4-7.0.065 Project Viewer: Demo
File Edit Utilities Projects Help

4= [ % % v, @ i =

Task menu  Export project Run  Runonserver Clonejob Help Bibliography Export MTZ  Show log file
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Job list | Project directory |

Filter: ] Only show tasks containing text typed here

Filter: | Only show jobs containing text typed here ! Q :
. + Import merged data, crystal contents, alignments or coordinates
= ‘\?Zb/:;im cs Eiag-‘;‘:?mw rr % Integrate X-ray images
: rrnoccaner T mmm— T . ‘ R ——
m A, 10 Automated structure solution - MrBUMP . ’ m '+ Experimental phasing
i 2 : 2:‘;:':4:"‘ G :;d‘;:;:;?:;eos rr EE Bioinformatics including model preparation for Molecular Replacement
E 2 ; ,c’;.'t’;;;iﬁz“a T r-F’ & Molecular Replacement
x; A, 5 CHAINSAW prep 1v3z_B model nRes=84 @“ " ' Density modification
m N4 Dafie crysial conteuts s s r:o é—r- Model building and Graphics
+ A, 3 Expert MR - PHASER R=0.53 RFree=0. :
#- /A 2 Data reduction - exclude bad injage Sgp=R32:Hres |+ {{ Refinement
+ 4, 1 xia2/dials Sgp=R 3 2 :H res @ v Ligands
rp E;“.: Validation and analysis
+ Export and Deposition
rp » };;?‘ Reflection data tools
T’!Erlf Coordinate data tools
L4 ] D New job | | Cancel J

Job list Task menu
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CCP4-7.0.065 Project Viewer: Demo

File Edit Utilities

Projects Help

= (b % %

Task menu  Export project Run  Runonserver Clonejob Help Bibliography

Job list | Project directory |

v, @

containing text typed here
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Export MTZ  Show log file

Job 12: Refinement - REFMACS5

Input | Results

Filter: [ Only show jobs

Evaluation

+- A, 8 GESAMT

- A, 6 CLUSTALW

A, 1 xia2/dials

+- A, 7 Import 1v32_j

+- A, 5 CHAINSAW p
+- A 4 Define crystal Data history
+- &, 3 Expert MR -
+- A, 2 Data reductior

 Job/File |
» A, 12 REFMAC5 e ~ R=0.33 RFree=0.39
4 A, 11 BUCCANEER R=0.34 %=100

% 4, 10 Automated si  Clone
+ A, 9 Expert MR -

PF Copy parameters
Edit label

View

»

3
PF Cleanup files »
Export b

Next task.. y
Evaluation 3
Follow fro atus »

R=0.54 RFree=0.54
RMS=0.316 nRes=90

Output
Comments
A e=0.53
Sgp=R 3 2 :H res=2.2%
Sgp=R 3 2 :H res=2.2%

Job actions
(right-click)

Job report

=)

Comments |
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The job is Finished

¥ Refinement

Resolution

R-factor/R-free
RMS Deviations
Bonds
Angles

Chain mean B
(No. atoms)

AAA

’ Download \

p Picture

Input Data

E_Default weigh' Per tycle Picture

48.06-2.25

No. reflections all/free 5054 / 255

0.334 /0.390

0.0080
1.679

21.3( 1427 )

/ Current weight applied to X-ray term is 2.30218694E-02

» Per cycle statistics

» Outliers identified by Refmac
» Other plots from log file

» Molprobity analysis

Outliers Other Molprobity Biblio Run

10:18 06-No

= Running refmac R-factors
042

0.40

0.38

R-factor

0.36

0.34

0.32

E

b

;| REFMACS [

cooT I BUCCANEER
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CCP4-7.0.065 Project Viewer: Demo
File Edit Utilities Projects Help

v - : g '."..'- R
T [ % % v, @ B " =
Task menu  Export project Run  Runonserver Clonejob Help Bibliography Export MTZ  Show log file
Job list | Project directory | Job 12: Refinement - REFMACS5 The job is Finished
Filter: ] Only show jobs containing text typed here l @ Input | Results | Comments ]
: — . : . 1 |- e - - - T,
| Job/File E RS, Jefault weigh'  Per cycle Picture Outliers Other Molprobity Biblio Run
v A, 12 REFMAC5 R=0.33 RFree=0.39
+- 4, 11 BUCCANEER R=0.34 %=100 Input Data ‘ :
+- 4, 10 Automated structure solution - MrBUMP P JO b INn P Ut
&} A, 9 Expert MR - PHASER R=0.54 RFree=0.54 ‘
&4\ 8 GESAMT RMS=0.316 nRes=390 (¥ 1 Atomic model. |11 Model built by Autobuild protein
# 4, 7 Import 1v3z_B sequence T Y i i e e
# A 6 CLUSTALW a : =
+- A&, 5 CHAINSAW prep 1v3z_B model nRes=84 | - V!ew f"s text =
+- &, 4 Define crystal contents ‘=  copy ViewinCCPamg &= — ———
E_} « 3 Expert MR - PHASER R=0.53 RFree=0.53 g 2 :H;ResIn:2.23A;Cell:58.3,58.3,155.7,90.0,90.0,120.0

B

+- A, 2 Data reduction - exclude bad image Sgp=R 3 2 :H res=2.2¢ = Export W

+- A, 1 xia2/dials Sgp=R 3 2 :H res=2.2¢ Help . . .
Output vata Data actions (right-click)

JOb Outp ut _> (¥} ) Atomic model | Model refined by Prosmart/Refmac
(1& ] Map coefficients | Weighted difference map from refinement

(1€) Map coefficients | Weighted map from refinement

(1& ) Map coefficients | Difference anomalous map coefficients (LLG map)

(16 ) Map coefficients | Anomalous map coefficients

() Phases Calculated phases from refinement

| (@] Coot history | Coot script written from refinement
» Bibliographic references

» Job run details

Next job suggestions

] ofl REFMACS cooT ] BUCCANEER
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Experimental Molecular
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Density
Modification

Model Building
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Structure Analysis

Deposition
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Data Processing and Reduction

Data Processing

e Calculate intensities from images
e Initial estimation of space group and cell parameters
(indexing)

