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Instructions

1) Using Primus, open the file:

01 Mast/mast2 avg.dat
# |s the protein folded ?
® What is the Rg value ?
® What is the MW of the sample?
% What is the Dmax value ?
® Generate a bead models.
# |s the NMR structure is compatible ?
% Can we do more ?
2) Using Primus, open the file:

02 Pdz/plp2 cut.dat
% What is the the MW of the sample?
# |s the Xray structure is compatible ?
“ Look at the PDB file (pymol)
% Can we do more ?

3) More difficult files:
03 OthersExamples/




Primus

This program is used to display curves and apply some operation on the curves (scaling, substraction

or merging...). It includes also a lot of script to estimate the Radiu
Distribution, the Porod Volume and the Molecular Weight.
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You can load the SAXS curves (click on “File” button). When the data are loaded in the table, the

name appears in the “Documents” area.

With the buttons “From” and “To” you can remove respectively the first points or the last points of
the curve. It’s useful to hide the noisy part of the curve (last points).




Primus
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For Kratky representation, you can go to
Plot -> I*s2vs. s (Kratky plot).

Only the first points are necessary (q
between 0 and 0.3)

1-014

Unfolded

Partially unfolded

Folded

For Rg calculation, you can go to
Tools -> Analysis -> Radius of
Gyration and modify manually the
parameters or use directly the
program “AutoRg”.
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Guinier Analysis

You can evaluate the quality of the fit with the residual plot which represents the distribution 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 1.3 whereas for elongated or unfolded protein, the Guinier region is more
restricted (less than 1). 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).



Molecular Weight

For Molecular Weight estimation, you can go to Tools -> Analysis -> Molecular Weight.
A Guinier Analysis is necessary for the First Step.

Qp Moy
Qrax [A] 0.25964 Qe[ 0.40006 Qp : Based of Porod invariant (only folded protein)
v [A7] 32648
MW [Da] 8716 MW [Da] 2693  MoW : Integration of I(q).q2=f(q)
Ve Size & Shape Vc : Integration of 1(g).q=f(q) + Rg
T 0.30025
S Size&Shape : From Rg estimation
Ve 293
MW [Da] 26843 MW [Da] 32109

Bayesian Inference

MW Estimate [Da] 27550
MW Probability [%4] 30.41
Credibility Interval [Da] [25900, 29250]
Credibility Interval Probability [%] 91,80

Statistic calculation to give an interval of the estimated MW

You need a normalized curve in
absolute scale extrapolated to a
concentration at Img/mL.

Absolute Scale

Partial Spedific Volume [cm3/g] ||:|.?425EIEI = |

Contrast [10~10cm~-2] | 2.808600 4
nja  Partial Specific Volume and Contrast
can be calculated from the 1D

sequence

MW Estimate [Da]

Calculate

Look at the saxs curve : mast2_DOmax.dat

DO =0.8

Abs 0.1% (=1 g/l) 0.955

The MM estimation has to be normalized with the []




Distance Distribution

The program GNOM is used to determine the autocorrelation function p(r) from the SAXS data

and to estimate the Dmax.
Using Primus, click on [Distance Distribution]

W)

o1 0 @ Documents
Data =
File From To Conc.  Ang Scale | Scale
|!'\ aldolas... 1 515 0.00 1.000 1.000
24
3
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06 Analysis
Data Comparison
54
Radius of Gyration Distance Distribution
H Bodies | pammif
5
_ Crysol moﬁgcmer
T T T T T T
0.05 0.1 0,15 0.2 0.25 Operatians
— 4
Primus Distance Distribution Wizard
Distance Distribution Analysls
/Volumes/THUREAU_AUR/Soleil/Congrés/20170124_Pasteur/InputFiles/Aldolase/aldolase.dat
14 Quality 59.18
0.00015 | Experimental Ry/lo 36.44 0.11
p(r) Ro/la 36.43 0.11
Parod Volume 212833.00
15
Indirect Fourie System | Arbitrary Monodisperse ¢ | First and last points
2 transform, | Range |15 [2) 314 ) €———— can be removed
(noisy)
® < Do L. "
254 1 Limits condition
Points (try to change)
Se-05 Alpha 0,2114
5]
| Autognom
35+
o
T — T T LI e e e
o 0,05 0,1 0,15 0 20 40 60 80 100 120 140
5 r
Dmax (to be
evaluated) : start
Save < Back Finish with 5* Rg

