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Introduc=on	
  
l  CCP4MG	
  is	
  a	
  molecular	
  graphics	
  program	
  funded	
  by	
  CCP4.	
  	
  

l  Its	
  primary	
  focus	
  is	
  the	
  visualiza=on	
  and	
  analysis	
  of	
  
macromolecular	
  structure.	
  

l  It	
  produces	
  high	
  quality	
  rendered	
  images	
  and	
  movies.	
  

l  Distributed	
  as	
  part	
  of	
  CCP4	
  and	
  also:	
  

l  hIp://www.ccp4.ac.uk/MG/	
  

l  Binaries	
  for	
  Windows,	
  Mac	
  and	
  Linux.	
  

l  Source	
  code	
  freely	
  available.	
  



“Bonds”	
  

“Ball	
  and	
  s=ck”	
  

“Ribbons”	
  

“Worms/tubes”	
  



“Circles”	
  

“Ribbons”	
  
Nucleic	
  acids	
  

“Lipid	
  Cartoon”	
   Electrosta=c	
  surface	
  



Transparent	
  

Van	
  der	
  Waals	
  

Solvent	
  accessible	
  



Bloboids	
  

Worm	
  scaled	
  by	
  	
  
Temperature	
  factor	
  



Basic	
  user	
  Interface	
  



Display	
  object	
  

Data	
  object	
  

Colour	
  

Atom	
  selec=on	
  

Drawing	
  style	
  





Picture	
  Wizard	
  

l  The	
  picture	
  wizard	
  is	
  an	
  automa=c	
  way	
  of	
  
genera=ng	
  complex	
  scenes	
  with	
  mul=ple	
  
selec=ons,	
  colouring,	
  styles,	
  etc.	
  

l  Representa=ons	
  are	
  organised	
  into	
  various	
  
“styles”	
  

l  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.	
  











Doing	
  it	
  all	
  Manually	
  















PDB	
  En==es	
  
COMPND    MOL_ID: 1;
COMPND   2 MOLECULE: RESPONSE REGULATOR RECEIVER DOMAIN PROTEIN;
COMPND   3 CHAIN: A, B;
COMPND   4 FRAGMENT: DNA BINDING DOMAIN;
COMPND   5 ENGINEERED: YES;
COMPND   6 MOL_ID: 2;
COMPND   7 MOLECULE: DNA (5'-
COMPND   8 D(P*GP*GP*AP*CP*TP*TP*AP*AP*GP*AP*AP*CP*GP*AP*TP*TP*T)-3');
COMPND   9 CHAIN: G;
COMPND  10 ENGINEERED: YES;
COMPND  11 MOL_ID: 3;
COMPND  12 MOLECULE: DNA (5'-D(P*TP*TP*CP*TP*TP*AP*AP*GP*TP*CP*C)-3');
COMPND  13 CHAIN: H;
COMPND  14 ENGINEERED: YES;
COMPND  15 MOL_ID: 4;
COMPND  16 MOLECULE: DNA (5'-D(P*AP*AP*AP*TP*CP*G)-3');
COMPND  17 CHAIN: C;
COMPND  18 ENGINEERED: YES
	
  



PDB	
  En==es	
  

Selec=ons/colouring	
  based	
  	
  
on	
  defined	
  “en==es”	
  

	
  in	
  PDB	
  file	
  (MOL_ID	
  cards).	
  



PDB	
  En==es	
  



Electron	
  Density	
  





“Clip”	
  to	
  atoms	
  	
  



EMD	
  5416	
  EMD	
  2232	
  

EMD	
  5524	
   EMD	
  5622	
  



EMD	
  5580	
  



EMD	
  5580	
  



Other	
  stuff	
  

•  PISA	
  
•  Structure	
  superposi=on	
  
•  Sequence	
  viewer/alignment/blast	
  searches	
  
•  Biological	
  assembly	
  genera=on.	
  
•  Distance/angle	
  measurement.	
  
•  Fancy	
  ligh=ng	
  effects	
  (shadows/occlusion).	
  