® Look for problems in images

o multiple lattices

o poor reflection profiles

O mosaicity

O anisotropy
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

Experimental
Phasing

Crystallisation

Data Collection

Data Processing
and Reduction

\

Density
Modification

Model Building

Refinement

Structure Analysis

Deposition

Molecular
Replacement
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Data Processing

File Edit Utilities Projects Help

s [ & % v ® 15 xM =

Task menu  Export project Run  Runonserver Clonejob Help Bibliography Export MTZ  Show log file

- Joblist | Project directory |

— Filter: \ Only show tasks containing text typed here
Filter: | Only show jobs containing text typed here |\ | =
== & Import merged data, crystal contents, alignments or coordinates =
Job/File Ev: | g )
—_ =} = Integrate X-ray images
v A, 12 REFMAC5 R= ‘o
+- 4, 11 BUCCANEER R= 1 xi Automated integration of images with DIALS using xia2 &
+ A, 10 Automated structure solution - MrBUMP = o E& Select a directory containing images and integrate them
+ 4, 9 Expert MR - PHASER = ] X l a
+- A, 8 GESAMT RM 5 ] ‘ Automated integration of images with XDS using xia2 VAN 1 ¥ §
+- 4, 7 Import 1v3z B sequence P Select a directory containing images and integrate them
+- A, 6 CLUSTALW

A .
i &, 4 Define crystal contents Launch iMosflm and capture output
o A, 3 Expert MR - PHASER =
A
}- A\

5 CHAINSAW prep 1v3z B model nR - ‘ Integrate images with Mosfim

&-F-F-F

2 Data reduction - exclude bad image Sg| Z DIALS Image Viewer
1 xia2/dials Sg| - \viewer DIALS Image Viewer

+

{

WO S| DIALS Reciprocal Lattice Viewer
¢ E DIALS Reciprocal Lattice Viewer

Integrate images with Dials
% @ Launch DUI and capture output

“+ @ X-ray data reduction and analysis v

—

New job Cancel
4 1 D : |

xia2: Expert knowledge-based, decision-making system for automated data processing
from images to merged MTZ file. Uses DIALS and XDS.
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Task menu  Export project Run  Run on server

Job list | Project directory |

Filter: | Only show jobs containing text typed here

Job/File

» A, 12 REFMAC5
# 4, 11 BUCCANEER

+- 4, 10 Automated structure solution - MrBUMP

+ A, 9 Expert MR - PHASER

+ A, 8 GESAMT

+- 4, 7 Import 1v3z B sequence

+ A, 6 CLUSTALW

+- A, 5 CHAINSAW prep 1v3z B model

+- A, 4 Define crystal contents

+- A, 3 Expert MR - PHASER

+- 4, 2 Data reduction - exclude bad image
+ A, 1 xia2/dials

i+

#

&

&#-#

+

v. @ k& i =
Clone job Help Bibliography Export MTZ  Show log file
. Filter: ‘ Only show tasks containing text typed here
M ~ . : =
. & Import merged data, crystal contents, alignments or coordinates |4
Ev: . B 4
R= = % Integrate X-ray images
R= Xi Automated integration of images with DIALS using xia2
2 E& Select a directory containing images and integrate them
RM Xi Automated integration of images with XDS using xia2
XDS Select a directory containing images and integrate them
nR Integrate images with Mosflm
' Launch iMosflm and capture output
Sg| DIALS Image Viewer
Sg| : DIALS Image Viewer
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@ @ X-ray data reduction and analysis
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DIALS Reciprocal Lattice Viewer

-~ VIEWER DIALS Reciprocal Lattice Viewer

Integrate images with Dials
@ Launch DUI and capture output

New job [ Cancel l

DIALS: Integration of diffraction spots and indexing via DUI

at Harwell =

DIALS

Diffraction Infegration for Advanced Light Sources
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+ Import merged data, crystal contents, alignments or coordinates
- . aom h
-+« Integrate X-ray images
P isdd Automated integration of images with DIALS using xia2 IGRICE TR
: : ’ Chay ° . Session  View Help
Select a dlreCtOfy containing images and integrate them 0 @& B |[#119.55 [# 120.00 [250.00 | [&5.00 [@10.0 pe1.05 [Z1.05 [@o.00 [z [[A4 20 @[ 88 83 [8 250[0 2.50 [m]
- xia2 Automated integration of images with XDS using xia2 @ | 2olntexig -
P e Select a directory containing images and integrate them Images oo [1, 84 e R T 13
"'g Inmage I Phi Auto Manual Deleted > Ifsigi(I) I Searchl Use’ "‘
Integrate images with Mosflm ndesing | @ 1 0.00 - 1.00 294 0 0 148 ® SRR
. & 54 83.00 - 84.00 222 0 ] 105 @ R Sk T
Launch iMosflm and capture output & ol St
Strategy :.‘:, » b
DIALS Bedia e b g sy e
: VIEWER DIALS Image Vlewer Cell Refinement ’”’ \" e
|Q. Total 516 0 0 253
==y DIALS Reciprocal Lattice Viewer “g‘l Solutions: |
N : ] Solution Lat. Pen. a b c o B ¥ a(x.y) ot(ip) | & beam
VIEWER DIALS Reaprocal Lattice Viewer @ i1 1 (ref) ap 0 58.5 .5 62.1 90.1 118.0 120.0 0.20 0.35 0.44 { 0.1)
History n 2 (ref) aP u] 58.5 .6 62.1 61.9 62.0 60.0 0.20 038 0.44-{ 0.1)
- - - 3 (ref) C 1 101.3 .6 90.0 123.0
Integrate images with Dials g ) . : .4 5
@ Launch DUI and capture output BI1 s (ref) 2 .5 ) sl Image 1 [¢p:0.00-1.00) - Hosten
chedc (ref) hR 2 58.6 S inage Yew Tools
: Hif 7 (ref) o3 o = & =
G- X data reducti d lysi B0 8 (rew hR 60 60.4 .o [ o1 maret Je - mo|
#- @ X-ray data reduction and analysis @1 9 (req) ne o 1035 |Es0B@alary 1980
H17 10 (reg) mC 60 85.3 .4 g
- Fi 11 (reg) ol 60 58.6 o7 o
New JOb B0 12 (reg) C 61 101.4 .6 . o3T
F10 13 (reg) tl 61 60.4 .4
B0 14 (reg) oI 61 58.5 .2 =
F 17 15 (reg) rC 61 101.5 .5
F17 16 (red) cF 62 85.4 .4
iMosflm: i ive i jon of -
[ Spacegroup: [h3 o
IMOSTIm: Interactive mtegratlon O Mossiciy: W o7s Estils |
e

diffraction spots
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Data Reduction

