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Introduction

CCP4MG is a molecular graphics program funded
by CCP4.

Its primary focus is the visualization and analysis
of macromolecular structure.

It produces high quality rendered images and
movies.

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

— Binaries for Windows, Mac and Linux.
— Source code freely available.
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Picture Wizard

o The picture wizard is an automatic way of

generating complex scenes with multiple
selections, colouring, styles, etc.

o Representations are organised into various
“styles”

o The picture wizard is shown at the top of the file
browser window when a coordinate file is

loaded, or can be accessed from the display
table.
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Doing it all Manually
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Other stuff

PISA
Structure superposition

Sequence viewer/aligment/blast searches + more
(see later).

Biological assembly generation.
Distance/angle measurement.

Fancy lighting effects (shadows/occlusion).
Normal modes calculation/visualization.
Text/image overlays.
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Biological assemblies (3j2w)




Distances and angles

Open “Geometry window” : Applications -> Geometry

Double-click on one atom then another to measure bonds.

Shift-double click on other atoms will measure angles.
Results appear in table below and in graphics window.
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Lighting and Shadows
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Mr Bump

* Mr Bump is an automated scheme for
Molecular Replacement. Given a target
sequence and experimental structure factors,
it will search for homologous structures,
create a set of suitable search models from
the template structures, do molecular
replacement, and test the solutions with some
rounds of restrained refinement.

A component of the CCP4 suite of programes.



CCPAMG and Mr Bump

 CCPAMG uses initial steps of the Mr Bump to
interactively edit molecular replacement models.

e Scheme:

— Mr Bump is sent a sequence from CCPAMG

— uses the hmmer tool to search for 70% homologous
structures,

— selects just the relevant chains from the structures,
— prunes side chains,

— structurally aligns the pruned structures (gesamt).
— CCPAMG loads the structures.



CCPAMG and Mr Bump

* Then CCP4MG can be used to select subsets of
atoms from the newly loaded structures:

— Completely hide some structures.
— Select e.g. just alpha-helices

— Prune terminating loops.
— Whatever ...

* And then everything visible can be saved into
one ensemble coordinate file for use in a
molecular replacement calculation.
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Glycoblocks



Glycosylation depiction in 3D

Electrostatic interactions provided by N- and O-linked
glycans are essential for correct folding of glycoproteins.

Depicting these protein-glycan contacts can be challenging;
glycans can have many branched sugars.

With eukaryotic expression systems ramping up the
production of glycoproteins and thus the deposition rate of
their three-dimensional structures, the need for a clear way
of depicting these interactions is more pressing than ever.

CCP4MG brings the familiar two-dimensional identification
convention used by the glycobiology community into three
dimensions.

All Jon’s genius, insight, encouragement, etc.



Saccharide display in 2D
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(GCS) (XYS, XYP) (IDR) (BEM)



Saccharide display in 3D

G=




Saccharide display in 3D

Glycoblocks representation of a plant N-glycan and its interactions (PDB 4CUOQ). In this
structure, the Fucose sugar attached to the first N-acetyl-B-D-glucosamine residue
establishes two hydrogen bonds to a neighbouring chain (depicted in white) that is related
by crystallographic symmetry to the one the tree is covalently bound to (in red). L-sugars
(Fucose, red triangle, and Xylose, orange star) are only present in plant glycans and make
for less than 1% of all the N-glycan forming pyranosides deposited in the wwPDB.



Saccharide display in 3D

Glycoblocks view of carbohydrate-carbohydrate interactions (PDB 3SGK). Two N-
glycans attached to two separate Fc fragments (depicted in red and gold) establish
hydrogen bonds with each other and the protein part. These interactions, along
with others that are described in Ferrara et al. (2011), make a key contribution to
the increased binding between these two antibody fragments. The representation
shows a clean view of an otherwise very complex network of H-bonds.



ProSMART

. http://www?2.mrc-Imb.cam.ac.uk/groups/murshudov/
content/prosmart/documentation.html#summary

. http://www2.mrc-Imb.cam.ac.uk/groups/murshudov/
content/prosmart/docs/rob_nicholls_thesis.pdf

. ProSMART (Procrustes Structural Matching Alignment and
Restraint Tool) is a software tool designed for the conformation-
independent structural comparison of protein chains. At current,
ProSMART has two components:

ProSMART ALIGN - for the alignment, superposition, and
scoring of protein chains;

. ProSMART RESTRAIN - for the generation of external restraints
for use in the crystallographic refinement of protein structures.



®* ProSMART interface is
a simple “push button

to see stuff”.
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Ebeye - search

. Interface to simple search facility of PDB-E.

Type search string here
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“Batch” rendering

. Images may be rendered from command line
or from scripts without starting up the main

program.

. ccpdmg —-norestore -—-pilcture
myplic.mgpic.py —-R test.png —-RO
'"{"s1ze":"1000x1600", "smoothribbon
s":"1", "raytrace":"1"}' -quit

. The file mypic.mpic.py is a file containing a scene
description: lists of data files, representations,

view, etc.



CCP4AMG on the Web



Web GL

* WebGL is a JavaScript technology for displaying
3D (and 2D) graphics in a web browser.

* WebGL is very similar to OpenGL ES, a technology
which is very similar to OpenGL which is what
CCPAMG uses for its graphics.

* Should be reasonably straightforward to write a
WebGL application which uses existing CCPAMG
code/expertise to do molecular graphics.



WebGL

 Most of the hard work in CCP4MG is done in a

mixture of Python and C++ programming
anguages. This is not trivially portable to
JavaScript.

 However if the hard work (converting
macromolecular coordinates to picture
elements — lines, triangles) was done on a
server, the WebGL application (browser) could
just draw the triangles which are computed.
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WebGL and CCP4AMG

 “Client” is a web page on which user can load a
CCP4MG status file. e.g. saved status from CCPAMG,
but *not™ currently .pkl), or a hand crafted one (from a
template hopefully).

* The client sends the status file to a server. The server
runs a “headless” version of CCPAMG which interprets
status file, generates CCPAMG “data and display
objects” and transforms the display objects into
collections of triangles/lines.

* The server sends back the triangles and lines (plus
other information) to the client which draws them.



WebGL and CCP4AMG

* Advantages:

— Absolutely rock solid (sort of); server can currently be
confused by dodgy uploaded files; but client is fairly
indestructible — JavaScript is hard to crash browser
with or to cause other unwelcome behaviour with.

— User interface is currently quite simple (it will get
more complicated), requires very little to no

interaction with internal complexities of CCP4MG and
is thus very fast.

— Extremely similar programming language (OpenGL ES)
as required for Android/iOS 3D graphics. So Android
port of this should be easy. iOS client which just draws
without connecting to server already exists.



WebGL and CCP4AMG

* Disadvantages:

— Client/server communication is by plain text
(json). Although the packing of triangle data is
pretty efficient, the server side packing is slower
than ideal.

— Requires server to be running, so not as simple to
install as most applications. However a centralized
server at institution would make this a non-issue.
Care would be required to avoid accidental
transmission of sensitive data.



Acknowledgements

e Programming:

Liz Potterton

Eugene
Krissenel

Kevin
Cowtan

Paul Emsley
Martin Noble

Jan Gruber

Bernhard
Lohkamp

Rob
Nicholls

Ronan
Keegan

Jon Agirre

General help:

Keith Wilson
Phil Evans

CCP4 staff: Eugene
Krissinel, Charles
Ballard, Ronan
Keegan, Marcin
Wojdyr, Andrey
Lebedev, Ville Uski,
David Waterman.

Funding:

CCP4