•  Normal	
  modes	
  calcula=on/visualiza=on.	
  
•  Text/image	
  overlays.	
  







Structure	
  Superposi=on	
  
l  CCP4MG	
  has	
  several	
  methods	
  of	
  structure	
  superposi=on:	
  

l  SSM	
  -­‐	
  This	
  is	
  the	
  default	
  method.	
  It	
  is	
  the	
  simplest	
  to	
  use	
  and	
  
usually	
  gives	
  excellent	
  results.	
  The	
  method	
  aIempts	
  to	
  
match	
  secondary	
  structure	
  elements	
  in	
  different	
  coordinate	
  
sets.	
  

l  Gesamt	
  –	
  a	
  more	
  general	
  method	
  which	
  matches	
  fragments	
  
which	
  need	
  not	
  be	
  defined	
  by	
  secondary	
  structure	
  elements.	
  

l  Close	
  Residues	
  -­‐This	
  method	
  is	
  useful	
  for	
  performing	
  locally	
  
op=mised	
  superposi=on	
  afer	
  a	
  global	
  superposi=on	
  by	
  SSM/
gesamt.	
  

l  User-­‐defined.	
  This	
  is	
  the	
  most	
  flexible,	
  but	
  least	
  easy	
  to	
  use:	
  
the	
  user	
  can	
  specify	
  in	
  many	
  ways	
  the	
  atoms	
  to	
  superpose.	
  



Sequence	
  Viewer	
  
l  Align	
  sequences	
  using	
  muscle	
  (a	
  free	
  mul=ple-­‐alignment	
  program)	
  

or	
  ClustalW.	
  

l  Con=nuous	
  (consurf	
  style)	
  or	
  discrete	
  traffic-­‐light	
  colour	
  by	
  
conserva=on.	
  

l  Colour	
  by	
  secondary	
  structure.	
  

l  Blastn/blastp	
  interface.	
  Blast	
  results	
  cached	
  between	
  sessions.	
  
Blast	
  normally	
  run	
  remotely	
  (EBI)	
  with	
  explicit	
  user	
  permission,	
  but	
  
can	
  also	
  use	
  local	
  blast	
  installa=on.	
  

l  Save	
  sequence	
  as	
  PDF/bitmap/plain	
  text.	
  

l  Click,	
  shif-­‐click,	
  ctrl-­‐click,	
  etc.	
  on	
  residues	
  in	
  sequence	
  to	
  display	
  
atoms	
  in	
  the	
  mail	
  window.	
  



Biological	
  assemblies	
  (3j2w)	
  



Distances	
  and	
  angles	
  
●  Open	
  “Geometry	
  window”	
  :	
  Applica=ons	
  -­‐>	
  Geometry	
  
●  Double-­‐click	
  on	
  one	
  atom	
  then	
  another	
  to	
  measure	
  bonds.	
  
●  Shif-­‐double	
  click	
  on	
  other	
  atoms	
  will	
  measure	
  angles.	
  
●  Results	
  appear	
  in	
  table	
  below	
  and	
  in	
  graphics	
  window.	
  



Ligh=ng	
  and	
  Shadows	
  



Shadows	
  



Shadows	
  and	
  “Occlusion”	
  



Normal	
  ligh=ng	
  



Occluded	
  ligh=ng	
  



On	
  screen	
  text	
  and	
  images	
  



On	
  screen	
  text	
  and	
  images	
  



Preferences	
  



“Rendering”	
  
l  CCP4MG	
  has	
  two	
  methods	
  of	
  producing	
  final	
  
images:	
  
l  Screenshot.	
  A	
  simple	
  dump	
  of	
  the	
  screen	
  pixels	
  is	
  
performed.	
  Images	
  may	
  be	
  up	
  to	
  ca.	
  8000x8000	
  
pixels.	
  On	
  most	
  systems.	
  Very	
  fast,	
  even	
  with	
  shadows	
  
and	
  occlusion.	
  

l  “Rendering”.	
  This	
  uses	
  a	
  Renderman	
  compa=ble	
  
renderer	
  “Pixie”.	
  Some	
  aspects	
  of	
  these	
  images	
  are	
  of	
  
much	
  higher	
  quality	
  than	
  the	
  simple	
  screen	
  dump	
  
(spheres	
  par=cularly).	
  BeIer	
  transparency	
  with	
  more	
  
than	
  one	
  transparent	
  object	
  is	
  possible.	
  Slower	
  with	
  
shadows;	
  impossibly	
  slow	
  with	
  occluded	
  ligh=ng.	
  