CCP4 Roadmap

& (CP4

Pointless
o Determines POint'grOUP (and CCP4-7.0.065 Project Viewer: Demo
Ilkel space srou File Edit Utilities Projects Help
y space group) i P # # J, @® & . =
Ai m Iess Task menu  Export project Run  Runonserver Clonejob Help Bibliography Export MTZ  Show log file
® Scales Symmetry_ I"6|ated Filter: frliiilr‘.l'_-; show tasks containing text typed here i
& Import merged data, crystal contents, alignments or coordinates =

intensities together
® Produce statistics on data

: Data reduction - AIMLESS
q U al |ty _ ' P Scale and analyse unmerged data and suggest space group (Pointless, Aimless, Ctruncate, FreeRflag)
74'134 ~ Generate a Free R set
Ct runc at e "% Generate a Free R set for a complete set of reflection indices to a given resolution (FreeRflag)
. ° : [\«3", Estimate cell content
® C onverts intensities to ; {;’_-.’-f? .} Estimate number of molecules in the asymmetric unit and solvent content (Matthews_coeff)
. : /.2, Calculate self rotation function =
Stru Ctu re fa.CtO 'am PI Itu des : -ff" Evaluate data for anisotropy, optical resolution, pseudo translation and perform self-rotation function (Molrep)

® Checks for twinning,

/ A\ Graphical diagnostics by AUSPEX plots
anisotropy, pseudo symmetry %

Use AUSPEX, generate graphical diagnostics for data set

# .+ Experimental phasing

+} EEH Bioinformatics including model preparation for Molecular Replacement v

New job Cancel
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P haS| ng Crystallisation
Phase information may be derived in two main ways Data Collection
Experimental phasing: |
o0 Collect multiple data sets with anomalous or isomorphous Data Processing

differences or differences produced by radiation damage 2l ailiclion.

o Determine the differences in atomic structure which lead to

Experimental Molecular | --f;.) '755. =

the differences in observations — usually a heavy atom Phasing Replacement | s
substructure D
o Refine the parameters of the substructure and use the Density
observations and the substructure to estimate phases Modification
Molecular Replacement: l
o0 Use the structure of an already solved, homologous Model Building
macromolecule as a first approximation for the phases of l
the target
o Requires correct repositioning of homologous structure in eloeisn
unit cell of target I
o Can also generate homologue from sequence using ab initio _
. Structure Analysis
modelling

Deposition
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Experimental Phasing

Crank2 & SHELX

Automated experimental

phasing pipelines

0 Heavy atom location
through to model building

o SAD(-MR), MAD, SIRAS

Phaser EP

Automated experimental

phasing

o SAD phasing

o Combined MR and SAD
phasing

/ographic Software

CCP4 Roadmap

Science & Technology
@ Facilities Council

T

CCP4-7.0.065 Project Viewer: Demo

File Edit Utilities Projects Help

;5 Q& U T3 L ® ] R . =

G
Task menu  Export project Run  Runonserver Clonejob Help Bibliography Export M12 Show log file
Filter: j—lf:‘):’.l‘_x,' show tasks containing text typed here
+ Import merged data, crystal contents, alignments or coordinates
& “5 Integrate X-ray images
analysis

1+ Experimental phasing

: Automated structure solution - CRANK2 phasing and building
cmnkz CRANK2 experimental phasing pipeline

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

@ SAD phasing from heavy atom sites - PHASER

¢asar Complete a heavy atom model and calculate phases
ex

&

}Eﬂ Bioinformatics including model preparation for Molecular Replacement
# & Molecular Replacement

# .+ Density modification
+ éj~ Model building and Graphics
& ({ Refinement

New job Cancel
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Molecular Replacement

CCP4-7.0.065 Project Viewer: Demo

e P

“a.® )
Co's®)
L',,

aser-- o

Bl
3 & “‘l

Phaser MR

rallographic Software

Automated molecular replacement

using maximum likelihood method

o Sophisticated workflow and decision
making

o Accounts for experimental and
model errors

Molrep
Molecular replacement based on
Patterson search with more
manual interaction through

specialised functions

o Phased Translation/Rotation
functions

O Multi-copy search

o Spherical averaging search function

File Edit Utilities Projects Help

= 3 U C ® P
Task menu  Export project Run  Runonserver Clonejob Help Bibliography Export MTZ  Show log file
Filter: 'fl‘il’rﬂ"-,' show tasks containing text typed here

G- pe

DIMPLE

odel preparation for Molecular Replacement

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

Basic Molecular Replacement - PHASER
Simple MR with optional refinement and rebuilding (Phaser)

Expert Mode Molecular Replacement - PHASER
Advanced MR options followed by refinement and rebuilding (Phaser, Refmac5, Coot)

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)

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

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

Ab initio phasing and chain tracing - ARCIMBOLDO (LITE, BORGES, SHREDDER)
Structure solution from ideal molecular fragments using PHASER and SHELXE

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

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

available. For simple cases of isomorphous data, the pipeline will use rigid body refinement in REFMAC to 'twe:

starting model. Where unit cells are incompatible, it will attempt automated molecular replacement.

Automated molecular replacement - MORDA
Molecular Replacement with Domains and Assemblies

Cancel

TR )

& Science & Technology Research Complex § o

at Harwell

s
) O -
s

»

»

model is

-
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Searching for MR Models and Model

Model search

® Online tools:

HHpred, PSI-Blast
e Within CCP4:

Phmmer, MAFFT,

Clustalw

Model preparation
e Molrep
e Chainsaw
e Sculptor
e Ensembler

Science & Technology Research Complex
@ Facilities Council at Harwell -

CCP4 Roadmap

-

CCP4-7.0.065 Project Viewer: Demo
File Edit Utilities

= (3 ua: % v, @ & P Gt

Projects Help

Task menu  Export project Run  Runonserver Clonejob Help Bibliography Export MTZ  Show log file b
Filter: I Only show tasks containing text typed here
& Import merged data, crystal contents, alignments or coordinates -]