At the end, you will obtain a new file called <*.out> containing all informations about the p(r)

determination such as parameters defined preliminary in

GNOM (nBeg, nEnd, ...), biophysical

parameters (Rg, 1(0) and Dmax). You will find also in ASCII format, the SAXS curve with the

corresponding regularization curve and the p(r) function.
The file <*.out> will be used by ab initio program such as

DAMMIF, DAMMIN or GASBOR.



Distance Distribution

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 calculation of Guinier. We start in general with a value
of Dmax equal to 4 or 5 times 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.

Regularized curve Autocorrelation function p(r)
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Dammif

The program DAMMIF is dedicated to low resolution shape modeling using a sphere containing
beads (with a defined value of electronic density) as initial model.

Primus Shape Wizard

Mode Selection ﬁ
/Volumes/THUREAU_AUR/Soleil/Congrés/20170124_Pasteur/InputFiles /Aldolase/aldolase.dat -~

= Manual selection of parameters
{ | Fully automated processing

Rg and P(r) are necessary to generate a bead model.

Primus Shape Wizard
Ab Initio Model Setup ﬁ
Select the parameters for modeling. ~

Prefix aldolase

Mode fast <——Speed of the simulated annealing (slow mode better but longer) ;
Repetitions 5 <——Number of shape you want to generate (no more 5 for today !!!) 5
Symmetry Pl <———FPrecise the symmetry of the protein (if known) v
Anisometry unknown <——If known, precise the global form of the protein .

Angular Scale | Angstrom v

(¥ Average with DAMAVER

) \ DAMAVER allows to superimpose and to compare the shapes
Refine with DAMMIN

between them.

DAMMIN will recalculate a shape starting from damaver. Not
necessary here. Usefull to obtain a better « resolution ».

< Back Commit

Be patient, it will take few minutes/hours depending of your computer.
Let’s have a break !!!



Primus Data Comparison Wizard

plp2_cut-

L.fir

Dammif

T
0.1

T T T T
0.15 0.2

plp2_cut-1.fir
plp2_cut-2fir
plp2_cut-3.fir
plp2_cut-4fir

plp2_cut-5.fir

File A

plp2_cut-2.fir
plp2_cut-3.fir
plp2_cut-4.fir

plp2_cut-5.fir

File B

679

679

Df

11396

11488

113795

1.13855

red. Chi*2

0.011023

0.007124

0.004583

0.007694

0.008211

ad]. p-Value c Corma p Test
S () ek

0.035620

0.022915

0.038470

0.041035

For each repetition asked, a fit is proposed:
1) The statistics of Cormap Test have to be correct (green or yellow), otherwise it means that
“The hypothesis of similarity of experimental data and shape model could be rejected”

2) The Chisquare Test is also an other method to validate the models of shape.

By Saving the result:
You will obtain, a pdb file (-1.pdb) containing the shape composed of dummy residues, a
fitting curve (smoothed curve) dam_xx.fit, a fitting curve corresponding to the
experimental data dam_xx.fir and a log file with initial parameters and the process of
minimization steps for each shape.
If you have perform an average with damaver, you will obtain also a table contained in the
file damsel.log presents a matrix giving a non-deviation standard score (NSD) for each pair
of shapes, and gives a classification of the shape. The most representative 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 !
3) You can open the pdb files (*-1.pdb) with pymol

1)

2)

Open Working Directory ...

Save

<o Carcel



Pymol

MacPyMOL
other usage is specifically prohibited and may constitute a violation of -
United States and international copyright laws. Reset | Zoom | Orient || Draw || Ray
This Executable Build integrates and extends Open-Source PyMOL 1.5.0.3. Unpick || Deselect || Rock | Get View
Detected OpenGL version 2.0 or greater. Shaders available.
Detected GLSL version 1.20. |< | < | Stop | Play | > | >| | MClear

CmdLoad: "NVolumes/THUREAU_AUR/Soleil/Congres/i20170124_Pasteur/inputFiles/Aldolase/
aldolase-4-1.pdb” loaded as "aldolase-4-1".

