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LNLS SAXS beamline
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Craievich e I. L. C. Torriani, J. Appl. Cryst. (1997). 30, 880-883
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The shape of the proteins in
solution. Folding-unfolding process.
The envelope function

Solution of the phase problem



Dilute and monodisperse solutions

Ideality (high dilution) and monodispesity

(@)= N 1,(q)




Small-angle scattering by a macroscopically isotropic material
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Small-angle scattering of a dilute system of isolated nano-objects.
General equations
The reduced correlation function for a single isolated object
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Asymptotic trend of the scattering intensity at small g. Guinier law
Dilute and monodispersed system (identical nano-objects)
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Ln | versus g2 (Guinier plot)
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SAXS by an arbitrary two electron density model
The integral of the scattering intensity in reciprocal space

Asymptotic behavior of scattering curves at high q. Porod’s law
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Because of the noise of the experiental SAXS curve
and the limited q range of SAXS measurements,

the mathematical problem for deriving p(r) from I(q)
Is “ill-defined”’. It can be solved using different
programs such as GNOM (Svergun)



Structure parameters and function than can be directly derived
from SAXS curves of proteins in solution

R, radius of gyration

V,: volume

S, : external surface

p(r) : distance distribution function

d

maximum diameter Detailed shape ???

Max




Practical solution of the phase problem in SAXS studies

' Q) 3D shape function
- — @&
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—

1)  Guessing an initial shape. From the knowledge of
Dmax, an initial spherical shape with R=dmax/2 is
proposed.

2) Calculation of the scattering intensity I(q) for the
initial (homogeneous) spherical protein.

3) Comparison with the experimental curve.
Calculation of the Discrepancy parameter Chi.

4) A number of modifications of the shape leading to
the minimum value of Chi.
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parameters, too many
for conventional
minimization

+ Mo unigue shape

restoration unless
constrained

+ Able to describe
complex shapes

Chacon, P. ef a/

(1998) Biopiys. J.
74, 2760-2775.

Svergun, D.1. (1999)

8iophys. J. 76,
2879-2886



Ab Initio program DAMMIN

Using simulated annealing, finds a compact dummy atoms
configuration X that fits the scattering data by minimizing

F(X) =2l (s), 1(s, X)] + &P (X)

where y is the discrepancy between the experimental and
calculated curves, AF(X) is the penalty to ensure
compactness and connectivity, >0 its weight.

compact
loose

disconnected




Local and global search

e Local search always goes
to a better point and can
thus be trapped in a local
minimum

e To avoid local minima,
global search must be
able go to a worse point
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S1 shape reconstruction
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51 shapes restored by SASHA and DAMMIN

Red: atomic model
I3 1, relative
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Some examples of

application of SAXS to the
study of proteins



Crystal Structure of the Dimeric Phosphoenolpyruvaie
Carboxykinase (PEPCK) from Trypanosoma cruzi at 2 A
Resolution
Stefano Trapani, Jutta Lings, Samuel Goldenberg, Hannes Fischer,
Aldo F. Craievich and Glaucius Qliva
J. Mol. Biol. (2001) 313, 1059-1072

Structure of the dimeric nhosphoenolpyruvate carboxykinase
(PEPCK) from trypanosoma cruzi

. Irapani, J. Linss, 8. Goldenberg, H. Fischer, A. F. Crajevich and G. Qliva, J. Mol. Biol. (2001) 313,
1059-1072
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XRD studies of PEPCK
protein single crystals

SAXS study of PEPCK in » Structure of the unit

solution
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Domain motions and quaternary packing of
phosphofructokinase-2 from Escherichia coli studied by

small angle X-ray scattering and homology modeling

R. Cabrera, H. Fischer, 5. Trapani,
A.F. Craievich, R.C. Garrat, V.
Gixe and J. Babul Journal of
Biological Chemistry. 278,
12913-9 (2003).
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Figure 1. Homollogy modelling of Pfk-2.
(A) Superposition of ten CA trace models of monomeric

Pfk-2 generated by MODELLER. Red color indicates
a-helix, this color indicates b-strands, otherwise
backbone is colored gray. (B) Mean 3D score profile
for models shown in (A).
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Solution scattering curves of Pfk-2 without and with ligands.
In absence of ligands (black curve), with saturating Fru-6-P
(blue curve) and in presence of excess

of MgATP (red curve).

Inset shows Guinier plot giving values shown in table I.



p(r)
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Distance distribution function for Pfk-2 without and with ligands.
Curves were calculated using GNOM program

from SAXS data of Pfk-2 in absence of ligands (black curve),
Pfk-2 in presence of excess Fru-6-P (blue curve) and

excess of MgATP (red curve).
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Modelling Fru-6-P induced conformational changes.

Top, trace drawings of Pfk-2 homology model showing

rigid rotations around the calculated rotation axes {parallel
brown arrows); bottom, left and right, trace drawing for the
most open (40° ) and most closed (-20°) structures,

respectively. (Right side) Discrepancy between the

experimental data and the simulated scattering from the models.
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Modelling quarternary packing in tetramer (with Mg-ATP).

(A). Schematic diagram showing X simmetry axis (black arrow)
along which, rotations and translations were made.

(B). Chi value of the better adjust of rotation and COM distance
with SAXS data for every degree of a/b domain openness. Curves
for tetramer-I (solid line) and tetramer-Il (dotted line).

(C). Plot showing Chi value for every combination of rotation and
distance modelled for 7 deg domain openness dimer.
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Construction and commisioning period: 10 anos

June 1987. Starting
December 1989: 50 MeV LINAC operation

Agust 1995: Starting the installation
of the beamlines

July 1997: Opening to the external
users









Photon flux (photons/s/mrad/0.1% bw)
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Operation parameters
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