% Integrate X-ray images
+ ‘ X-ray data reduction and analysis

., Interactive model preparation - CCF
Identify MR models with MrBUMP, dlsplay and select w:th CCP4mg

' [Interactive selection of MR model components - CCP4mg
“5' '\q Use CCP4mgq to select components of a search model and output to i2 for MR

- g¥, Truncate search model - CHAINSAW
: 4 !
A v Truncate and renumber model prior to molecular replacement

' Truncate search model - SCULPTOR e
s Truncate model prior to molecular replacement

@ Build an ensemble for PHASER
giasar Compile assorted related structures into an ensemble for use in PHASER

- Align sequences - CLUSTALW
o= Wﬁ Align sequences using clustalw

Bﬂ 4 Molecular Replacement

New job Cancel
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Automatic Molecular Replacement

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

MrBUMP
® Online model search
e Uses Phaser and Molrep

MORDA

e Custom database with search
models

® Uses Molrep and Refmac

CCP4 Roadmap

Science & Technology

e
@ Facilities Council :

Research Complex. * .5
at Harwell )

- ‘ Molecular Replacement

Basic Molecular Replacement - PHASER
Simple MR with optional refinement and rebuilding (Phaser)

Expert Mode Molecular Replacement - PHASER
Advanced MR options followed by refinement and rebuilding (Phaser, Refmac5, Coot)

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)

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

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

Ab initio phasing and chain tracing - ARCIMBOLDO (LITE, BORGES, SHREDDER)
Structure solution from ideal molecular fragments using PHASER and SHELXE

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

DIMPLE - Simple reflections + coordinates to map pipeline
This task uses the DIMPLE pipeline to generate maps for a new dataset, provided a possible starting model is
available. For simple cases of isomorphous data, the pipeline will use rigid body refinement in REFMAC to 'twe:
starting model. Where unit cells are incompatible, it will attempt automated molecular replacement.
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1000
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200

1972
1974

1976 |

1978

1980 -

The Protein Data Bank (PDB)

e Currently over 145,000 structures (130,000 X-ray structures)
® For an X-ray crystallographer, a treasury of models for MR

1982 *

1984 -

1986 *~

CCP4 Roadmap

1988

1990 *=

1992 fi=

1994 NS

1996 S

1998 —

2000 MSS——

2010

|“

2012

Science & Technology Research Complex. 5
@ Facilities Council at Harwell 4.

Chothia C: One thousand
families for the molecular

543-544.

MR is the dominant
phasing method in
today’s protein
crystallography

2014
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Automated structure solution - MrBUMP

B - T 7
AM P L E . . ®&=T Runa quick MrBUMP job with streamlined settings

Basic Molecular Replacement - PHASER

® G ecne I’ate an d P re Pa. e ab I n I ti (o) 5-&?@ Simple MR with optional refinement and rebuilding (Phaser)
or de novo mOdels u Si ng @® Expert Mode Molecular Replacement - PHASER

53“%‘" Advanced MR options followed by refinement and rebuilding (Phaser, Refmac5, Coot)
- ‘auto

ROSGtta or Qual’k SOftWB. e fOI" | 1‘_."-, - . Molecular Replacement and refinement - MOLREP
g9 &‘;3‘;:1‘ Molecular replacement (Molrep)

USE as Sea’rCh mOdeIS In | '|"-, . Molecular replacement with electron density - MOLREP
molecular replacement

: &,‘ Use electron density as the search model (Molrep)

Match model to reference structure

o Match symmetry and origin of output model to reference structure (Csymmatch)
® Works well for smaller, L ymmetry and origin of outp y
. . : Molecular Replacement with unconventional models - AMPLE
a- h el | Cal P rOtel NS (< I 20 A | This task is for running Molecular Replacement with unconventional models

residues), but has been known A saquenics
to work for larger targets

Ab initio phasing and chain tracing - ARCIMBOLDO (LITE, BORGES, SHREDDER)
Structure solution from ideal molecular fragments using PHASER and SHELXE

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

DIMPLE - Simple reflections + coordinates to map pipeline
This task uses the DIMPLE pipeline to generate maps for a new dataset, provided a possible starting model is

DIMPLE available. For simple cases of isomorphous data, the pipeline will use rigid body refinement in REFMAC to 'twe:
starting model. Where unit cells are incompatible, it will attempt automated molecular replacement.

&4 UNIVERSITY OF

& LIVERPOOL

i Automated molecular replacement - MORDA
Molecular Replacement with Domains and Assemblies
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Density Modification

A tool for phase improvement

Traditional approaches:
o NCS averaging
o0 Histogram matching
o Solvent flattening
o0 Phase combination
= Experimental phases
» Phases from modified map
O lterative procedure

Statistical approaches:
O Improved phase probability distributions
o Removes bias
o Slower than traditional approaches

"

Science & Technology Research Complex * =
@ Facilities Council at Harwell

Crystallisation

Data Collection

Data Processing
and Reduction

7"

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
Imperfectness can potentially lead to artefacts

Existing programs are robust and DM is known to work
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CCP4 Roadmap

Science & Technology
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Density Modification Tools

Parrot

e Traditional approach
benefiting from
maximum likelihood

methods
e Fast and fully
automated
Acorn

® Dynamic Density
Modification procedure

e Particularly useful at
resolution, better than
1.8 A

CCP4-7.0.065 Project Viewer: Demo

*’;5::

Research Complex > 5

at Harwell /A%

File Edit Utilities Projects Help

i PN u * = Jy @ E <

Task menu  Export project Run Runonserver Clonejob Help Export MTZ

Bibliography

Show log file

containing text typed here

Fﬂter:\t}rdy'ehcvntasts

& ~+ Experimental phasing
e ;E:I Bioinformatics including model preparation for Molecular Replacement

+ & Molecular Replacement

= ' Density modification
' - ACORN - Phase Refinement with Dynamic Density Modification
' Un-biased improvement of initial phases for high resolution data (1.5 Angstoms and better)
ACORN

b _(:} Density modification - PARROT

: ’ : Modify the electron density (Parrot)

: o

e ;1::* Model building and Graphics

e {{ Refinement

+ V Ligands

New job Cancel
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Density Modification Tools

SHELXE

e Density modification
combined with C-alpha

B g;e-— Model building and Graphics

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

tracing e
. Manual model building - COOT

o WO I"l(S We” startin g fr'om ! Interactive building (Coot)

par'tial MR solution or -~ Scripted model building - COOT @

. Use scripts to fit sidechains, perform stepped refinement, fill and fit... (non-interactive Coot) §
from Experimental phases
: . . Find waters - COOT

® Req uires r’esol ution .‘ :‘k;) Find and filter waters based on electron density and contacts (non-interactive Coot)

better than 2.5 A ARP/WARP

Lo . Build model (ARP/wWARP classic)

Molecular graphics visualization and figure creation - CCP4MG
Interactive molecular graphics: visualization, figure preparation, analysis.