PyMOL>
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1) To have a nicer view of bead modelon pymol. Select Show -> As -> Spheres

2) Typethecommand line: set sphere scale, 2.5

AND / OR

1) alter <name of the object>,vdw=<value in the dammif log file
at dummy atom radius>

2) set solvent radius = 4.3

3) Show -> As -> mesh

1) To represente the protein as cartoon: Show -> As -> Cartoon
2) To color some part of a protein (residue 6 to 107), type the command:
color red, resi 6-107




Crysol

CRYSOL is a program for evaluating the solution scattering from macromolecules with known atomic
structure and fitting it to experimental scattering curves from Small-Angle X-ray Scattering (SAXS). As an
input one can use a PDB file with an X-ray or NMR structure of a protein or a protein-DNA(RNA)
complex.

Primus CRYSOL Wizard
Models to fit to experimental data

/Volumes/THUREAU_AUR/Soleil/Congrés/20170124_Pasteur/InputFiles/Aldolase/aldolase.dat | .

Selected Models (*.pdb *.ent)

lado_mono.pdb =
lado_tetra.pdb

¢ You can add as many pdb files as you want
|
| 5 Primus Model Fit Wizard ? X
CRYSOL/SREFLEX Options
If unsure, use the CRYSOL defaults.
< Back [ Commit | |
CRYSOL Options
Angular scale of experimental data Tnverse Angstrom -
Number of spherical harmonics ‘SU :‘
Order of Fibonace grid [17 g
. . ) [] Apply eonstant subtraction
number of spherical harmonic determined by [ Account or et ycrogens
the relationship : Lmax = Qmax*Dmax/2 + 15. SREFLEX Optons .
Apply Normal Mode refinement
Usually, we set the value to 50 (max) e z :
< Back Cancel
#55 Primus Model Fit Wizard ? X

Primus Data Comparison Wizard
3khf.fit

_1 -

] c
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Cormap Test
File A File B N Loc. Size p-Value adj. p-Value 5 p

3khffit 3khffit 2389 129 9 0.991186 . 0.991186 NS X TeSt
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ttps://dadimodo.synchrotron-soleil fr/

Dadimodo

Refine Atomic Multi Domains proteins against SAXS data

MNew submission My submissions

Cluster State : @

Thanks to report bugs to the dadimodo Team.
(Liste-EXP-dadimodo.at.synchrotron-soleil.fr)

+* IF file example

|4

About

DADIMODQ is a program for refining atomic models of multidomain proteins or complexes against small-
angle X-ray scattering data. Domain structures are mainly kept rigid and can be user defined. Stepwise
generic conformational changes are applied cyclically in a stochastic optimization algorithm that performs a
search in the protein conformation space. The convergence for this genetic algorithm is driven by an 4 SAXS file * & example
adaptable selection pressure. The algorithmic structure guarantees that a physically acceptable full atomic = -

maodel of the structure is present at all stages of the optimization.

4 PDBfile * ¥ example

D\ accept that results from Dadimodo\Web are offered
References without warranty (Terms of use)
If you want to have more information about the software and the algorithm, please refer to:
DADIMQDO: a program for refining the structure of multidemain proteins and complexes against small-angle
scattering data and NMR-derived restraints, G. Evrard, £ Mareuil, £ Bontems, C. Sizun and J. Perez. J
Appl Crystallogr, 2011, Vol 44(6).

How To Use it
Three input files have to be uploaded
= The configuration file, where the rigid body domains are defined.
= A PDB file with all the atoms of the initial guess protein structure.
= A file with SAXS experimental data with three columns g, I(g). Sigmaig), with q in Inverse Angstroems

For any issue. please contact the dadimodoTeam (Liste-EXP-dadimodo.atsynchrotron-saoleil fr). Please cite this reference if you use DADIMODO
server:
Dadimodo (https://dadimodo_synchrotron-soleil fr),
2018 March, Roudenko O, Thureau A & Perez J.
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