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Use of available knowledge (prior information):




High-low resolution:

•  Geometry restraints (chemical information)



Medium-low resolution:

•  Local NCS restraints

•  Jelly body restraints




Low resolution (and medium-low resolution model building):

•  Jelly body restraints

•  External restraints


Regularisation 



Regularisers without a target:


f = 1
σ 2 (| di |− | di,current |)

2

i : close atom pairs
∑ = 0

Does not change likelihood function.

Does not change derivative.

Does change 2nd derivative - curvature.



Model should be less prone to fitting into noise

Should only work if parameters are near the minima (model is good)


Typical:  σ = 0.01–0.02


Distance threshold:  4.2Å
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|di| 
 
: interatomic distance


|di,current|  : current interatomic distance


σ   : restraint standard deviation


Jelly-body restraints 



1ryx

2003, 3.5 Å


Rwork/Rfree : 28.7/32.8
% 
 
 



Rwork/Rfree : 27.1/34.2
% 
 
 



Rwork/Rfree : 28.3/32.4 %


Transferrin


Starting:

Std. refinement:


Jelly-body: 



Jelly-body restraints 



ProSMART – external restraints 

Rob	Nicholls,	Garib’s	group	



External restraint generation:



Injection of prior knowledge to aid new structure determination:


•  External	Restraints	from	homologous	structures	

•  Hydrogen	bond	restraints	




Restraints utilised by: REFMAC5, Coot



Executed from: CCP4i, CCP4mg, Coot, command line




Independent of global conformation


ProSMART – external restraints 
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structure to be refined
 
 
 
known similar structure (prior)


(abstract representation of an atomic model;  circles = atoms)


ProSMART – external restraints 
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structure to be refined


(abstract representation of an atomic model;  circles = atoms)


ProSMART – external restraints 



All Restraints Great and Small 

ProSMART: restraints from homologous structures 

Rob	Nicholls,	Garib’s	group	



All Restraints Great and Small 

ProSMART: restraints from homologous structures 

Rob	Nicholls,	Garib’s	group	



All Restraints Great and Small 

LIBG: keeping nucleic acids in place 

Fei	Long,	Garib’s	group	

Base-pair restraints









Base-stacking restraints

(parallel plane restraints)









Torsion angles restraints,

Sugar conformation restraints,

Etc.




All Restraints Great and Small 

LIBG: keeping nucleic acids in place 

Fei	Long,	Garib’s	group	



Automation: Magic Green Button 

LORESTR: automation of refinement at low resolution 

•  Efficiency of ProSMART-generated restraints greatly 
depends on the homologues used


•  If several homologues are available, substantial manual 
effort is required to find their optimal combination


•  Other refinement parameters (scaling, solvent, etc) also 
affect efficiency of the process




Solution:



LOw-REsolution STructure Refinement 

                          (LORESTR)




Automation: Magic Green Button 

LORESTR: automation of refinement at low resolution 



Automation: Magic Green Button 

LORESTR: automation of refinement at low resolution 

Improved R-factors for 98 out of 104  

low-resolution test cases from the PDB 



Automation: Magic Green Button 

LORESTR: automation of refinement at low resolution 



Automation: Magic Green Button 

LORESTR: automation of refinement at low resolution 

CCP4	7.0.044	



Automation: Magic Green Button 

LORESTR: automation of refinement at low resolution 

2z8c																																									re-solved	using	1ir3,	then	LORESTR	

4	out	of	7	residues	are	Ramachandran	outliers	 no	Ramachandran	outliers	in	this	region	



Automation: Magic Green Button 

LORESTR: automation of refinement at low resolution 

4	out	of	7	residues	are	Ramachandran	outliers	 no	Ramachandran	outliers	in	this	region	

2z8c																																									re-solved	using	1ir3,	then	LORESTR	



Automation: Magic Green Button 

LORESTR: automation of refinement at low resolution 

4	out	of	7	residues	are	Ramachandran	outliers	 no	Ramachandran	outliers	in	this	region	

2z8c																																									re-solved	using	1ir3,	then	LORESTR	



Automation: Magic Green Button 

LORESTR: automation of refinement at low resolution 

4	out	of	7	residues	are	Ramachandran	outliers	 no	Ramachandran	outliers	in	this	region	

2z8c																																									re-solved	using	1ir3,	then	LORESTR	



REFMAC Anisotropic Map Sharpening 

Original	Map	 Sharpened	map	from	REFMAC	

:	 	original	structure	 	 	2r6c	(4.0Å)	–	helix	unmodelled	
:	 	homologous	structure	 	2r6a	(2.9Å)	

Idea – remove an overall B value




Map Blurring 
Idea - apply an overall B value


- electron density (1σ)

- blurred map (B=200)


1s3e	



Map Blurring 

2whq	



Map Blurring 

Electron density at 1.7σ; Residual density at 3.5σ

Blurred residual map, B = 200



2whq	



Standard:


4iwo (2.6Å)


Output Array of Sharpened Maps 

Map Sharpening/Blurring 



Sharpen 50:


4iwo (2.6Å)


Output Array of Sharpened Maps 

Map Sharpening/Blurring 



Standard:


4iwo (2.6Å)


Output Array of Sharpened Maps 

Map Sharpening/Blurring 



Blur 50:


4iwo (2.6Å)


Output Array of Sharpened Maps 

Map Sharpening/Blurring 



Blur 150:


4iwo (2.6Å)


Output Array of Sharpened Maps 

Map Sharpening/Blurring 



Early stages (e.g. straight after MR)

•  Jelly body – sometimes up to 200 cycles



Medium stages – during model building

•  Auto local NCS – wherever possible

•  External restraints (40 cycles) – homologue available

•  Otherwise, jelly body… but not together

•  H-bond restraints – no homologue available

•  Secondary structure conformation restraints – model building tool

•  Add hydrogens (?)



Medium-final stages 

•  TLS – at medium resolutions

•  Twin refinement – only if you are sure



Final stages of refinement

•  Jelly body – around 20 cycles








What and When 



Summary 
CCP4 tools for refinement:












REFMAC: 
Refinement, map calculation





ProSMART: 
External restraints, comparative analysis





LIBG: 
 
Nucleic acid restraints





LORESTR: 
Automated low-resolution refinement pipeline (released soon!)





ACEDRG: 
Generating ligand description dictionaries and conformers





COOT: 
 
Automated & manual real-space refinement 

 
 
 
Visualisation & manipulation of restraints, map blurring


 
 
 
 
 
…also morphing, jiggle-fit, backrub rotamers…




Many tools are applicable to cryo-EM as well as MX
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