Autobuild RNA/DNA (Nautilus pipeline)
Iterations of model building (Nautilus) and refinement (Refmac5)

Figure courtesy of Andrea Thorn
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Model Building

Interpret electron density map in terms of

atomic coordinates

* X-ray experiment and phasing yield the electron
density map

* Model atoms need to be put in the correct locations
of the map

* The process is aided by the chemical knowledge of
residue structure, as well as secondary structure
assignments

* Validation tools are essential for choosing the right
electron density interpretation:
o Quality of density fit
o0 Ramachandran restraints
o Geometry analysis

Try to account for as much of the density as
possible including solvent molecules

Science & Technology Research Complex. . 5
@ 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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Model Building Tools

Buccaneer
® Chaln traCIng b)’ |dent|f)’|ng [—] .+~ Model building and Graphics .
connected C-alpha positions [ #.. Autobuild protein - BUCCANEER
. . . 1 #7 A lterations of model building (Buccaneer) and refinement (Refmac5, Prosmart and Coot)
using a likelihood-based |
B vianual model bullding 5
density target ! Interactive building (Coot) =
® |Low-resolution model | _—~ scripted model building - COOT b
T A Use scripts to fit sidechains, perform stepped refinement, fill and fit... (non-interactive Coot) §
building
o . Find waters - COOT
N aut| I Uus ¢‘ 35_; Find and filter waters based on electron density and contacts (non-interactive Coot) .
e Automatic model building of ARP/WARP =
. . > Build model (ARP/WARP classic) o
nucleotide structures in W
. “;__:.“ Molecular graphics visualization and figure creation - CCP4MG
electron den5|t)l maps {'\1 Interactive molecular graphics: visualization, figure preparation, analysis.
| & - Model building from Molecular Replacement solution using Shelxe ‘, £

SHELX Use Shelxe to attempt to improve (or verify) a solution from Molecular Replacement

Autobuild RNA/DNA (Nautilus pipeline) A
Iterations of model building (Nautilus) and refinement (Refmac5) iyt
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o2e2er,
s%se o0y
ildi EMBL i
odel Building Tools tadsdics:
“aje e 0"
De >
ARP/wARP 8.0
Automated buﬂdlng of 5 5 Model building and Graphics -
® proteins | Autobuild protein - BUCCANEER
- ~* 8 [terations of model building (Buccaneer) and refinement (Refmac5, Prosmart and Coot)
: 3 ()
e RNA/DNA N
_ Manual model building - COOT
¢ secondary structure - g Interactive building (Coot)
® side chains
_ .~ Scripted model building - COOT
® |oo N - 2. </ Use scripts to fit sidechains, perform stepped refinement, fill and fit... (non-interactive Coot)
® solvent ; .. Find waters - COOT
o |j gan ds v (1K'} Find and filter waters based on electron density and contacts (non-interactive Coot)

- ARP/WARP
|ntegl‘ated and ' Buildvr:?odel (ARP/WARP classic)
co-distributed with CCP4 :

. Molecular graphics visualization and figure creation - CCP4MG
"‘ \,, [Interactive molecular graphics: visualization, figure preparation, analysis.

Model building from Molecular Replacement solution using Shelxe
- SHMELX Use Shelxe to attempt to improve (or verify) a solution from Molecular Replacement
B e

A/DNA (Nautilus pipeline)
odel building (Nautilus) and refinement (Refmac5)

Go To Atam ‘
Real Space Refine Ligand  Fags™ &

Find Ligand Binding Site

Fit Ligand Here
Bulld Helices
Build Skeleton
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Model Building Tools
Coot 0.8.9

® Manual and Semi-automatic = %f‘ Model building and Graphics
model building i | Autobuild protein - BUCCANEER

s Iterations of model building (Buccaneer) and refinement (Refmac5, Prosmart and Coot)

Build model (ARP/WARP classic)

° . .

ItheraCtIV.e g.raphlcs o j Manual model building - COOT
® Ligand building and fitting | Interactive building (Coot)

- i i _— Scripted model building - COOT
® Real Space reflnement Ugg gcgptsmtg fﬁ: sid‘:chja?!?s, perform stepped refinement, fill and fit... (non-interactive Coot)
e Paired with Refmac and Sl
; . Find waters - COOT

]L| gand ; Find and filter waters based on electron density and contacts (non-interactive Coot)

e Wealth of validation tools I3 ARP/wARP

® Integrated with CCP4

& Molecular graphics visualization and figure creation - CCP4MG
"“ A x Interactive molecular graphics: visualization, figure preparation, analysis.

- e

e G Cokdim Dow Buiess Yldew MO Atou Cgmisns

%]
g = =2 —? Model building from Molecular Replacement solution using Shelxe

SHELX Use Sheixe to attempt to improve (or verify) a solution from Molecular Replacement 3

\ 4

,,,,

Autobuild RNA/DNA (Nautilus pipeline)
Iterations of model building (Nautilus) and refinement (Refmac5)

oy,
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e Refinement is one of most important procedures

CCP4 Roadmap

W@ Facilities Council at Harwell

& Science & Technology Research Complex ‘§~ ’g

Refinement Crystallnsaﬁon

Data Collection

in the structure solution process Data Processing

e Refinement is used mainly to

O

O

® Refinement often uses additional information
from various sources

O

O

O

and Reduction

7" N\

i~h i Experimental Molecular
produce a structure which is properly balanced between Phasing Replacement

chemistry restraints and experimental observations N /4

improve density maps for further cycle of model building Density
Modification

Model Building

Refinement
External restraints n

Phases

Twinning (if detected)

NCS restraints
Structure Analysis

TLS groups

Deposition
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Refinement Rl

File Edit Utilities Projects Help

Task menu  Export project Run  Run on server Cloné job  Help Bibliography Export MTZ "%
o CCP4’s main refinement ¥
Filter: "vlij:vwl'_‘,' show tasks containing text typed here M{t