ProSMART	
  
●  hIp://www2.mrc-­‐lmb.cam.ac.uk/groups/murshudov/	
  

content/prosmart/documenta=on.html#summary	
  
●  hIp://www2.mrc-­‐lmb.cam.ac.uk/groups/murshudov/	
  

content/prosmart/docs/rob_nicholls_thesis.pdf	
  
●  ProSMART	
  (Procrustes	
  Structural	
  Matching	
  Alignment	
  and	
  

Restraint	
  Tool)	
  is	
  a	
  sofware	
  tool	
  designed	
  for	
  the	
  conforma=on-­‐
independent	
  structural	
  comparison	
  of	
  protein	
  chains.	
  At	
  current,	
  
ProSMART	
  has	
  two	
  components:	
  
●  ProSMART	
  ALIGN	
  -­‐	
  for	
  the	
  alignment,	
  superposiHon,	
  and	
  

scoring	
  of	
  protein	
  chains;	
  
●  	
  ProSMART	
  RESTRAIN	
  -­‐	
  for	
  the	
  genera=on	
  of	
  external	
  restraints	
  

for	
  use	
  in	
  the	
  crystallographic	
  refinement	
  of	
  protein	
  structures.	
  



ProSMART	
  interface	
  
• 	
   ProSMART	
  interface	
  is	
  

a	
  simple	
  “push	
  buIon	
  
to	
  see	
  stuff”.	
  



Ebeye	
  –	
  search	
  (obsolete)	
  
●  Interface	
  to	
  simple	
  search	
  facility	
  of	
  PDB-­‐E.	
  

Type	
  search	
  string	
  here	
  

Check	
  boxes	
  and	
  click	
  	
  
download	
  to	
  get	
  files	
  	
  

Click	
  on	
  links	
  to	
  view	
  
details	
  in	
  web	
  browser	
  



PDB/EBI	
  –	
  search	
  (coming	
  soon)	
  
●  Interface	
  to	
  simple	
  search	
  facility	
  of	
  PDB.	
   Type	
  search	
  string	
  here	
  	
  

and	
  press	
  Enter	
  or	
  click	
  	
  
search	
  buIon	
  

Check	
  boxes	
  and	
  click	
  	
  
download	
  to	
  get	
  files	
  	
  

Click	
  on	
  links	
  to	
  view	
  
details	
  in	
  web	
  browser	
  



“Batch”	
  rendering	
  

●  Images	
  may	
  be	
  rendered	
  from	
  command	
  line	
  
or	
  from	
  scripts	
  without	
  star=ng	
  up	
  the	
  main	
  
program.	
  

●  ccp4mg -norestore -picture 
mypic.mgpic.py -R test.png -RO 
'{"size":"1600x1600","smoothribbon
s":"1", "raytrace":"1"}' -quit 

●  The	
  file	
  mypic.mpic.py	
  is	
  a	
  file	
  containing	
  a	
  scene	
  
descrip=on:	
  lists	
  of	
  data	
  files,	
  representa=ons,	
  
view,	
  etc.	
  



Glycoblocks	
  



Glycosyla=on	
  depic=on	
  in	
  3D	
  	
  
•  Electrosta=c	
  interac=ons	
  provided	
  by	
  N-­‐	
  and	
  O-­‐
linked	
  glycans	
  are	
  essen=al	
  for	
  correct	
  folding	
  of	
  
glycoproteins.	
  	
