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Instruc=ons	
1. Aldolase	(aldolase.dat)	

a.  Is	the	protein	is	Folded	?	
b.  What	is	the	Rg	value	?	

c.  What	is	the	Dmax	value	?	

d.  Is	the	curve	correspond	to	the	monomer	
or	the	tetramere	models	(pdb	files)?	

e.  Try	to	generate	a	bead	model.		

2. CD+Y	(CDY.dat)	
a.  Is	the	protein	is	Folded	?	
b.  What	is	the	Rg	value	?	
c.  What	is	the	Dmax	value	?	
d.  Is	the	curve	correspond	to	the	model	

(CDy.pdb)	?	

e.  Try	to	complete	the	model.	

3. Others	(BCDA3.dat	&	R4-9_SAXS.dat)	
a.  Is	the	protein	is	Folded	?	
b.  What	is	the	Rg	value	?	
c.  What	is	the	Dmax	values	?	

primus	

gnom	

crysol	

dammif	

bunch	



Primus	
This	program	is	used	to	display	curves	and	apply	some	opera=on	on	the	curves	(scaling,	substrac=on	
or	merging…)	and	to	determine	the	gyra=on	radius	Rg.	

You	can	load	the	SAXS	curves	(click	on	“File”	bu^on).	When	the	data	are	loaded	in	the	table,	the	
name	appears	in	the	“Documents”	area.		
With	the	bu^ons	“From”	and	“To”	you	can	remove	respec=vely	the	first	points	or	the	last	points	of	
the	curve.		

Ac#ve	
curve 

Curves 
name 

1st	and	last	point	of	
the	curve 



For	Rg	calcula#on,	you	can	go	to	
Tools	->	Analysis	->	Radius	of	
Gyra3on	and	modify	manually	the	
parameters	or	use	directly	the	
program	“AutoRg”.		

Primus	
For	Kratky	representa=on,	you	can	go	to	
Plot	->	I*s2	vs.	s	(Kratky	plot).		
Only	the	first	points	are	necessary	(q	
between	0	and	0.3)	

Residual 

Experimental	curve	
Linear	regression 

You	can	evaluate	the	quality	of	the	fit	with	the	residual	plot	which	represents	the	distribu=on	of	the	
experimental	points	around	the	regression	line.	You	can	control	also	the	limit	s*Rg	max	which	should	
be	inferior	to	1.	This	limit	depends	of	the	geometry	of	the	object	:	For	globular	protein,	the	limit	can	
be	increased	up	to	1,4	whereas	for	elongated	or	unfolded	protein,	the	Guinier	region	is	more	
restricted	(less	than	0,8).	The	first	points	which	correspond	to	the	lowest	values	of	q	can	be	also	
removed	due	to	large	error	measurement	(data	close	to	the	beam	stop).	



Gnom	
The	program	GNOM	is	used	to	determine	the	autocorrela=on	func=on	p(r)	from	the	SAXS	data.	

Select	the	dat	file	 
Choose	the	output	file 
Remove	the	first	points	(noisy) 

Remove	the	last	points	(noisy) 

To	see	the	saxs	curve 

Limits	condi#on	(try	to	change) 
Dmax	(to	be	evaluated)	:	start	with	5*Rg	

Not	necessary	

Will	plot	the	Regularized	curve	and	the	
Autocorrela=on	func=on	p(r)	

Let’s	start	again	with	an	other	Dmax	value	!!!	

Not	necessary	for	this	prac=cal	



Regularized	curve Autocorrela#on	func#on	p(r) 

Indirect	Fourier	
transform 

Rg	value	in	reciprocal	
space 

Rg	value	in	direct	
space 

Dmax 

Dmax	too	high 

To	determine	a	correct	value	of	Dmax,	we	must	proceed	by	trial	and	error	to	find	a	Rg	calculated	
with	GNOM	similar	to	that	found	with	the	calcula=on	of	Guinier.	We	start	in	general	with	a	value	
of	Dmax	equal	to	4	or	5	=mes	the	value	of	Rg,	and	decrease	gradually	the	value	of	the	Dmax	in	
order	to	obtain	a	smoothed	p(r)	that	cuts	the	axis	of	the	distance	r.	

Gnom	

Dmax	too	low 

During	the	process,	you	will	press	return	to	validate	each	step	of	the	p(r)	calcula=on	and	the	
end,	the	program	offers	a	summary	table	grouping	parameters	to	appreciate	the	quality	of	the	
fit.	
At	the	end,	you	will	obtain	a	new	file	called	<*.out>	containing	all	informa=ons	about	the	p(r)	
determina=on	such	as	parameters	defined	preliminary	in	GNOM	(nBeg,	nEnd,	…),	biophysical	
parameters	(Rg,	I(0)	and	Dmax).	You	will	find	also	in	ASCII	format,	the	SAXS	curve	with	the	
corresponding	regulariza=on	curve	and	the	p(r)	func=on.	
The	file	<*.out>	will	be	used	by	ab	ini=o	program	such	as	DAMMI,	DAMMIN	or	GASBOR.	



Crysol	
The	program	CRYSOL	is	employed	to	calculate	a	theore=cal	SAXS	curve	star=ng	from	a	pdb	file	and	to	
compare	the	result	to	the	experimental	SAXS	data.		