PrOgram % & Molecular Replacement o

e Implements several likelihood il [

. ) [+ g;r- Model building and Graphics ==
target functions for experimental = - £ refinement =
data (amplitUdeS, tWinned data, . :eef?:ee?f;:f?:;c?)e :v’:: g:tional restraints (Prosmart) T:i
eXte I"na| phaseS, Lattma.n : | ﬁ Import and/or edit TLS set definitions ; B

ff . ¢ ) - w Enter TLS information to be used later in the project
coertricients

Low Resolution Refinement Pipeline (LORESTR)
R . Automated Low Resolution Structure Refinement Pipeline (LORESTR)
® estraints
| ~—  Rigid body refinement - PHASER
O CC P4 monomer Iibrar)’ .’ Define rigid bodies for refinement (Phaser), fill partial residues (Coot) and refine (Refmac)

I

o0 Custom library
o0 External restraints

‘V‘ Ligands
== Validation and analysis

{+}

Export and Deposition
+. . ) Reflection data tools

R

| Newjob | | cancel |
Several refinement protocols NCS refinement
e Rigid body ® |ocal
e Restrained e global

e Jelly-body
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Crystallisation

Data Collection

Data Processing
and Reduction

Structure Analysis & Visualisation

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

e lIdentification of complexes (quaternary

StrUCtureS) Experimental Molecular
. Phasing Replacement
e Finding and comparing structure homologues N S
£ . . Density
e Visualise and inspect the target structure Modification

® Can also be used earlier on in structure l
solution process Model Building

o0 Provide information on complexes, domains, mobility
of structure for use in molecular replacement or for Refinement
construct design I

Structure
Analysis

Deposition
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PISA

File View Help

Cor ot Copies in Unit Cell |2 | Buried area, sq. A 561296.4 | entropy of dissociation, kcal/mol 71.5
B T " Symmetry number |12
+- Monomers |A(2)
- Interfaces Formula ‘ ‘ —_— e
= Assemblies Composition Al2) New job Cancel
[-l- Stable Sgee — —
1. A(2) Dissociation pattern ‘Z{A}
2.2 Engaged interfaces
Z': Monomer1 Monomer 2 Spec. Sym.op-n Sym.ID  Area Delta G P-value Nhb Nsb Nds
[ 5.A2) |}y A A ¥ x1Y-zZ+1 2456 280648.2 -8980.7 0339 2 0 O
6. a
7.a
8.
Grey area
Unstable
- As given

CCP4 Roadmap

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

’ )-
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Structure Analysis

CCP4-7.0.065 Project Viewer: Demo

Automatic inference on

File Edit Utilities Projects Help

multimeric states from crystal = s “a; % S ® B “m

Task menu  Export project Run  Runonserver Clonejob Help Bibliography Export MTZ  Show log file

packing

Analysis of macromolecular
interfaces and macromolecular 7
Interactions “f- \L:.di and sralysls

¥

S

Filter: | Only show tasks containing text typed here !
: 3

[

~—  Rigid body refinement - PHASER
.7 Define rigid bodies for refinement (Phaser), fill partial residues (Coot) and refine (Refmac)

R ;’:

. . ; ; Analyse agreement between model and density - EDSTATS ;::-

. "Ny Calculates real-space metrics for evaluating the agreement between model and density (Edstats, cfft) T

| | e s

1 1 1 3% Interface and quaternary structure analysis - PISA ;j

O I IgO mertl Satl on versus : :;?g Interface and assembly analysis (qtpisa) ;,:
p -

COncentI"ation X Validation of carbohydrate structures - PRIVATEER

lZI Checks stereochemistry, conformation and fit to positive omit density, and describes glycans (Privateer)

]

el geometry

Analyse mod
2loylate meap Bfactors, Ramachandran plots, rotamer outliers, clashes... (clipper_python & Molprobity)

Assembly summary
Multimeric state ’ Surface area, sq. A | 6561404.6 | Free energy of dissociation, kcal/mol . 8910.2

Assembled monomers
Monomer Class Type Sym.op-n Sym.ID Area BSA Delta G Nhb Nsb Nds

1 A Protein 1 X.Y.Z 1 555 3561350.5” 280648.2 -4490.4 2 0 0
2| A Protein 1 -X1Y,-Z+1 2 456 3561350.5 280648.2 -4490.4 2 0 0
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CCP4MG Structure Analysis .
2.10.10 | il

~ Model building and Graphics

X GO et 13§ ¥ ... Autobuild protein - BUCCANEER
- R C‘ A Iterations of model building (Buccaneer) and refinement (Refmac5, Prosmart and Coot)

L
Manual model building - COOT
g Interactive building (Coot)

“ % Scripted model building - COOT
: Use scripts to fit sidechains, perform stepped refinement, fill and fit... (non-interactive Coot)

_~_ Find waters - COOT
(1% ) 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 - CCP4MG
Interactive molecular graphics: visualization, figure preparation, analysis.

Model building from Molecular Replacement solution using Shelxe

SFIO'IERLX Use Shelxe to attempt to improve (or verify) a solution from Molecular Replacement

Autobuild RNA/DNA (Nautilus pipeline)
Iterations of model building (Nautilus) and refinement (Refmac5)

S Dwplay Table
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Gesamt

e 3D structure alignment and
superposition

e Makes both pairwise and multiple
alignments

e Fast PDB scans for structural
homologues

e |dentification of structural
domains

e Replacement for Superpose (SSM)

® Doesn’t rely on secondary
structure

CCP4 Roadmap

File

Task menu  Export project

Filter: ‘ Only show tasks

{+

Structure Analysis

CCP4-7.0.065 Project Viewer: Demo
Edit Utilities Projects Help

= (3 Uas %

Run  Runonserver Clonejob Help

Science & Technology
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containing text typed here

&4 Molecular Replacement

' Density modification

& TF

Model building and Graphics
Refinement

Ligands

€N

¥

Validation and analysis

RAR
-
(]

Export and Deposition

Reflection data tools

Coordinate data tools

=i

: Match model to reference structure
: .», Match symmetry and origin of output model to reference structure (Csymmatch)

> Structural alignment - Gesamt
Superpose one protein structure on another

atow 10 Import a coordinate set - op

M 12 Select (potentially complicated) subset from a coordinate set

ATON 14

.. Edit PDB/CIF files by hand

ional selection of subset

jj Edit PDB/CIF files by hand with the PdbView program

EDIT

New job

Cancel
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Validation and Deposition

Coot

e Comprehensive set of validation tools:
Ramachandran plots, density fit analysis,
geometry analysis, unmodelled blobs etc.