  

•  Depic=ng	
  these	
  protein-­‐glycan	
  contacts	
  can	
  be	
  
challenging;	
  glycans	
  can	
  have	
  many	
  branched	
  
sugars.	
  	
  

•  CCP4MG	
  brings	
  the	
  familiar	
  two-­‐dimensional	
  
iden=fica=on	
  conven=on	
  used	
  by	
  the	
  
glycobiology	
  community	
  into	
  three	
  dimensions.	
  



Saccharide	
  display	
  in	
  2D	
  



Saccharide	
  display	
  in	
  3D	
  



Saccharide	
  display	
  in	
  3D	
  

Glycoblocks	
   representa=on	
   of	
   a	
   plant	
   N-­‐glycan	
   and	
   its	
   interac=ons	
   (PDB	
   4CUO).	
   In	
   this	
  
structure,	
   the	
   Fucose	
   sugar	
   aIached	
   to	
   the	
   first	
   N-­‐acetyl-­‐β-­‐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	
   interac=ons	
   (PDB	
   3SGK).	
   Two	
  N-­‐
glycans	
  aIached	
  to	
  two	
  separate	
  Fc	
  fragments	
  (depicted	
  in	
  red	
  and	
  gold)	
  establish	
  
hydrogen	
   bonds	
  with	
   each	
   other	
   and	
   the	
   protein	
   part.	
   These	
   interac=ons,	
   along	
  
with	
  others	
  that	
  are	
  described	
  in	
  Ferrara	
  et	
  al.	
  (2011),	
  make	
  a	
  key	
  contribu=on	
  to	
  
the	
  increased	
  binding	
  between	
  these	
  two	
  an=body	
  fragments.	
  The	
  representa=on	
  
shows	
  a	
  clean	
  view	
  of	
  an	
  otherwise	
  very	
  complex	
  network	
  of	
  H-­‐bonds.	
  	
  



Interac=ons	
  





Privateer	
  Mk	
  III	
  

•  Valida=on	
  of	
  glycosyla=on	
  structures	
  based	
  on	
  the	
  
expression	
  system	
  (fungal,	
  mammalian,	
  plant,	
  etc.)	
  

•  Generates	
  preIy	
  SVG	
  diagrams	
  which	
  also	
  happen	
  to	
  
be	
  interac=ve	
  -­‐	
  i2	
  and	
  MG	
  can	
  use	
  these	
  

•  Python	
  interface	
  for	
  easy	
  connec=on	
  with	
  other	
  
programs/pipelines.	
  Example:	
  Glycoblocks	
  in	
  MG	
  

Privateer:	
  so1ware	
  for	
  the	
  conforma6onal	
  valida6on	
  of	
  
carbohydrate	
  structures.	
  
Jon	
  Agirre,	
  Javier	
  Iglesias-­‐Fernández,	
  Carme	
  Rovira,	
  
Gideon	
  Davies,	
  Keith	
  Wilson	
  and	
  Kevin	
  Cowtan.	
  Nature	
  
Structural	
  &	
  Molecular	
  Biology,	
  2015,	
  22(11),	
  833-­‐834.	
  



Glycosyla=on	
  in	
  selec=ons	
  

•  N-­‐	
  and	
  O-­‐	
  glycosyla=on	
  sites	
  are	
  now	
  
iden=fied	
  when	
  file	
  is	
  loaded	
  into	
  CCP4MG	
  
using	
  Privateer	
  and	
  appear	
  in	
  selec=on	
  menus.	
  

•  Picture	
  wizards	
  automa=cally	
  generate	
  
Glycoblocks.	
  



Glycosyla=on	
  selec=ons	
  



SVG	
  Diagrams	
  –	
  “Essen=als”	
  nota=on	
  

4a5t	
  

4byh	
  

5aog	
  

5ti	
  



Glycan	
  Viewer	
  
•  Tradi=onal	
  2D	
  –	
  
representa=on	
  with:	
  
•  Hover	
  over	
  
glycans/links	
  for	
  
extra	
  informa=on	
  

•  Click	
  on	
  glycan	
  to	
  
centre	
  3D	
  view	
  on	
  
that	
  glycan.	
  