Select	op#on	0	(default) 
Select	the	pdb	file	 

Select	the	totality	of	the	pdb	contains	or	just	some	chain 

Enter	 the	 number	 of	 spherical	 harmonic	 determined	 by	 the	
rela#onship	:	Lmax	–	15	=	Qmax*Dmax	/	2 
For	the	Fibonacci	grid,	less	the	default	value 
Give	the	Qmax	value	for	the	fit 
Enter	number	of	point	for	the	fiLng	curve	(default	to	256) 
default	proposi#on 

APer	the	processing	of	atoms	and	envelope,	CRYSOL	generate	
two	files,	 the	 .flm	file	containing	the	enveloppe	structure	and	
func#on	parameters	,	the	.sav	file	containing	all	informa#on	to	
restart	CRYSOL	with	already	made	calcula#on 

Select	the	experiment	data	file	 
You	 can	 add	 a	 supplementary	 parameter	 of	 the	 fiLng	
process	to	offset	the	backgroud	(linked	to	the	substrac#on	
of	solvent	in	major	case) 

Put	the	correct	value	of	the	angular	units 
For	 the	 classical	 buffer	 without	 excess	 of	 salt	 of	 organic	
molecule,	the	default	value	is	correct 
You	can	display	the	experimental	curve	fiLng 

A	the	end	CRYSOL	generate	the	.alm	file	containing	the	
amplitudes	which	are	used	by	SASREF	or	BUNCH,	the	.fit	file		in	
ascii	format	usable	with	another	spreadsheet,	and	the	.int	file	
containing	the	intensity	of	the	different	component	(electron,	
border		shape	and	excluded	volume) 

CRYSOL	 give	 also	 biophysical	 parameters	 such	 as	 the	 Rg	 of	
enveloppe	or	the	volume	(in	A3)	 



Dammif	
The	program	DAMMIF	is	dedicated	to	low	resolu=on	shape	modeling	using	a	sphere	containing	
beads	(with	a	defined	value	of	electronic	density)	as	ini=al	model.	

Load	the	GNOM	file 
Precise	the	units 

Generate	an	output	file	in	pdb	
format	of	the	solvent 
No 
Precise	the	symmetry	of	the	
protein 
If	known,	precise	the	global	
form	of	the	protein	 
Constant	substrac#on 
Speed	of	the	simulated	
annealing	(slow	mode	be\er) 

outpu]ile 

???	No	documenta#on 

By	following	the	instruc=on	described	below,	you	will	obtain	at	the	end,	a	pdb	file	containing	
the	shape	composed	of	dummy	residues,	a	fisng	curve	(smoothed	curve)	dam_xx.fit,	a	fisng	
curve	corresponding	to	the	experimental	data	dam_xx.fir	and	a	log	file	with	ini=al	parameters	
and	the	process	of	minimiza=on	steps.	

**	This	procedure	has	to	be	repeated	10	to	100	=mes.	On	linux	(bash	syntax):	
for i in `seq 1 10` ;  
   do dammif --prefix=prot-$i --mode=slow prot.out;  
done 

Pymol	
(sphere	representa=on)	

Sasplot		
<outputname>.fit	

**	 All	 envelope	 can	 be	 compared	with	 each	 other	 with	 the	 DAMAVER	 package	 suite.	 This	
package	allows	to	superimpose	and	to	compare	the	shapes	between	them.	A	table	contained	
in	the	file	damsel.log	presents	a	matrix	giving	a	non-devia=on	standard	score	(NSD)	for	each	
pair	of	shapes,	and	gives	a	classifica=on	of	the	shape.	The	most	representa=ve	shape	presents	
the	 lowest	mean	 value	of	NSD.	 Be	 careful	with	 the	damfilt.pdb	which	 represents	 a	 filtered	
shape	corresponding	to	the	common	part	off	all	shape.	This	model,	in	general	case,	does	not	
fit	the	SAXS	data	!	
On	linux:	
damaver -a *-1.pdb 

Addi=onal	informa=on	



Bunch	
BUNCH	performs	modeling	 of	mul=domain	 proteins	 against	 SAXS	 data	 using	 a	 combined	 rigid	
body	and	ab	ini#o	modeling	approach.	The	program	allows	determina=on	of	three-dimensional	
domain	structure	of	proteins	based	on	mul=ple	sca^ering	data	sets	from	dele=on	mutants	when	
the	structure(s)	of	individual	domains	are	available.	

C	 D	
Y	

?	

?	

default 
complete	sequence	of	the	sample	(CDY.seq) 

uncomplete	pdb	file 
Yes 

number	of	pdb	files	(1	in	our	case) 

Out	prebunch	pdb	file	=>	input	bunch	pdb	file 

Ini=al	 approxima=on	 is	made	by	 a	 tool	 called	pre_bunch	which	 generates	 a	 PDB	file	 containing	 a	
single	 CA-chain	 (even	 if	 there	 are	 several	 symmetry	 related	 polypep=de	 chains)	 with	 the	 length	
equal	to	the	full-length	sequence.	

pre_bunch	

Bunch	need	also	the	par=al	sca^ering	amplitude	file		(.alm)	of	each	domain	(computed	by	
CRYSOL).	You	need	to	run	crysol	without	fisng	an	experimental	curve.	
Auer	say	No	for	fisng	an	experimental	curve,	all	answers	are	default.	

May	be	one	day	you	will	change	the	default… 
Output	log	file	name 
Text	informa#on 
Output	prebunch	pdb	file	as	input 

Symmetry	of	your	system 

You	can	add	contacts	condi#on		
(not	in	our	case) 
Number	of	saxs	curve	(1	in	our	case) 
The	curve	correspond	to	all	the	sequence	(1-884) 
Saxs	curve	sca^ering	amplitude	file		

units 
We	want	to	take	into	account	all	the	curve	 

sca^ering	amplitude	file	generated	by	crysol	

Yes 
Angular	step	:	20.00	is	correct	