PDB_REDO

e Optimisation of refinement parameters:
weighting of X-ray terms, B-factors

® Checking rotamers

e Comparison of refinement with rest of PDB
statistics

Deposition

® Dedicated deposition preparation module in
CCP4i2

Science & Technology Research Complex > ’;g
@ Facilities Council at Harwell ' %),

Crystallisation

Data Collection

Data Processing
and Reduction

7"

Experimental
Phasing

N\

Molecular
Replacement

N\ 74

Density
Modification

Model Building

Refinement

Structure Analysis

Deposition
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Reflection Data Tools

Reindexing

Map calculations

Phase conversions and analysis
Structure factor calculation
Free R set calculation

Matthews coefficient calculation

Coordinate Data Tools

Model matching and alighment
Import coordinates

Edit coordinate files manually

CCP4 Roadmap

"" Coordinate data tools

Utility Programs

'|3' Reflection data tools

2 el

R 1y
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e

J* 4 N
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3
5

AL

ATOM 9
ATON 10
ATON 11
ATON 12

ATOMN L)

.. Edit PDB/CIF files by hand
. Edit PDB/CIF files by hand with the PdbView program

EDIT

Science & Technology
@ Facilities Council

Reindex or change spacegroup
Reindex to match reference data/coordinates and/or change space group of reflecti
Free R set (Pointless)

Anomalous map from coordinates - PHASER
Calculate anomalous LLG map phased by coordinates to highlight anomalous scatte
(Phaser)

Calculate unusual map coefficients
Compute map coefficients from set of observations and phases (cmapcoeff)

Convert HL phase to and from Phi/Fom
Interconvert phases between Hendrickson Lattman and Phi/FOM representation

Match and analyse phases to reference set

Convert intensities to amplitudes
Convert reflection intensities to structure factors (ctruncate)

Generate a Free R set
Generate a Free R set for a complete set of reflection indices to a given resolution s
(FreeRflag)

Estimate cell content
Estimate number of molecules in the asymmetric unit and solvent content
(Matthews coeff)

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

Structural alignment - Gesamt
Superpose one protein structure on another

Import a coordinate set - optional selection of subset
Select (potentially complicated) subset from a coordinate set
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Command Line Operation 5
™
Example: &
refmac5 HKLIN my.mtz HKLOUT output.mtz XYZIN my.pdb XYZOUT X
output.pdb ‘
Keywords:
® Most CCP4 programs take “keywords” as command options through standard input to
the program
e Gives access to all options of the program and the most fine-grained control
e Can be provided through ccp4i using “Run & view com file”
Scripting:
e Repetitive tasks can be scripted e
e Pipelines of programs can be created in a script Q*Jff
Command \
line f2mtz hklin ${1} hklout shelxe-output.mtz << eof X j
TITLE ~ ample i
cell ${cell} 0y

S ymm $S{symm}
labout H KL F FOM PHI SIGF

Keywords CTYPOUT HHH F WP Q
pname ample

dname ample

END
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Command Line Operation

) CCP4 Program Suite: aim| X

Science & Technology

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

€ C | [ www.ccp4.ac.uk/html/aimless.html#keyworc Q 5%

KEY“ ORDED INPUT DESCRIPTIOV

nn

In the definitions below "[]" encloses optional items.
Anything after "!"

delineates alternatives. All keywords are case-insensitive, but are listed below in upper-case.
or "#" is treated as comment. The available keywords are:

A\'ALYSIS A.\O\IALO[S BI\’S DUMP. E\(Ll DE I\’ITIAL I\TEI\SITIES NAME. ONLYMERGE. OUTPUT. PARTIALS. REFINE.

RUN <Nrun> BATCH <b1l> to <b2>

Define a "run" : Nrun i1s 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 definition of a run may use several RUN commands. If no RUN
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 is 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

narametere increacac ac (T mav + 1V5%2 cn van chanld nee tha minimuim arder neaded (o 4 - & dafanlt A Tha daviation af the curfacse fram
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Downloading the Suite

e Download CCP4 for Windows, Qccm : :

M a,c O r Li n ux Mac OS X GNU/Linux MS Windows Source code
. . . Binary downloads for Apple Mac OS X
e Co-distribution of ARP/WARP ’ SO

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

e Package Manager — easy
installation

R Download size: 16 MB
r; Package Manager Download Now! @), Date: 1/11/2013

Alternatively, the suite may be downloaded and installed in separate parts. ARP/WARP requires a separate license from EMBL-Hamburg, so you will first be redirected to their
website.

e Only 64-bit version for Mac
OSX’ bOth 32'b|t and 64'b|t Qccp4+ﬁ+! CCP4 Program Suite v6.4.0.2 + ARP/WARP 7.4 + COOT v0.7.2 Agrmiotianse: @) DOVnIoad size: 784 MB
versions for other S)’Stems

OCCP4+?‘ CCP4 Program Suite v6.4.0.2 + COOT v0.7.2 AgrestoLicanse: @) DONN'DRC S DS
-

; Download size: 1201 MB
B L eC Database for Balbes (Data Files) _Download Nowlo Date: 16/05 /2012
."
Download size: 368 MB

s ° CCP4 Molecular Graphics v2.7.3 Download Now! ) Date: 14/03/2013
Sttt thtn, .

e Additional software &
dePendenCies aISO available 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.
The download link is provided here for your convenience.

Fasta alignment search for MrBump to download

http://www.ccp4.ac.uk/download
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& (CP4

* CCP4 Setup Manager

e FEasy installation mechanism for
CCP4 and associated packages
(Coot, ARP/WARP, CCP4mg)

e Available on Linux and Mac
OSX platforms

® Sets up system variables
automatically if you wish

CCP4 Roadmap

2 © ® CCP4 Package Manager

D © @ CCP4 Package Manager

CCP4 setup, step 1 out of 5

Choose components to install:

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

CCP4 core packages. Collection of over 200 useful

Component Full size
il CCP4 Program Suite v6.3.0 1.2 GB

& ARP/WARP V7.3 205.0 MB

COOT v0.6.2 350.0 MB

& COOT v0.7 580.0 MB

D © ® CCP4 Package Manager

CCP4 setup, step 4 out of 5

Download selected components

Component Size  Download

programs, written by various authors, which provides
. tools for all stages of structure solution process, plus
software libraries and accompanying data. Core
packages are needed for other applications in the list.