Glycoblocks/Glycan	
  Viewer	
  Video	
  

•  Video	
  available	
  at	
  	
  
hIps://doi.org/10.1107/S2059798316013553	
  
(Or	
  google	
  ‘Glycoblocks’).	
  
	
  



CCP4MG	
  /	
  MrBUMP	
  



MrBUMP	
  

•  MrBUMP	
  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	
  solu=ons	
  with	
  some	
  rounds	
  
of	
  restrained	
  refinement.	
  

•  A	
  component	
  of	
  the	
  CCP4	
  suite	
  of	
  programs.	
  
•  MrBUMP:	
  an	
  automated	
  pipeline	
  for	
  molecular	
  
replacement,	
  Keegan,	
  RM	
  and	
  Winn,	
  MD,	
  Acta	
  
Crystallogr.	
  D	
  Biol	
  Crystallogr.	
  2008;	
  64,	
  pp	
  119-­‐124	
  	
  



CCP4MG	
  and	
  MrBUMP	
  

•  Goal	
  is	
  to	
  provide	
  i2	
  users	
  with	
  a	
  graphical	
  
driven	
  interface	
  to	
  the	
  model	
  search	
  and	
  
prepara=on	
  steps	
  for	
  molecular	
  replacement	
  
in	
  MrBUMP.	
  The	
  inten=on	
  is	
  to	
  derive	
  a	
  
graphically-­‐informed	
  single	
  “best”	
  search	
  
model	
  for	
  passing	
  back	
  to	
  i2	
  and	
  the	
  Phaser/
Molrep	
  interfaces	
  

	
  



CCP4MG	
  and	
  MrBUMP	
  
•  CCP4MG	
  uses	
  ini=al	
  steps	
  of	
  the	
  MrBUMP	
  to	
  

interac=vely	
  edit	
  molecular	
  replacement	
  models.	
  
•  Scheme:	
  
•  MrBUMP	
  is	
  sent	
  a	
  sequence	
  from	
  CCP4MG	
  
•  uses	
  the	
  phmmer	
  tool	
  to	
  search	
  for	
  homologous	
  

structures	
  with	
  a	
  maximum	
  similarity	
  between	
  them	
  of	
  
100%,	
  95%,	
  90%,	
  70%	
  or	
  50%.	
  

•  select	
  just	
  the	
  relevant	
  chains	
  from	
  the	
  structures.	
  
•  prune	
  side	
  chains.	
  
•  structurally	
  align	
  the	
  pruned	
  structures	
  (gesamt).	
  
•  CCP4MG	
  loads	
  the	
  structures	
  and	
  shows	
  a	
  MrBump	
  

results	
  window.	
  



CCP4MG	
  and	
  MrBUMP	
  

•  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	
  termina=ng	
  loops.	
  
•  Whatever	
  …	
  (including	
  “gesamt	
  variance	
  slider”).	
  

•  And	
  then	
  everything	
  visible	
  can	
  be	
  saved	
  into	
  
one	
  ensemble	
  coordinate	
  file	
  for	
  use	
  in	
  a	
  
molecular	
  replacement	
  calcula=on.	
  













Then	
  use	
  the	
  variance	
  slider	
  to	
  choose	
  atoms.	
  





Other	
  details	
  

•  Only	
  final	
  ensemble	
  (or	
  individual	
  structures)	
  
are	
  saved	
  to	
  i2	
  database.	
  All	
  MrBUMP	
  results	
  
and	
  model	
  are	
  save	
  in	
  ~/.CCP4MG/
mrbump_results.	
  

•  Results	
  from	
  previous	
  jobs	
  can	
  be	
  loaded	
  in	
  
later	
  sessions	
  without	
  having	
  to	
  rerun	
  the	
  
MrBUMP	
  search.	
  

•  Results	
  can	
  be	
  deleted	
  when	
  no	
  longer	
  of	
  
interest.	
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