(CCP4 Program Suite v6.3.0/692.9 M (S .

ARP/WARP v7.3 0B Included in another package

coot vo7 211.4 e (R R | e

CCP4mg v2.6.2 304.3 MB (N

pload | time remained: 00:00:37 at 6.0 MB/s

22%

Science & Technology Research Complex > ’;g
@ Facilities Council at Harwell =475
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‘k Update Manager

D © @ CCP4 Package Manager

CCP4 Roadmap

& (CP4

e Automatically install latest
fixes and new features

Collaborative Computational Project No. 4
Science and Technology Facilities Council

Rutherford Appleton Laboratory

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

e Allows for rolling back to

previous versions CCP4 Software Suite

Version 6.3.0

e Updates made available once Update
This program will guide you through the update process for

every two weeks or as and ,
CCP4 Software Suite on your computer.
Wh e n th ey a. re n eed e d Press "Next" button to continue.

D © ® CCP4 Package Manager

e Available on Linux, Mac OSX e

CCP4 update, step 1 out of 3

an d W| n dOWS Choose updates to install or remove: o
Update Installed Date Size Pointless: Fixed Choose Spacegroup option for non-

standard settings, e.g. P21 2 21

6.3.0-008 19.10.12 10.2 MB Arp/Warp: Arp/Warp task interfaces preinstalled; will

v 6.3.0-007 v 10.10.12 49.8 MB become active on installation of Arp/Warp.
This fixes problem with overwriting

v| 6.3.0-006 v 05.10.12 102 MB modules.def file by other updates.

v| 6.3.0-005 v 21.09.12 9.4 MB Zanuda: Made consistent with MSE atoms defined as
HETATM in pdb-files

¥ 6.3.0-004 v 14.09.12 12.1 MB

¥| 6.3.0-003 v 05.09.12 7.5MB

¥ 6.3.0-002 v 05.09.12 2848B

¥| 6.3.0-001 v 05.09.12 6.0MB

Your CCP4 setup is up to date

Finish
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eoce /o CCP4 online x\+

€0 reremimicron .. sevsnesn-= CCP4 onlme‘

Collaborative Computational Project No. 4 / |
Software for Macromolecular X-Ray Crystallography ’N 7

Welcome to CCP4 online

Login & ccP4online x

(3 www.ccpd.ac.uk/ccpdonline/serviet/controller/RunnableProgramsTable Q 7%

C

i Apps [ NewTab [ [ partneringONE -

Other Options - Register, Forgott

»

Runnable programs

The following programs and pipe

@)@www.ccp4.ac.uk/pisa/sessions/LQ—821—Sl/index.htm| C'}(O\ Search )ﬁ|g 4 A 4 =) & iv ‘ =

Balbes Home (Logout) > Login > Programs > MrBUMP > New Mrl JsPISA 2.0.3 [PDB 1e94]
An automated Molecular R CCP4 30
-li 2 &
components necessary for{ | New MrBUMP Run U Ee e
MrBUMP
. | Input I Monomers l Interfaces T Stock I Crystal Splits I Log file
An automated Molecular The file formats accepted for input are mtz and cif (structui |
structure factors, it will sea
from the template structure Structure Factors: Choose File | No file o Interface F || E
v List of interfaces
I'estralned r eflnement. Sequence Target: Choose File l No file : £ M Summary Interaction radar
Bonds
Zanuda Instead of entering : Riasikios
(Note that a commel
Space group and crystallc »2.EJIF Monomer ID F E
iSP'SA : 3 i IIII g Class Protein Protein
5 . Symmeti ration X, Y2 X,Y,2
Calculation and analysis of > 5.BIIA eltuod bl
AMPLE »6.D]|C Symmetry ID 1_555 1_555
g i : : ; : IIII :: Interface atoms 7.3% 6.9% |
Automated ab initio searc d e et e =
SHELX »10.CJIC Total atoms .0% .0%
i s (@ i 11.A[lA : SB
Automated SHELXC/D/E s I have the SHELX licence (optional): ([ (You can get the lic : 12. B II : B Interface residues 66 .1% 65 .9%
data in XDS, Scalepack, » 13.D||D Surface residues 380 .9% 385 .4%
: 2 - icki i i » 14. [ANP]E:500 | | E 2
protein sequence is provid Submit | (after clicking submit, PLEASE WAIT for your files . & IR Total residues 409 0% 408 .0%
CHANK2 » 16.F || B BSA, A2 2146.6 .6% 2345.5 .6%
HB PV
g > 17.E11A ASA, A2 22253.4 .08 | 22072.6 .08
Automated structure solut » 18.CIIF :
BETA » 19.E|| A Solvation energy, kcal/mol g d Interface parameters
» 20. [ANPJE:500 | | F | ST/ W 2= 11/ 0o 3 " IA : Interface area, A2 2246
» 21. E || [ANP]F:501 DG : Solvation Energy, kcal/mol -12.46
» 22.F||E BE : Total Binding Energy, kcal/mol -26.65
CCP4 STFC Rutherford Appleton Laboratory P TR RS LB R e > 23.E|IE PV : Hydrophobic P-value 0.3542
Didcot Oxon OX11 OFA e AR e P > 24.F||F HB : Number of Hydrogen Bonds 11
Tel:(+44) 1235 567726 | Fax: +44 (+44) 1235 567720 | Email: ccpd@ccpé.ac.uk " Download PDB | Download PDBx || View in JSMol | 88 : Numberof SattPudges = 25
. - - p o . ‘ UWIUau ruUvb AUWIHITVAU TLJDA - g SN NE 2IVIOT DS . Number Of Dlsulphlde Bonds 0




jsCoFE

& ccp4servé.re-harwell.ac.uk/jscofe/ c Search

RNASE Demo [2] Morda Automated Molecular Replacement

0002-01_morda Download

3 i
Nothing here. Press H for help.

oy =

14.12.2017]
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